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1. ABSTRACT 
The present paper addresses a very specific issue that, despite being very particular, al-

lows to draw attention to some key topics concerning the phonetic and phonological analy-
sis of intonation within a laboratory phonology approach. In particular, the specific issue 
regards the way alignment and scaling differences in stimuli produced in the Turin variety 
of Italian are perceived by Turin Italian listeners, pointing to the need of differentiating a 
L*+H and a L*+>H pitch accent, who shows an anticipated peak. The general statements 
relate to findings in perception experiments that usually suggest or confirm which elements 
phonologically contrast within a system.  

A perception experiment involving 10 subjects, speakers of Turin Italian, is described to 
check the need to differentiate phonological categories in the analysis of pitch accents 
found in exclamations and yes-no questions, both showing a pitch accent that involves a 
low target aligned within the nuclear syllable, followed by a rise to a high target. As it is of-
ten the case in the literature on phonological categories in intonation, the experiment aims 
to shed light on the presence or absence of a change in participants’ linguistic interpretation 
of utterances depending on changes in intonation events and in particular on specific into-
national features. Interpretation is in fact the cue to the need of proposing different phono-
logical analyses and labels. However, while nice minimal pairs are usually investigated in 
the literature, in which it is often the case that even only one correlate needs to be changed 
to obtain different interpretations, in the case considered here the experimental design is 
particularly complicated as more than one correlate is crucial and, more importantly, the 
minimal pairs are not ideal for perception check. Indeed the patterns under investigation, 
showing possibly different pitch accents both resembling a L*+H, differ as for the edge 
tone composition (H- vs. L-) and, theoretically, such difference could account for eventual 
differences in the phonetic properties of the preceding pitch accent (L*+H). Nevertheless 
the theoretical and easy way to account for the differences observed in production has to be 
very carefully checked as soon as cross-linguistic comparison needs to be preserved. In-
deed, the point of view assumed here is that it may be important to highlight any relevant 
pitch accent differentiation per se, especially as it may seem to be redundant in a variety in 
which, say, the difference appears to be already conveyed by phrase accents, but it may be 
clearly pertinent in another one in which, say, there is no difference in phrase accent com-
position. Thus, it is important to always code the presence of a pitch accent phonological 
differentiation to avoid misinterpretations in the comparison of phonological systems. 

In fact, the perception experiment described in the paper involves not ideal minimal 
pairs, which imply the need to perform a composite set of manipulations on stimuli and, 
therefore, to offer listeners more than one series of stimuli, 4 in particular, in which various 
pitch characteristics of the contour under investigation are separately manipulated. The 
quite complicated perception results, observed as a whole, point out the need to differenti-
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ate phonological analyses, as different meanings are found to be associated to a low edge 
tone specification depending on an earlier and lower vs. a later and higher, or more varia-
ble, alignment of the peak. Thus the pitch accent differentiation is taken to be phonological-
ly relevant, even though it could seem to be redundant on the basis of production data ana-
lyzed so far.  

2. INTRODUCTION 
The recent work performed within the Interactive Atlas of Romance Intonation (IARI - 

http://prosodia.upf.edu/iari/) clearly highlighted the need of proposing phonological anal-
yses of intonation that are consistent both inter- and intra-system. The project aimed at col-
lecting and analyzing with the same methods data on various sentence types produced by 
speakers of different Romance languages. Within each language, speakers of different areas 
have been interviewed, collecting very precious data from a sociolinguistic point of view. 
One of the methods used to collect the linguistic corpora is the Discourse Completion Task 
(Blum-Kulka et al. 1989) that allows to gather spontaneous renditions which speakers pro-
duce to fit a given context. As for the analysis, a set of 31 sentence types collected in Italian 
and other Romance languages has been analyzed according to the Autosegmental-Metrical 
framework (Bruce 1977, Lieberman & Prince 1975, Pierrehumbert 1980).  

It is well known that analyses performed within such framework are phonological, that 
is they may be suggested only after considering phonological contrasts within the system. 
On the other hand, it is also well known that the observation of high and low phonetic tar-
gets on the main phonetic correlate of intonation, that is the fundamental frequency (F0), 
often suggests the main information coded in the labels (e.g., a rising pitch accent showing 
two phonetic targets, high and low, that are both phonologically relevant is labelled as L+H 
rather than, say, H+L). The analysis of materials belonging to different languages, as well 
as to different varieties or to different vernaculars of the same language, clearly implies that 
the choices of specific labels and analyses for given intonational events have to be made 
keeping in mind both system-internal and cross-system aspects. It is indeed clear that sys-
tem-internal choices that are inconsistent with others may be well justified by phonological 
features of a specific system. Nevertheless, it is also clear that cross-system inconsistencies 
that are not due to strong phonological arguments are not desirable, as they represent an ob-
stacle to the cross-variety and cross-language comparison. 

The work performed on Italian within the IARI project, which is partially described in 
Gili Fivela et al. (in press), clearly shows the effort to offer analyses and transcriptions 
while keeping in mind cross-variety as well as cross-language comparison. It is the first 
work on Italian in which this effort is systematic and, moreover, is applied to the analysis 
of a wide number of varieties and a representative set of sentence types1. One debated prob-
lem regards rising pitch accents showing both a low and a high target aligned within, or 
very close to, the nuclear syllable and labelled as either L+H* or L*+H. As usual within the 
Autosegmental-Metrical framework and as already mentioned, the analysis given and the 
choice of a label strongly depend on the contrasts identified within the specific system, that 
is, in our case, on system-internal aspects related to varieties of Italian. This is the reason 
why in the inventory of some varieties it is possible to find both a L+H* and a L*+H pitch 

1 Thirteen varieties are considered in the forthcoming paper, in which, then, interesting dis-
cussion is offered in relation to the consistency issue. 
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accent that actually show very similar phonetic characteristics. For instance, this is the case 
of the system described for the variety spoken in Naples, where the difference between the 
two pitch accents is very small (that is tonal targets differ in average alignment for few mil-
liseconds), although crucial as to differentiate questions and narrow focus statements. 
However, in other varieties a more clear phonetic difference between the two accents is 
found. Thus, when considering rising bitonal pitch accents and their main phonetic charac-
teristics, the overall situation is that depicted in Figure 1.  

 

 

Figure 1: Schematic representation of alignment in L+H* and L*+H pitch accents 
(see text for discussion). 

As the Figure shows, L+H* pitch accents usually shows a rise through the syllable start-
ing from around the beginning of its onset and a peak that aligns either around the middle 
or in the second half of the syllable (see black filled line in Figure 1); the L*+H accent may 
be both very similar to the L+H*, showing a slightly later alignment (as in the Neapolitan 
Italian case, e.g. as shown by the first black dotted line from the left), or be quite different, 
with a clear low target within the first part of the syllable and a peak aligned even within 
the very same syllable. This also applies to the varieties spoken in Pescara or Turin  whose 
typical pitch accents are indicated by second black dotted line from the left in Figure 12. 
Moreover, consider that in other Romance languages, such as Catalan and Spanish (Frota & 
Prieto, in press), the label L*+H usually corresponds to pitch accents showing a much later 
aligned peak (see grey dotted line on the right in Figure 1). 

A question may then arise as to the listener’s perception of similar variations in pitch 
patterns when the patterns are contrasting within the specific variety s/he speaks. Some 
works in the literature deeply analyze the perception of acoustic differences in F0 charac-
teristics in relation to phonological categories. Such investigations take into account find-
ings related to perceptual thresholds, such as the fact that differences in pitch height in 
speech seem quite accurately perceived, while the perception sensitivity to alignment dif-
ferences may vary considerably, for instance depending on spectral environment (House 
1990). However, they rather concentrate on the perceptual boundaries that may be found 
between linguistic categories, often in order to check the relevance of specific features in 
relation to the identity of intonational categories (e.g., the role of tone target height in dif-
ferentiating yes-no and wh-questions in Majorcan Catalan – Vanrell 2006). Notice that ex-
perimental investigations on these issues are usually performed by manipulating specific 
acoustic features to check the perceptual impact of their gradual phonetic variation on lis-
teners’ capability of identifying different linguistic categories and/or on their skill in stimuli 
discrimination (Gili Fivela 2008; 2009). 

2 Scaling features are not considered in the schema. As for the Turin variety, they are high-
lighted by Interlandi & Romano (2004); see below. 
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Along these lines, the present paper reports findings on the perception of phonetic varia-
tions in pitch patterns that are contrasting within a specific variety of Italian, that is the va-
riety spoken in Turin, which have been previously described and tested in various contribu-
tions (Besana 1999, Romano & Interlandi 2002, Interlandi 2003, 2004, Interlandi & Roma-
no 2004, Gili Fivela et al. in press). However, the very final goal of the paper is not dis-
cussing the perceptual boundaries between contrasting patterns. Rather, the goal is finding 
perceptual cues to the composition of contrasting pitch patterns. Indeed, the idea is that, 
though phonological analyses and labels have not to be necessarily transparent with respect 
to phonetic characteristics, they usually code the phonologically relevant features of a given 
category in terms of targets that compose it and, as already mentioned, on the relevance of 
specific features in relation to the identity of intonational categories. Finding out what is 
perceptually relevant is taken to shed light on which are such relevant features. Thus, simi-
larly to what is done when, say, a rising-falling pitch pattern is given different phonological 
analyses depending on the fact that either the rise or the fall is considered as relevant to 
speakers3, we try to get hints from the systematic investigation of speaker interpretation of 
acoustic variation. In order to do this, we try to identify the pertinent features speak-
ers/listeners pay attention to when they encode/decode the phonological category. 

In particular, the present paper investigates the variety of Italian spoken in Turin which 
shows a quite interesting phonological contrast between exclamations and yes-no questions 
that seems to be conveyed by complex phonological and phonetic differences. The pitch 
accent involved in both cases is rising and is characterized by a clear low target in the first 
part of the syllable, previously analyzed as L*+H. However the two sentence types differ as 
for the edge tone combination, in that the accent is followed by a low edge tone in exclama-
tions and by both a high and a low edge tone in questions (that is, the analyses proposed are 
L*+H L% vs. L*+H HL%; see Interlandi 2003, pace Besana 1999, Gili Fivela et al. in 
press). Such phonological analyses could account for possible, even expected, phonetic dif-
ferences in peak position, such as peak retraction in the case of an immediately following 
low target. Nevertheless, pitch accents features related to the peak position could be rele-
vant in differentiating linguistic interpretation by themselves, and their role could just be 
masked by the edge tone specifications or be redundant with respect to them (e.g., an anal-
ysis could correspond to L+>H* vs. L*+H, that is anticipated vs. not anticipated peak). 
This point is even more important when considering that there are varieties of Italian in 
which exclamation and questions are given the same phonological analysis and in which, 
therefore, there is no difference in edge tone specification. At least in such varieties, a spe-
cific pitch accent feature could clearly be pertinent, rather than being, or seeming to be, re-
dundant in conveying an important difference in linguistic interpretation4. This suggests the 
importance of checking the phonological analyses. It may indeed be important to study 
pitch accent differentiation, indipendenlty of the apparent redundancy vs. pertinence of a 
specific feature. Indeed, it is essential to explicitly code the presence of a pitch accent dif-
ferentiation to avoid a wrong impression in the comparison of phonological systems. 

3 E.g., in the L+H* vs. H*+L analysis of the narrow contrastive focus in Italian or other 
languages (see Frota in press, and Gili Fivela et al. in press). 
4 One such variety is Pescara Italian (Gili Fivela et al. in press), which would indeed offer a 
nice minimal pair for perceptual investigation and hopefully it will be soon investigated in 
this direction. 
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3. TURIN ITALIAN: EXCLAMATIONS, QUESTIONS AND DECLARATIVE LISTS 
The variety of Italian spoken in Turin shows a rising accent, characterized by a low tone 

associated to the nuclear syllable and followed by a high target, which may be followed by 
either a low or a high edge tone: the former is found in exclamations and the latter is found 
in yes-no questions (see the productions by two female Turin Italian speakers in Figure 2 
and 3, upper and lower panel respectively, where the relative changes in duration and fun-
damental frequency range may be appreciated too). Given that the exclamation and yes-no 
question contours differ as for the presence of a low vs. high tone following the pitch ac-
cent, a question arises as to the pitch accents category preceding such tonal specification. 
Indeed, by observing the examples reported in Figure 2 and 3, it is clear that the end of the 
pitch accent rise, that is the peak, seems to be variably affected by the presence of the fol-
lowing tone specification. In particular, the peak alignment may either seem to be quite sta-
ble and early, irrespectively of the presence of a following low vs. high tone target (Figure 
2, though it may be debatable where the pitch accent high target is) or be drastically antici-
pated in the case of a low rather than a high-low following target (Figure 3), that is in ex-
clamations rather than in questions.  

Notice that the examples reported in the figures are produced by two female speakers of 
Turin Italian, however other speakers suggest similar observations in that the high peak 
tends to align earlier in exclamations than in questions, where it is followed by a short plat-
eau. Of course, tonal repulsion effects induced by a following low tone or speaker depend-
ent strategies in general could account for the issue. On the other hand, a peak realized as 
the beginning of a F0 plateau – as it happens in the question contour – may be actually per-
ceived as a later peak (D’Imperio 2000, D’Imperio et al. 2010, Gili Fivela & D’Imperio 
2010); it would then be possible to argue that an early peak followed by a fall and a peak 
representing the beginning of a plateau make patterns very different from a perceptual point 
of view, ensuring different interpretations as expected for different phonological categories. 
Thus, one may wonder whether the pitch accent peak alignment affects the speaker percep-
tion of the utterance and is therefore a feature that is worth to code as phonological.  
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Figure 2: Exclamation (upper panel) and yes-no question (lower panel) by speaker F4. 
 

 

Figure 3: Exclamation (upper panel) and yes-no question (lower panel) by the speaker F5. 

As already mentioned, the pitch accent under investigation is analyzed as L*+H, and it 
shows a clear low phonetic target by the beginning of the syllable followed by a rise. As 
Gili Fivela et al. (in press) discuss, it contrasts with L+H*, conveying for instance contras-
tive focus and showing earlier low and high tone targets (L+H* L%), and it is observed in 
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exclamations (L*+H L%), yes-no questions (L*+H HL%, where L+H* LH% is also 
found), incredulity and counter-expectation yes-no-questions (for which the analysis is still 
provisional, though it seems to involve L*+H L!H%). In some cases, the pitch accent is al-
so observed in declarative lists (where the accent shows a quite late peak alignment, more 
similarly to questions than to exclamation − see Figure 4; as in lists low tones may be found 
too, this observation is exploited in the experimental design, to try to point out the possible 
contribution of peak anticipation to conveying exclamation). 

 

 

Figure 4: L*+H in a declarative list by speaker F5. 

4. THE PERCEPTION EXPERIMENT 

4.1. Goal and hypothesis 
The experiment aims to investigate the perception of exclamation and yes-no questions 

in Turin Italian, trying to understand whether the difference between the two is conveyed 
by edge tone specification only (e.g., L*+H L% vs. L*+H HL%) or also by pitch accent 
features relating to the peak position (e.g., L*+>H vs. L*+H, that is anticipated vs. not an-
ticipated peak). An implicit goal is then to tease apart the pitch accent and the edge tone 
contribution to check whether some pitch accent features are a side effect of differences in 
edge tone composition or not. Of course, as a consequence, the study aims to clarify the 
more general issue of perception of tonal targets and movements in Italian, and in the varie-
ty spoken in Turin in particular, with respect to changes in pitch height and timing.  

The hypotheses are that peak alignment and scaling offer a relevant contribution to the 
perception of pitch pattern functions and that, in the case under investigation, differences in 
pitch accent alignment and scaling with respect to the overall pattern drive in fact the lis-
tener’s interpretation; that is, a differentiation between L*+H and L*+>H is useful. The 
working assumption is that checking the pitch accent contribution independently from the 
edge tone contribution is possible if/when either the pitch accent and/or the edge tone 
change may convey other interpretations, as it happens in the case of Turin Italian. In such 
case, apart from the two interpretations under investigation, others may be available to 
carefully check the specific contribution of pitch accents and edge tones. 

4.2. Methods 

4.2.1.Base utterances and acoustic measures 

The base utterances were chosen among those produced within the Atlas project by 4 
Turin Italian speakers, who produced 4 renditions for each given context within the DCT, 
accordingly to the methods defined for data collection in Italian (Gili Fivela et al. in press). 
In particular, utterances produced by a female speaker were chosen and the set of stimuli 
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was created by manipulating the acoustic characteristics of two base utterances, a yes-no 
question and an exclamation. Before being manipulated as for their acoustic characteristics, 
the two base utterances (see a) were shortened to the minimum to be potentially consistent 
with both an exclamation and a question interpretation, with no lexical material that could 
favor either interpretation (see corresponding sentences in b): 

 Exclamation: Ma che buon odore di mandorle!   ‘What a good smell of almonds!’ 
      Yes-no question:  Avete delle mandorle?         ‘Do you sell almonds?’ 
 
a. Exclamation:   odore di mandorle!          ‘smell of almonds!’ 
      Yes-no question:  le mandorle?            ‘almonds?’ 

The acoustic differences between exclamations and questions that were considered in 
order to plan the needed manipulations are shown in Table 1. They correspond to differ-
ences of average values in exclamations and questions for measurements performed on 
productions by two female speakers (values on the right in the right column are those con-
cerning the productions by the speaker who realized the utterances used as base for acoustic 
manipulation).  

 
Parameter Excl. vs. Quest. Difference (Δ) 

Syllable duration  E > Q 5-20% 
F0 L1 (register) E > Q 15-15 Hz 
F0 H  E < Q 25-30 Hz 
F0 Rise-range (L1toH)  E < Q  40-45 Hz  
F0 Post-tonic to H E < Q  100-40 Hz 
F0 L2 (and final stretch) E < Q 25-20 Hz 
F0 in the posttonic E < Q 80-140 Hz 
F0 in the downdrift E < Q 110-65 Hz 

Latency ons-L1  E < Q  17-25 ms 
Latency H-off (and % of syllable)  E < Q  71-195 ms (25-55%) 

(86to110% - 65to120%) 
Latency H-L2  E > Q  100-80 ms;  
Latency off-L2:  E < Q 165-170 ms 

Table 1: Acoustic differences between exclamations and questions (see text for discussion). 

Measurements relate to syllable duration, pitch accent target alignment5 and both pitch 
accent target and edge tone scaling6 and represented the base information for calculating 

5 Measurements were taken for the first low target (L1), the peak (H) and the second low 
target (L2) latency with respect to either syllable onset or syllable offset (ons-L1, H-off, 
off-L2) and with respect to each other (H-L2 latency). 
6 Measurements regarded the first low target (L1), the peak (H), the second low target (L2) 
and the final stretch fundamental frequency values (F0 L1, F0 H0, F0 L2 considered for fi-
nal stretch too), the range of the F0 rise from the first low target to the peak (L1toH), the F0 
difference between the peak and the posttonic syllable average F0 values (posttonic to H), 
the F0 as measured in the posttonic (F0 in posttonic), and the difference in F0 level meas-
ured at 20 ms after the onset of the final syllable (F0 in downdrift). 
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parameters for manipulation (see Figure 5, left and right schema respectively). Measure-
ments and differences regarding the productions by the speaker who uttered the base utter-
ance were given priority, although they were always checked with reference to the other 
speaker values, in order to ensure, whenever possible (but see footnote 9), that manipulated 
stimuli represented a continuum including, rather than excluding, values found in the other 
speaker production. 

 

Figure 5: Schema of manipulation of peak alignment (left) and edge tone scaling (right). 

4.2.2. Acoustic manipulations 
Relevant acoustic characteristics were then manipulated, by considering the differences 

between their mean values in the exclamation and question interpretation and by calculat-
ing a number of steps of manipulation that allowed the realization of a gradual shift from 
one interpretation to the other. The number of steps was set to 8 and, thus, 8 manipulated 
stimuli were created starting from both the yes-no question and the exclamation base utter-
ance7. Four series were created (see Figure 6), to specifically investigate the role of differ-
ent parts of the contour and to try to tease the contribution of the peak features and of the 
following edge events apart. Given that duration was always kept unvaried, that is con-
sistent with either the exclamation or the question rendition, manipulations were performed 
as follows.  
• Series I (see Figure 6, top line, left schema): to investigate the effect due to the rise 

(and peak position) together with the following stretch, as a whole. Given the ma-
nipulation performed, peak alignment changes implies posttonic pitch height 
changes, meaning that early peak implies lower posttonic. 

o H was shifted in order to move from 65 to 120% of the syllable duration for the 
exclamation base, and from 120% to 65% for the question base utterance; peak 
height was shifted of 4 Hz for each step, increasing the peak height in the excla-
mation to question manipulation, and decreasing it in the other direction. This 
meant realizing 8 steps of 25 ms X 4 Hz difference from the exclamation base 

7 Creating stimuli from two base utterances was done in order to check for the contribution 
of other factors, to start with syllable duration, without explicitly investigating them. Indeed 
manipulating all acoustic correlates possibly related to the exclamation vs. question distinc-
tion was not possible. On the other hand, neutralizing them, for instance by imposing val-
ues that were intermediate between the exclamation and question reading, would have 
meant creating ambiguous stimuli, whose interpretation could then be problematic because 
of acoustic properties that were not directly related to the crucial features of these patterns.  

       L-  vs.  H-  L*+ <H  vs.  L*+ H  
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and 8 steps of 20 ms X 4 Hz from the question base (differences in steps are due 
to differences in syllable duration in the base utterances); 

o L2 was shifted from the peak by 12 ms for each step and both the target and the 
following stretch were shifted in 3Hz as for their frequency height; 

o L1 was kept fixed with respect to the syllable onset, at a distance that was half of 
the average difference found for the two speakers in questions and exclamations 
(that is, 11 ms)8 and it was shifted of 2 Hz for each step. 
 

 

Figure 6: Schematic representation of acoustic manipulations performed in each series. 

• Series II (see Figure 6, top line, right schema): to check the role of the F0 height of the 
very final syllable independently of the peak position, that is, to control if the final 
contour is enough to shift the perception from question to exclamation, given a late 
alignment of the peak; indeed, the final syllable is definitely low in exclamation 
while it has not to be so in questions, where the F0 in the final vowel may be fall-
ing rather than low. Manipulations were performed starting from a question-like 
contour (the original contour in question base stimuli and the final step of peak 
manipulation in series I in exclamation base stimuli). 

o H and L1 were kept in the position found in questions, for both alignment and 
scaling; 

o an artificial/hypothetical L2 target in the downdrift was identified 20 ms after the 
onset of the final syllable and its F0 height was shifted by 8 Hz9 for each step of 
manipulation (the very final stretch was kept consistent); thus, a low F0 level for 
the final syllable in the final steps of manipulation was obtained, corresponding 
to an earlier low edge tone target. 

• Series III (see Figure 6, bottom line, left schema): to check the role of peak alignment, 
given a low specification on the very final syllable, that is, to control if an early or 

8 However, L1 latency was calculated with respect to the syllable onset, but its position 
with respect to the offset is very different in the two utterance bases. 
9 In this case, the actual measures of the base utterances were used to avoid unnatural pitch 
excursions. In fact, the speaker who produced the actual base stimuli shows smaller varia-
tion than the other one; therefore this manipulation did not cover the variation observed in 
the other speaker too. 
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late alignment of the peak affect the utterance interpretation given an earlier low 
edge tone target. 

o H and L1 were manipulated as in series 1; 
o L2 and the final stretch correspond to the final step of manipulation in series II, 

that is the final syllable was completely low (as usually found in exclamation 
and differently from neutral questions). 

• Series IV (see Figure 6, bottom line, right schema): to check the role of the height of 
the posttonic syllable, taken as a cue of both edge tone specification and peak 
alignment. Indeed, the posttonic syllable may be much lower in exclamation than 
in questions (although inter-speaker variation is strong in this respect) and this 
may have a relevant impact on speech perception. However, manipulating the 
posttonic F0 height offers a chance to check the perception of items in which peak 
alignment is early in the nuclear syllable: the interpolation between the low target 
at the beginning of the nuclear syllable and the high target in the posttonic, in fact, 
ends up in being not linear, as a high target within the nuclear syllable is made de-
tectable, showing a lower/higher F0 frequency than the posttonic syllable depend-
ing on the step (the high target in the nuclear syllable allows to independently vary 
the characteristics of the nuclear and postnuclear syllables). Manipulations were 
performed starting from a question-like contour (the original contour in the ques-
tion base stimuli and the final step manipulation in series I in the exclamation base 
stimuli). 

o The H position was identified on the basis of the latency between peak position 
and syllable onset as measured in exclamations; due to the impossibility of re-
covering in the corpus direct measurements of early peak realization in ques-
tions, the same latency was used to identify the hypothetical early peak position 
in the question base utterance, which gave a slightly later peak alignment in 
questions due to the shorter syllable duration. The L1 position was not manipu-
lated; 

o The artificial/hypothetical L2 target was identified as the end of the rise of the 
question-like contour and its F0 height was shifted by 10 Hz for each step of 
manipulation (see also footnote 9) in order to obtain a low F0 level for the post-
tonic syllable in the final steps of manipulation; the very final stretch was kept 
consistent. 

4.2.3. Subjects and recordings 
Each series was considered as a single block and randomization was applied both inter- 

and intra-block. For each block, subjects were offered 5 repetitions of LPC synthesized 
stimuli, showing either manipulated (see above) or original acoustic correlates. Each block 
was preceded by a short training, in which subjects judged two repetitions of 4 stimuli rep-
resenting the extremes of manipulations, and, during the test phase, subjects could interrupt 
the block for a pause, if they needed. Subjects participated on a voluntary basis and re-
ceived no payment for their collaboration. 

Twelve subjects participated in the perception experiment, although two could not be 
considered for analysis because they gave less than 90% correct answers for original items, 
used as controls. Subjects were all native speakers of the Turin variety, aged between 21 
and 50, and were asked to listen and judge the stimuli offered in each series. In particular, 
subjects were asked to identify the categories the stimuli belonged to among 4 options, that 
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is, exclamation (Exclamation), question (Question), statement (Statement) and question 
suggesting incredulity and counter-expectation (QuestionS). 

4.2.4. Statistics 
Two-way multivariate ANOVAs were run to check the influence of the Base utterance 

factor (2 levels), the Step of manipulation factor (8 levels) and their interaction on each an-
swer option; one-way ANOVAs were carried out to investigate the interaction, by evaluat-
ing the effect of Step of manipulation for each answer option. Moreover, the effect of Step 
of manipulation was further investigated by means of the Tuckey post-hoc test and by one 
sample t-tests that were carried out to test the mean percent of selected option for each 
stimulus against chance level (25%). In all cases, the alpha level was set at p=.05. In the 
next section, rather than reporting and discussing the effect of Step of manipulation on each 
single option, results of the t-tests are presented in tables and discussed in the text, together 
with the corresponding effect size (Cohen’s d)10. 

4.3. Results  
• Series I 

Figure 7 shows the average number of answers in favor of the given options for each 
stimulus, for both Question base (left) and Exclamation base stimuli (right plot).  
 
 

 

Figure 7: Average number of answers (equivalent to percentages) in favor of each given 
option (lines/colors) for each stimulus (x axis), created from the Question base (left plot) 
and the Exclamation base utterance (right plot) – bullets show significant t-test results. 

10 The effect size was computed as the Cohen’s d at http://www.uccs.edu/lbecker/index. 
html#Calculate%20d%20and%20r%20using%20t%20values%20%28separate%20groups%
29, using the t-test value for between subjects t-test and the degrees of freedom; Cohen’s d 
values were interpreted on the basis of the table found at http://www.uccs.edu/lbecker/ef-
fect-size.html and reported in appendix.  
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Results of two-way multivariate ANOVAs showed that, apart from the Base factor with 
respect to the Statement option (n.s.), all factors are strongly significant, together with their 
interaction (Exclamation option: Base [F(1,784)=190.721; p=.000], Step [F(7, 
784)=12.067; p=.000], Interaction [F(7, 784)=30.074; p=.000]; Question option: Base [F(1, 
784)=74.649; p=.000], Step [F(7, 784)=4.552; p=.000], Interaction [F(7, 784)=25.910; 
p=.000]; QuestionS option: Base [F(1, 784)=8.698; p=.000], Step [F(7, 784)=3.504; 
p=.000], Interaction [F(7, 784)=11.381; p=.000]; Statement option: Base [F(1, 784)=.563; 
p=.453], Step [F(7, 784)=10.943; p=.000], Interaction [F(7, 784)=15.046; p=.000]).  

 
a)        Step 

Question base 

Option (mean) t-test result Effect size 

1 Question   (M=.80) [t(49)= 9.625, p= .000] 2.75 
2 Question   (M=.64)11 [t(49)= 5.688, p= .000] 1.62 
3 Question   (M=.52) 

QuestionS (M=.44) 
[t(49)= 3.783, p= .000] 
[t(49)= 2.679, p= .010] 

1.08 
0.76 

4 QuestionS (M=.48)12 [t(49)= 3.223, p= .002] 0.92 
5 Question   (M=.44)13 [t(49)= 2.679 p= .010] 0.76 
6 Statement  (M=.48) [t(49)= 3.223 p= .002] 0.92 
7 Statement  (M=.48) [t(49)= 3.223 p= .002] 0.92 
8 Statement  (M=.60)14 [t(49)= 5.001 p= .000] 1.42 

 

b)        Step 

Exclamation base 

Option (mean) t-test result Effect size 

1 Esclamation (M=.88) [t(49)= 13.571, p= .000] 3.87 
2 Esclamation (M=.56)15 [t(49)= 4.372, p= .000] 1.24 
3 Esclamation (M=.76) [t(49)= 8.359, p= .000] 2.38 
4 Esclamation (M=.56)16 [t(49)= 4.372, p= .000] 1.24 
5 not significant17 - - 
6 not significant18 - - 
7 QuestionS     (M=.48) [t(49)= 3.223 p= .002] 0.92 
8 QuestionS     (M=.40) 

Question       (M=.44) 
[t(49)= 2.143 p= .037] 
[t(49)= 2.679 p= .010] 

0.61 
0.76 

Table 2a,b: Series I. Results of one sample t-tests for each step of manipulation (se-
lected answer against chance level - 25%) and corresponding effect size: Question base 

stimuli (table a) and Exclamation base stimuli (table b). 

One-way ANOVAs carried out to investigate the interaction showed that, for both the 
question base and the exclamation base, the step factor is always significant (for the ques-
tion base: exclamation option [F(7,392)=6.315; p=.000]; question option [F(7,392)=19.524; 

11 QuestionS (M=.32) was not significant. 
12 Question (M=.36) was not significant. 
13 QuestionS (M=.32) was not significant. 
14 Exclamation (M=.28) was not significant. 
15 Statement (M=.28) was not significant. 
16 Statement (M=.28) was not significant. 
17 Exclamation (M=.32) and Statement (M=.36) were not significant. 
18 QuestionS (M=.36) was not significant. 
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p=.000]; questions option [F(7,392)=4.305; p=.000]; statement option [F(7,392)=25.026; 
p=.000]; for the exclamation base: exclamation option [F(7,392)=27.693; p=.000]; question 
option [F(7,392)=8.565; p=.000]; questions option [F(7,392)=11.906; p=.000]; statement 
option [F(7,392)=3.554; p=.001]).  

Results of t-tests checking the mean percent of selected options for each stimulus 
against chance level (25%) are reported in table 2a for the Question base stimuli (see also 
bullets in Figure 7, left). They show that the mean for the Question option was significantly 
above the chance level for stimuli at early stages of manipulation, that is for later and high-
er peaks, while at later stages of manipulation, that is for earlier and lower peaks, it was the 
mean for the Statement option to be significantly chosen (apart significance and large effect 
size for QuestionS at intermediate step 4). Moreover, notice that effect size is large, though, 
consistently with average scores, it gradually decreases for the Question option and then 
gradually increase for the Statement option. Results for the Exclamation base stimuli are 
shown in table 1b (see also bullets in Figure 7, right) and show that the mean for the Ex-
clamation option was significantly above the chance level for stimuli at early stages of ma-
nipulation, that is for earlier and lower peaks, while at later stages of manipulation, that is 
for later and higher peaks, it was the mean for the QuestionS option and, at the very final 
step, for the Question option to be significantly chosen. Moreover, notice that effect size is 
large, though, quite consistently with average scores, it tends to gradually decrease for the 
both the Exclamation and the Question option. 

• Series II 

Figure 8 shows the average number of answers in favor of the given options for each 
stimulus, for both Question base (left) and Exclamation base stimuli (right plot). 

Results of two-way multivariate ANOVAs showed that, apart from the Step factor with 
respect to the QuestionS option (n.s.), all factors are strongly significant, together with their 
interaction for the Exclamation option (Exclamation option: Base [F(1,784)= 46.284; 
p=.000], Step [F(7,784)=4.824; p=.000], Interaction [F(7,784)=3.373; p=.000]; Question 
option: Base [F(1,784)=11.041; p=.001], Step [F(7,784)=7.039; p=.000], Interaction 
[F(7,784)=.926; p=.486]; QuestionS option: Base [F(1,784)=116.595; p=.000], Step [F(7, 
784)=1.339; p=.2], Interaction [F(7, 784)=1.574; p=.1]; Statement option: Base [F(1, 
784)=99.625; p=.000], Step [F(7,784)=6.128; p=.000], Interaction [F(7,784)=1.643; p=.1]). 
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Figure 8: Average number of answers (equivalent to percentages) in favor of each given 
option (lines/colors) for each stimulus (x axis), created from the Question base (left plot) 

and the Exclamation base utterance (right plot) – bullets show significant t-test results 

One-way ANOVAs carried out to investigate the interaction showed that, for the Ques-
tion base, the Step factor is significant for the Question and Statement options, while for the 
Exclamation base it is always significant (for the Question base: Exclamation option 
[F(7,392)=.970; p=.453]; Question option [F(7,392)=3.397; p=.002]; QuestionS option 
[F(7,392)=.926; p=.486]; Statement option [F(7,392)=5.682; p=.000]; for the Exclamation 
base: Exclamation option [F(7,392)=4.881; p=.000]; Question option [F(7,392)=4.660; 
p=.000]; QuestionS option [F(7,392)=2.824; p=.007]; Statement option [F(7,392)=3.155; 
p=.003]).  

 

a)        Step 

Question base 

Option (mean) t-test result Effect size 

1 Question     (M=.48) 
QuestionS  (M=.48) 

[t(49)= 3.223 p= .002] 
[t(49)= 3.223 p= .002] 

0.92 
0.92 

2 Question   (M=.68)19 [t(49)= 6.453, p= .000] 1.84 
3 Question   (M=.48) 

QuestionS (M=.44) 
[t(49)= 3.223 p= .002]  
[t(49)= 2.769, p= .01] 

0.92 
 0.76 

4 QuestionS (M=.48)20 [t(49)= 3.223, p= .002] 0.92 
5 Question   (M=.44) 

QuestionS (M=.48) 
[t(49)= 2.769, p= .01] 
[t(49)= 3.223 p= .002]  

0.76 
0.92  

6 QuestionS (M=.44) 21  [t(49)= 2.769, p= .01] 0.76 
7 QuestionS (M=.40) 22 [t(49)= 2.143 p= .03] 0.61 
8 QuestionS (M=.40) 23 [t(49)= 2.143 p= .03] 0.61 

 
 

19 QuestionS (M=.28) was not significant. 
20 Question (M=.36) was not significant. 
21 Question (M=.36) was not significant. 
22 Question (M=.32) was not significant. 
23 Question (M=.28) was not significant. 
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b)        Step 

Exclamation base 

Option (mean) t-test result Effect size 

1 Question (M=.48)24 [t(49)= 3.223, p= .002] 0.92 
2 Question (M=.48) [t(49)= 3.223, p= .002] 0.92 
3 Question (M=.40) 25 [t(49)= 2.143 p= .03] 0.61 
4 Statement (M=.48) [t(49)= 3.223, p= .002] 0.92 
5 Statement (M=.48) [t(49)= 3.223, p= .002] 0.92 
6 Statement (M=.56) [t(49)= 4.372, p= .000] 1.24 
7 Statement (M=.44) 26  [t(49)= 2.769, p= .01] 0.76 
8 Statement (M=.44) 27  [t(49)= 2.769, p= .01] 0.76 

Table 3a,b: Series II. Results of one sample t-tests for each step of manipulation (se-
lected answer against chance level - 25%) and corresponding effect size: Question base 

stimuli (table a) and Exclamation base stimuli (table b). 

Results of t-tests checking the mean percent of selected options for each stimulus 
against chance level (25%) are reported in table 3a for Question base stimuli (see also Fig-
ure 8 left). Results of t-tests show that only the mean for the Question and QuestionS op-
tions were significantly above the chance level, however the latter is the statistically signif-
icant choice at later stages of F0 manipulation, that is for late peak and lower F0 values of 
the final syllable (corresponding to earlier low edge tone alignment). Consistently, the ef-
fect size is larger for Question in steps 2 and 3, while it is larger for QuestionS at later 
steps. Results for the Exclamation base stimuli are shown in table 3b (see also bullets in 
Figure 8, right) and show that the mean for the Question option was significantly above the 
chance level for stimuli at early stages of manipulation, that is for late peak and not low F0 
values of the final syllable (corresponding to later low edge tone alignment), while the 
mean for the Statement option was significantly above the chance level at later stages of 
manipulation, that is for late peak and lower F0 values of the final syllable (corresponding 
to earlier low edge tone alignment). Moreover, notice that effect size is large and, consist-
ently with average scores, it tends to gradually decrease for the Question option and then 
increase for the Statement option, though in the very final steps it gradually decreases again 
(possibly due to the increasing number of Exclamation choices)28. 

24 Statement (M=.28 was not significant. 
25 Statement (M=.32) was not significant. 
26 Question and Exclamation (M=.28) were not significant. 
27 Exclamation (M=.36) was not significant. 
28 The Statement option receives always an insignificant number of choices for the question 
base stimuli and, even if the option should be fine with high boundaries too, it receives an 
insignificant number of choices in early steps of manipulation for exclamation base stimuli 
too. This suggests that in these cases there may be other cues interfering with the statement 
interpretation. 
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• Series III 
Figure 9 shows the average number of answers in favor of the given options for each 

stimulus, for both Question base (left) and Exclamation base stimuli (right plot). 

 

Figure 9: Average number of answers (equivalent to percentages) in favor of each given 
option (lines/colors) for each stimulus (x axis), created from the Question base (left plot) 
and the Exclamation base utterance (right plot) – bullets show significant t-test results. 

Results of two-way multivariate ANOVAs showed that, apart from the Base factor and 
the Interaction with respect to the Statement option and the Step factor factor and the Inter-
action with respect to the QuestionS option (n.s.), all factors are strongly significant, to-
gether with their interaction (Exclamation option: Base [F(1,784)= 179.255; p=.000], Step 
[F(7, 784)=4.132; p=.000], Interaction [F(7, 784)=20.906; p=.000]; Question option: Base 
[F(1, 784)=68.245; p=.001], Step [F(7, 784)=13.543; p=.000], Interaction [F(7, 
784)=14.030; p=.000]; QuestionS option: Base [F(1, 784)=130.851; p=.000], Step [F(7, 
784)=5.742; p=.2], Interaction [F(7, 784)=8.157; p=.1]; Statement option: Base [F(1, 
784)=.237; p=.627], Step [F(7, 784)=11.756; p=.000], Interaction [F(7, 784)=1.921; p=.1]). 

One-way ANOVAs carried out to investigate the interaction showed that, for both the 
Question and the Exclamation base, the Step factor is always significant (for the Question 
base: Exclamation option [F(7,392)=16.470; p=.000]; Question option [F(7,392)=15.750; 
p=.000]; QuestionS option [F(7,392)=7.438; p=.000]; Statement option [F(7,392)=7.354; 
p=.000]; for the Exclamation base: Exclamation option [F(7,392)=9.535 p=.000]; Question 
option [F(7,392)=3.868; p=.000]; QuestionS option [F(7,392)=2.383; p=.007]; Statement 
option [F(7,392)=6.346; p=.021]). 
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a)        Step 

Question base 

Option (mean) t-test result Effect size 

1 Question     (M=.56)29 [t(49)= 4.372, p= .000] 1.24 
2 Question     (M=.40) 

QuestionS  (M=.56) 
[t(49)= 2.143 p= .03] 

[t(49)= 4.372, p= .000] 
0.61 
1.24 

3 QuestionS (M=.40) 

Statement (M=.44) 
[t(49)= 2.143 p= .03] 
[t(49)= 2.769, p= .01] 

0.61 
 0.76 

4 not significant30 - - 
5 Exclamation (M=.52) [t(49)= 3.783, p= .000] 1.08 
6 Exclamation (M=.48)31 [t(49)= 3.223, p= .002] 0.92 
7 Statement (M=.48)32 [t(49)= 3.223, p= .002] 0.92 
8 Exclamation (M=.44)  

Statement (M=.40) 
[t(49)= 2.769, p= .01] 
[t(49)= 2.143, p= .03] 

0.76 
0.61 

 

b)        Step 

Exclamation base 

Option (mean) t-test result Effect size 

1 Esclamation (M=.84) [t(49)= 11.265, p= .000] 3.21 
2 Esclamation (M=.84) [t(49)= 11.265, p= .000] 3.21 
3 Esclamation (M=.76) [t(49)= 8.359, p= .000] 2.38 
4 Esclamation (M=.72)33 [t(49)= 7.327, p= .000] 2.09 
5 Esclamation (M=.76) [t(49)= 8.359, p= .000] 2.38 
6 Exclamation (M=.52) 

Statement (M=.44) 
[t(49)= 3.783, p= .000] 
[t(49)= 2.679, p= .010] 

1.08 
0.76 

7 Statement (M=.56) 
Exclamation (M=.40) 

[t(49)= 4.372, p= .000] 
[t(49)= 2.143, p= .03] 

1.24 
0.61 

8 Statement (M=.44)  [t(49)= 2.769, p= .01] 0.76 

Table 4a,b: Series III. Results of one sample t-tests for each step of manipulation (se-
lected answer against chance level - 25%) and corresponding effect size: Question base 

stimuli (table a) and Exclamation base stimuli (table b). 

Results of t-tests checking the mean percent of selected options for each stimulus 
against chance level (25%) are reported in table 4a for the Question base stimuli (see also 
bullets in Figure 9, left). At early stages of manipulation, that is with later peak alignment 
and a low pitch final syllable (corresponding to earlier low edge tone alignment), the num-
ber of choices are significantly in favor of the Question option and then, from step 2, the 
QuestionS option is chosen significantly above the chance level and the Statement option 
appears to be significant for step 3; however, for stimuli at later stages of manipulation, that 
is with earlier peak positions, only the Exclamation and the Statement options are chosen 
significantly above chance. The effect size is larger for Question and QuestionS at early 
stages and Exclamation at later stages. Results for the Exclamation base stimuli are shown 
in table 4b (see also bullets in Figure 9, right) and show that the mean for the Exclamation 
option was significantly above the chance level for stimuli at early stages of manipulation, 
that is with early peak alignment and a low pitch final syllable, while the Statement option 
becomes significant at later stages of manipulation, with Exclamation that is still signifi-

29 QuestionS (M=.36) was not significant. 
30 QuestionS (M=.32) and Statement (M=.36) were not significant. 
31 Statement (M=.32) was not significant. 
32 Exclamation (M=.36) was not significant. 
33 Statement (M=.28) was not significant. 
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cantly chosen in step 6 and 7, though in a drastically lower number of cases, and is no more 
significantly chosen in step 8. Moreover, notice that effect size is large and, consistently 
with average scores, it tends to gradually decrease for the Exclamation option and then in-
crease for the Statement option. 

• Series IV 
Figure 10 shows the average number of answers in favor of the given options for each 

stimulus, for both Question base (left) and Exclamation base stimuli (right plot). 

 

Figure 10: Average number of answers (equivalent to percentages) in favor of each given 
option (lines/colors) for each stimulus (x axis), created from the Question base (left plot) 
and the Exclamation base utterance (right plot) – bullets show significant t-test results.  

Two-way multivariate ANOVAs were run to check the influence of the Base utterance factor, 
the Step of manipulation and their interaction on each answer option. Results showed that, apart 
from the Base factor with respect to the Question and Statement options and the Step factor with 
respect to the QuestionS option (n.s.), all factors are significant (Exclamation option: Base 
[F(1,784)= 417.936; p=.000], Step [F(7, 784)=54.085; p=.000], Interaction [F(7, 784)=11.911; 
p=.000]; Question option: Base [F(1,784)=3.245; p=.072], Step [F(7,784)=18.531; p=.000], Inter-
action [F(7, 784)=2.185; p=.034]; QuestionS option: Base [F(1,784)=227.774; p=.000], Step [F(7, 
784)=27.315; p=.2], Interaction [F(7,784)=6.646; p=.000]; Statement option: Base 
[F(1,784)=3.322; p=.06], Step [F(7,784)=5.547;p=.000], Interaction [F(7,784)=11.746; p=.000]). 

One-way ANOVAs carried out to investigate the interaction showed that, for both the Question 
and the Exclamation base, the Step factor is always significant (for the Question base: Exclamation 
option [F(7,392)=14.276; p=.000]; Question option [F(7,392)=9.062; p=.000]; QuestionS option 
[F(7,392)=15.297; p=.000]; Statement option [F(7,392)=9.994; p=.000]; for the Exclamation base: 
Exclamation option [F(7,392)=48.388; p=.000]; Question option [F(7,392)=12.238; p=.000]; 
QuestionS option [F(7,392)=19.987; p=.000]; Statement option [F(7,392)=6.950; p=.021]). 
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a)        Step 
Question base 

Option (mean) t-test result Effect size 

1 QuestionS (M=.72)34 [t(49)= 7.327, p= .000] 2.09 
2 QuestionS  (M=.80) [t(49)= 9.625, p= .000] 2.75 
3 QuestionS   (M=.64)35 [t(49)= 5.688, p= .000] 1.62 
4 QuestionS (M=.76) [t(49)= 8.359, p= .000] 2.38 
5 QuestionS (M=.84) [t(49)= 11.265, p= .000] 3.21 
6 QuestionS (M=.44)36  [t(49)= 2.679, p= .01] 0.76 
7 not significant37 - - 
8 Exclamation (M=.44)  

Statement (M=.40) 
 [t(49)= 2.769, p= .01] 
[t(49)= 2.143, p= .03] 

0.76 
0.61 

 

b)        Step 
Exclamation base 

Option (mean) t-test result Effect size 

1 QuestionS (M=.52) [t(49)= 3.783, p= .000] 1.08 
2 QuestionS (M=.44)   [t(49)= 2.679, p= .01] 0.76 
3 not significant38 - - 
4 Esclamation (M=.68) [t(49)= 6.453, p= .000] 1.84 
5 Esclamation (M=.88) [t(49)= 13.571, p= .000] 3.87 
6 Esclamation (M=.92) [t(49)= 17.288, p= .000] 4.93 
7 Exclamation (M=1) -39 - 
8 Esclamation (M=.92) [t(49)= 17.288, p= .000] 4.93 

Table 5a,b: Series IV. Results of one sample t-tests for each step of manipulation (se-
lected answer against chance level - 25%) and corresponding effect size: Question base 

stimuli (table a) and Exclamation base stimuli (table b). 

Results of t-tests checking the mean percent of selected option for each stimulus against 
chance level (25%) are reported in table 5a for the Question base stimuli (see also bullets in 
Figure 10, left). From the very first step of manipulation, as soon as a high target independ-
ent of the end of the rise was introduced, participant’s perception significantly favored the 
QuestionS option; only at the very final stage of manipulation, that is when both a clear an-
ticipated peak and a very low posttonic syllable were audible (corresponding to earlier low 
edge tone alignment), listeners significantly shifted their choices towards the Exclamation 
and the Statement options. The effect size for QuestionS is very large for quite a high num-
ber of steps of manipulation and it is then slightly higher for Exclamation than for State-
ment. Results for the Exclamation base stimuli are shown in table 5b (see also bullets in 
Figure 10, right) and show again that participant chose the QuestionS option as soon as a 
high target independent of the end of the rise was introduced. However, for stimuli ob-
tained from the Exclamation base, it is clear that subjects shift towards another option at 
earlier stages in comparison to what happens for Question base stimuli. In particular, they 
clearly opt for the Exclamation option since the 4th step of manipulation. This suggests that, 

34 Question (M=.28) was not significant. 
35 Question (M=.32) was not significant. 
36 Exclamation (M=.28) was not significant. 
37 QuestionS (M=.36), Exclamation (M=.32) and Statement (M=.32) were not significant. 
38 Exclamation and Statement (M=.36) were not significant. 
39 The t value could not be computed because the standard deviation is 0, as all subjects al-
ways chose the Exclamation option. 
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apart from the height of the posttonic, other features, such as syllable duration, may play a 
very relevant role in affecting subjects perception. 

4.4. Discussion  
Results obtained for the four series are schematically summarized in Table 6.  
Series I shows that the late or early alignment of the peak, its higher or lower F0 height 

and a later or an early end of the following fall appear to be crucial to shift subject percep-
tion from a question or an incredulous question interpretation, mainly depending on the 
base stimulus, to a statement or exclamation interpretation, depending again on the base 
stimulus. Thus, schematically, a late vs. early alignment of the peak configuration affects 
subjects’ interpretation of the stimuli with a quite clear association of later configuration to 
questions. However, given the manipulation characteristics and the resulting intonation 
contours, results concerning this series do not allow to tease pitch accent (and in particular 
its peak position) and postaccentual contribution apart. Moreover, the relevance of the base 
stimulus underlines that differences concerning parameters which were not varied (such as 
syllable duration or the first low target position with respect to the end of the nuclear sylla-
ble) seem to be important in affecting the neutral question vs. incredulous question choice 
as well as the exclamation vs. statement choice.  

Consistently, results for Series II, where stimuli had always a late peak alignment (in 
the postnuclear syllable) and changed as for the final syllable height (corresponding to ear-
lier/later low edge tone alignment), clearly showed that the low specification on the final 
syllable is not enough to shift the interpretation towards exclamation, while it is sufficient 
to shift it from question to incredulous questions or statement, depending on the base utter-
ance. Actually, results for this series (as well as for the question base stimuli in series III) 
show a higher degree of ambiguity, as manifested by the overall fewer choices in favor of 
one specific option. Nevertheless, what is particularly important to stress here is that a late 
peak and a late low in the final syllable always suggest the question interpretation, whatev-
er the base utterance is, while a late peak is never interpreted as conveying exclamation, in-
dependently of the low pitch height on the final syllable. Interestingly, if the final syllable 
shows a lower F0 level, that is an earlier low target, the interpretation shifts towards state-
ment in the case of the Exclamation base and towards incredulous question in the case of a 
Question base utterance. In particular, for the Question base stimuli the difference between 
incredulous and neutral question choices is statistically significant, though it is not big, 
suggesting that the boundary specification signals a difference within the question category. 

In line with the existence of a strong base effect, which though, does not mask the pres-
ence of differences in subject’s interpretation, results for series III showed that, when lis-
tening to stimuli showing an early low target in the final syllable and a peak which is varia-
bly aligned and scaled, subjects appear to interpret stimuli from the exclamation base more 
as statements when the final low syllable is preceded by a later (in postnuclear) and higher 
peak, and clearly as exclamations when the peak is earlier and lower. For stimuli from the 
question base, answers show a higher degree of ambiguity, as manifested by the overall 
fewer choices in favor of one specific option; however, subjects clearly interpret as excla-
mations and statements, though with higher effect size values for exclamation, stimuli 
showing earlier peak positions; they interpret as incredulous questions and neutral ques-
tions stimuli showing a late peak alignment. 
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 Early   peak Late   peak 

 series 
I 

series 
 II 

series  
III 

series  
IV 

series 
I 

series  
II 

series  
III 

se-
ries  
IV 

Early  
Low edge 

Excl. 
(E b.) 

Stat.(Q b.) 

- Excl. 
(E, Q b.) 

Stat.(Q b.) 

- - Quest S 
(Q b.) 

Stat. (E b.) 

Quest  
Quest S(Q b.) 
Stat.(E,Q b.) 

- 

Low/ 
not high 
Posttonic 

- - - Excl.(E, Q b.) 
Stat. (Q b.) 

/ QuestS 
(E, Q b.) 

- - - - 

Late    
Low edge 

- - - - Quest  
(Q b.) 

Quest S 
(E b.) 

Quest 
(Q,E b.) 
Quest S 
(Q b.) 

- - 

High 
Posttonic 

- - - Quest S 
(E, Q b.). 

- - - - 

Table 6: Summary of results for the four series. Options that were chosen significantly 
above chance are shown for each combination of peak and low edge tone position (ear-

ly/late; for series IV, high/low posttonic is reported, rather that early/late low edge tone) − 
base utterances mainly associated to reported results are shown in brackets. 

Finally, quite clear results are offered by Series IV, where the height of the posttonic 
syllable was varied and taken as a cue of both edge tone specification and peak alignment; 
indeed, due to the manipulation performed, a lower posttonic implies the presence of an 
early peak alignment, that is, due to the experimental design, a peak in the nuclear syllable. 
Results for this series clearly show that, independently of the base utterance, participants 
opt for the incredulous question option (rather than the neutral question option) as soon as a 
high target, earlier and independent of the end of the rise, is introduced in the nuclear sylla-
ble and while the posttonic is not very low. Indeed, when the posttonic is low (almost as 
low as the starting point of the rise) and, of course, the peak is early, participants switch to 
the exclamation and the statement interpretations, in the case of the Question base stimuli 
(with a slightly higher effect size for Exclamation than for Statement). For Exclamation 
base stimuli, they switch towards the exclamation option, and they do that at much earlier 
stages of manipulation in comparison to what observed for the Question base stimuli (basi-
cally as soon as the posttonic is lower than the peak); moreover they do not choose the 
Statement option at all. Thus, in general, answers show again a strong base effect, which 
suggests that, apart from the height of the posttonic and the peak alignment and scaling, 
other features, such as syllable duration or the rise F0 range, may play a very relevant role 
in affecting subjects perception. Nevertheless, they also show that an early peak pitch ac-
cent followed by a high posttonic and a fall, is perceived as an incredulous question and, at 
least for Question base stimuli, this interpretation is possible even in the case the posttonic 
is lower than the preceding peak. On the other hand, a very low posttonic excludes any 
question interpretation.  

Interpreting the results for the four Series is a not easy task, first of all because of the 
strong base effect emerged in various cases, due for instance to differences in syllable dura-
tion for stimuli created from different base utterances. Moreover, the manipulation of the 
final low alignment in series II and III, that all show a slightly retracted low edge tone tar-
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get, seem to create quite ambiguous stimuli, as shown by the lower number of subject’s 
choices in favor of one specific option. Nevertheless, results indicate that: 

1) Question (neutral) is never conveyed by an early peak position, which in the ma-
nipulation performed here means that the peak is never in the nuclear syllable for a stimulus 
to be perceived as a neutral question (see results for all series); moreover, even though 
stimuli are identified as neutral questions mainly in the case of a late low edge tone align-
ment, in very few cases they are still identified as such when the low edge was slightly ear-
lier, though always in the case of a very late peak position (see series III). These results are 
in line with the labeling proposed in the literature, that is L*+H HL%. 

2) Incredulous questions may be signaled by an early (and lower) peak, with both a 
later and an earlier final low (thought the F0 level of the low has to be not very low - see 
results for Series IV). However, the peak does not have necessarily to be early, as a late 
peak and an earlier low target on the final syllable, as well as a quite low postnuclear sylla-
ble, may be enough to convey incredulous question (see respectively results for Series II, 
where the neutral question interpretation is disfavored, and for Series IV). Thus, the incred-
ulous question interpretation is observed for stimuli showing a greater variability in the ear-
ly/late peak position, often with the presence of an earlier low edge tone specification. The-
se results are considered consistent with the labelling proposed in the literature, that is 
L*+H L!H (even though in the present experiment the very final syllable F0 level was not 
under investigation and we cannot make observations on the !H specification).  

3) Statement interpretations are never conveyed by a late low edge target or high 
posttonic, while they appear to be possible in the case of both early and late peak position. 
These results would be consistent with a L*+H L- transcription, though cases in which a 
high edge tone following the L*+H accent have been observed in list intonation (see Figure 
4); however it can also be the case that the greater variability in the high target alignment 
and scaling accounts for the pattern observed in connected speech, involving a H- bounda-
ry. Thus, the transcription L*+H L- is consistent with perception results. 

4) Exclamation is never conveyed by a late peak position, a late edge tone specifica-
tion or a high posttonic condition (see all series). In the manipulation performed here, this 
means that, for subjects to perceive an exclamation, the peak cannot be in the postnuclear 
syllable and the low edge tone has to be early, to the extent that the posttonic syllable has to 
be already very low (series IV). This shows that the peak position is more constrained than 
in the two previous conditions (incredulous questions and statements) as it needs to be 
aligned (early) in the nuclear syllable. The presence of a following low edge tone phono-
logical specification (L*+H L-) is not enough to account for such difference in the degree 
of allowed variability. Thus, a specific label (L*+>H) is introduced to highlight the neces-
sary early alignment of the pitch accent peak that opposes the exclamation contour to oth-
ers. 

Thus, what the previous results tell us about the intonation system in Turin Italian? The 
clear difference observed between neutral question intonation and the other options is taken 
to be perfectly in line with the phonological analysis proposed in the literature, that is 
L*+H HL%. This analysis clearly represents the contrasts between this contour and the 
others. However, the presence of an earlier low edge tone specification which was already 
suggested in phonological analyses proposed in the literature in the other cases (that is in 
incredulous questions, exclamations and lists) is not considered enough to account for the 
results obtained in the perception experiment. In particular, the low edge tone specification 
is taken to be consistent with the variability observed in list and incredulous question con-
tours, where the peak may indeed be either early or late aligned. Conversely, the more con-
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strained situation observed in exclamations, where the peak has necessarily to be early 
aligned for a stimulus to be perceived as an exclamation, is taken to correspond to a specif-
ic feature of the pitch accent. Thus, a specific transcription, that is L*+>H L%, is proposed 
for exclamation, to contrast the pattern with the L*+H L% one found in lists and the L*+H 
L!H% found in incredulous questions. Theoretically, another option would have been to la-
bel such pitch accent as L+H*, rather than L*+>H. However such option is not considered 
as a real one, as L+H* is already exploited for other functions within the system (e.g., for 
contrastive accents) and the accent found in exclamatives is quite different from those usu-
ally labeled as L+H* within the Turin variety. 

CONCLUSION 
The experiment organized to investigate the perception of exclamation and yes-no ques-

tions in Turin Italian showed that the difference between the two is not only conveyed by 
edge tone specification (e.g., L*+H L% vs. L*+H HL%), but also by pitch accent features 
relating to the peak (e.g., L*+>H vs. L*+H, that is anticipated vs. not anticipated peak, 
though scaling differences are also expected). Teasing apart the pitch accent and the edge 
tone contribution to check whether some pitch accent features are a side effect of differ-
ences in edge tone composition or not was a not easy task. Given that some parameters 
were left unvaried (see footnote 7), the manipulation performed implied the realization of 
stimuli whose function was apparently problematic to identify, probably because of ambig-
uous/unusual acoustic correlates. However, in line with the working assumption, the pitch 
accent and the edge tone contribution was finally identifiable because the L*+H pitch ac-
cent and the L edge tone could convey other interpretations, such as incredulity yes-no 
questions and list statements. Such interpretations were then used to tease the contribution 
of pitch accent and edge tones apart and, in particular, to show that a differentiation be-
tween L*+H and L*+>H is useful as pitch accent alignment and scaling differences affect 
listener’s interpretation.  

A key point to be made here is that perception experiments appear to be an important 
tool for suggesting which are the features contrasting within a system, even when they in-
volve quite complicated designs. In some cases, a similar depth in the analysis could seem 
to be marginally important, as the main contrasting contours are already identified in the 
system, for instance by means of edge tones combination. Nevertheless, it is important to 
identify and highlight contrasting features even if they seem to be redundant in a variety. 
Indeed, at a careful check they may convey differences in meaning and, moreover, in a dif-
ferent variety they may be overtly pertinent rather than apparently redundant features. The 
indication is that it is important to code the presence of a contrasting feature in any case, to 
avoid misunderstandings in the comparison of phonological systems of two such varieties. 

The perception experiment described in this paper, then, confirms the importance of 
perception to point out the relevance of specific features in the phonological coding of in-
tonational events. Moreover, it offers an encouraging example of how perception data can 
be gathered even in the case of not straightforward comparisons, related to pitch patterns 
that differ as for both scaling and alignment and that are not directly comparable because 
they cannot be considered as minimal pairs.  
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Appendix 

Cohen’s d values. Table found at http://www.uccs.edu/lbecker/effect-size.html. 
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