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• Visual features can be successfully used to identify prosodic 

information, such as stress or which word in a sentence is 

emphasized [Krahmer & Swerts, 2007]. 

• Prominent words are usually marked by means of facial 

expressions, such as head nods, eyebrow movements, or by 

more exaggerated movements of the articulators. This has 

been shown both in production [Dohen & Lœvenbruck, 

2009; Swerts & Krahmer, 2008] and perception studies [Al 

Moubayed & Beskow, 2009]. 

• Head and eyebrow movements are correlated with 

prominence marking, though results remain partially 

contradictory.[Dohen, 2009; Foxton et al., 2010; Scarborough 

et al., 2009] 

 

Introduction 



• Even though visual features and gestures have been shown 

to help and enhance linguistic processing, the conventional 

view is that facial and body gesture information in oral (non-

sign) languages tends to be redundant and has the role of 

helping the hearer recover the meaning of an utterance. 

 

• The aim of this work is to evaluate the relevance of prosodic 

and visual information in the perception of contrastive focus 

in an experiment which presents participants with 

conflicting prosodic and gestural stimuli.  

Introduction 



We conducted two perception experiments with a 3D animated 

character showing conflicting auditory and visual 

information to investigate two related questions: 

 

• How important visual cues are compared to auditory cues 

for the perception of contrastive focus? 

 [Dohen, 2009; Foxton et al., 2010; Scarborough et al., 2009]. 

 

• What is the relevance of the different gestural movements 

(i.e., head nod and eyebrow raising) for the perception of 

this type of focus?  

 [Dohen, 2009; Foxton et al., 2010; Scarborough et al., 2009] 

 

Research questions 



• Experiment 1: to evaluate the relevance of facial and 

intonational cues for the perception of narrow focus 

statements (NFS) and contrastive focus statements (CFS) in 

Catalan. 

 

• Experiment 2: to further investigate which facial 

movements play the strongest role in the perception of CFS. 

 

• We address these questions by means of the presentation of 

conflicting (audio)visual information using a 3D 

animated character. 

Goals 



• Participants: 18 speakers of Catalan. 

 

• Instructions: indicate which interpretation (NFS vs. CFS) is 

more likely for each stimulus by pressing the 

corresponding computer key. 

 

• Analysis: Generalized Linear Mixed Models (Random: 

Subject × Block) 

General Methodology 



• In Catalan, a pitch range difference in a L+H* L% is the main 

prosodic diff. between NFS and CFS  [Borràs-Comes et al. 2010]. 

• We modified F0 peak height in 4 steps (1.5 semitones), creating 

a continuum ranging from the NFS to CFS.  

Acoustic materials 

Figure 1. Schematic diagram showing pitch manipulation. 



• Figure 2a. Contrastive focus analysis and its translation/synchronization into an 

animated character..  

Visual materials 

• Based on natural videos, the key frames for each gestural 

movement were coded and their mean values were then used 

to animate the 3D avatar, using the NINOs Platform. 



• Figure 2b. Stills 

showing peak gesture 

combinations in the 16 

videos used in 

Experiment 2 (4 head 

positions × 4 eyebrow 

positions). The 4 videos 

used in Experiment 1 

videos are marked with 

a yellow border.  

Visual materials 
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• A transition was then created in four steps from the NFS facial 

configuration (first row) to the CFS facial configuration (fourth 

row).  Head nod movement steps are shown in the vertical 

scale and eyebrow movements in the horizontal scale. 



Experiment 1:  

Gestural and prosodic effects 



• Experiment 1 investigates the relation between facial cues and 

intonational cues for the perception of narrow focus statements 

(NFS) and contrastive focus statements (CFS) in Catalan.  

• The 4-step acoustic continuum of the rising-falling intonation 

contour (see Fig. 1) was crossed with the 4-step continuum of 

the visual materials created with the animated character, 

ranging from a facial neutral state (which characterizes NFS) to 

a CFS state (Fig. 2). 

• Participants had to decide whether they interpreted the 

utterance as having a contrastive or a non-contrastive statement 

meaning. 

• 1440 responses obtained (4 audio × 4 video × 5 blocks × 18 

subjects) 

Goals and Methodology 



• GLMM results reveal a main effect of intonation (F = 42.451, p < 

.001) and also a main effect of gesture (F = 64.034, p < .001), 

with no interaction between the two (F = 1.099, p = .874)..  

Results 

Figure 3. Mean CFS identification (y-axis) as 

a function of each particular continuum of 

visual information (lines) and auditory 

information (x-axis).  

• Figure 3 shows that clear gestural 

cues to focus combined with 

appropriate acoustic cues lead to 

accurate identification responses, 

while more conflicting gestural 

and acoustic cues lead to chance-

level scores. 

 



Experiment 2:  

Visual cues to focus 



• Experiment 2 investigates the effects of gestural cues (namely 

combinations of competing eyebrow and head movements) on 

the perception of contrastive focus..  

• Participants rated a series of visual-only materials containing 

combinations of the two gestural cues (head forward and 

eyebrow-raising), both in 4 degrees of activation, with all the 

possible combinations between them. 

 

 

Goals and Methodology 
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 • 1440 responses obtained (4 

head × 4 eyebrow × 5 

blocks × 18 subjects) 



• GLMM results reveal main effects for eyebrow (F = 8.480, p < 

.001) and head (F = 124.038, p < .001) gestures, and no 

interaction between the two (F = 1.832, p = .058).  

Results 

Figure 4. Mean CFS identification (y-axis) as a 

function of head inclination (lines) and 

eyebrow raising (x-axis). 

• Figure 3 shows that the effect of head movement is much 

stronger than that of eyebrow movements, especially when head 

nods are visually very pronounced (i.e., stimuli 3 and 4).  



Conclusions 

•  Experiment 1 revealed that listeners were more 

accurate in their detection of contrastive foci when 

clear gestures involving eyebrow raising and head 

inclination were combined with intonation patterns 

involving the highest increase in pitch range.  

 

• Gestural cues are somewhat more powerful. 

 

• Experiment 2 showed that head movements are 

stronger perceptual cues of contrastive focus than 

eyebrow raising, possibly due to their stronger 

perceptibility.  



Conclusions 

 

• Our findings lend support to the view that the 

visual component does not merely accompany 

acoustic prosodic information but is a crucial 

component in the semantic interpretation of 

contrastive focus. 

 

 


