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The aim of this study was to test whether both phonetic and phonological representations
of intonation can be rapidly modi“ed when imitating utterances belonging to a different
regional variety of the same language. Our main hypothesis was that tonal alignment,
just as other phonetic features of speech, would be rapidly modi“ed by Italian speakers
when imitating pitch accents of a different (Southern) variety of Italian. In particular, we
tested whether Bari Italian (BI) speakers would produce later peaks for their native rising
L+ H (question pitch accent) in the process of imitating Neapolitan Italian (NI) risingL + H
accents. Also, we tested whether Bl speakers are able to modify other phonetic properties
(pitch level) as well as phonological characteristics (changes in tonal composition) of the
same contour. In a follow-up study, we tested if the reverse was also true, i.e., whether NI
speakers would produce earlier peaks withinthe L + H accent in the process of imitating

e-mail: mariapaola.dimperio@Ipl-aix.fr the | + H of Bl questions, despite the presence of a contrast between two rising accents

in this variety. Our results show that phonetic detail of tonal alignment can be successfully
modi“ed by both Bl and NI speakers when imitating a model speaker of the other
variety. The hypothesis of a selective imitation process preventing alignment modi“cations
in NI was hence not supported. Moreover the effect was signi“cantly stronger for low
frequency words. Participants were also able to imitate other phonetic cues, in that they
modi“ed global utterance pitch level. Concerning phonological convergence, speakers
modi“ed the tonal speci“cation of the edge tones in order to resemble that of the other
variety by either suppressing or increasing the presence of a “nal H%. Hence, our data
show that intonation imitation leads to fast modi“cation of both phonetic and phonological
intonation representations including detail of tonal alignment and pitch scaling.

Keywords: imitation, phonetic convergence, Neapolitan Italian, Bari Italian, intonation, tonal alignment, tonal
scaling

INTRODUCTION the amount of phonetic detail being reproduced). This is because
A large body of literature has shown that segmental featureslofv frequency words would be characterized by weaker episodic
speech can either subconsciously or consciously be imitated in treeces, hence being more prone to a modi“cation in their repre-
process of online phonetic convergenge\(ler et al., 20G®ardo, sentation. Note that in an episodic or «exemplarZ model, every
2006;Nielsen, 2011inter alig). Within the imitation paradigm, perceived spoken item leaves a unique memory or «episodicZ trace
various studies within the segmental literature have establistiedvhich detailed phonetic characteristics, such as the voice of
that speakers are capable to modulate phonetic detail of their othre speaker, are stored. However, all these previous studies con-
speech in order to resemble that of speech to which they haarn single word imitation, and not sentences nor phrases, and do
previously been expose@¢ldinger, 1998\ielsen, 2011). not address possible modi“cations relative to the suprasegmental
One hypothesis re”ecting this phenomenon is that listenetsvel. In this study we ask whether intonation representations can
would update their phonetic representations in response to utteaso be rapidly modi“ed as a result of phonetic and phonological
ances just produced by the interlocutor. The updated phonetionvergence.
models would hence be responsible for the observed imitation Concerning intonation, we know that the intonational features
effect. In other words, idiosyncratic elements of how a word wa$different languages and language varieties can differ both at the
pronounced by the speaker would not be “ltered out, which iphonological as well as at the phonetic leveidd, 1996/2008
what is commonly assumed by normalization and abstract refgross-variety (and cross-linguistic) intonational differences at the
resentation models (i.eGaskell and Marslen-Wilson, 199@n  phonological level concern differences in the inventory of phono-
important factor in the degree of phonetic convergence measuregically distinct tunes or pitchaccent types, and can either
in the spontaneous imitations is word frequen@pldinger (1998) concern their formal properties or the meanings assigned to
has “rst shown that low frequency words are better imitated thathem (Ladd, 1996/20Q8Grice etal., 2005). At a phonetic level,
high frequency words, and that frequency interacts with amountoss-linguistic intonation differences can involve different real-
of exposure to stimulus in gdicting degree of imitation (i.e., izations of an identical pitch accent type, in terms of a number
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of dimensions specifying both the temporal and melodic chabeen found to be phonologically contrastive in categorical per-
acteristics of a tonal target. These dimensions are referred toccaption studies. For instancBsimperio and House (199 have
tonal alignmenandscalingTonal alignment refers to the tempo-shown that “ne detail of temporal alignment of pitch peaks can
ral speci“cation of a fundamental frequenci) peak or valley help Neapolitan listeners identify yes-no questions whenfthe
relative to the stressed syllable with which the accent is associgteak of a statement rise-fall is delayed within the stressed syllable.
(cf. Delmperio, 2006201 1for a review). Speci“cally, alignmentOn the other hand, minor alignment differences can be present
speci“es the synchronization of tone targets and speci“c prosodigthin the same pitch accent category due to phonetic implemen-
units (such as the syllable) or segmental landmarks (such as ggfion involving either individual difference\jebuhr etal., 201)L
lable onset or offset). Within the Autosegmental...Metrical (AMhd/or regional varietyl(add etal., 2003 House (19972004)
theory (see.add, 1996/200for a review), tonal alignment is the offers a review of pitch perception data in different languages
main feature determining a pitch accent category. showing that differential sensitivity to peak alignment at pitch cat-
A few studies have investigated phonological and phoneégory boundaries is usually not below 50 ms. Hence, on the basis
aspects of intonation by means of the imitation paradigm. Sonté perception studies, we will consider any alignment modi“cation
researchers have underlined the fact that speakers can successkilhyv 50 ms to be necessarily phonetic and not phonological in
and spontaneously reproduce speci“c intonation features of uttemature, given that a phonological contrast needs to be perceptible
ances just heard, such as pitch accent and tonal boundary locat{étume and Johnson, 20).1
(Cole and Shattuck-Hufnagel, 201ds well as global, phonolog- Moreover, within a given pitch accent category, tonal align-
ical aspects of the tuné3(aun etal., 2006 such as pitch accent ment differences behave similarly to different Voice Onset Time
and boundary tone combination (i.e., nuclear contour shape}yOT) values (cfAtterer and Ladd, 200for proposing this anal-
and this also between dialects of the same languagBdcfiera ogy) for the same plosive in the languages of the world. VOT
and Elordieta, 2018n spontaneous convergence between Catiaritation in plosives has been recently explored for American
lan and Majorcan SpanishBraun etal. (2006lhave also shown English. In a shadowing tasklielsen (2011asked speakers to
that, when reproducing randomly variable intonation contoursiepeat American English stimuli in which VOT was either arti-
speakers appear to be alte extract linguistically meaningful “cially shortened or lengthenedpeci“cally, her data show that
(i.e., phonological) contrast by concentrating their productionsub-phonemic VOT differences can be spontaneously imitated in
around a limited number of prototypical patterns or «attractors.American English, since participants produced signi“cantly longer
In other words, English speakers can only reprodi@eontours VOTSs after being exposed to target speech in which voiceless plo-
which are grammatically meaningful, just as in segmental imitaives were manipulated so as to have extended VOTs. However,
tion speakers might only be able to imitate phonemes of their ovarti“cially shortened VOT was not successfully imitated in this
language. study, which the author explains through a selective imitationZ
According to another line of work, speakers appear to be algeocess. In other words, imitation would be constrained by a
to spontaneously imitate global acoustic prosodic features, symrceptual feedback mechanism ensuring that native phonolog-
as pitch level and speech rate, of a previously heard utterarical contrasts are not endangered through the production of a
either in absenceBosshardt etal., 199r in presence Gre- novel category. This suggests that phonetic detail can be perceived
gory etal., 19970of direct social interaction. More recently, directand imitated, but only when it does not compromise pre-existing
imitation studies have shown that phonological contrastive tonphonological contrast.
patterns can be imitated both withi(ichelas and Nguyen, 2011  This issue is particularly interésg), in our view, especially in
for French) and across varieties of the same languagenfan, the light of what is known in L2 acquisition and alignment. In
2012for English). fact, among intonation features, tonal alignment appears to be
Note also that tonal alignment possesses both a phonetic anithe hardest feature to be acquired/modi“ed by non-native speaker
phonological dimension. From a phonological point of view, tonglArvaniti etal., 1998Mennen, 2001 In Mennenes study, Dutch
association speci‘es the head tone within a pitch accémicgé, learners of Greek were tested as to their ability to reproduce the
1995, while alignment concerns the phonetic implementatiomxact alignment characteristics of Greek prenuclear rises. While
of the temporal speci“cation. In American English, for instancehey could not reproduce exact L2 values of peak alignment,
the different tonal association of £t H and L + H results they did, however, show an in"uence in their realization of their
in the fact that peaks are reached earlier within the “rst thafDutch) L1 alignment contrasts. Hence, an interesting bidirec-
in the second accent type, and this is also true for a number tidnal in"uence on tonal alignment realization was revealed by
other languages, such as Neapolitan Italian (NI). In Neapolitathis study.
speci“cally, the late peak accent (& H) characterizes yes/no In this paper, we investigate imitation of both phonetic and
question contours while the early peak accent (H ) character- phonological aspects of intonati@cross Italian varieties, specif-
izes narrow focus statemenf3«(mperio, 200). Bari ltalian (BI), ically in relation to the eselective imitationZ process. Here we
on the other hand, lacks a speci“c alignment contrast betwespeci“cally test if the tonal alignment features of BI tunes can
two types of accentual rises, though alignment differences damhandled onlineZ and modi“ed in order to imitate a pragmat-
be found both at the individual level, or else concerning othecally (but not formally) identicatune produced by a speaker of
con“gurations. another Southern variety, namely NI. In a follow-up study, we also
Just as other aspects of phonology, such as segmental contessied if the opposite is true, i.e., whether NI speakers can imitate
both melodic and temporal characteristics of pitch accents haBéintonation features.
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For the purpose of this study, the selected tunes were all yeshmperceptual contrast would be endangered as a result of such a
guestions. Our choice was dictated by the fact that the main pitafodi“cation. On the other hand, NI possesses both I[H and
accent is a LH rise in both ltalian varieties under study (Bati + H, which predicts that Neapolitan would show a resistance to
and NI, seésrice etal., 2005though having different associationanticipate the H target in questions in order to avoid contrast era-
and alignment properties allowing us to test phonetic convergensare. If, in line with the selective hypothesis, imitation is achieved
against the selective imitation hypothesis, as detailed below. Noyeselecting only variants for which contrast is not endangered, we
that in Italian yes/no questions lack a speci“c morpho-syntactexpect Bari speakers to be more successful inimitating the Neapoli-
marking and can be solely expressed by intonation. In particul&an tunes, while Neapolitans would behave differently. In other
the primary cue to interrogation in the Southern varieties is a riswords, given that Bl speakers do not possess a contrast between
ing LH pitch accent (L+ H in Bl and L + H in Neapolitan, two accentual rises, we postulate that the alignment difference can
cf. Delmperio, 2000Grice etal., 2005 immediately followed by only be perceived and reproduced in terms of a variant of the
a phrasal fall or a rise. The main cross-variety difference is thetive L+ H rise. We hence predict that Bari speakers would
the accentual peak is reached around the middle of the accenpedduce later peaks for the BHLH question pitch accent, in the
syllable in Bl, while it is reached later (at the offset of the nucleprocess of imitating Neapolitan I+ H. We also tested whether NI
syllable) in NeapolitanisImperio, 200). This alignment contrast speakers would be capable of anticipating the H target within the
is shown inFigure 1 L + Hinordertoresemble the Bl H , which would not sup-

Note that Bl and NI yes-no question contours differ also agort the selective imitation hypothesis. This is because an earlier
to the phonological speci“cation of the yes...no intonation conise could resemble the NeapolitarrLH , which is employed for
tour. Speci“cally, while prototypical Bl question contours showtatements.

a IP-“nal H% rise, prototypical NI questions show a IP-“nal L%  Another factor that might in"uence intonation convergence is
fall (DeImperio, 20002002). Moreover, a paradigmatic differencelexical frequency. For instance, duration has been found to be
between Bl and NI concerns the inventory of contrasting pitchorter for higher than lower frequency wordsdldinger, 19983
accents. In fact, Bl does not show a contrast between two risiBgbee, 20QRylett and Turk, 200§ Given that tonal alignment is
pitch accents, since it only possessesH (Grice etal., 2005 a temporal phenomenon, in that it is timed relative to segmental
This predicts that the exact alignment of the H in the BFLH  landmarks, it might be sensitive to duration variation within the
accent might be more variable and easily modi“able given thsyllable. Hence, an issue investigated here is whether the observed
alignment effects might be due to frequency-induced duration
differences or whether they might be directly in"uenced by lexi-
' cal frequency itself. This is why alignment was measured both in
W‘W absolute terms and proportionally, relative to the duration of the
200 "
: stressed syllable (see Measurements below).
150 LT\ X / We also tested whether both Bl and NI speakerg would repro-
] \/’\ duce global phonetic features such as pitch level (i.e., the overall
1

i pitch level of the utterance as produced by the model NI/BI

75 o) speaker). Finally, structural properties of the tune, such as the
lo adorava? X
- e — presence of a speci“c boundary tone at the right edge of the
- Intonation Phrase (IP), were also speci“cally analyzed in order
lo | El | do | ra | va to verify whether both phonetic and phonological cues to intona-
0 Time (ms) 0.7385 tion can be imitated. Speci“cally, we tested whether Bl speakers

would produce a smaller number of H% edge tones while imitating

WWW".}NW Neapolitan, since prototypical yes/no questions in NI lack a “nal
I

200 H% rise. The opposite was tested for NI imitation productions.
Our results will be discussed in the light of recent convergence
150 I v/——-’—'-!*-\ studies in the segmental domain.
L 5 MATERIALS AND METHODS
lo adorava? PARTICIPANTS
L+ H L% Eo.urteen.native Bllspeaker.s (eight females and ;ix males) par-
s I = I do I == I = ticipated in the main expe_rlme_nt ar_1d were recruited from the
graduate population of Bari University. In a follow-up study, six
0 Time (ms) 0,6978 speakers of NI were also recruited (three females and three males)
from the graduate population of Aix-Marseille University. The
FIGURE 1| Yes—no question utterance Lo adorava? ‘Did he/she adore NI participants were carefully chosen from a group of Italians
it?" produced by a Bl speaker (upper) and by the model NI speaker recently arrived in France and with minimal knowledge of French.

(lower). The straight line indicates the syllabic boundaries for each word of All participants reported normal hearing and their age varied

the sentence; while, the dashed line indicates the alignment point of the . . .. .

nuclear pitch accent (L+ H /L + H) betV\'/e.en 25 and 35. They were a!l paid for their part|C|pa't|on.
Participants agreed with the experimental procedure and signed
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an informed consent. Both experiments were conducted undspeaker was a 34-year old femakbles land2 show, respectively,

ethical conditions. mean values for both NI and Bl model speaker productions.
Lexical frequency was determined on the basis of the CLIPS
PROCEDURE databaselfe Mauro etal., 1993with the thresholds for low- and

In the main experiment, recordings were performed in a sounghigh-frequency words being, respectively, 300 occurrences per mil-
attenuated room at the University of Bari, while for the follow-ujon for high-frequency words and “ve occurrences per million for
study NI speakers were recorded in the sound-proof booth @fw-frequency words. Target stressed syllables were always open
the Laboratoire Parole et LangageAix-en-Provence. Subjects(j.e. manGlAvaanDAvas(he/she) ate, (he/she) wentZ), to control
were recorded in two separate tasks, speci‘cally a Baseline gfichlignment effects, and were penultimate within the word. All
an Imitation task, which were run in sequence within the samgrget words were simple past verbs (all three-syllabic and with
recording session. The Baseline always preceded the Imitation gggultimate stress) preceded by a pronominal particle (Ge.,
sion, so that convergence could be assessed relative to the defgfiva?|itt. Would he come by? o adorava?Did he adore
base pronunciation of each speaker. Each session typically lagt€d). The expected pitch accent pattern was a nuclear rising LH
15 min. During the Baseline task, target sentences were preseni@ént (either L+ H for Neapolitanor L+ H for Bl) on the target
one at a time on a computer screen. Each target sentence Wwagd (see Appendix A for more information about the corpus). All
preceded by another sentence, which served the purpose of ggtrances were produced with yes/no question intonation by both
ting up the context for the utterance to be produced. Subjectgodel speakers. The productions of 14 Bl speakers resulted in a
were instructed to read aloud only the second sentence by spegkal of 1680 sound “les, while the production of the six NI speak-
ing into a microphone (HD 60) using their native intonationers yielded 648 observations. From these, for both experiments, a
(either BI or NI). The purpose of the Baseline task was to obta{fta| of 222 (9.5%) productions had to be eliminated for technical
a reference production for each variety. Each target sentence w@grs, so that a total of 2099 (1485 “les for the main experiment
produced three times, in a random fashion, with a yes/no questiefd 614 “les for the follow-up experiment) were included in our
intonation. ana|yses_

During the Imitation task, participants were told that they Note that, as expected, the proportional alignment reported in
would be listening to a recording of a speaker using an sunfamifaples 1and2 shows later alignment for the Neapolitafaple 1)

iar dialectZ and that they should try to imitate his pronunciatioshan the Bl model speakeT4ble 2, with a difference of around
as closely as possible while repegathe sentence just heard (seeqgoy.

alsoGerman, 201p The same instructions were given for both
experiments presented here. Explicit imitation instructions weMEASUREMENTS
preferred to a simple shadowing task with the aim of maximizingtterances were automatically extracted and saved as separate
the effects, given that it appears that alignment features cannot'les through PRAAT Boersma and Weenink, 1992/201Sub-
easily modi“ed in L2 acquisition\lennen, 200}t Subjects were sequently, each sound “le was segmented with the software SPPAS
not given any information about the variety that they were to imi{Bigi, 201} into words, syllables, and phonemes. Intonational
tate. Stimuliwere presented using a PowerPoint presentation. Eéefitures of the recorded utterances were tagged by hand by the
subject was seated in front of a computer with a head-mountegcond author. Speci“cally, we labeled the target H tone within
microphone and headphones.

In the follow-up study, corpus and procedure were the same

as in the main eXperiment: thOUgh this time partiCipantS Wergple 1 | Average H alignment (expressed as a percentage relative to

Neapolitan speakers and the model was a Bari speaker. the accented syllable duration), global pitch level (in semitones), and
tonal speci cation of the IP- nal edge tone for all the utterance
MATERIALS produced by the model Bari Italian (BI) speaker.

The total set of experimental materials was composed as follows:
For the main experiment, 20 target words (10 low frequency arfprd
10 high frequency words 3 repetitions 2 sessions); for the frequency (%) level (st) L% (%) H% (%)
follow-up experiment 18 target words (8 low frequency and 10

high frequency words 3 repetitions 2 sessions). This difference™9h 57 oL8 0 100

in the corpus is due to the fact that for the follow-up we chose astaw 53.2 915 0 100
model speaker a Bl participant who produced two sentences which

did not show the prototypical Bl question pattérnThe corpus Table 2 | Average H alignment (expressed as a percentage relative to
was the same in the Baseline and the Imitation task, though in tié accented syllable duration), global pitch level (in semitones) and
Imitation Task the model speaker was either a NI (for the mai EZLi‘;ZCLS?EganJ Jgf’,\'l;;i:ifadngﬁ;ﬁgﬁ Eﬁrl)a! ggaek‘;trt_erance
experiment) or a Bl speaker (for the follow-up). The NI model was

amale native speaker of NI, whasge was 38, while the model Bly,4 H alignment pitch IP- nal IP- nal

H alignment Pitch IP- nal IP- nal

frequency (%) level (st) L% (%) H% (%)
INote that this was yet the best speaker in the corpus previously recorded given-the
prototypicality of his tonal patterns in most of the utterances produced (we cho

the model speaker from the set of prereded speakers of Experiment 1, from the}s—ﬁ[‘:]h [ 8141 100 0
Baseline productions). Low 76.7 8130 100 0
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the nuclear stressed syllable, and the presence of a H% v$ A

L% boundary tone at the end of the IP. The accentual H tar: Baseline Imitation
get was often realized as & peak within the region of the T

accented syllable (i.e., the penultimate syllable in the utteranc :

and was hence automatically labeled. When a plateau (i.e., a se .

of points having fairly levefl0 values) was identi“ed, the lafd
point was selected as the H peak location (8€enperio, 200).
The overall pitch level for the utterance was also measured
semitones.

The statistical signi“cance of the results was tested using
series of mixed models by means of the R-environmenbével-
opment Core Team, 20)2The models were separately run on
three dependent variables: the alignment of the H peak, the pitt
level of the entire utterance and the presence of a H% vs. L'
boundary tone. The alignment of the H peak was calculate 1 .
“rst, by (1) using an absolute value of the distance between tr
H target and a speci“c landmark in the segmental string (i.€. | ‘
the syllable onset); subsequgntby (2) a proportional measure Word frequency
relative to the duration of the accented syllable. In fact, though
absolute alignment is the most widely employed method in intg- FIGURE 2| Boxplots for H alignment relative to syllable onset
national studies, proportional alignment allows to better contrgl produced by Bl speakers. Data are shown across Word frequency and
for possible frequency effects on Segmental durat@oldinger, Task. The 0 level in the y-axis indicates.syllablelonset. The notch indicates
1999, which in turn could affect alignment results (cPrieto | 'M© 95% con'dence interval for comparing medians.
etal., 1995Petrone and Ladd, 20).7Tonal alignment and pitch
level served as continuous dependent variables in standard linear ) ] ]
mixed models. Logit models with mixed effects were applied {3€ Imitation task, as predicted by our main hypothesis. The sta-
account for the presence of H% vs. L% at the end of the utterandistical analysis con‘rmed a signi“cant effect of Task(S 0.02,
Regional variety of the imitators (Bari/Neapolitan), Task (Bas€E= 0.008f =S 2.36). Furthermorefigure 2shows that H tar-
line/Imitation), and Word Frequency (low/high) were includedd€t alignment was later in low than in high frequency words, in
as “xed factors. For pitch level, the factor Gender (male/femal@9th the Baseline and the Imitation task £ 0.029, SE 0.008,
was added since females have higher fundamental frequency than 3-39). Note though that the frequency effect might be an
males. The models had a full random effects structure, i.e., wgRiPhenomenon of differences in accented syllable duration. In
all possible random intercepts and random slopes. Since the f@ft, those syllables were signi“cantly longerinlow than in high fre-
models showed some over-parameterization, backward elimirf!€ncy words, in both the Baseline (hig240 ms; low= 257 ms)
tion based on graphical inspections and on likelihood-ratio tesgd!d the Imitation (high= 230 ms; low= 257 ms) tasks (= 0.02,
was used to decide which random terms and interactions amo§§: 0.0021 = 8-_94)- ) ]

“xed factors should be retained in the models. Likelihood-ratio Hence, to verify whether alignment differences re”ect a gen-
tests Baayen, 20Q&vere run comparing full models (e.g., which4ine effect o_f Word Frequency, we also calculgtf_ed tonal al_lgnment
contained an interaction) with simpler ones (e.g., without tha@S & proportion of the accented syllable duratiéiglire 3. Sim-
interaction). ilar to Figure 2 Figure 3 shows that the H target was again

Note that standard mixed models do not provigevalues aligned earlier in the Baseline (57.4%) than in thg Imitation
when random slopes and intercepts are correlated. Given the laf§8-3%) task. The effect of Task was also signi“cart & 10.06,
dataset, we hence assumed that a “xed factor was signi‘cant if¥§= 3-3,t = S 2.86). Figure 3also shows, on the other hand,

t value would be greater than Béayen et al., 20080n the other that, when alignment is calculated proportionally, the Word Fre-

hand, for our logit models the cutoff point for signi“cance was séiuéncy effectis nolonger found in the Baseline task ¢ds8.1%;
atp< 0.01. high = 56.1%) though it is still visible in the Imitation task,

where the alignment was later in low than high frequency words
(low = 72.6%; high= 67.9%). Word Frequency was indeed
signi“‘cantonly for the Imitationtask (= 4.71, SE 2.2t = 2.14).

—

= -

H to syll ons (ms)

..

MAIN EXPERIMENT RESULTS
TONAL ALIGNMENT

In Figure 2 tonal alignment across Word frequency is displayed for

both the Baseline and the Imitation tasks. Here, tonal alignmeRtTCH LEVEL

was calculated relative to the syllable onset. The “gure shows tAgtshown inFigure 4 both female and male speakers success-

the H target was generally aligned earlier in the Baseline tharfily lowered their global pitch level when imitating the model
talker. The statistical model showed a signi“cant effect of Task,

2pitch level was calculated as the median log transforitedlue for the utterance with pitch level being higher in the Baseline than in the Imitation

(De Looze and Hirst, 2008This is because the median, and not the mean,isamoF@Sk ( = 097, SE= 0.08,t = 12-0?)- Note that male speak-
robust measure for pitch level. erse utterances presented a lower pitch level than those produced
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FIGURE 3| Boxplots for proportional H alignment produced by Bl
speakers. Data are shown across Word frequency and Task. The 0 level in
the y-axis indicates syllable onset. The notch indicates the 95% con“dence
interval for comparing medians.

by female speakers € S 6.81, SE= 1.68,t = S 4.04). How-

Table 3 | Percentage and number of occurrence (in parentheses) of
1H%, H% and L% boundary tones in the Baseline and Imitation task
for Bl speakers.

Baseline Imitation
IH% = 32.5% (248) L% = 61% (516)
H% = 67.5% (439) H% = 39% (282)

Table 4 | Percentage and number of occurrence (in parentheses) of H%
and L% boundary tones in the Baseline and Imitation task for NI
speakers.

Baseline Imitation
L% = 18% (55) L% = 7% (21)
H% = 82% (248) H% = 93% (290)

for Bl (Table 3 and NI speakersTable 4. In the Baseline, Bl
speakers mostly produced a rising movement to a high edge tone
(H%) and, in a smaller percentage, a rising movement to a mid
tone target 'H% (see also Gili Fivela etal., to appear), which is
an allophonic variant of H% in this variety. In the Imitation task,
they signi“cantly produced a majority of L% edge tones, typical of
the NI yes/no question tune, and, consequently, a smaller number
of H% at the end of the question utterance£ 1.34, SE 0.17,

ever, there was no main effect of Word Frequency nor signi“capt= 7.57,p < 0.01). Note that no actual L% was produced in the

interactions.

TONAL SPECIFICATION

Baseline by Bl Italians. An example of !H% production is reported
in Appendix C. Note that NI speaker3gble 4, different from
the model NI speaker, already produced a high number of H% in

Apartfrom phonetic features, speakers signi“cantly changed stribe Baseline (see also Discussion for an account of this difference),
tural aspects of the tune whilmitating the model speaker, both probably due to a reading style effect.

Baseline Imitation Baseline Imitation

— N > >—: —

= =

= =

@ ®

E 1 =

2 1 =

o o _

;T—"
Word frequency Word frequency

FIGURE 4| Boxplots for pitch level (in st) across Word Frequency and Task for Bl speakers. Data for female and male speakers are separately plotted in the
left and right panel, respectively. The notch indicates the 95% con“dence interval for comparing medians.
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the Baseline task was later (average across word frequency: $7.4%)
than in the Imitation task (45.5%), indicating that NI speakers
successfully imitated the early alignment of B+LH nuclear
accents. The Task effect was signi“cants( 14.03, SE= 5.24,
106~ t = 2.67). The signi“cant interaction between Task and Variety
indicates that the difference between Baseline and Imitation was
larger for NI than for Bl imitators ( = 24.03, SE 6.18t = 3.89).
As in the main experiment, Word Frequency was signi“cant only
in the Imitation task ( =S 16.52, SE 2.56,t = S 6.44). How-
50- ever, the direction of the effect was, as expected, reversed relative
to the one found in the main experiment, with the pitch peak
being aligned earlier in low (36.37%) than in high (56.01%) fre-
guency words. This is coherent with the fact that the direction of
the alignment difference being imitated by the participants was
the opposite in the two studies, but it also further supports that
High Low High Low the frequency effect is not due to speci“c phonetic properties of
Word frequency the words employed; otherwise the direction of the effect would
FIGURE 5 Boxalots for H i Word £ s have been the same in the two studies.
for NI speaker?p'l?ri grlev; :ﬁqrﬁ:;f:;;oiisdic;:e s;ﬁgtljlin(;:r{szz Tha:notch An effect of Task and Word Frquency was also fo‘_md for pItCh
indicates the 95% con“dence interval for comparing medians. level, but only for female speakeiSigure €, whose pitch level
was higher in the Baseline than in the Imitation task, indicating
that they signi“cantly lowered their pitch level to imitate the model
talker ( =S 0.55,SE 0.17} =S 3.21). Moreover, low frequency
FOLLOW UP ... EXPERIMENT RESULTS words were characterized by lower pitch level than high frequency
In order to test the selective imitation hypothesis, we carried oyrds ( =$0.55, SE 0.17,t = $ 3.21). Finally, there was no
a follow-up study with NI speakers imitating a Bl model speakegijgni“cant difference inonal speci“catioacross the experimental
given that NI shows a contrast between two accentual rises haxjagiaples, though NI speakers appeared to slightly increase the
different association and alignmeptoperties. Generally speak-nymper of H% occurring at the end of the imitated utterances.
ing, Neapolitan speakers were able to imitate tonal alignment,
pitch level, and edge tone speci“cation of Bl utterances. Note

; : . 1 1BNote that the average alignment value obtained in the Baseline is lower than the
that Only proportlonal a“gnmem was analyzed so as to avoid t'c%e reported for the model NI speakengloyed in Experiment 1. This may be due

duration Confqund related to Word Frequency (see _Tonal A"_g% the presence of inter-individual variability that has already been reported in the
ment above)Figure 5shows that proportional tonal alignment in literature (see Introduction above).

Baseline Imitation

H alignment (%)

FIGURE 6| Boxplots for pitch level (in st) across Word frequency and Task. Data for female and male speakers are separately plotted in the left and right
panel, respectively. The notch indicates the 95% con“dence interval for comparing medians.
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Lack of signi“‘cance might by due to the high number of H%T he difference between the Bl and the NI results might, however,
already being produced in the Baseline, which we explain through due to the higher pitch level of the model speaker, which might

a reading style effect (see also Discussion section). have prevented male speakers to perceive and hence readjust their
own global level.
GENERAL DISCUSSION Within the segmental literature, there is ample evidence for

Our results show that phonetic detail of intonational structurespontaneous phonetic convergence at the segmental level (see
such as tonal alignment can be successfully imitated across feodo, 2006nter alig. However, no study reports at the same
Southern varieties of Italian, i.e., Bl and NI. Speci“cally, Bl speatime phonetic and phonological convergence for intonation. Our
ers were able to displace their H peaks later in order to imitageeneral phonetic results, both for tonal alignment and pitch
the model NI speaker in thémitation phase, while NI speak- level adjustments, appear to go counter to recent “ndings for
ers were able to shift H peaks earlier to imitate the model Bimerican English intonation convergence. A studyChye and
speaker. This is surprising given that details of tonal alignmeg&hattuck-Hufnagel (201 1¥or instance, supports the view that
are not easily learned and reproduced by L2 speakéesifen, only structural, phonological asgts of the intonation of a model
2009 and might be taken to suggest higher sensitivity to phonetipeaker might be successfully imitated. Speci“cally, in their study
detail within dialects of the same language than across languageserican English speakers correctly reproduced pitch accent
Given that the effect was signi“cant in both varieties, the selectiiespecially for nuclear pitch accents) and tone boundary place-
imitation hypothesis does not seem to hold true for intonationainent from a previously heard spontaneous utterance, while they
contrast. In other words, despite the presence of two contrastiwere less accurate in terms of imitated phonetic detail.
rising accents (b H andL + H), NI speakers appear to poten- A possible explanation for the difference between our results
tially compromise yes/no question tune identity by moving thand those reported b§ole and Shattuck-Hufnagel (201ilight
H peak earlier. This is not surprising given that alignment migheside in the different instructions given to participants. In fact,
have been compensated by the production of a larger numberinfour study (as inGerman, 201, participants were asked to
“nal H% (93.2%) in the Imitation phase, that might have helpedexplicitly imitate the voice of the model speaker. Focusing speak-
marking question-hood and hence limiting ambiguity. erse attention on the model speakerss voice might have resulted in
Note also that later alignment within the nativeLH might decreased imitation of structuraspects, such as boundary tone
lead to new category formation, that is, leading to the productiotype as well as pitch accent placement, and increased attention on
of aL + H, existing in NI but not in BI. In line with selective phonetic aspects of the utterances heard. Note though that in our
imitation, we predicted that NI speakers would avoid alignmergtudy speakers were able to rapidly reproduce both structural and
modi“cation in producing rising pitch accents, since NI showghonetic aspects of previously heard utterances. Another poten-
a contrast between £ H and L + H. This was not the case,tial cause for the difference in our results and the previous ones is
since NI speakers did not suppress H alignment anticipation that the utterances of our study were short and controlled in the
prevent contrast erasure. This is taken to suggest that phonétiboratory, while inCole and Shattuck-Hufnageles (201study
convergence for intonation detail might not be as selective as &timuli were excised from a spontaneous speech corpus.
segmental contrast, such as VOT differenéésléen, 2011 On A notable effect was also that both tonal alignment and pitch
the other hand, intonation meaning is not based on nuclear pitdievel imitation were signi“cantly stronger for low frequency words
accent category alone, but also on edge tone identity, accordindttmough this was true only for female speakers for the pitch level
a compositional account. Hence, question vs. statements identiesults in the follow-up study). This effect was independent of
cation might be preserved by the use of features other than pitahsolute word duration, and was present only in the Imitation
accent category, such as “nal contour. In other words, Neapolit@mase for both Bl and NI speakers, when alignment was calculated
speakers might give more functional weight to a “nal, non-nativia proportional terms. We account for this unexpected result in
H%, as a question marker, than to the nuclear pitch accent whasems of a heightened dif“culty in rapidly adapting the new align-
alignment features are prone to modify. ment values to syllable or word duration in the Imitation phase
An unexpected result was that the magnitude of the realigin rare items. If the frequency effect were merely due to speci“c
ment was higher for NI than for Bl speakers, since in the follow-upord phonetic properties of the words employed, the direction
experiment speakers advanced their peaks in a more substainthe effect should have been the same in the two experiments.
tial way relative to the temporal shift in the Bl experiment. Wénstead, while low frequency words were associated to later align
speculate that this might be due to intonation transfer in NI, irment values in the BI study, the opposite was true for the NI
which an early H + L accent, with a very early peak, is availabkudy. In other words, the effect is driven by the categorical index-
in the tonal inventory. In other words, while for NI the align-ing value of the alignment feature, and not by a surface phonetic
ment imitation might have led to phonological assimilation aneffect. This also lends further support to the idea that “ne phonetic
intonation transfer, for Bl it might be the result of a mere phonetidetail is more perceivable for items possessing weaker episodic
convergence effect. traces Goldinger, 1998 This “nding has implications for exem-
Also, when imitating the model speaker, Bl speakers were aplar models of intonation Calhoun and Schweitzer, 2014n
to reproduce global prosodic/phonetic cues, in that they loweredat temporal and melodic aspeat$ intonation, just as other
utterance pitch level in order to imitate the level of the modgbhonetic detail pertaining to segmental structure, might be more
speaker, independent of gender. In the NI study, on the othegsistant to rapid modi“cation in items possessing stronger lexical
hand, the pitch level shift was signi“cant only for female speakespeci“cations.
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