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           3.1   Introduction    

 Pronunciation accuracy in a second language (L2) requires mastering production of 
both segmental (i.e., consonants and vowels) and suprasegmental or prosodic fea-
tures of speech (i.e., features that extend over more than one segment such as lexical 
stress, pitch accent, rhythm and intonation) but teaching pronunciation of the latter 
is traditionally neglected in language classrooms. After the advent of the communi-
cative approach to language teaching (e.g., Celce-Murcia et al.  1996 ; Morley  1991, 
  1994  )  that prioritized language function over language form, the study of L2 prosody 
has admittedly experienced an increasing interest among language teachers. In addi-
tion, following Pierrehumbert’s  (  1980  )  pioneer work, research in intonation is one 
of the most fast-growing areas in linguistics with the autosegmental-metrical theory 
being the dominant framework in intonational research. Studies comparing the rela-
tive contribution of segmental  vs . prosodic features of speech in degree of foreign 
accent have shown that deviations in the latter may affect listeners’ judgement more 
than deviations in the former (e.g., Munro  1995 ; Munro and Derwing  1999 ; Derwing 
et al.  1998  ) . Specifi cally, prosody has been found to be linked to accentedness, com-
prehensibility and intelligibility of speech (Anderson-Hsieh et al.  1992 ; Anderson-
Hsieh and Venkatagiri  1994 ; Hahn  2004 ; Jilka  2000 ; Kang  2010 ; Kang et al.  2010 ; 
Munro and Derwing  2001 ; Pickering  2001 ; Trofi movich and Baker  2006  ) . These 
fi ndings are not surprising considering that prosody and intonation in particular 
plays a crucial role in communication by conveying not only linguistic information 
such as chunking the stream of speech in phrases, signalling new and contrastive 
information and disambiguating sentences that otherwise could sound ambiguous to 
the listener, but also paralinguistic information, i.e., information related to the 
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identity, age, gender, and emotional state of the speaker. Misunderstandings due to 
the use of wrong intonation may even lead to negative evaluation and discrimination 
(e.g., Munro  2003  ) . 

 Despite all this work showcasing the importance of prosody in L2 learning, its 
teaching is commonly ignored in the curriculum. A still popular view among teach-
ers and learners holds that pronunciation and above all intonation cannot be taught, 
especially after the learner has passed what is considered to be the critical period for 
language acquisition. In addition, the majority of language teachers are non-native 
speakers of the target language and may lack the confi dence or the ability to repro-
duce the prosodic patterns in a native-like manner. At the same time, L2 speech 
perception and production fi ndings are usually disseminated only to academic audi-
ences and do not reach the classroom. Even if they did, researchers and language 
practitioners do not necessarily share the same interests nor are research fi ndings 
always presented in such a way as to facilitate implementation in the teaching cur-
riculum. This article attempts to address these issues by reviewing important fi nd-
ings from L2 speech perception and production research indicating that (a) L2 
learning diffi culties are caused by native language (L1) experience and not because 
of a maturational-based loss in neural plasticity, which leaves the window for learn-
ing open well into adulthood and (b) the human brain can be re-trained to perceive 
and produce L2 segmentals and suprasegmentals using appropriate computer-based 
techniques developed and tested for their effectiveness in the laboratory over the last 
two decades.  

    3.2   Age and Second Language Learning 

 Young learners are better in acquiring an L2 than older learners. It is a common 
belief among teachers, policy makers and researchers since Lenneberg  (  1967  )  pub-
lished the  Biological Foundations of Language  introducing the concept of a critical 
period for language acquisition that this decline in L2 performance is due to an age-
related change in neural plasticity. It has therefore been claimed that biologically 
determined maturational constraints exist when learning the L2 grammar (Johnson 
and Newport  1989  ) , syntax (Patkowski  1980  )  and pronunciation (Patkowski  1990  ) . 
Age effects on L2 learning are reported in numerous studies examining the percep-
tion and production of vowels (e.g., Flege et al.  1999a  )  and consonants (e.g., Mackay 
et al.  2001  ) . Studies concerned with the effect of age on the learning of L2 supraseg-
mentals are more limited compared to the segmental ones. The majority of these 
studies focus on degree of global foreign accent, a measure that combines segmen-
tal and suprasegmental aspects of speech (e.g., Flege et al.  1999b ; Oyama  1976  )  
confi rming a decline in learners’ performance with age; old learners are found to 
have stronger foreign accents than early learners. In a recent study, Huang and Jun 
 (  2009  )  examined the age effect on the acquisition of various aspects of American 
English prosody by Chinese learners. Three groups of Chinese learners participated, 
varying in their age of arrival in the United States while the length of residence in 
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the United States did not differ among groups. The study investigated Chinese 
learners’ rate of English speech, the degree of foreign accent when speaking English 
(using low-pass fi ltered speech to remove segmental information while preserving 
the prosodic information) and the intonation patterns and prosodic groupings of 
their English speech production. The results confi rmed an age effect on the acquisition 
of English prosody although the magnitude of the effect varied among the aspects 
of prosody that were examined. 

 The above studies demonstrate indisputable age effects on the acquisition of L2 
segmentals and suprasegmentals. However, to support the view that such effects are 
due to an age-related loss in neural plasticity as proposed by the critical-period 
hypothesis, evidence is needed that (a) there is a sharp drop-off in the ability to learn 
a second language; (b) all early L2 learners achieve native-like performance; and (c) 
all late L2 learners fail to achieve native-like performance. On the contrary, a number 
of studies have shown that the perceptual system remains plastic enough to support 
learning well into adulthood and that there is no sharp drop-off in L2 learning ability 
but rather a gradual decline with age (Flege et al.  1999a,   b  ) . For example, Flege 
et al.  (  1999b  )  found that native Korean immigrants’ degree of foreign accent 
increased as their age of arrival in the United States increased but there was no evi-
dence of nonlinearity in Korean immigrants’ performance. Further, other studies 
report that not all early bilinguals perform equally well (Flege et al.  1995,   1997  )  and 
that late bilinguals may achieve native-like pronunciation (e.g., Bongaerts et al. 
 1995,   1997 ; Moyer  1999  ) . For example, Bongaerts et al.  (  1995,   1997)  tested highly 
motivated Dutch learners of British English. None of the participants had received 
formal instruction in English before the age of around 12 and they were all exposed 
to a large amount of authentic L2 input delivered by native English speakers after 
entering the university. In the fi rst study, foreign accent ratings were obtained for 
spontaneous speech, a text, 10 sentences and 25 words while in the second study 
ratings were obtained for 6 sentences. Bongaerts et al.  (  1995  )  found that all 10 
Dutch participants were indistinguishable from native English speakers. Similarly, 
Bongaerts et al.  (  1997  )  found that 5 out of 11 participants met a criterion of ‘native-
likeness’, i.e., their English sentence production received a mean rating that fell 
within 2 standard deviations of the mean rating obtained by English native speakers 
that were used as controls.  

    3.3   Linguistic Experience and Second Language Learning 

 If age-related changes in neural plasticity are not responsible for diffi culties in 
learning the L2 segmentals and suprasegmentals, then what is it that makes it such 
a challenging task? Researchers believe that the advantage of early over late L2 
learners is caused by our experience with our native language; as we grow up and 
acquire the sound system of our native language, our ability to learn patterns that are 
different from the native ones inevitably declines. A change in infants’ perceptual 
abilities during the fi rst year of life has been extensively described in a number of 
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studies conducted the past 30 years. It has therefore been shown that, in the early 
months of life, infants are able to discriminate all sounds that are used to signal 
contrasts in any language (Aslin et al.  1981 ; Eimas et al.  1971 ; Trehub  1976  ) . 
However, by the end of their fi rst year infants fail to discriminate non-native conso-
nant contrasts (Werker et al.  1981 ; Werker and Tees  1983,   1984  ) . Sensitivity to 
non-native vowel contrasts appears to decline somewhat earlier, at around 6 months 
of age (Kuhl et al.  1992 ; Polka and Werker  1994  ) . During their fi rst year of life, 
infants demonstrate a similar perceptual reorganization for suprasegmental features 
of speech such as rhythm (Jusczyk et al.  1993  )  and lexical tone (Mattock and 
Burnham  2006 , Mattock et al.  2008  ) . For example, Jusczyk et al.  (  1993  )  showed 
that 9-month-old American infants, in contrast to 6-month-old American infants 
prefer to listen to words with a strong/weak stress pattern, which is the most fre-
quently used pattern in English over words with a weak/strong pattern, indicating 
that experience with the prosodic features of the ambient language affects infants’ 
response to language. 

 The role of L1 ‘tuning’ in L2 speech learning is discussed in current L2/cross-
linguistic models, such as the Perceptual Assimilation Model (Best  1995 ; Best and 
Tyler  2007  ) , the Speech Learning Model (Flege  1995,   2002  ) , and the Native 
Language Magnet model (Kuhl et al.  1992,   2008 ; Kuhl  2000  ) . All three models 
agree that L1 language experience interferes with L2 learning and that the relation-
ship between the L1 and L2 sound inventories can predict whether or not a specifi c 
L2 sound (or a specifi c L2 contrast) will pose diffi culty to the learner. For example, 
the Speech Learning Model posits that as the L1 categories develop with age they 
become more powerful attractors of the L2 categories (e.g., Walley and Flege  1999  ) . 
Several studies have demonstrated the role of linguistic experience in learning the 
L2 vowels (e.g., Cebrian  2006 ; Flege et al.  1999a ; Flege and MacKay  2004 ; Iverson 
and Evans  2007 ; Lengeris  2009 ; Polka  1995  )  and consonants (e.g., Best et al.  2001 ; 
Guion et al.  2000 ; Hattori and Iverson  2009 ; Iverson et al.  2003 ; Mackay et al. 
 2001  ) . For example, Spanish and Greek learners of English show a very poor dis-
crimination of the English tense-lax vowel contrast /iː/-/ɪ/ because they lack such a 
contrast in their L1, having a single vowel category in the F1/F2 vowel space occu-
pied by the two English vowels (Cebrian  2006  for Spanish learners; Lengeris  2009  
for Greek learners). Likewise, Japanese speakers are very poor at differentiating 
English /r/ from /l/ because they pay attention to the non-critical second formant 
frequency (which is important for the perception of the Japanese voiced tap /ɾ/ ) 
instead of the critical third formant frequency (Iverson et al.  2003  ) . 

 Effects of linguistic experience are also reported in studies on suprasegmental 
features of speech, specifi cally on the acquisition of stress (e.g., Archibald  1993 ; 
Dupoux et al.  1997,   2001 ; Guion et al.  2004 ; Peperkamp and Dupoux  2002 ; 
Peperkamp et al.  2010 ; Yu and Andruski  2010  )  and tone (e.g., Gottfried and Suiter 
 1997 ; Hallé et al.  2004 ; So and Best  2010 ; Wayland and Guion  2004  ) . Clear effects 
of L1 experience on the way learners perceive and produce the L2 intonational pat-
terns are also reported. Early studies focused on the errors produced by learners 
(e.g., Backman  1979 ; Willems  1982  )  but contemporary research has acknowledged 
the need to adopt a generally agreed framework for intonational analysis to better 
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examine cross-linguistic similarities and differences in intonation. Mennen  (  2006  )  
discusses the diffi culties in comparing the fi ndings of different studies in intonation 
research, as well as the potential of the Autosegmental framework of intonational 
analysis (Pierrehumbert  1980  )  in investigating L2 intonation. The model distin-
guishes between the underlying phonological representation of intonation (e.g., 
tonal inventory) and its phonetic manifestation (e.g., F0 peak alignment), providing 
a test-bed for the acquisition of L2 intonational targets and their phonetic realization. 
It is therefore not surprising that a growing number of studies have begun using the 
Autosegmental framework to examine the infl uence of L1 on the learning of L2 
intonation during the last decade (e.g., Atterer and Ladd  2004 ; Jilka  2000 ; Mennen 
 2004,   2006  ) . 

 Mennen  (  2004  )  investigated the extent to which the L1 intonation system can 
exert an infl uence on the acquisition of L2 intonation at the phonetic level. The 
study examined the production of Greek pre-nuclear rises by advanced Dutch learners 
of Greek. Greek and Dutch use phonologically identical pre-nuclear rises in declar-
ative sentences but there are cross-linguistic differences in the phonetic manifestation 
of the rise. In Greek, the alignment of the peak is realized in the vowel following the 
accented syllable, whereas in Dutch the peak is realized slightly earlier, within the 
accented syllable. Furthermore, in Dutch the alignment of the peak is affected by 
the length of the vowel of the accented syllable (i.e., earlier when the vowel is long 
and later when the vowel is short), whereas in Greek it is not (there are no short-long 
distinctions in Greek). Five Dutch learners of Greek, all teachers of Greek at 
University level, participated in the study. The production of pre-nuclear rises by a 
group of Dutch native speakers and a group of Greek native speakers with no knowl-
edge of Greek and Dutch respectively, were recorded for control reasons. Mennen 
 (  2004  )  found that four out of fi ve Dutch learners of Greek transferred their L1 
(Dutch) phonetic realization of pre-nuclear rises when speaking Greek (i.e., they 
aligned the peak earlier than Greek speakers) and only one Dutch learner managed 
to show native-like performance. Interestingly, Mennen  (  2004  )  reports a bi-directional 
interference in the production of pre-nuclear rises by those four Dutch learners of 
Greek; not only did they differ from Greek controls in their production of L2 (Greek) 
intonation but they also differed from Dutch controls in their production of L1 
(Dutch) intonation. Only one Dutch learner managed to achieve native-like perfor-
mance in peak alignment in both languages.  

    3.4   Learning in Naturalistic and Formal Settings 

 The role of L2 experience – usually indexed by the length of residence (LOR) in an 
L2 setting – in the acquisition of the L2 segmentals and suprasegmentals has been 
extensively examined in the literature but there are inconsistencies in fi ndings across 
studies (see Piske et al.  2001  for a review of factors affecting degree of foreign 
accent in an L2). Some studies have found evidence supporting the importance of 
experience on L2 learning (e.g., Asher and Garcia  1969 ; Flege and Fletcher  1992 ; 
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Flege et al.  1997  )  while others report no such effect (e.g., Cebrian  2006 ; Oyama 
 1976 ; Piper and Cansin  1988  ) . Trofi movich and Baker  (  2006  )  studied the effect of 
experience on the production of fi ve English suprasegmentals (stress timing, peak 
alignment, speech rate, pause frequency and pause duration) by three groups of 
Korean learners of English who had been immersed in the United States after 
puberty and differed in their length of immersion (3 months, 3 and 10 years). 
Participants performed a delayed repetition task (declaratives as responses to ques-
tion prompts). The sentences produced by Korean speakers were low-pass fi ltered 
to remove segmental effects and were rated by native English speakers for degree of 
global foreign accent. The sentences were also measured acoustically in terms of 
the fi ve target suprasegmentals. All Korean speakers were found to be more accented 
than a control group of English speakers but those who were less experienced (i.e., 
3 months of residence) were more accented than those with 3 and 10 years of residency 
(but there was no difference between the last two groups). The acoustic analysis 
showed that the amount of L2 experience correlated to stress timing but not to the 
other four suprasegmentals tested. In a following study, Trofi movich and Baker 
 (  2007  )  studied the effect of experience on the production of the same fi ve English 
suprasegmentals by Korean learners of English who had been immersed in the 
United States before puberty and differed in their L2 experience (1  vs . 11 years of 
residency). The results showed that the latter group outperformed the former in all 
5 suprasegmentals as well as in degree of global foreign accent. Those Koreans with 
11 years of residency achieved native-like levels of performance in the global 
foreign accent task and in four suprasegmentals (all except speech rate). 

 Flege and Liu  (  2001  )  suggested that the lack of an effect of LOR in some studies 
may have been due to the quality of the L2 input the sampling population received. 
In their study, Flege and Liu  (  2001  )  examined the effect of LOR on L2 learning by 
means of a consonant identifi cation task, a grammaticality judgment task and a lis-
tening comprehension task. The participants were adult Chinese speakers who had 
lived in the United States from 0.5 to 3.8 years (short LOR group) and from 3.9 to 
15 years (long LOR group). Half of the participants in each group were university 
students while the remaining participants had worked full-time during their stay in 
the US. In all three tasks, an effect of LOR was found for the group of students but 
not for the non-students; only the former group achieved higher scores following 
immersion, a fi nding which demonstrates that L2 learning depends on the quality of 
native-speaker input that the learner receives (the two groups did not differ in terms 
of self-reported percentage use of English). Flege  (  2009  )  further discussed the 
importance of input in L2 learning. According to the author, both quality and quan-
tity of input are important; residence in a foreign country is likely to be benefi cial 
only for immigrants who receive a suffi cient amount of L2 input via interaction with 
native speakers, especially via participation in social activities. In cases where 
immigrants receive a greater amount of L1-accented input than authentic input, the 
amount of L2 experience cannot be a reliable predictor of success in L2 learning. 

 Indirect evidence for the importance of authentic input when learning a second 
language comes from research in formal language settings (Elliott  1995 ; Fullana 
and MacKay  2010 ; Gallardo del Puerto et al.  2005 ; García Lecumberri and 
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Gallardo del Puerto  2003 ; MacKay and Fullana  2007 ; Mora and Fullana  2007  ) . 
These studies report no effect of language instruction on L2 perception and produc-
tion, which indicates that L2 exposure at a young age and several years of formal 
instruction may not lead to better pronunciation (see Singleton and Ryan  2004  for a 
review). This can be explained by the fact that classroom instruction is normally 
limited to a few hours per week, focuses on L2 form and the teacher who acts as a 
model to students delivers, in most cases, L1-accented input.  

    3.5   Learning in Laboratory Settings 

 One of the strongest arguments against the view that there is an age-related loss in 
neural plasticity comes from a number of computer-based training studies con-
ducted over the past years. These studies have consistently shown that adults from 
various language backgrounds can be retrained to hear and produce L2 segmentals 
and suprasegmentals using structured intensive training procedures. Early studies 
attempting to modify perception of sounds adopted discrimination training whereby 
the trainees hear two synthetic stimuli in each trial and are asked to decide whether 
the two stimuli are identical or different (e.g., Carney et al.  1977 ; Pisoni et al.  1982 ; 
Strange and Dittmann  1984  ) . These early studies showed a learning effect on the 
training stimuli but no transfer of learning to natural tokens. This was attributed 
partly to the use of discrimination training and partly to the low variability of the 
training stimuli. Regarding the former issue, it has been claimed that discrimination 
training tends to tailor learners’ attention to within-category differences instead of 
focusing on between-category differences that are crucial for categorization. 
Regarding the latter issue, it is believed that the use of a single talker and context 
impedes transfer of learning to other talkers and contexts. 

 An alternative approach to training that has dominated the fi eld over the past 
20 years is the high-variability phonetic training technique. As its name indicates, 
this method emphasizes the importance of exposure to natural minimal pairs con-
trasting the target sounds in multiple environments spoken by multiple talkers thus 
resembling real-world communication with native speakers of the target language. 
High-variability training consists of an identifi cation task with feedback whereby 
the trainees hear a single stimulus in each trial and are asked to label the sound using 
a number of given L2 categories. This approach to training has been found to 
signifi cantly improve by about 20% the perception of L2 consonants and vowels 
(e.g., Logan et al.  1991 ; Lively et al.  1994 ; Hazan et al.  2005 ; Iverson and Evans 
 2009 ; Lengeris and Hazan  2010 ; Nishi and Kewley-Port  2007,   2008  ) . Importantly, 
perceptual improvement is not limited to the stimuli used in training but generalizes 
to new words containing the target sounds and to talkers that were not heard during 
training. Perceptual learning is retained several months after training (Lively et al. 
 1994 ; Bradlow et al.  1999  )  and transfers to speech-in-noise vowel perception 
(Lengeris and Hazan  2010  )  and to consonant (Bradlow et al.  1997 ; Hazan et al. 
 2005  )  and vowel production (Lambacher et al.  2005 ; Lengeris and Hazan  2010  ) . 
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Among the L2 segmentals that have been trained are the English vowel distinctions 
for Spanish, Greek, German and French speakers, the English /r/-/l/ distinction for 
Japanese speakers, the English word fi nal /t/-/d/ distinction for Chinese speakers 
and the Hindi dental-retrofl ex stop distinction for English and Japanese speakers. 
Note that consonant studies usually train binary L2 contrasts (e.g., /r/-/l/, or /t/-/d/ ) 
whereas vowel studies have successfully trained several L2 vowels at the same time. 

 Wang and Munro  (  2004  )  examined whether computer-based training procedures 
such as these reviewed so far can be effective in improving L2 vowel perception in 
a classroom setting whereby learners are given some control over training. The 
authors trained Mandarin and Cantonese speakers on three English vowel contrasts 
/iː/-/ɪ/, /e/-/æ/, and /ʊ/-/uː/ using synthetic and natural vowel stimuli. The train-
ees were asked to schedule their 50–60 min training sessions (2–3 per week) and 
in each session they could recycle the training blocks as desired. After training, 
participants improved their perception of English vowels; their improvement was 
transferred to a new context and was retained 3 months after training. The results of 
this study are important because they show that research knowledge from labora-
tory training studies can be put into practice in a classroom environment. 

 Another line of research has been exploring the implementation of fundamental 
frequency visualization software for teaching L2 intonation since the 1970s 
(Abberton and Fourcin  1975 ; Anderson-Hsieh  1992,   1994 ; Chun  1998 ; De Bot 
 1983 ; Hardison  2004 ; Levis and Pickering  2004 ; Spaai and Hermes  1993 ; Taniguchi 
and Abberton  1999 ; Weltens and de Bot  1984  ) . Early software (and hardware) used 
to be expensive and diffi cult to use but nowadays computer technology for speech 
analysis is becoming widely accessible. A number of analysis programs developed 
by the research community such as Praat (Boersma and Weenink  2009  ) , SFS 
(Huckvale  2008  ) , Wavesurfer (Sjölander and Beskow  2000  )  and Speech Analyzer 
(SIL  2007  )  are freely available online. Learners can record themselves and see on 
the screen a visual representation of the pitch contour of their speech. The visualiza-
tion of pitch is relatively easy to interpret by inexperienced learners and does not 
require extensive phonetic knowledge, as is required for the interpretation of e.g., 
spectrograms or waveforms. Learners can also compare their production both audi-
tory and visually with a model speaker, which helps to raise learners’ awareness of 
differences between L1 and L2 intonation patterns. 

 Anderson-Hsieh  (  1992  )  trained international teaching assistants (mainly Chinese 
and Korean native speakers) on English word stress, rhythm, linking and intonation 
using visual feedback. Although the paper’s aim was to demonstrate how visual 
feedback can be used as a tool for teaching suprasegmentals rather than evaluating 
the effectiveness of training using statistical analyses, the author reports that train-
ing had a positive effect on the learners’ performance and attributes this fi nding to 
the fact that a visual representation of suprasegmentals in real time accompanied the 
auditory feedback provided to the learners. De Bot  (  1983  )  compared the effects of 
audio-visual feedback and audio-only feedback on Dutch students’ learning of 
English intonation. The results showed that the group of students who received 
audio-visual feedback improved more than those who received audio-only feedback, 
as judged by three teachers of English. Taniguchi and Abberton  (  1999  )  examined 
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the effectiveness of interactive visual feedback on Japanese speakers’ production of 
English intonation. The Japanese speakers were 12 college students who attended 
the UCL Summer Course in English Phonetics. All students attended lectures and 
practical lessons in English intonation but only half of them received training with 
visual feedback during their intonation lessons. All 12 Japanese speakers improved 
their English intonation after 2 weeks but those who received interactive visual 
feedback outperformed those who did not receive visual feedback. 

 Hardison  (  2004  )  examined the effectiveness of computer-assisted training on the 
acquisition of French prosody by native speakers of American English using pitch 
displays and multiple recordings spoken by multiple native French speakers as feed-
back. This training protocol differs from protocols used in suprasegmental training 
studies reviewed so far, as native speakers of the target language were used as feed-
back and not as models to imitate. Hardison’s study consisted of two experiments. 
In Experiment 1, 26 American English speakers, all undergraduate university stu-
dents, participated. Of those speakers, 16 were trained while the remaining speakers 
served as controls, i.e., performed only the pre/post test without receiving any train-
ing. In the pre/post test, participants were asked to produce 20 French sentences 
while another 20 novel sentences in the post-test evaluated generalization of learn-
ing. Training consisted of thirteen 40-min sessions with sets of 30 sentences spoken 
by three native French speakers. During each training session, participants were 
asked to produce one set of 30 sentences. The pitch contours of their sentences were 
displayed in real time on the screen. A French speaker’s version of that sentence 
was displayed on the screen in a different colour and played out aloud. Three native 
French speakers evaluated the recordings made by the American English speakers 
on a 7-point scale. The results indicated that the trainees improved their production 
and that this improvement generalized to the set of novel sentences. Experiment 2 
used a memory recall task using fi ltered stimuli that preserved prosodic information 
while reducing segmental information to examine whether learners were able to 
identify the exact lexical content of the training sentences based on prosodic infor-
mation alone. The trainees succeeded about 80% of the time in doing so, demon-
strating according to the author that prosodic and lexical information is stored 
together in memory traces. Finally, participants’ responses from questionnaires 
indicated a greater awareness of the various aspects of speech after training and 
increased confi dence when speaking French. 

 Following the growing interest in discourse intonation among intonation experts 
(e.g., Bolinger  1989 ; Brazil  1997 ; Chun  2002  )  and the success of intonation training 
studies that have used sentence-level training materials, researchers have begun to 
explore ways to teach intonation patterns that occur in communicative contexts 
(Chun  1998 ; Levis and Pickering  2004  ) . For example, Hardison  (  2005  )  examined 
whether computer-based training can improve the production of L2 prosody at the 
level of contextualized speech, using pitch displays and discourse-level training 
materials. Twenty-eight Chinese advanced learners of English participated in the 
study. Half of the participants were trained on discourse-level materials and half 
were trained on individual sentences. Three native English speakers provided global 
prosody ratings for both groups of Chinese speakers. The results showed that all 
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speakers showed transfer of learning to natural discourse as a result of training and 
that the group of speakers that received contextualized input improved more than 
the group that received sentence-level input. Prosody ratings of speech materials 
produced by the same Chinese learners 1 week after training revealed sustained 
improvement. These results showcase that computer technology can be effective in 
teaching not only the typical sentence-type intonation patterns (e.g., declaratives, 
wh-questions, yes-no questions, etc.) but also discourse-level intonation patterns.  

    3.6   Conclusion 

 The acquisition of second language prosody is undeniably a diffi cult task. However, 
a growing body of experimental work supports the view that, as with segmental 
aspects of speech, the window of learning is not closed even in adulthood. This is 
because diffi culties in L2 learning are mainly caused by native language experience 
and not because of an age-related change in neural plasticity that would make learn-
ing unfeasible. Strong evidence for this plasticity comes from laboratory studies 
showing that the adult brain can be trained to hear non-native differences by using 
appropriate computer-based training techniques. What is even more encouraging is 
that perceptual training can improve not only the perception of L2 segmentals and 
suprasegmentals but also their production. The most successful training protocols 
adopt the so-called high-variability approach, which has been proven to create 
robust and long-lasting new categories. In line with exemplar and statistical models 
of speech perception (Goldinger  1996 ; Johnson  1997 ; Pierrehumbert  2002 ; Maye 
et al.  2002  ) , in order to create new categories we simply need to expose the learner 
to multiple natural tokens of the target sounds produced by various speakers. 
Exposure to authentic and variable L1 input is therefore vital in the learning pro-
cess. In the case of suprasegmentals, the visualization of the pitch contour can help 
those learners who cannot rely only on their own perception of intonation to improve 
their production of both sentence- and discourse-level prosody. The area of L2 into-
nation training thus provides a perfect example of how valuable insights from 
academic work can be put into practice to assist the teaching of one of the most 
diffi cult aspects of second language pedagogy.      
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