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Visual channel influences the accuracy of listeners’ comprehension of Brazilian 
Portuguese intonation of wh-questions and wh-exclamations 

Luma da Silva Miranda1, João Antônio de Moraes2,3, Albert Rilliard2,4

1Eötvös Loránd University, Hungary
2Federal University of Rio de Janeiro, Brazil; 3CNPq, Brazil
4Université Paris-Saclay, CNRS, LISN, France

The multimodality of speech helps listeners to perceive prosodic functions such as 
sentence mode [1,2,3,4,5,6]. One of the protocols applied to evaluate the particular influence 
of the visual channel is based on McGurk & McDonald’s work [7] that uses audio and visual 
modalities to convey a set of categories. The particular category presented through each 
modality may be the same (congruent) or not (incongruent presentations). This work aims 
at measuring the relative influence of each modality on a given function [8]. In a previous 
study [6] on the multimodal production and perception of Brazilian Portuguese (BP) wh-
questions and wh-exclamations, it was shown that, acoustically, there is a steeper F0 fall in 
the nucleus for the former and a slighter movement for the latter, plus a higher initial F0 in 
wh-questions than in wh-exclamations. The intensity patterns of both contours are different. 
Visually, specific facial gestures for each speech act were described: lowered eyebrow plus 
the head turned right for wh-questions; lips corner raiser and up and down head movement 
for wh-exclamations. A perception test showed that BP listeners can identify each contour 
based on the auditory and visual cues, either separately or combined. 

In the present study, the audio and the visual performances of BP wh-questions 
and wh-exclamations were mixed to create congruent (same speech act) and incongruent 
(different speech acts in the two modalities) stimuli, so as to evaluate the relative strength of 
these modalities in the identification of these speech acts. The stimuli were recorded by ten 
BP speakers (five females and five males) from Rio de Janeiro who repeated both speech acts 
ten times (two hundred utterances). The eighth and ninth repetitions of each act produced 
by each speaker were chosen so as to avoid a qualitative selection of the performances. 
The production of the stimuli was made with the Vegas Pro software [9] following these 
steps: for the congruent stimuli, two repetitions of the same speech act were used and the 
audio of one repetition was dubbed into the video of the other. For incongruent stimuli, one 
repetition of each speech act was used, dubbing the audio of one speech act into the video 
from the other speech act. The outcome of this procedure was a set of forty stimuli: ten 
congruent and ten incongruent stimuli of wh-questions and wh-exclamations. By using the 
PsyToolkit website [10,11], a perceptual identification protocol was designed and applied 
over the internet. Thirty-six BP listeners participated; they had to identify, for each stimulus, 
the mode of the perceived sentence (wh-question or wh-exclamation). 

The answers to each stimulus were then considered as “hit” (1) or “miss” (0) whether the 
judge correctly identified the mode of the audio modality. This was done because the audio 
modality is supposed to dominate; we evaluate here the effect on the audio identification 
ratio introduced by the visual modality. It is hypothesized that an incongruent presentation 
will decrease identification, while a congruent one will increase it. The proportion of “hit” 
or “ratio of correct answers” was used as the dependent variable of a logistic regression, 
which used as independent variables the “speech act” (two levels: wh-question, PQ, and 
wh-exclamation, EX), the “congruence” between modalities (two levels: congruent, C, and 
incongruent, I), and the “speaker groups” who produced the stimuli (five levels of “speakers 
groups” showing coherent answers were obtained at the end of a simplification procedure; 

EcQs and InfS. Phonetically, EcQEp, which have a hint of surprisal, differed from both EcQPer 
and InfoS. The results do now show support for a different semantics for EcQs and InfoSs.
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see [12]). The model showed a main effect of factors “congruence” and “speaker groups” 
and significant interactions between “speaker groups” and “congruence”, as well as between 
“speaker groups” and “speech act”. The main effect of the “congruence” factor indicated 
that the incongruent stimuli significantly lowered the ratio of correct identification. Fig. 1 
presents the mean identification ratio for the significant interactions. One can observe that 
the identification level for each speech act is mostly above 60%. This illustrates not only 
the primary role of the audio modality for the expression of the sentence mode, in line 
with previous studies [3,4,5,8], but also the speaker-dependent use of modalities for the 
expression of these speech acts in Brazilian Portuguese: some relying more than others on 
visual performances – but the audio modality being always dominant. It also shows that the 
QP expression has a higher identification ratio than EX, when produced by some speakers: 
this underlines the importance of individual performances.

Figure 1: 0HDQV�DQG�FRQȴGHQFH� LQWHUYDOV�HVWLPDWHG�E\� WKH�UHJUHVVLRQ�PRGHO� IRU� WKH� LQWHUDFWLRQV�EHWZHHQ� IDFWRUV�
“Congruence” (separate lines) and “Speaker groups” (x-axis) (left), and between “Speech act” (separate lines) and 

“Speaker groups” (x-axis) (right).
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