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Effects of tonal alignment on lexical identification in 
Italian 

Mariapaola D'Imperio, Caterina Petrone and Noël Nguyen 

Abstract  

In Neapolitan Italian, the LH nuclear accent rise is later in questions (L*+H) 
than in statements (L+H*). Furthermore, the H target is later in closed syllables 
than in open (penultimate) syllables, in both intonation modalities. As a conse-
quence, the H target is differently located in lexical minimal pairs contrasting 
in consonantal length and syllable structure, such as nonno /'nnno/ ‘grandfa-
ther’ and nono /'nno/ ‘ninth’: it is aligned towards the coda consonant in 
nonno and around the end of the stressed vowel in nono.  

In this paper, we tested the hypothesis that Neapolitan listeners might em-
ploy such differences in alignment due to syllable structure in lexical identifi-
cation. In Experiment I, listeners were asked to identify stimuli manipulated 
both in segmental length and tonal alignment as either nonno or nono. In Ex-
periment II, listeners had to categorize stimuli manipulated in segmental length 
as well as for tonal alignment 1. as nonno or nono and, at the same time, 2. as 
questions or statements. Our results showed that, in stimuli ambiguous for 
segmental length, more nonno embedded in questions were perceived when the 
peak alignment was later within the coda consonant. This does not support 
models which predict that suprasegmental and segmental levels are independ-
ent from each other for the purpose of phonological contrast. 

1. Introduction  

A big debate related to the traditional distinction between the segmental and 
the suprasegmental levels of speech is whether such levels interact or are inde-
pendent of each other. For instance, according to one of the most influential 
models of speech production, i.e., Levelt’s (1989, 1993), each processing com-
ponent is autonomous, in that it functions without taking into consideration the 
mode of operation and output of the other components. Specifically, within the 
Formulator component, the Grammatical Encoder accesses lexical items on the 
basis of semantic and syntactic constraints. Subsequently, the Phonological 
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Encoder provides the ‘phonetic plan’ for each lemma, i.e., how the item must 
be realized in the utterance. Prosody, as an aspect of speakers’ articulation, is 
generated at this stage of processing. In perception, word recognition relies 
almost exclusively on the phonemic level. For example, according to the prob-
abilistic connectionist model (Gaskell, Hare, and Marslen-Wilson, 1995), lexical 
identification can be modeled by a trained network exhibiting different degrees 
of lexical abstractness and phonological inference. Among these models, 
Norris, McQueen, and Cutler (2000) propose a speech recognition architecture 
merging lexical and phonemic information, in which the autonomy of the two 
levels is preserved by an additional phoneme decision stage. More recently, 
Stevens (2002) has claimed that lexical items are represented by sequences of 
segments, which are in turn composed of bundles of binary distinctive features. 
Words are then identified by extracting probability estimates for features val-
ues at the acoustic landmarks. Another recent proposal is that lexical entries are 
sparsely specified and that words are identified on the basis of feature mapping 
(Lahiri and Reetz 2002).  

A common element in these models is that they do not predict any interac-
tion between fundamental frequency (henceforth F0) and the segmental level, 
since F0, being the main cue of intonation, is confined to the suprasegmental 
level. The existence of F0 effects on segmental properties has been studied by 
relatively few investigations. Among them, Ladd and Silverman (1984) 
showed that differences in vowel intrinsic pitch might be accounted for by both 
segmental and prosodic effects. Silverman (1987, 1990) and Kohler (1990) 
found that listeners are capable of computing both macro- and microprosodic 
information in order to recover segmental structure, and that such micro-
prosodic effects can influence segmental identification in a language-specific 
way. Moreover, Pierrehumbert and Talkin (1991) demonstrated that the Eng-
lish realization of the glottal stop and /h/ strongly depends on word and phrase-
level prosodic effects. It must also be noted that an F0 contour by itself is not 
always sufficient to convey an intonational meaning. For instance, Scherer, 
Ladd and Silverman (1984) found that the interpretation of intonation contours 
is compromised by low-pass filtering speech, which removes segmental infor-
mation.  

Another important finding is that the temporal location of tonal targets rela-
tive to segmental ‘anchors’ might be systematic (Arvaniti, Ladd, and Mennen 
1998; Ladd, Faulkner, Faulkner, and Schepman, 1999). Specifically, in a vari-
ety of languages it has been found that the L(ow) tones of LH prenuclear rises 
are consistently aligned with the left edge of the stressed syllable (Caspers and 
van Heuven, 1993; Prieto, van Santen, and Hirschberg 1995; Arvaniti et al., 
1998). However, the alignment of the H(igh) tones is much more controversial: 
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it can variably occur with the middle or the end of the stressed syllable, or even 
with the following unstressed syllable, as in the case of Greek (Arvaniti et al., 
1998). 

Tonal alignment is also sensitive to many phonetic and phonological factors 
(Silverman and Pierrehumbert, 1990; van Santen and Hirschberg, 1994; Riet-
veld and Gussenhoven, 1995; Ladd et al., 1999). Among these factors we find 
segmental length and syllable structure. For instance, Ladd, Mennen, and 
Schepman (2000) showed that the alignment of the peak of rising pitch accents 
in Dutch is affected by the phonological length of the accented syllable: Re-
gardless of the actual acoustic duration of the vowels, accent peaks were 
aligned earlier in syllables containing phonologically long vowels than in syl-
lables containing phonologically short vowels. This led the authors to argue 
that the variability of the H alignment in Dutch can be partly explained in 
terms of an anchoring of the H target to the right edge of the syllable (that is, at 
the right edge of the stressed vowel, when the syllable contains phonologically 
long vowels, or in the following consonant, when the syllable contains phonologi-
cally short vowels).  

In this paper, we are concerned with tonal alignment in the Neapolitan vari-
ety of Italian. We know that in Neapolitan Italian, the nuclear rise LH as well as 
the following phrasal L- are systematically later in yes/no questions than in narrow 
focus statements (D’Imperio 2000, 2001, 2002; D’Imperio and House, 1997). 
Questions are characterized by a L*+H accent, with a peak around the end of 
the stressed syllable whereas statements are characterized by a L+H* accent, 
with a peak around the middle of the stressed vowel. The alignment difference 
of the LHL configuration appears to be systematically employed by Neapolitan 
listeners in order to recover the meaning contrast (D’Imperio, 2000; D’Imperio 
and House, 1997). 

We also know that even though vowel duration is not contrastive in Italian, 
stressed vowels in open syllables are longer than stressed vowels in closed sylla-
bles, particularly in the penultimate position of the phrase (D’Imperio and Rosen-
thall, 1999; Van Santen and D’Imperio, 1999). Moreover, D’Imperio (2000) 
found that, similarly to the Dutch case, tonal alignment in Neapolitan Italian 
varies with syllable structure and vowel length. Both the L and the H tones of 
LH nuclear rises and the L- phrase accent (therefore, L1, H, and L2) are 
aligned later in closed syllables than in open syllables. As a consequence, the H 
target of the L*+H accent is differently located in lexical minimal pairs con-
trasting for consonantal length and syllable structure such as pala ‘shovel’ vs. 
palla ‘ball’ or also note ‘note’ vs. notte ‘night’. In these minimal pairs, the first 
word contains a singleton consonant (which is represented orthographically by 
a single letter), whereas the second word contains a geminate consonant (which 
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is represented orthographically by a double letter). In fact, consonantal length 
is phonological in Italian. Furthermore, the vowel within the stressed (open) 
syllable of the word containing a singleton consonant is phonetically longer 
than that of the vowel within the stressed (closed) syllable of the word contain-
ing a geminate consonant. The result is that, in Neapolitan Italian questions, the 
peak occurs around the end of the stressed vowel in the word containing a sin-
gleton, whereas it tends to occur within the coda consonant in the word con-
taining a geminate. 

Our hypothesis is that Neapolitan listeners might capitalize on differences in 
alignment due to syllable structure for the identification of lexical minimal 
pairs contrasting in consonantal length and syllable structure. Specifically, our 
hypothesis is that Neapolitan listeners might identify more geminate items 
when the F0 peak occurs within the coda consonant, since this alignment is 
congruent with closed syllable structure. In order to test this prediction, a first 
experiment (Experiment I) was carried out, in which Neapolitan listeners were 
asked to identify stimuli manipulated as to segmental length as well as tonal 
alignment. The listeners were asked to identify the items as either one of the 
lexical minimal pair nonno ‘grandfather’ vs. nono ‘ninth’.  

An additional experiment (Experiment II) was performed, in which two 
goals were pursued. First, since we know that gemination is mainly cued by 
consonant and stressed vowel duration (Esposito and Di Benedetto, 1999), we 
hypothesized that if tonal alignment affects the lexical identification, this effect 
would be stronger when segmental duration is ambiguous. Moreover, we asked 
whether variation in alignment between statements and questions might influ-
ence lexical identification. We know that effects of syllable structurecan render 
the alignment of statement peaks similar to that of question peaks. Specifically, 
the H target of an L+H* (narrow focus statement) accent is usually realized 
near the stressed vowel offset when the vowel occurs in a closed syllable. This 
alignment is similar to that of an H target within a L*+H question pitch accent 
that is associated to an open syllable (D’Imperio, 2000). Though syllable struc-
ture effects do not clearly affect the identification of the statement/question 
contrast, one cannot exclude that this potential ambiguity might affect lexical 
identification. Hence, the second goal of this experiment was to verify if lexi-
cal identification might be affected by the interaction between the state-
ment/question alignment contrast and the open/closed (syllable) alignment 
contrast.  
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2.   Experiment I 

2.1.  Methods 

2.1.1. Stimuli preparation 

Two natural utterances were selected from a corpus of read sentences 
(D’Imperio, 2000), which were judged representative of the open/closed con-
trast within yes/no questions. These sentences were uttered by a native speaker 
of Neapolitan Italian (the first author) by producing an L*+H nuclear accent on 
the test words, as shown in Figure 1 (the stressed syllable is shown in capital 
letters): 
 

(1) Vedrai il NONno? ‘Will you see the grandfather?’ 
(2) Vedrai il NOno? ‘Will you see the ninth?’ 

 
The two sentences constituted the basis for the perceptual manipulations for 
both Experiment I and Experiment II. The target word nonno /'nnno/ (first 
sentence) contains a geminate consonant, and its stressed syllable is closed 
(non-); the second target word nono /'nno/ (second sentence) contains a 
singleton consonant, and its stressed syllable is open (no-). For both test 
words, we measured (1) the duration of the stressed vowel and of the following 
consonant; (2) the alignment of the H tonal target relative to vowel offset. 

Standard criteria of segmentation were used for the duration measurements 
(Peterson and Lehiste, 1960). Three segmental boundaries were marked: onset 
of the stressed vowel (v0), offset of the stressed vowel (c1) and offset of the 
following coda consonant (v1). Stressed vowel onset was located at the tempo-
ral point in which high amplitude periodicity started; boundaries between the 
stressed vowel and the following consonant were placed at the point in which a 
reduction in amplitude and a change in formant structure occurred. Coda con-
sonant offset (v1) was placed after the nasal burst [?] both for nono and nonno. 
In the case of nonno, such a criterion was chosen since there is no largely ac-
cepted principle for the segmentation of geminates (D’Imperio, 2000).  

Duration measurements included the duration of the stressed vowel and of 
the following consonant for both syllables within the target words. In nonno, 
stressed vowel duration was equal to 146 ms while geminate duration was 
about 159 ms. In nono, stressed vowel duration was 178 ms, while the duration 
of the singleton [n] was 61 ms. Regarding tonal alignment measurements, we 
marked the temporal location of the F0 maximum (H) within the nuclear L*+H 
pitch accent. In the case of nono, the peak was aligned close to the vowel off-
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set, while for nonno the peak was aligned within the coda consonant (60 ms 
after the vowel offset). 1 

In order to perform our perception experiments, both sentences were ma-
nipulated in two ways using the PRAAT speech analysis software (Boersma 
and Weenink, 2005; Wood, 2005): (1) manipulation of segmental duration; (2) 
manipulation of tonal alignment.2  

 

O NNVedrai il O?N

H

v0 c1 v1

O?Vedrai il N O N

H

v0 c1 v1

 
Figure 1.  Waveform, spectrogram and f0 curve for the two sentences Vedrai il NONno? 

‘Will you see the grandfather?’ (upper panel) and Vedrai il NOno? ‘Will you see 
the ninth?’ (lower panel).  Note the later peak alignment, with respect to the vo-
calic offset, in the test word containing a geminate.  
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Work on gemination has found that the manipulation of consonant duration 
is partly compensated for by the duration modification of the preceding 
stressed vowel (Esposito and Di Benedetto, 1999). Hence, in Experiment I, we 
first modified the proportion between the duration of the stressed vowel and 
the following consonant in seven steps so as to shift the percept from nonno to 
nono and vice versa. The specific manipulations were as follows: in nonno we 
progressively lengthened the duration of the stressed vowel in 7 steps of 
around 21 ms (duration of the whole vowel/7); at the same time, the following 
consonant was modified in an inverse proportional way. In nono, we progres-
sively shortened the duration of the stressed vowel in 7 steps of around 26 ms 
(duration of the whole vowel/7); at the same time, the duration of the following 
consonant was lengthened in an inverse proportional way. In this way, we ob-
tained a total of 14 stimuli, 7 from the closed syllable series (included the natu-
ral stimulus nonno) and 7 from the open syllable series (included the natural 
stimulus nono). Small differences in segmental duration between the two series 
should not be a matter of concern for this study, since it appears that the per-
ception of gemination relies on the relative duration of the stressed vowel with 
respect to the following consonant and not on absolute duration values. 

Subsequently, the temporal values of the L and H targets as well as the L 
target of the following L- phrase accent were modified. For all the stimuli ob-
tained through the duration manipulation, a linear stylization (’t Hart, 1991) of 
the F0 contour was carried out in which five points were interpolated: a point at 
the utterance onset; three points, respectively at the first L (L1), the H peak (H) 
and the second L (L2) location within the rising-falling contour; and a point at 
the utterance offset (see Figure 2). The F0 value in Hz of the utterance onset as 
well as of the L1 target were both fixed at 210 Hz in order to avoid any “head 
level” effect. D’Imperio (2000) already employed this “head” value since it is 
intermediate between that of a typical question prenuclear region and a state-
ment prenuclear region for the speaker (which is the same as in that study). The 
F0 values for L1, H and L2 were taken from actual values within the base stim-
uli and were fixed at 210, 280 and 180 Hz, respectively. Finally, the utterance 
offset F0 value was fixed at 150 Hz, in order to reproduce the F0 phenomenon 
of declination. These fixed F0 values allowed us to control for possible F0 
height effects. 

Finally, the three tonal targets L1, H and L2 were simultaneously shifted 
leftwards or rightwards in time, relative to the vowel offset, in four steps of 15 
ms (T1, T2, T3, T4). We also ensured that the alignment manipulations did not 
shift the percept of a yes/no question to that of a statement by taking tonal 
alignment values at which Neapolitan listeners generally perceive questions 
(D’Imperio and House, 1997; D’Imperio, 2000). In fact, our goal was simply to 
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create question patterns that would be more or less congruent with the syllabic 
structure of the base and not to intentionally shift perceived utterance modality.  

In Table 1, F0 target values and timing from c1 (stressed vowel offset) are 
reported. The tonal alignment manipulation is illustrated below (Figure 2).  

 

Table 1.  F0 target values and timing relative to c1 (vowel offset) for L1, H, L2. T1, T2, T3 
and T4 represent the four steps of tonal alignment manipulation 
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Figure 2.  Schematic representation of the four tonal alignment steps T1, T2, T3, T4 relative 

to c1 (vowel offset). 

 
All stimuli created by the combination of all the different steps of duration 

and alignment were resynthesized by means of PSOLA (Pitch Synchronous 
Overlap and Add, Moulines and Charpentier, 1990). Even though PSOLA 
allowed us to obtain natural sounding stimuli, we excluded 16 stimuli from this 
set, since they sounded quite unnatural and therefore might have biased our 
listeners’ responses. Among these 16 stimuli, 8 were obtained from the combi-
nation of the two last steps of duration from the nonno base and the four steps 
of tonal target alignment; the other 8 discarded stimuli were obtained from the 
combination of the two last steps of duration from the nono base and the four 
steps of alignment. Intensity differences among the remaining 40 stimuli were 
normalized. The resulting set of 40 stimuli constituted the basis for our percep-
tion experiments. 

Tone Target F0 value 
(Hz) 

Tonal alignment from c1 (ms) 

  T1 T2 T3 T4 

L1 210 −135 −120 −105 −90 

H 280 −15 0 +15 +30 

L2 180 +105 +120 +135 +150 
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2.1.2  Task and analysis procedure 

The stimulus set was played directly from a laptop computer by means of 
PERCEVAL, software for performing computerized auditory and visual per-
ception experiments (André et al., 1995-2003) developed at the Laboratoire 
Parole et Langage (Aix-en-Provence, France). The task was preceded by a 
training phase consisting of 10 trials selected from the stimulus set as being 
representative of both lexical categories nonno and nono. All the stimuli were 
presented binaurally through headphones in a studio at the Federico II Univer-
sity of Naples. At the same time, the two test words were visualized on the 
computer screen in the same order (1. nonno, 2. nono) to avoid uncertainty in 
responses due to order shifts. 

The stimulus group was played six times in six different blocks with each 
stimulus occurring once per block. All the stimuli, as well as the practice trials, 
were randomly presented to avoid order effects. The start of each block presen-
tation was preceded by a visual message on the screen. Moreover, the stimuli 
were all separated by a four-second pause; a sixty-second pause followed the 
end of each block. Listeners could also take a few-minute break between the 
third and the fourth block. The listeners were seated in front of the computer 
and were instructed to perform a two-alternative forced choice task, in which 
they had to identify the stimulus heard as either nonno or nono. They indicated 
their choice by clicking the right arrow on the keyboard for nonno and the left 
one for nono. All the listeners were right-handed. The experiment lasted about 
25 minutes. 

2.1.3. Participants 

Thirteen listeners participated in the experiment, four females and nine males. 
The listeners, who were not paid for their participation, were all brought up in 
Naples and spoke standard Italian with a Neapolitan accent. All the participants 
were between 20 and 30 years old. None of them was a student in linguistics.  

2.2. Results 

The results of the identification task for stimuli modified from the closed-
syllable base and from the open-syllable base are illustrated respectively in the 
upper and in the lower panel of Figure 3.  

In both panels, percentages of nonno responses for all subjects (y axis) are 
shown across the five steps of duration manipulation (x axis). The four lines 
within each graph show responses for each of the four tonal alignment steps 
(T1, T2, T3 and T4). In the upper panel we see a decrease from nonno to nono 
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judgments as a function of duration manipulation in an orderly way: at early 
locations within the duration continuum (T1) nonno responses were dominant 
(100% nonno responses), while at the opposite end of the continuum nono 
responses were dominant (0% nonno responses), as expected from the litera-
ture on duration effects on geminate identification. The calculation of the 
crossover point showed that the category boundary between the two lexical 
categories was between D2 and D3 (mean boundary = 2.40). Moreover, no 
effects due to the tonal alignment manipulation were found between  nono  and 
nonno at duration steps D1, D3, D4 and D5. However, at D2 (vowel duration: 
168 ms; consonant duration: 139 ms), we found a significant shift. Specifically, 
we found a higher percentage of nonno responses at early timing locations (T1:   
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Figure 3.  Percentage of nonno responses for the nonno base stimulus series (upper panel) 

and for the nono base stimulus series (lower panel) for all subjects. Note the shift 
due to tonal alignment in the upper panel at D2 duration step. 
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87.2%); this percentage becomes lower as the alignment becomes later (T2: 
71.8%; T3: 66.7%), with a final slight increase at T4 (71.8%).  

Analogously to the nonno series, in the nono series (Figure 3, lower panel) 
lexical identification was strongly affected by the duration manipulation. In 
fact, nono responses were dominant at the beginning of the duration continuum 
(0% nonno responses) while nonno responses were dominant at the end of the 
continuum (100% nonno responses). However, in contrast with the results of 
the nonno base series, no tonal alignment effects were found here. 

A series of statistical analyses was performed to evaluate the effect of tonal 
alignment in lexical identification. Since an effect of tonal alignment was 
found only for stimuli at duration step D2 and only in the nonno base series, 
we only focused on these stimuli.  
 

 
Figure 4.  Polynomial fit by subject for nonno identification at  D2 duration step, from the 

nonno base series. Mean nonno responses are plotted against timing steps. Note 
that 1, 2, 3, 4 in the x axis correspond respectively to T1, T2, T3, T4 steps. 

First, we verified if response patterns could be linearly modeled. The linear 
model showed a good fit to the data [p<.01]. Moreover, a repeated measures 
ANOVA with Timing Step as between-items factor showed a globally signifi-
cant effect of tonal alignment [F(3,36) = 4.492; p<.01]. We also asked whether 
the data might be described by a quadratic polynomial function. Results for the 
polynomial regression revealed that the model fitted the data well [p<.01]. 
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Again, the effect of the tonal alignment manipulation was globally significant 
[F(2,37) = 6.8870; p<.01].  

However, the ANOVA showed that the quadratic fitting did not obtain bet-
ter results than the mere linear fitting, though the p-value was very close to the 
cutoff point [p = .0163]. In Figure 4, mean nonno responses are plotted for the 
four timing steps T1, T2, T3 and T4. Note that a tendency to identify more 
nonno items when the peak was aligned 30 ms after the vowel offset has been 
found for 8 subjects out of 13.  

2.3. Discussion 

The results of Experiment I appear to confirm the findings of the production 
and perception literature on geminate perception in Italian, i.e., consonant du-
ration and preceding vowel duration are the main cues to distinguish lexical 
minimal pairs contrasting in consonantal length and syllable structure (Esposito 
and Di Benedetto, 1999). Moreover, in our experiment we also found a signifi-
cant effect of tonal alignment, supporting the hypothesis that this cue might 
also be employed by Neapolitan listeners to identify lexical items. Namely, in 
stimuli with the same segmental duration (such as D2, in the nonno series), 
slight differences in peak alignment (which are usually found as an effect of 
longer vs. shorter vowel and absence vs. presence of coda consonant) shifted 
the category boundary between nono and nonno. 

However, there are a number of issues to be raised regarding our data. First, 
it is noteworthy that a tonal alignment effect was found only for a subset of the 
stimuli relative to the second step of the duration manipulation (D2) in the 
nonno base series. One might hypothesize that tonal alignment information was 
employed to categorize such stimuli, because only in this case was segmental 
duration perceptually ambiguous. In other words, we believe that the duration 
step sizes employed in this experiment (except for step D2) were such that 
listeners continued to mainly employ segmental duration to categorize the 
stimuli. On the other hand, in the case of stimuli at D2, segmental duration was 
quite ambiguous, and therefore listeners were obliged to exploit other cues, 
such as tonal alignment, for lexical identification (see Figure 5).  

Secondly, despite the significant effect of the tonal alignment manipulation, 
it is quite unclear just how listeners exploited this alignment information. We 
hypothesized that the later the alignment, the higher the percentage of nonno 
responses, since a late peak location should have been a better cue to closed-
syllable structure type. However, in stimuli at D2 duration step from the nonno 
series, nonno-responses progressively decreased as tonal alignment values 
increased. This was true for T1, T2 and T3. Only when the peak was even later 
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within the geminate (T4), did we find a small increase of nonno responses for 8 
listeners out of 13.  

Duration Tonal alignment

D1

D2

D4

D3

D5

NONNO

NONO

NONO

NONO

V

V

V

C

C

C

C

?

V

D2

-NONNO

V

 +NONNO 

V C

 +NONNOC

 
Figure 5.  Schematic representation of the hypothesis that tonal alignment is mainly em-

ployed in stimuli that are ambiguous for segmental length (i.e., in D2 duration 
step from the nonno base series). 

 
It could be argued that results found at early peak (T1 and T2) alignment 

might have been biased towards nonno by a potential ambiguity between the 
question and the statement meaning. We already know that in natural produc-
tions, the peak alignment in statements and questions can be very similar as an 
effect of syllable structure, even though statement/question identification does 
not seem to be affected by such acoustic ambiguity (see §1). However, one 
cannot dismiss the hypothesis that in our experiment the combined manipula-
tions of tonal alignment and segmental duration might have shifted the cate-
gory boundary between statement and question meaning, which might in turn 
have affected lexical identification. In other words, it is likely that when the 
peak is realized within the vowel (T1), listeners might have identified those 
stimuli as a nonno item embedded in a narrow focus statement instead of a 
nono item embedded in a yes/no question utterance. This ambiguity might have 
been even greater when the peak was aligned at vowel offset (T2).  

What is more, the results relative to stimuli at T3 and T4 are also difficult to 
interpret. In fact, our results revealed that listeners identified more nono items 
when the peak was aligned 15 ms after the vowel offset (T3), while they identi-
fied more nonno items when the peak was 30 ms after this boundary. This 
would mean that perceptual targets are not strictly timed relative to acoustic 
landmarks, i.e., the vowel offset for nono and the following consonant for 
nonno, but are also computed relative to the actual duration of the vowels. We 
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know that in sentences uttered at normal speech rate, stressed vowels are 
longer in open syllables than in closed syllables, especially in penultimate posi-
tion (Figure 1). Moreover, the F0 peak is reached within the (phonetically) long 
vowel in open syllables, but it can be realized into the following coda conso-
nant when the syllable is closed. However, when the stressed vowel (and coda 
consonant) duration is ambiguous between open and closed syllable items, 
listeners would appear to employ a constraint referring to the duration of the 
rise, so that the early location of the H target within the coda consonant might 
be a cue for an open syllable. 

On the other hand, in the same ambiguous stimuli, the later alignment of the 
peak within the coda consonant might be employed as a cue for nonno. That is, 
differences in early (as in T3) vs. late (as in T4) alignment within the coda 
consonant are taken as evidence for the structural contrast between open vs. 
closed syllables. We hypothesize, then, that the perceptual target for nono is 
computed early in the coda consonant in stimuli that are ambiguous as to their 
vowel and consonant duration. We also expect that when the peak is aligned 
later within the same coda consonant, listeners can perceive more nonno than 
nono.  

Experiment II was conducted to test the hypotheses that lexical identifica-
tion is affected by tonal alignment when the durational composition is ambigu-
ous and that it interacts with the perception of intonational meaning. 

3. Experiment II 

The first hypothesis tested in Experiment II is that tonal alignment is system-
atically employed to distinguish lexical items contrasting in consonantal length 
and syllable structure when the main cue for such a contrast (i.e., segmental 
duration) is ambiguous. If this hypothesis is true, we expect a stronger effect of 
tonal alignment in highly ambiguous stimuli than in the stimuli employed in 
Experiment I. On the other hand, if it is not true, we expect that scores for the 
nono/nonno responses will be around chance for all ambiguous stimuli, inde-
pendent of tonal alignment. Moreover, if this hypothesis is confirmed, we also 
expect that shifting the pitch peak later within the ambiguous coda consonant 
will progressively change the percept from nono to nonno, since later align-
ment within the coda consonant is more congruent with the usual alignment in 
closed syllables. 

The second goal of Experiment II was to verify the existence of an interac-
tion between the intonation meaning and the lexical contrast. Assuming that all 
the ambiguous stimuli with a peak aligned before the stressed vowel offset will 
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be categorized as statements, while all the ambiguous stimuli with the peak 
aligned after the vowel offset will be categorized as questions, we hypothe-
sized that the late alignment of the pitch peak will score more nonno responses 
both in statements and in questions, since we know the H target is later in 
closed syllables than in open syllable in both modalities (Figure 6).  

In order to obtain more precise information on the ambiguous durational 
composition of the nono-nonno continuum, we performed a preliminary task, 
described in the next section. This information will be used as a basis for our 
tonal alignment manipulations in Experiment II.  

 
 

 

 

 

 

Figure 6.  Schematic representation of the hypothesis that tonal alignment manipulation in 
Experiment II will affect both the intonation and the lexical identification: More 
statements will be identified when the H target is aligned before the vowel offset, 
while more questions will be identified when the H target is aligned after the 
vowel offset. At the same time, more nonno will be identified when the H target 
is later in the test syllable, in both intonation modalities.  

3.1.  Method 

3.1.1. Preliminary task 

Our aim was to find stimuli that are ambiguous as to the length opposition 
between nonno and nono, to be used for the tonal alignment manipulations. 
The results of Experiment I showed a crossover boundary between nonno and 
nono between the second (vowel duration: 168 ms; consonant duration: 139 
ms) and the third (vowel duration: 189 ms; consonant duration: 120 ms) step of 
duration in the nonno stimuli series (Figure 3, upper panel). In the nono stimuli 
series (Figure 3, lower panel), the same boundary was between the third (vowel 
duration: 125 ms; consonant duration: 87 ms) and the fourth (vowel duration: 

 

NONO. NONNO. NONO? NONNO? 

V C

Statements Questions 



94     Mariapaola D'Imperio, Caterina Petrone and Noël Nguyen 

99 ms; consonant duration: 109 ms) duration step. Therefore, we decided to 
manipulate vowel and consonant duration only within these regions, since they 
appear to be crucial in the transition between the two lexical categories.  

However, since we slightly changed the boundary location between the 
segments, we could not directly compare the stimuli created with those of Ex-
periment I. Rather, we modified the two original test words, always embedded 
in yes/no questions, as shown in Figure 1. On the one hand, we modified the 
nonno original base in order to create a stimulus similar in duration to the one 
obtained for duration step D2 of Experiment I. On the other hand, we manipu-
lated the nono base until we obtained a stimulus similar in duration to the one 
corresponding to duration step D3 of Experiment I.  

These two stimuli were the basis of a progressive duration manipulation of 
the stressed vowel in 5 steps of 5 ms. The duration of the following consonant 
was also modified, in an inversely proportional way. Note that such a small 
step size for vowel manipulation allowed us to avoid the creation of stimuli 
whose percept suddenly changed from nonno to nono and vice versa. 

In this fashion, we obtained 5 stimuli from the base stimulus used for the 
nonno series and 5 from the base stimulus used for nono series. Three stimuli 
from this set were eliminated, since we judged them perceptually unambigu-
ous. Specifically, we excluded one stimulus, created from the last step of dura-
tion manipulation in the nonno series and two stimuli from nono, obtained 
from the last two steps of the duration manipulation in the nono series. The two 
stimuli employed as base for the duration manipulations as well as the natural 
stimuli were added to the corpus. Hence, we obtained a set of 11 stimuli, which 
constituted the basis of our preliminary task. Vowels and consonant duration 
values for both the nonno and the nono series are reported in Table 2.  

This set of stimuli was presented to 5 Neapolitan listeners following the 
same procedure of Experiment I (see § 2.1). Participants were asked to listen to 
these stimuli and to categorize them as nonno or nono. This set, preceded by 6 
practice trials, was randomly played 7 times from a laptop placed in a studio at 
the University of Naples. The results of the identification task, expressed as a 
percentage of nonno responses, are shown in Table 3. 

As expected, vowel and consonant duration manipulation affected lexical 
identification in both series. Specifically, in the nonno base series the highest 
percentage of nonno responses was obtained at duration step D1 (i.e., the origi-
nal stimulus) as well as at duration step D2 (i.e., the one used as a basis for our 
duration manipulations). The percentage dropped to 40%−50% of nonno re-
sponses at steps D3, D4, D5, D6. Analogously, in the nono series the percent-
age of nonno responses increased from step 1 up to the last one. However the 
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percentage was much lower at steps D2−D4, reaching 57% only in the last 
duration step (D5).  
 
Table 2.   Duration values for stressed vowel and following coda consonant in the nonno-

base stimuli and in the nono base stimuli. In each group, stimuli at D1 duration 
step are the natural ones. Stimuli at D2 duration step are those used as basis of 
duration manipulation  

 

nonno base V duration (ms) C duration (ms)

D1 146 160 

D2 169 133 

D3 173 128 

D4 178 125 

D5 183 121 

D6 188 118 

nono base V duration (ms) C duration (ms)

D1 178 61 

D2 135 87 

D3 130 90 

D4 125 94 

D5 120 98 
 
Table 3.  Percentage of nonno responses for both the nonno base stimulus series and the 

nono base stimulus series. 
 

nonno base nono % 

D1 100 

D2 71.4 

D3 42.9 

D4 40 

D5 45.7 

D6 48.6 

nono base nonno % 

D1 0 

D2 5.7 

D3 5.7 

D4 20 

D5 57.1 
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 One could ask whether differences in responses between the nonno base 
stimuli and the nono base stimuli could be accounted for by some property of 
the base stimulus, which could have affected the lexical identification favoring 
one answer over the other. At the moment, we cannot answer such a question. 
In this task we focused on the role of duration as the main correlate of gemina-
tion, without taking into consideration other potential (segmental and su-
prasegmental) cues. For the same reason, we did not explicitly control for tonal 
alignment information either, which may also have influenced lexical identifi-
cation (but see Petrone & D’Imperio, in preparation [?]).  

In sum, the results of the preliminary task show that the most ambiguous 
stimuli are produced at duration steps 5 and 6 (i.e., D5 and D6) of the nonno 
base series. Specifically, D5 scored 45.7 % of nonno responses, whereas D6 
scored 48.7 % of nonno responses. Hence, both of these stimuli were employed 
as a basis for the tonal alignment manipulations of Experiment II. 

3.1.2. Experiment II: Stimuli preparation 

Following procedures as used for Experiment I, a linear stylization of the pitch 
contour was made for both stimuli obtained at D5 and D6 duration steps (i.e., 
the ambiguous stimuli). Specifically, we stylized: (1) the pitch contour of the 
sentence Vedrai il nonno?, containing the D5 stimulus; and (2) the pitch con-
tour of the sentence Vedrai il nonno?, containing the D6 stimulus. We kept F0 

height at the same values of the stimuli in Experiment I. Once the stylization 
was applied, tonal alignment was modified. 

In order to verify whether the statement/question contrast affects lexical 
identification, we simultaneously shifted the LHL configuration leftwards and 
rightwards to obtain an equal number of narrow focus statements and yes/no 
questions. All the shifts were made relative to the vowel offset, since it ap-
peared from the results of Experiment I that vowel offset could be a perceptual 
boundary between statements and questions. We also ensured that tonal align-
ment manipulations did not produce unnatural sounding stimuli.  

By this procedure, 14 alignment steps were created for both D5 and D6. 
Specifically, the three target locations L1, H and L2 were shifted in 7 steps up 
to the vowel offset in order to obtain statement utterances and they were shifted 
in 7 steps from the vowel offset onwards in order to obtain questions (Figure 
7). The step size was 15 ms, as in Experiment I. Finally, the 28 stimuli, created 
by the combination of the two steps of duration and the sixteen alignment steps 
were resynthesized through PSOLA. This corpus constituted the basis for our 
perception experiment. The actual timing values are presented in Table 4. 
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Table 4. Tonal alignment values for L1, H, L2 relative to vowel offset. 

Tone 

Target 

Tonal alignment from C1 (ms) 

  Narrow focus statement Yes/no question 

  T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14

L1 −225 −210 −195 −180 −165 −150 −135 −120 −105 −90 −75 −60 −45 −30

H −105 −90 −75 −60 −45 −30 −15 0 15 30 45 60 75 90 

L2 15 30 45 60 75 90 105 120 135 150 165 180 195 210
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Figure 7. Schematic representation of the fourteen tonal alignment shifts from T1 to T14 
relative to c1 (vowel offset). Note that, according to our hypothesis, all the stim-
uli with the peak aligned before the vowel offset (T1-T7) should be categorized 
as (narrow focus) statements whereas stimuli with the peak aligned at or after the 
vowel offset (T8-T14) should be categorized as (yes/no) questions. 

3.1.3. Experiment II: Experimental procedure 

The set of stimuli, preceded by 6 practice trials, was played through a laptop by 
means of the PERCEVAL software package. The stimulus set was played 7 
times in 7 randomized blocks, with each stimulus occurring only once per 
block. A seven-second pause occurred at the end of each stimulus; the blocks 
were all separated by a sixty-second pause. All the stimuli, as well as the prac-
tice trials, were randomly presented to avoid order effects. The stimuli were 
presented binaurally via Sennheiser HD497 headphones in a studio at the Uni-
versity of Naples. Twelve Neapolitan listeners participated in the experiment. 
All the subjects were between 20−30 years of age and they were not paid for 
their participation. After listening to each stimulus, the subjects performed a 
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four-choice forced task, in which they had to categorize the stimulus as either 
nonno or nono and, at the same time, as a question or a statement. Listeners 
had to report their responses by pressing one of 4 buttons on a box (Ghio, 
André, Teston, and Cavé, 2003), which were labeled as follows: NONNO?, 
NONNO., NONO?, NONO. These labels were also visualized on the computer 
screen, always in the same order. The box was directly linked to the laptop, so 
that subjects’ responses were automatically stored in the computer memory. 

3.2. Results 

In Figure 8 the results are separately plotted for the intonation contrast (upper 
panel) and for the lexical contrast (lower panel). The upper panel shows the 
percentage of question responses pooled for all the listeners (y axis) across all 
time steps (x axis) for both base stimuli D5 and D6. The results for the intona-
tion contrast confirmed data already known in the literature, in that the ques-
tions/statements identification is a function of the rise-fall timing. Namely, the 
perception of questions (which was the base of our manipulations) decreased 
by shifting the rise-fall leftwards in an orderly way, i.e., from the end to the 
beginning of the continuum. The results were similar for D5 and D6. 

Here, we are particularly concerned with the results obtained for stimuli at 
T7, T8, T9 and T10. In fact, timing values for these steps corresponded respec-
tively to those in T1, T2, T3, and T4 in Experiment I. Note that in T7 question 
responses are about 70% for both the stimuli at D5 and D6, whereas in T8 
question responses reach 80% only for the stimulus at D6. This percentage is 
also reached in the following steps T9 and T10 for both base stimuli.  

Let us now look at the results for the lexical contrast. In the lower panel of 
Figure 8 we report the percentage of nonno responses pooled for all the listen-
ers (y axis) across time steps (x axis), for D5 and D6. The graph shows that 
nonno responses do not drastically vary as a function of timing. This was ex-
pected, since the main cue for the the nonno/nono contrast (i.e., duration) is 
perceptually ambiguous in both D5 and D6. However, note that the percentage 
of nonno responses was affected by tonal alignment, as the responses de-
creased in stimuli categorized as statements (T2−T5) and increased in stimuli 
categorized as questions (T9−T13) in an orderly way.  

Strikingly, the results at T2−T5 went in the opposite direction to the one ex-
pected. Remember that we hypothesized that late alignment would have scored 
more nonno responses. Here, on the contrary, in stimuli judged as statements, 
nonno responses were dominant at the beginning of the continuum, for both 
base stimuli (at T2, D5 and D6 scored respectively 71.4% and 66.7% of nonno 
responses). The percept of nonno suddenly decreased as the H target was 
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shifted towards the end of the vowel (at T5, D5 and D6 scored respectively 
40.5% and 44% of nonno responses). Results for stimuli at T6, T7 and T8 are 
even more unexpected, since the percentage of nonno responses suddenly in-
creased at T6 and, after a decrease at T7, increased again at T8, for both stimuli 
D5 and D6. 
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Figure 8. Percentage of questions responses for the question/statement identification task 

(upper panel) and of nonno responses for the lexical identification task (lower 
panel) for both ambiguous stimuli D5 and D6. 

 
Finally, in stimuli clearly judged as questions (T9 – T14), nonno responses 

increased in an orderly way. This was expected, since our hypothesis was that 
in questions the later the alignment in the coda consonant, the higher the ob-
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tained percentage of nonno responses. Specifically, when the peak was aligned 
at 15 ms after the vocalic boundary (T9), the lowest percentage of nonno re-
sponses was obtained both for D5 and D6 (32.1% and 37.7%, respectively). On 
the other hand, when the peak was aligned at 30 ms after the vowel offset 
(T10), we found a small increase of this percentage in D5 (in fact, both stimuli 
scored 35.7%). The percentage of nonno continued to increase, until it reached 
the highest value at T13 both for D5 and D6 (59.5% and 60.8%, respectively). 

A series of statistical analyses was performed. We concentrated on data for 
steps T9 to T14, since these stimuli were clearly categorized as questions. In 
order to statistically analyze these results, data obtained at T9−T14 timing 
steps were smoothed using a logistic regression model. Results for the Analysis 
of Deviance showed that tonal alignment significantly affected nonno re-
sponses (p<0.01). This confirms that shifting the peak rightwards within the 
coda consonant leads listeners to categorize such stimuli as nonno. In Figure 9, 
nonno responses percentages are plotted against timing steps from T9 up to 
T14, for both D5 and D6 and separately per each speaker. Note that in 6 sub-
jects out of 12 there was a trend to identify more nonno with later peak align-
ment in the coda consonant. Hence, despite the variability observed within the 
data, tonal alignment appears to be employed as an active cue for lexical iden-
tification in Neapolitan Italian. 
 

 
 
Figure 9.  Dispersion plot for the nonno scores at T9-T14 timing steps. The results are re-

ported for each subject. Note that for subjects GC, LL, MP, AC, CG, CS nonno 
scores increase as alignment is shifted rightwards.  

3.3. Discussion 

The results of Experiment II suggest that Neapolitans can systematically em-
ploy tonal alignment detail (due to segmental duration and syllable structure 
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effects) in order to identify lexical items that are ambiguous for segmental 
length. This does not support the idea that F0 information is autonomous from 
the segmental one in lexical identification. In fact, if lexical identification had 
not been affected by tonal alignment, the score for the nonno/nono identifica-
tion would have been around chance, independent of tonal alignment manipu-
lations (see § 3). 

However, the results for lexical identification for stimuli at T1−T8 are quite 
difficult to interpret. Specifically, for stimuli T1−T5, we found that more 
nonno are identified when the peak is aligned early within the stressed vowel, 
while our hypothesis was that more nonno would be identified as the alignment 
becomes later, both in statements and in questions. (see §1). At this point, it 
might be premature to draw a conclusion from these data. As mentioned above, 
D’Imperio (2000) found a significant effect of base utterance type in the state-
ment/question identification, in that the crossover boundaries were later in the 
statement base series than in the question base series. This suggests the exis-
tence of correlates for the statement/question contrast other than tonal align-
ment. Similarly, one cannot exclude that in Experiment II lexical identification 
responses for stimuli judged as statements might be biased by some properties 
of the base stimulus employed for our manipulations (i.e., a question).  

The results at T6−T8 are even more difficult to explain. We know that in 
questions the H target is aligned towards the vowel offset in open syllables, 
and towards the following coda consonant in closed syllable. Specifically, in 
closed syllables the peak can be aligned both around the vowel offset and at the 
beginning of the following consonant, depending on the speaker. Then, one 
explanation could be that when the peak was around the vowel offset (i.e., at 
T6−T8), lexical identification might have been affected by the ambiguity be-
tween an open and a closed syllable. Alternatively or additionally, lexical iden-
tification may have been affected by ambiguity in intonation meaning. A score 
of 80% correct responses usually is considered as a good criterion for success-
ful completion of a test. If we require an 80% score for successful ques-
tion/statement identification, then this criterion was not met at T6 and T7 tim-
ing steps either (for both D5 and D6), while at T8 questions responses were 
slightly more than 80% only for D6 base stimulus. This would mean that stim-
uli at T6−T8 were ambiguous between statements and questions. A more con-
trolled study is needed to better evaluate the effects of syllable structure in 
narrow focus statements as well as the interaction between the state-
ment/question contrast and the closed/open syllable contrast.  

Here, we would like to concentrate on results for stimuli at T9−T14, since 
they were clearly judged as questions (i.e., our original base utterance). Data 
obtained from Experiment II appear to support the hypothesis that in stimuli 



102     Mariapaola D'Imperio, Caterina Petrone and Noël Nguyen 

ambiguous for segmental length, differences in tonal alignment within the coda 
consonant can shift the percept of nono to nonno. Such results appeared to 
confirm the trend emerging from Experiment I. In Experiment I more nono 
were perceived when the peak was at 15 ms after the vowel offset (T1), but a 
small increase of nonno responses was found when the peak was 30 ms after 
the vowel offset. In Experiment II, these results are replicated by stimuli at 
steps T9 and T10, corresponding to steps T3 and T4 of Experiment I. Specifi-
cally, more nono were identified with stimuli at T9, both for the stimuli am-
biguous for length (D5 and D6), whereas nonno responses slightly increased at 
T10 for D6 base stimulus. In Experiment II we also found that the percept of 
nonno increased as the peak alignment was later in the coda consonant, sug-
gesting that listeners employ this detail as a cue for syllable structure. 

The results in Experiment II appear to support the hypothesis, already for-
mulated in Experiment I, that perceptual targets are not strictly anchored to 
acoustic landmarks, as we expect from the acoustic claims of the strict segmen-
tal anchoring hypothesis (Arvaniti et al.,1998; Ladd et al., 1999). In fact, if this 
were true, we would expect the H target to be stably aligned to the vowel offset 
for nono and to the beginning of the coda consonant for nonno, regardless of 
the segmental duration manipulation. On the contrary, participants to our ex-
periments seemed to take into consideration durational constraints, (e.g., that 
the F0 rise needs a certain amount of time to be completed) since the perceptual 
target for the H tone appears to be located after the vowel offset when vowel 
duration is shorter than expected for (phonetically) long vowels in open penul-
timate syllable.  

On the other hand, a later peak in the coda consonant appears to better cue 
closed syllable structure, since the late alignment is more congruent with this 
syllable type. This means that the perceptual location of tonal targets strongly 
depends on syllable structure differences. In our view, our finding seems to 
perceptually validate the “revised structural explanation” claimed by Ladd et 
al. (2000) for Dutch, in that Neapolitan listeners are able to compute differ-
ences in alignment due to syllable structure, even though duration manipulation 
partly affected perceptual target location. 

4. Conclusion  

Despite the complexities presented by our data, the results of Experiment I and 
II have important consequences for the debate about the nature of tonal align-
ment. Atterer and Ladd (2003) found gradient differences in the alignment of 
prenuclear rises, both across varieties (Northern vs. Southern German) and 
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across languages (German vs. English). They therefore suggested the existence 
of a single category of rising accent, even though tonal target alignment can 
vary along a continuum across languages and varieties of the same languages 
due to language-specific phonetic implementation rules. We argue here, how-
ever, that in the case of Neapolitan Italian tonal alignment has phonological 
status, in that listeners systematically employ alignment cues in order to distin-
guish narrow focus statements (L+H*) and yes/no questions (L*+H). In this 
paper we have shown that differences in H target alignment due to phonotactic 
constraints might be employed for lexical identification of minimal pairs of 
Neapolitan Italian such as nonno and nono. In other words, the variability in H 
alignment due to syllable structure constraints appears to be exploited by Nea-
politan listeners to convey non-intonational information. These results suggest 
that both strictly segmental and tonal alignment information might be percep-
tually relevant to the identification of lexical items contrasting in segmental 
length and syllable structure. That is, this phonological contrast might rely on 
cues other than mere segmental duration.  

On the basis of our results, together with those obtained by Petrone and 
D’Imperio (forthcoming), we believe that suprasegmental and segmental in-
formation are not separated from each other for the purpose of phonological 
contrast. Our results thus do not support models such as Levelt’s (1989, 1993), 
in which speech processing is the result of the independent contribution of 
different information sources and in which prosody is generated only when 
lexical access and syntactic building procedures are completed. Also, our re-
sults are in contrast with perception models in which word prosody is not taken 
into consideration for lexical identification.  

Notes 

1. The word-initial /n/ was 147 ms in nonno and 115 ms in nono, while the word-final 
vowel /o/ was 141 ms in both the target words. Note that no attempt was made in order 
to control also for word-initial consonant duration, since there is no clear data in litera-
ture showing the existence of within-word gemination effects on the duration of the con-
sonant preceding the stressed vowel. 

2. One assumption of this paper is that the only segmental cue for gemination is duration. 
Specifically, note that in a study on acoustic correlates of singleton vs. geminate conso-
nants in Italian, Mattei and Di Benedetto (2000) found that duration is the main cue of 
nasal consonants gemination. Moreover, they found a small effect of gemination in con-
sonant energy, in that the total energy of the nasal consonant increased in the geminate 
case. However, changes in nasal consonant energy due to gemination were not taken 
into consideration for our manipulations, since they do not seem perceptually relevant 
(Mattei, personal communication).  
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