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Abstract

In this paper, we report on some acoustic dataesigumy
the existence of the Accentual Phrase (AP) in Niapo
Italian. In late narrow focus utterances in whiclonation
modality was varied, there was a difference inghape and
slope of the interaccentual region linking the Iyéd of the
prenuclear rise with the L target of the followingclear rise.
We hypothesized that such difference is due tgthsence of
a tone marking the end of an Accentual Phrase (ARjse
domain roughly correspond to the phonological phr@g. It
is tentatively proposed that the phrasal tone isfok
statements and HL for questions.

1. Introduction

Within the autosegmental-metrical (AM) theory of
intonation [1], tunes are represented by a sequefoae or
more pitch accents followed by a phrase accent and
boundary tone. Phrase accents and boundary tones aicthe
end of the phrasal constituents, such as the itimnand the
intermediate phrase. Nuclear accents are positjodafined
as the last and more prominent accents in thenegiate
phrase, immediately preceding a phrase accent.

In Standard Italian, the positional definition bétnuclear
accent has been revised [2, 3], since this accant ke
followed by postnuclear ones within the same intstiate
phrase. The nuclear accent has been thereforeededia “the
rightmost fully-fledged pitch accent in the focudse
constituent” [2]. Moreover, the number and the ni&fin of
the phrasing levels in this language are still@uaitntroversial
[4]. In fact, though the intonation phrase is wattested in
many ltalian varieties, there is less evidencettier existence
of the intermediate phrase (but see [3] for evideric
Florentine and [5] for Neapolitan Italian). Withan different
and less recent approach [6] prosodic constituantgler than
the intermediate phrase have been claimed to exisalian,
such as the phonological phragg, (which includes a lexical
head and all its complements on the non-recursde $ore
recently, [7] suggests that the end of non fipalin long
declaratives is always marked by a LQXJBtonaI event,
different from the phrase accent of the intermedialtirase.
Moreover, evidence for a tonal constituent smatfem the
intermediate phrase, the Accentual Phrase (AP), s&ho
domain roughly correspond to that of has been found in
languages such as Korean [8] and French [9].

In this paper, we report on data from Neapolitadidh
suggesting the existence of the AP. This constituenld be
marked by an edge tone aligning with its right bdany and

! More precisely, Nespor proposes each non finatonsists
of a H* accent (A*alto “high”) and a L (B= basso“low")
tone

its break level would be weaker than the for thterimediate
phrase. Specifically, we will focus on the acougtioperties
of the R region between the prenuclear and nuclear rising
accent for both narrow focus questions and stateméne
know that in Neapolitan Italian the nuclear accenlater in
yes/no questions (L*+H) than in narrow focus staata
(L+H*) [2]. Moreover, in long focus constituents, hike
statements show a constituent medial fall, analyaedthe
leading tone of a L+H*, questions show the preseriaHL-
phrase accent immediately following the focal L*f4 10].
From informal observations, it appears that thedatour
within the region spanning from the prenuclearh® nuclear
accent is differently realized in the two modastidccording
to AM theory, if no intermediate tonal target isepent, we
should expect a linear interpolation between thakpef the
prenuclear accent (L)H* [1,11] and the L tone of thuclear
rise. However, a different picture emerges, as shiovFig. 1.
In statements (upper), thg fpidly falls from the prenuclear
peak (Hp) to the region immediately after the efithe firste
(La mammy with a low turning point followed by a low
plateau which continues until the beginning of theclear
rise. This pattern is similar to that found for &dofocus
statements [2], thus suggesting that thenfrimum following
the prenuclear rise could be the surface realimatid an
underlying tonal target. On the other hand, in toes
(lower), the Lfall after Hp is shallower, so that thgdentour
in the immediate postaccentual region assumes &awen
shape. After this region, the slope becomes staapmder to
attend the low values for the L* of the L*+H nudlegcent.
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Figure 1:Fycontour of a narrow focus statement
(upper) and a yes/no question (lower) for the
utterance”La mamma vuole vedere la Bina” (The mothe
wants to see the Bina). Lp/n=prenuclear/nuclear L;
Hp/n=prenuclear/nuclear H (speaker OM)
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Two hypotheses might account for the slope and eshap
differences within theinteraccentual region. First, in
statements a tone would associate with an AP “La mamma”,
and realized through an L target at the right eofgthe AP,



while no such a tone would be present at the saraetsral
position for questions. This hypothesis is disfaebsince if
no tonal specification would be present in thisioagfor
guestions, the interpolation between Hp and L* (mould be
linear. According to an alternative hypothesisjféecent tone
would mark the right edge of the AP in both intoomat
modalities, i.e. a falling A for statements and a high, Hor
questions. This difference would be in line witheth
regularities observed for long focus constituets10]. The
latest hypothesis appears to be supported by dar da

2. Corpusand methods

A corpus of read speech was employed, originally
words were

recorded for other purposes. Eleven real
embedded in the same carrier sentence, with intendeow
focus on the last NP:

[La mamma]pap [Vuole vederg]s, ap [12 X]npr ap
“(the) mother wants to see the X”

All the target words are paroxytones proper nanies,
which stressed syllable onset type as well as vdveidht
were orthogonally varied (eXina vs. Nina; Dina vs Dana).
The sentences were read as either a yes/no questi@n
narrow focus statements, with a nuclear accent oanX a
prenuclear (L)H* onLa mammaEach sentence was repeated
7 times by 4 Neapolitan speakers. Here results tioy
speakers (OM and AS) will be presented.

From a corpus of 308 sentences (2 intonation miesX
11 words X 7 repetitions X 2 speakers), a total 2d#
sentences were analyzed. The acoustic analysipeviamed
through Praat [12]. We manually marked the bouredaof the
APs and those of their syllables and segments.chiset (Lp)
and the peak (Hp) of the prenuclear rise as wethasonset
(Ln) and the peak (Hn) of the nuclear rise wer® amrked

(Fig.1). Ry peaks were automatically detected as maxima

within the host AP, whereas an automatic procedeseribed
in [13] was used to detect the valleys (elbow) fmres. We
then measured: (1) the alignment and scaling ofi samyets
relative to the different acoustic boundaries (tmeset and
offset of the prosodic word, and of its accentelfable and
vowel); (2) the slope of the nuclear and prenuckgaises and
of the region between Hp and Ln. We also modeledstiape
of the interaccentual region through different esgion
techniques described below.

3. Reaults

Statistical analyses (including ANOVA and regressio
modeling) were performed on the fall of prenucleacents,
separately for OM and AS. Modality (questions ¥atesments,
Q/S) was the only predictor variable. The cutoff pofot
significance was 0.05.

3.1. Tonal alignment and Fyscaling.

Before examining the interaccentual slope, we clyefu
analyzed the acoustic characteristics of the nisprénuclear
and nuclear accents. In fact, if the differences in
interaccentual slope between questions and statenze
genuine, we expect that changes in the slope gradieuld
be independent of timing or melodic adjustmentshef two
tones delimiting the interaccentual region, ie. théarget of

the prenuclear (L)H* accent (Hp) and the L targiethe LH
nuclear rise (Ln).

As for tonal alignment, Hp was aligned aroundehd of
the geminate [m:] ofmammain questions as well as in
statements for speakers (Fig. 1). When alignmens wa
measured relative to stressed syllable onset, af©\WN
showedQ/S effect for OM. On the other hand, for AS Hp was
significantly later in questions (172 ms) than matements
(128 ms) [F (1,135) = 200.1%< 0.05]. Ln was stably
anchored to the accented syllable onset independént
intonation modalities for OM, though nuclear peakse later
in questions than in statements. For AS, the whaotdear rise
was significantly later in questions than in stataets for AS
(Ln: [F (1,125) = 28.67p< 0.05]; Hn [F (1,125) = 537.3p<
0.05]).

These results suggest that tonal alignment doeplagt
any role in affecting the interaccentual slope @, since
the alignment of Hp and Ln is stable across intonat
modality. On the contrary, if an edge tone is pnes¢ the end
of La mamma its realization could be undershot in AS
guestions because of the late alignment of preaugleak
(Hp), ie. the parabolic shape of thg gostaccentual region
will be flatter for AS than for OM.

Mean values for §scaling were similar for prenuclear
peaks (Q=156 Hz; S=158 Hz) for speaker OM, whekdas
was lower in questions (207 Hz) than in statemé2z§ Hz)
for AS. In fact, an ANOVA showed a significant effeof
Q/Son Hp only for AS [F (1,135) = 264.1@< 0.05]. Hence,
for OM, Hp did not show relevant melodic adjustnsewhich
might justify the difference in the steepness ef sfope in the
region immediately following Hp. However, we expéue
excursion size from Hp to the edge tone will be lfanmdor
spaerker AS.

Finally, we verified whether utterance duration hiig
have affected interaccentual slope. Questionschpede has
been reported to be faster than that of statenierasvariety
of languages, including Neapolitan Italian [13].eféfore, it
is possible that if a low target is present atehd of the first
AP in questions and if questions are uttered maypélty, this
target might be undershot. However, this hypothesist be
discarded since mean utterance duration (measued the
first amplitude peak to the last glottal pulse le sentence)
was longer in questions (OM: 1.507 s.; AS: 1.43%han in
statements (OM: 1.443 s.; AS: 1.358 s.). This difiee was
significant both for OM [F (1,105) = 29.p<0.5] and AS [F
(1, 135) = 51.1p<0.5].

3.2. Theinteraccentual slope

In works couched within the AM theorfzg slope is often
calculated as the ratio between thgekcursion and the rise
time (Hz/ms) since it is assumed that the interpmicbetween
two tonal targets is linear. However, at a firspapximation,
linear interpolation rules are unsatisfactory tacoamt for
shape of the interaccentual slope in our data,cépe for
questions (Fig. 1). Hence, the dynamics of thigiseof the
contour was inspected by extracting thg values of 20
equidistant points from Hp to the middle of theshaiccentual
region (MIR).This choice was based on the obseymathat
the Ry shape difference between questions and statemeaists
most evident in the region from the endLaf mammato the
end of the following wordyuole Moreover, by focussing on
this specific region, we minimized possible effecté
microprosody on gmodelling. In fact, if no tone target is



present between Hp and Lp, we expect that thionegan be
modelled in terms of a straight line for both mdtid (Fig.2).
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Figure 2:Schematic representation of Values
extracted at 20 points of measurements.

Time-normalized plots of the mean ¥alues y-axis) at

the 20 points X-axis) are shown in Fig. 3 (OM) and Fig. 4

(AS). For each speaker, results are separatelytepldfor
statements (left) and questions (right). Our exailon started
by fitting a local weighted polynomial regressidawess to
the Hp-to-MIR for both intonation modalities. THewess
regression is a robust statistical technique toamaurves
without prior assumption about their shape.
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Figure 3 and 45yvalues at 20 measurement points
for OM (upper panels) and AS (lower panels). Resuks
shown for statements (left) and questions (righte T
lowess smoother is indicated by the solid line.

In both speakers theyEurve was differently realized in
guestions vs statements. In statements, ghapidly falls from

the pitch peak to thegFegion around points 10-15, where the

slope abruptly changes and becomes shallower. dstiquns,

the shape of thegfpostaccentual region is realized in a slight

different way between the two speakers. For OM,hsac

region appears as a concave downward parabola, ewhos

inflection point is located around points 11-12eParabola is
flatter in AS questions, where tonal alignment amelodic
variations might have affected the realization dfet
interaccentual slope. Here, in fact, thes€ems to decline in
an almost linear way until points 9-11, where alstzange
in slope occurs. Note, though, that the slope ef Rhregion

before the inflection point is still much shallowarquestions
than in statements.

Moreover, the inflection point of the parabolas laalower
Fovalue than that of the prenuclear peak for both @88 Hz)
and AS (187 Hz) . Because of this larggekcursion (27 Hz
for OM and 20 Hz for AS), we might therefore exauthe
hypothesis that we are dealing with a plateau gondition of
the H prenuclear target. Another hypothesis is thaboth
intonation modalities an AP-final tone is pres¢hdugh being
differently specified. According to this view, the&oncave
shape of questions is due to an intervening hightdhe,
which is responsible for maintaining highv@lues until point
11. After this point, the §slope linearly decreases until the L*
of the nuclear L*+H accent is reached. If this iget we
expect the interaccentual region in questions tonime
accurately modeled through non-linear regressien,by a
logistic regression, while a piecewise regressiooukl yield
more satisfactory results for statements.

To test this, we first fitted a logistic curve toet Hp-to-
MIR region, separately for questions and statemdntdine
with our predictions, the logistic regression shdveegood fit
for questions (Fig. 5; Residuals Standard Errordit: 8; for
AS: 5.6), whereas the model did not converge fatestents
neither for OM nor AS. Note that, as expected, itfilection
point of the curve was at point 13 for OM and &1©9AS.
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Figure 50bserved (dots) and expected (solid lingyddues
for the logistic regression for OM (left) and Agyt).

Moreover, in order to directly compare the two i@tion
modalities, a piecewise regression was fitted ® [dp-to-
MIR region. For questions, the breakpoint was pladese to
the the inflection point (at point 13 for OM and%for AS).
Since we needed to find what the most likely breékipis for
statements, a series of models (one for each pessib
breakpoint) was fitted for this intonation modalityherefore,
we selected the model for which the deviance waallsst,
i.e. the one in which the breakpoint was locatepioatt 11 for
both speakers.

Finally, we fitted another piecewise regressionasafely
for the two speakers, in whic/S was the predictor variable.
The breakpoint was placed at 12 for OM and at T\, i.e.
the mean distance between the breakpoints for iqnssand
statements. For both speakers, slope was steepgtéments
than in questions in the region before the breakpphean
values for OM: S=-3.7, Q=-1.63; for AS: S= -6, &1), but
the inverse was true after it (OM: S=-1.08, Q=-2A5: S=-
2.4, Q=-1.73). An ANOVA of the model confirmed a
significant difference in slope due to intonationdality both
before [OM: F (2, 2134) = 2443.5< 0.5; AS: F (2, 2734) =
1206.6,p< 0.5] and after [OM: F (2,2134) = 135 0.5;
AS: F (2, 2734) = 496.71< 0.5] the breakpoint. Moreover,
for AS, questions were better modeled by a pieewis



regression than by a simple linear one, thus stimgothe
existence of a truegfreakpoint even for this speaker [F (2,
1418) = 43.7p< 0.5].

4. Discussion

In this study we showed that in late focus statémand
questions of Neapolitan there appears to be ardifte in the
shape and slope of the interaccentual region lmkhe H
target of the prenuclear rise with the L targethsd nuclear
rise. In particular, we were faced with a puzzlisituation
when the interaccentual slope in questions was ideres
because of theFshape assumed by the region immediately
following the prenuclear accent. Since interpolatizetween
tonal targets is assumed to be linear within the &dproach
[1], we asked whether the difference could be actal for
by some phonological/phonetic difference of thenprdear
accent for each modality or whether it would reflec
differences in the tonal marking of a phrasal ctumesht
smaller than the intermediate phrase. The firsoltygsis was
discarded for both speakers. For OM, we found ffferéince
in the phonetic implementation of the prenucleaceat
However, a strong change in the curvature of the F
postaccentual region between questions and stateress
still  found, thus suggesting that the difference in
interaccentual slope is genuine. Tarabolic shape is less
concave for AS than for OM. This might be due toy¢h
undershoot: since for AS prenuclear peaks are daie lower
in questions than in statements, the transitiowéet Hp and
the following edge tone will also be shorter anattélr. In
fact, even for this speaker difference in fslope is still
noticeable before and after the inflection poinEgéurve

These results led us to examine whether a phrasal t
without the percept of an intermediate phrase bfghknarks
the region immediately following the prenuclear hewe
assumed that if no additional tonal target is pres¢he
intervening k contour could be modeled by a simple linear
regression. However, we needed more sophisticatetbling
techniques to account for the differences in theraccentual
region. Results from a logistic regression sugdesptresence
of an AP final H tone in questions, which would be
responsible for the shallow slope in the region edrately
following the prenuclear rise. Moreover, the fa@uof the
logistic model in fitting the interaccentual regionf
statements, as well as results from a piecewiseessipn,
suggest that an AP-finalLtone characterizes statements and
is responsible for the rapid fall from the H preleac peak to
the end of the AP. This difference in tonal speaifion can
also account for the change in slope value aftex th
breakpoint: in questions, the slope becomes stdepeause
the Ry must fall from the i target to the L* of the nuclear
accent; in statements, the slope shallowly declinas the
AP-final L, to the leading L of the nuclear L+H*.

Internal and external evidence hence suggestshes is
an additional tonal target, beyond the prenuclear ruclear
accents, in late narrow focus questions and statEsme
reflecting the presence of an underlying edge toragking
the end of the ARY. First, in both questions and statements
the inflection point of the interaccentual slopéoisated in the
region immediately following the end of the firstPALa
mamma Moreover, this analysis is congruent with evidenc
from long focus constituents in which thg &oes not fall
after the prenuclear rise in questions, while lisfaapidly in
statements [2]. Also, the existence of a prosoditstituent

smaller than the intermediate phrase has been sedpfor
another Romance language, though typologically wiffg
such as French.

Finally, we might ask why the AP-final tone shoudd
differently specified for statements and questighgossible
hypothesis is that the use of a different tone darihance
the phonological contrast between modalities, fdictv no
morphosyntactic differences are exploited and whwosén
cue is the different alignment of the nuclear atcen

5. Conclusion

In summary, in Neapolitan Italian there appeardé¢oa
difference in the slope and shape of theelgion between two
consecutive LH (prenuclear and nuclear) accentth)imithe
same intermediate phrase. Results from tonal alighraed
scaling confirm that this difference is genuine, riet due to
phonological/phonetics variation in the neighboritanes.
Results from the combined use of non linear andatine
modeling techniques suggest that this differencguis to the
presence of a differently specified tone, ib statements vs.
Ha in questions. This tone would mark the right edg¢hef
AP, thus supporting the existence of constituentslier than
the intermediate phrase in Neapolitan Italian.
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