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ABSTRACT 

The present study aims at uncovering the impact of 
dynamic details of intonational rises sharing the same 
tonal description but differing in the actual shape of the 
F0 contour. Two French rising final contours, both 
labelled as LH*H% in AM, are used to mark 
continuations or yes/no questions. The hypothesis 
tested here is that a perceptual difference between the 
two contours would stem from the particular dynamic 
characteristics of the rise, notably from the shape of the 
interpolation between the L and the H tonal targets, 
which has been noticed to be different between the two 
(convex vs. concave). We hence created resynthesized 
speech stimuli, in which tonal target alignment, scaling 
and segmental duration were rendered ambiguous, 
while rise shape was modified from concave to convex 
in two base stimuli. Results of a two-alternative forced 
choice test suggest that dynamic properties of the pitch 
rise can alone affect contour identification. 
 
Keywords: intonation, perception, interpolation shape, 
question, continuation, French. 

1. INTRODUCTION 

Intonation contours have either been modelled in 
holistic ways, through rises and falls [7, 24], or else as 
a sequence of static tonal targets [26]. Static target 
models are based on the notion of ‘turning point’ within 
the F0 curve, defined on both time and pitch 
dimensions (e.g. L(ow) and H(igh) tones). This is 
because the AM model of intonation stipulates that the 
shape of the interpolation as well as the slope between 
two tonal targets is not relevant, since it is the result of 
a mostly linear interpolation between them [26, 2, 3]. 
In other words, a rise, for instance, can be steep or 
shallow, but this would only be an epiphenomenon of 
the longer or shorter segmental sequence intervening 
between the targets. Moreover, shape differences in 
terms of curvature are not taken into account. This type 
of static description of prosodic events in production is 
not disputed anymore, though the relevance of shape 
and slope differences has yet to be dismissed in the 
realm of intonation perception.  

Work reported in [17, 18, 19, 20, 9, 16, 8, 4] has 
actually shown that complex dynamic phenomena must 
be taken into account in the process of identifying 

intonational form. Specifically, dynamic properties of 
the F0 contour, such as peak shape and slope [8, 21] 
have been found to be perceptually relevant for pitch 
accent category assignment. The Tonal Center of 
Gravity [ToCG, 4] hypothesis, inspired by empirical 
data on intonation perception in languages such as 
Italian [8], English [21] and German [22], is based on 
the idea that perceived properties of tonal contours 
(both alignment and scaling) are influenced by the 
integration of their dynamic properties, such as the area 
covered by a rise-fall shape.  

Rising curvature has been found to be nearly 
significant in the perception of question vs contrastive 
topic statements in Neapolitan Italian [10, 25], and 
appears to be difficult to imitate in L2 production, even 
for very proficient speakers [14]. Moreover, it is 
differently used by individual speakers of the same 
variety [23]. Hence in this study we explore whether 
rising contours, sharing an identical AM description 
could be differently identified on the basis of curvature 
differences alone. 

In French, both terminal continuation and yes/no 
question contours can be identically labelled as a LH* 
H% sequence [27, 12, 31, 28] though their curvature 
can be different in production. In informal 
observations, Delattre [13] described the continuation 
contour as being more concave than the question 
contour (in addition to having a lower final F0 peak). 
The perception data in [15] showed indeed an impact 
of contour shape in perception, though in the opposite 
direction, i.e. questions were mainly cued by concave 
rise shape. The hypothesis we explore here is hence that 
French continuation and question rises can be 
identified in perception on the basis of rise shape alone, 
independent of L and H alignment and scaling. A 
perceptual test with resynthesized stimuli was therefore 
performed to test our hypothesis.  

2. METHOD 

2.1. Stimuli 

20 utterances composed of equal segmental material 
were recorded by a female speaker of Southern French 
with either a question or a continuation contour (20*2). 
The rise was always followed by an IP boundary, as in 
the examples in (1) and it always occurred on the 
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second syllable of the noun preceded by the preposition 
des ‘of the’. To obtain a sentence internal IP boundary, 
declarative sentences were enriched with a 
parenthetical after canaux ‘canals’ (see 1a).  
 
(1a)  La beauté des canaux, telle qu’elle est décrite 

par les touristes, donne envie de voyager. 
‘The beauty of the canals, as it is described by 
tourists, gives a desire to travel’   

 
(1b)  La beauté des canaux ? 

‘The beauty of the canals?’  

Recordings were made with a head-microphone in an 
anechoic room with Audacity software, at the Parole 
and Language Laboratory of Aix Marseille University. 
Utterances of the type shown in 1a above where cut at 
the start of the parenthetical before creating the 
resynthesized stimuli, in order to have base stimuli of 
the same size. 

2.1.1. Norming 

An online survey with a two-alternative forced choice 
(question vs. continuation) task was carried out on the 
gorilla.sc website. 9 participants chose a prototypical 
question/continuation pair among the stimuli. ˈ  
Out of the 40 heard utterances only 1 utterance pair 
received 100% identification for each member, which 
was then chosen as the basis for resynthesis. 16 
additional correctly identified stimuli (over 80% 
correct) were further used as fillers.  

2.1.2. Perception stimuli  

Two base stimuli, a prototypical declarative question 
and a prototypical continuation, were hence selected. 
From each utterance we then cut the sequence des 
canaux [dekaˈno] (‘of the canals’), to which the final 
rise was associated. Segmental durations as well as 
tonal target scaling and alignment were first rendered 
ambiguous by taking the average values of the two 
original base stimuli.  Specifically, for alignment, L 
targets were placed at the boundary between the last 
onset consonant /n/ and the final vowel, while H 

alignment was kept at the offset of the final vowel (see 
Fig. 2). Tonal targets in both utterances were scaled to 
the same F0 level (199 Hz for L, 379 Hz for H), i.e. the 
average between the values of the two prototypical 
utterances. The initial F0 values in the stretch 
preceding the L target were also averaged between the 
two bases and resynthesized as a straight line. 

After stylizing the two base stimuli in PRAAT [6], 
the interpolation line between L and H was modified so 
as to create two continua going from the most concave 
(step 17) to the most convex (step 1) shape. In order to 
do so, the mid-point of the interpolation between L and 
H was selected (M) and the corresponding F0 value was 
modified in 10 Hz steps from a value equal to that of 
the preceding L target (209 Hz) up to a maximum value 
of 359 Hz (i.e., 10 Hz lower than the value for the H 
target), for a total of 17 steps (see Fig 2). The two base 
stimuli (step 0), resynthesized with ambiguous duration 
but retaining original F0 values, were included in the 
experiment.  
 

Figure 2: Schema of the 17-step modification with 
segmental annotations (C for consonant, V for 
vowel), used to create the 2 continua. 

2.2. Participants 

30 French native speakers drawn from the university 
population at Aix Marseille University participated in 
the study (6 males) with an average age of 22.43 (min. 
= 18, max. = 40). All participants were monolinguals 
and did not report any hearing impairment. Participants 
received monetary compensation in the form of a gift-
voucher.  

2.3. Procedure 

The experiment took place in small groups of 2 to 4 
participants in a computer room at the Parole and 
Language laboratory in Aix-en-Provence, France. A 
two-alternative forced choice task was created through 
Perceval software [1]. Each participant was placed in 
front of a computer screen, equipped with headphones 
and response pads (placed under the dominant hand). 
Sound intensity was always set to the same value. 

Participants were asked to give one of two possible 
responses upon hearing each stimulus: question or 

___Step 1 

Step 17____ 

Figure 1: Schematised pitch contour in the 
two modalities.  

F0
 (H

z)
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continuation. They were instructed to give their 
responses as quickly as possible and could only listen 
to each stimulus once. After a short training session, 
experimental stimuli were presented in 5 repetition 
blocs of 36 stimuli each, plus 16 fillers. A short break 
was placed after the third bloc to allow participants to 
rest.  

2.4. Results 

Response scores and reaction times were collected 
(though reaction times are not analysed here). Data for 
4 participants were excluded (they responded with the 
same key more than 90% of the times). Thus, we 
analysed data from a sample of 26 participants, for a 
total of 4680 data points. Percentage of “question” 
responses was calculated across all subjects, by step (1 
for the most convex, 17 for the most concave, as shown 
in Fig. 2, while 0 is used for the base stimuli).  

Note that the base stimuli (step 0) were identified 
with a very high score (95% of “question” responses 
for the question-base stimulus and 83% of 
“continuation” responses for the continuation-base 
stimulus), despite their duration was rendered 
ambiguous between the two modalities. Note also that 
the Step manipulation induced the same direction of the 
effect for both continua, in that increasing concavity 
lead to more question responses from stimulus 1 to 
stimulus 17 for both series.  

To statistically test the response variance, mixed-
effect logistic regression models were carried out. R 
software with ‘lme4’, ‘lmerTest’, ‘car’ and ‘multcomp’ 
packages was used to carry out the statistical analysis. 
Step (0 to 17), Base type (question vs. continuation) 
and Bloc number were specified as fixed factors (with 
their interaction), and random slopes for Base type and 
Step as well as random intercepts for Participants, were 
included in the retained model1. Since our data set was 
too large for the default fitting methods in ‘glmer’, it 
was necessary to implement the function option 
“nAGQ=0” for the model-fitting process to converge 
[5]. The Anova function retained our three fixed factors 
Step (χ2=50.75, p<0.001), Base type (χ2=42.44, 
p<0.001) and Bloc (χ2=6.35, p<0.01) as significant. 

As for the interactions, the model retained only the 
one between Step and Base (χ2=37.21, p<0.01) and 
Base by Bloc (χ2=6.45, p<0.01), so that multiple 
comparisons (Tukey test with Bonferroni correction) 
were carried out to find the source of these interactions. 
The interaction between Step and Type could be 
explained by a smaller rate of change in the amount of 
question responses across step in question-based 
stimuli than in continuation-based stimuli. This can 
                                                             
1 R function: glmer (response~step*type*bloc 
+(0+step2|subject)+(0+type|subject)+(1|subject),  
family="binomial", nAGQ=0). 

also be observed both in Fig. 3 and in Tab. 1. The model 
was then retransformed for multiple comparisons to 
have 36 levels (18 Steps * 2 Base types), 10 levels (5 
Blocs * 2 Base types). For the sake of space, not all 
comparisons are presented. Table 1 shows the 
comparisons of 3 steps at the beginning of the 
continuum (before step 10) and 3 steps after step 10. 

For instance, response score was significantly different 
between the continuation-base steps 3 and 14, which 
was not the case for questions.  

Detailed analyses of multiple comparisons of the 
interaction between Bloc and Base type revealed an 
effect of Bloc 2 (β =-5.06, β SE= 1.428e-01, p<0.01), 
i.e. of Bloc 3 (β=-5.57, β SE= 1.428e-01, p<0.01) and 
Bloc 5 (β =-5.88, β SE= 1.431e-01, p<0.01) for 
continuation responses when compared to Bloc 1. No 
such dependency was found for questions. Therefore, a 
slight effect of adaptation to the task was observed only 
for continuation responses.  

 
We also estimated 50% crossover points for both 

continua on the basis of the simpler glmer model2  and 

2 R function: glmer (response~step + (1|subject) 
family="binomial", nAGQ=0)) 

 
Continuation base 

 Step 1 Step 3 Step 7 
Step 10 0.000772 0.000181 1.000000 
Step 14 4.39e-10 7.02e-11 0.133679 
Step 17 < 2e-16 < 2e-16 9.19e-07 

Question base 
Step 10 0.000884 0.965744 1.000000 
Step 14 2.64e-05 0.122697 1.000000 
Step 17 < 2e-16 1.38e-09 3.35e-05 

Table 1:  p values of several multiple comparisons 
between steps. Significant p values are represented 
on the darker background.   

Figure 3: Percentage and standard error of ‘question’ 
responses by Step and Base for all subjects. 
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obtained the following values: for question base 
stimuli, crossover occurred at step 5.53 (SE= 1.49), 
while for continuation base stimuli at step 9.63 
(SE=1.27). Step 0 was not included for these 
calculations. The estimated crossover points for each 
continuum are represented in Fig. 2 with red stars. 

3. DISCUSSION  

In this study we tested the effect of interpolation shape 
(continuation vs. declarative question) in French. 
Resynthesized stimuli were used in a two-alternative 
forced choice task with two 17-step continua created on 
the basis of either a continuation or a question base 
utterance in which segmental duration was rendered 
ambiguous between the two modalities.  

First, our results strongly suggest that the shape of 
the LH interpolation can alone shift contour 
identification from one modality to the other, though 
the effect was stronger in continuation-base than in 
question-base stimuli. Hence our hypothesis that 
French continuation and question rises can be 
identified on the basis of rise shape, independent of L 
and H alignment, as well as target scaling and 
segmental duration, was confirmed by the results.  

Despite the fact that our results provide further 
support to the importance of dynamic pitch information 
in the perception of intonation contrasts, they cannot be 
easily accounted for by the ToCG hypothesis, stating 
that contour shape might induce a different tonal 
alignment perception. According to ToCG, convex 
stimuli should translate into a later perceived H 
alignment. In French, though, H alignment is not 
significantly different between French question and 
continuation rises in production [28], hence alignment 
cannot be the basis of the perception difference. A more 
dynamic interpretation of the perception results is 
hence in order.   

 Our findings are, on the other hand, in line with those 
by Grundstrom [15], suggesting that concave 
interpolation is a feature of perceived question 
intonation in French. The author also noticed, though, 
that greater levels of identification were guaranteed by 
the rise being produced at a sufficiently high F0 level. 
Given that both duration and tonal target values were 
rendered ambiguous between the two base stimuli, our 
results point to the fact that the listener, when deprived 
of clear alignment and scaling information, can employ 
dynamic F0 information in order to distinguish 
between the two contours.  Note also that stimuli at step 
0, which were only durationally modified in order to be 
ambiguous between the two modalities, were still 
clearly identified as belonging to either one of the 
modalities, possibly thanks to keeping the original 
scaling values (i.e., a higher final H for questions). This 
suggests that duration itself might not be a crucial cue 
for identification of this contrast in French.  

Morever, Base type had an effect on the 
manipulation, given that our statistical analyses 
showed an interaction between Step and Base. 
Specifically, the shift from continuation to question and 
vice-versa was not homogeneous, given the tendency 
for continuation-base stimuli to produce a later shift 
(9.63 step as cross-over point), with a softer slope in 
the response curve which is visible in Fig. 3. We can 
speculate that this might have been due to specific 
intensity and/or spectral characteristics of the base 
stimuli. As for intensity, Rossi [29] pointed out the 
need for this acoustic feature to reach specific values in 
order to induce the perception of specific intonation 
contrasts. Grundstrom [15] also showed that greater 
intensity values towards the end of the rise continuum 
increased question identification, to the exception of 
stimuli characterized by higher F0 ranges. Note that 
intensity and F0 do also interact in the perception of 
lexical tone in Mandarin [32]. Thus, given that neither 
intensity nor spectral cues were rendered neutral in our 
stimuli, they might have induced the observed 
interaction. 

Finally, note that the slope of the response curves is 
rather shallow for both continua (though slightly less 
for the continuation-base continuum) hence not bearing 
the typical S-shape curve of categorically perceived 
stimuli. This might have been merely due to the use of 
very small F0 steps. Alternatively, this can be 
accounted for by the fact that rise shape might be a 
secondary cue relative to H target scaling and/or 
duration.  

In sum, our results show that interpolation rise 
shape can act as a cue differentiating intonation 
contours in perception, in the absence of unambiguous 
tonal target alignment and scaling information. Hence, 
a complex integration of F0, intensity and possibly 
spectral dynamics might be at the basis of the 
perceptual representation of intonation, similar to 
lexical tone contrast. Future work will need to assess 
whether dynamic cues are employed only when 
primary cues are missing and/or in the presence of 
noise. 

4. CONCLUSION 

Our study confirms sensitivity on the part of French 
listeners to dynamic changes in intonation rises, and its 
use in understanding speaker’s pragmatic intentions. 
Stimuli varying in degree of convexity within an F0 rise 
were either identified as continuations or as questions, 
in absence of unambiguous target scaling, tonal 
alignment and durational cues. Future work will need 
to determine whether dynamic information is further 
reanalysed in terms of perceived static targets, with 
specific alignment and scaling values, or if the 
representation of intonation is itself dynamic in nature.  
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