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Abstract 

Languages rely on many verbal and nonverbal sources for 

the expression of uncertainty, and these linguistic markers are 

used by hearers to detect degrees of uncertainty in natural 

communication. An important question is whether the 

perception of uncertainty is better chracterized by lexical 

marking, prosody or facial gestures. To test this, a group of 

Catalan speakers were presented with two perception 

experiments containing a set of audiovisual materials in which 

lexical, prosodic and facial gestural cues presented congruent 

and incongruent combinations for the expression of 

uncertainty. The results from the two experiments demonstrate 

that, even though lexical choice is important for conveying  

pragmatic meanings like uncertainty, it can be easily 

overridden by prosodic and gestural patterns. Moreover, when 

gesture and prosody are in conflict, gesture is a more salient 

and powerful cue. 

 

Index Terms: audiovisual prosody, uncertainty, modal 

adverbs, intonation, facial gestures. 

1. Introduction 

As is well-known, languages rely on many sources for the 

expression of uncertainty, namely lexical marking (by the 

choice of modal adverbs such as probably, perhaps), 

morphological marking (in languages with morphemic 

marking of epistemicity), prosody, as well as facial gestures 

(see, e.g., [1]). These linguistic markers are used by hearers to 

detect degrees of uncertainty in online communication. An 

important question is whether the perception of uncertainty is 

better encoded at the lexical or morphological level as 

opposed to the intonational or gestural level. 

In a classic study, Mehrabian and Ferris [2] analyzed how 

listeners got information about a speaker’s general attitude in 

situations where the facial expression, tone of voice and/or 

words were sending conflicting signals. Three different 

speakers were instructed to say “maybe” with three different 

attitudes towards their listener (positive, neutral or negative). 

Next, photographs of the faces of three female models were 

taken as they attempted to convey the emotions of like, 

neutrality and dislike. Test groups were then instructed to 

listen to the various renditions of the word “maybe,” with the 

pictures of the models, and were asked to rate the attitude of 

the speakers. Significant effects of facial expression and tone 

were found suggesting that the combined effect of 

simultaneous lexical, vocal and facial attitude communications 

is a weighted sum of their independent effects, with the 

coefficients of .07, .38 and .55, respectively. 

Dijkstra, Krahmer & Swerts [3] tested which cues 

participants used to assess the degree of certainty of a person 

answering factual questions. The auditory-visual (AV) 

materials presented prosodic cues such as fillers (“uh”), rising 

intonation contours or marked facial expressions, artificially 

manipulated in such a way that all possible combinations of 

the cues could be judged by participants. All three factors had 

a significant influence on the perception results, but facial 

expressions had by far the largest effect. Similarly, Swerts & 

Krahmer [1] showed that there are clear visual cues for a 

speaker’s feeling of knowing and that listeners are more 

capable of estimating another person’s knowing on the basis 

of combined auditory and visual information than on the basis 

of auditory information alone. Rilliard et al. [4] explored the 

audiovisual perception of attitudinal expressions in Japanese 

and French and found that the two modalities were widely 

used by all speakers and decoded adequately by listeners. 

Moreover, while the expression of obviousness seemed to rely 

heavily on the speaker’s performance, neutral statements and 

dubitative expressions behaved similarly such that both 

languages had a systematic opposition between an assertive 

and a dubitative expression. Even though earlier literature 

shows that visual cues for uncertainty can override auditory 

cues and even lexical markers, little is known about the 

interactions between these three types of information. 

Several studies have shown that our perceptual system 

integrates auditory speech information and visual cues from 

the speaker's face. In a classic study, McGurk & MacDonald 

[5] showed that perceptual confusions between consonants are 

different and complementary in the visual and auditory 

modalities, demonstrating that speech perception is 

multisensorially integrated. Though crossmodal integration 

has been studied at the segmental level, our knowledge of 

audiovisual interactions in the perception of congruent and 

incongruent prosodic information is more limited. 

Borràs-Comes & Prieto [6] explored the relative 

importance of pitch accent contrasts and facial gestures in the 

distinction between contrastive focus statements and counter-

expectational questions using a continuum of congruent and 

incongruent multimodal stimuli. Though listeners paid more 

attention to the visual component of the AV materials, effects 

of audiovisual integration were found. Specifically, 

intermediate visual stimuli caused the acoustic signals to have 

a greater impact on listener judgments. 

The goal of our experiments is to test whether the lexical 

marking of uncertainty is able to override the prosodic and 

gestural cues, and vice-versa. The novelty of this paper is that 



it introduces a three way opposition between three types of 

lexical markers (perhaps, probably, and obviously) which 

express three different degrees of certainty, which interact with 

congruent and incongruent intonation and gestural patterns. 

To test this, we ran a set of decision tasks with 30 speakers of 

Catalan, in which they had to rate the stimuli on a 1-7 scale of 

certainty. 

The audiovisual recordings obtained to assess the 

audiovisual cues for uncertainty in Catalan are presented in 

section 2. Experiments 1 and 2 are presented in sections 3 and 

4, respectively. Finally, we discuss the results and their main 

implications in section 5. 

2. Audiovisual recordings 

The goal of our research is to test whether the lexical 

marking of uncertainty can override or not prosodic and 

gestural cues. In order to assess which intonational and 

gestural cues are used for Catalan speakers in order to mark 

uncertainty, four Catalan native speakers (henceforth actors) 

were recorded while answering to two wh- questions: 

 

1. Qui vindrà al sopar? La Marina. 
‘Who will come to the dinner?’ ‘Marina.’ 

2. On és el sopar? A “La Gavina”. 
‘Where is the dinner?’ ‘At “The Seagull”.’ 

 

The four actors were asked to pronounce four different 

types of answers: an isolated condition (e.g, La Marina) and 

three adverbial conditions using the following modal adverbs: 

potser ‘perhaps’, segurament ‘probably’, and òbviament 
‘obviously’ (e.g. Potser la Marina, Segurament la Marina, 

and Òbviament la Marina). These 8 different utterances (2 

item × 4 adverb) were pronounced both in a confident way and 

in an uncertain way, with no explicit instructions on how to 

express certainty and uncertainty audiovisual prosody. 

 

 

 
 

Figure 1. Representative intonational patterns of A la Gavina, with 
certainty (top panel) and uncertainty (bottom panel) interpretations. 

 

Concerning the intonational properties, our production 

results were consistent with [7] and showed that uncertainty 

statements tend to present mid-level boundary tones, slower 

speech rates and optionally longer final syllables compared to 

confident ones. Figure 1 shows two representative intonational 

patterns of A la Gavina, with a certainty and an uncertainty 

interpretation. 

The Elan 4.0.1 software program ([8]) was used to label 

gestures produced by means of five gestural articulators (head, 

eyebrows, eyes, mouth, shoulders). Gestures were labeled 

according to Facial Action Coding System (FACS; [9]), which 

allows coding visually distinguishable facial expressions and 

other types of gestures from the upper part of the body. FACS 

groups muscle activity into so-called Action Units (AUs) that 

bundle uniquely identifiable facial movements; the articulatory 

basis of these movements can thus be the activity of one or 

multiple muscles. The analysis of the gestural cues reveals that 

the most stable gestural cue in the conveyance of certainty is 

an “affirmation” head nod (M59), whereas all other 

articulators (eyes, eyebrows, mouth and shoulders) do not 

seem to play any clear role (eyes wide open appear to be a 

secondary gestural correlate of certainty). On the other hand, 

the gestural expression of uncertainty is reflected in most 

articulators, with the only exception of eyebrows. When 

expressing uncertainty, subjects shrug their shoulders (AU82), 

squint their eyes (AU6), stretch their lips (AU20) and make 

single head movements (chin-out, side turn, side tilt) which 

are different from the head movements related to certainty. 

Figure 2 shows four representative gestural patterns of La 
Marina, with a certainty (left panels) and an uncertainty (right 

panels) interpretation. 

 

  
 

 

 

 
 

Figure 2. Representative gestural patterns of La Marina, with a 
certainty (left panels) and an uncertainty interpretation (right 
panels). 

 

The selected stimuli were rated on a 1-7 scale of certainty 

(1 = totally uncertain; 7 = totally certain) by 4 separate raters, 

which coincided in the rating of the prosodic and gestural 

stimuli as being adequate for the expected category. 

We thus obtained a corpus of 64 utterances (4 actors × 2 

items × 4 adverbs × 2 prosodic/gestural conditions). This set 

of audiovisual recordings was the basis of the audiovisual 

stimuli used in our two perceptual experiments. 



3. Experiment 1: verbal vs. nonverbal cues 

3.1. Methodology 

Experiment 1 consisted of three tasks. In these three tasks, 

the abovementioned 64 stimuli were presented in an auditory-

only condition (AO task), in a visual-only condition (VO task) 

and in an audiovisual condition (AV task; always presenting 

congruent intonational and gestural combinations to the 

participants). The order of the AO and VO tasks was 

counterbalanced among participants. 

A total of 30 Catalan native speakers participated, for a 

total of 5,760 responses (64 stimuli × 3 tasks × 30 subjects). 

All subjects were undergraduates studying journalism or 

translation at the Universitat Pompeu Fabra, and were paid for 

their participation. Stimuli were presented to subjects over 

headphones and a computer screen. They were instructed to 

pay attention to the materials and rate them on a 1-7 scale of 

certainty (1 = totally uncertain; 7 = totally certain). 

The experiment was set up by means of E-prime 2.0 

([10]), and response frequencies were automatically recorded. 

Subjects were instructed to press the button as quickly as they 

could. The experiment was set up in such a way that the next 

stimulus was presented only after a response had been given. 

All responses were analyzed using a Linear Mixed Model 

(LMM) analysis through IBM SPSS Statistics 19.0 ([11]). 

LMM can control for both fixed and random factors. In our 

analyses, subject, actor and item were set as crossed random 

effects. First, we present the results concerning the isolated 

answers and second, the results of the three adverbial 

conditions. 

3.2. Results 

3.2.1. Isolated condition 

Figure 3 shows the mean ‘certainty’ rates (y-axis) for the 

isolated answers, as a function of gestural/prosodic information 

(x-axis), in each task (different panels). The graph shows clear 

distinctions between VO and AV, but less clearer decisions for 

uncertainty-classified AO stimuli, which suggests that auditory 

information alone could not provide unmistakable cues for 

uncertainty marking. 

 

 
 

Figure 3. Mean ‘certainty’ rates (y-axis) for the isolated answers, as 
a function of gestural/prosodic information (x-axis), in each task 
(different panels). 

 

A LMM analysis was set up with the certainty rate as the 

dependent variable, AVPROSODY, CONDITION, and their 

interaction as fixed factors and subject, actor and item as crossed 

random factors. Main effects of AVPROSODY (F 1, 1195 = 

2146.953, p < .001) and CONDITION (F 2, 1195 = 31.055, p < 

.001) were found, and the interaction between the two was 

also significant (F 2, 1195 = 58.160, p < .001). We then ran a 

pairwise comparison between the three different conditions, 

with a Bonferroni adjustment for multiple comparisons. AO 

was different from both VO and AV (always p < .001), but 

there were no differences between VO and AV (p = .291). 

3.2.2. Adverbial conditions 

Figure 4 shows the mean ‘certainty’ rates (y-axis) for the 

adverbial answers, as a function of gestural/prosodic information 

(x-axis) and the adverb used (different bars), in each of the three 

conditions (different panels). The graph shows a clear distinction 

based on prosodic/gestural information, especially for VO and 

AV. In AO, the uncertainty-classified utterances were at chance 

level when probably and obviously adverbs were used. 

 

 
 

Figure 4. Mean ‘certainty’ rates (y-axis) for the adverbial answers, as 
a function of gestural/prosodic information (x-axis) and adverb used 
(different bars), in each of the three conditions (different panels). 

 

A LMM analysis was set up with the certainty rate as the 

dependent variable, AVPROSODY, CONDITION, ADVERB and all 

their possible interactions as fixed factors and subject, actor and 

item as crossed random factors. Main effects of AVPROSODY (F 

1, 4063 = 3770.589, p < .001), CONDITION (F 2, 4063 = 15.536, p < 

.001), and ADVERB (F 2, 4063 = 301.634, p < .001) were found. 

All their paired interactions were also significant: AVPROSODY 

× CONDITION (F 2, 4063 = 64.437, p < .001), AVPROSODY × 

ADVERB (F 2, 4063 = 17.701, p < .001), and CONDITION × 

ADVERB (F 4, 4063 = 19.731, p < .001). The triple interaction 

AVPROSODY × CONDITION × ADVERB was not significant (F 4, 

4063 = 1,028, p = .391). A pairwise comparison between the 

three different conditions revealed that AO was different from 

both VO and AV (always p < .001), but there were no 

differences between VO and AV again (p = 1). Another 

pairwise comparison between the three adverbs revealed 

significant differences for every comparison (always p < .001). 



4. Experiment 2: gesture vs. intonation  

vs. lexical choice 

4.1. Methodology 

For Experiment 2, the set of 64 stimuli from the previous 

VO task was presented together with congruent and 

incongruent auditory information (i.e., gestural information 

conveying uncertainty was presented with its original audio 

channel but also with the audio channel of the corresponding 

“confident” recording, and vice-versa), for a total of 128 AV 

stimuli. 

With respect to AV binding, we placed the new acoustic 

information where the original had one been, taking the 

stressed syllable of the narrow focused word in our sentences 

as an anchor point. By doing this, we kept all the 

suprasegmental properties of our acoustic stimuli. Despite 

some cases of temporary asynchrony, two separate raters 

reported consciousness-related binding and thus an acceptable 

situation of AV synchrony to allow our participants to 

integrate auditory and visual information (see, e.g., [12] on 

audiovisual binding and the ventriloquist effect). 

The same 30 Catalan native speakers participated, for a 

total of 3,840 responses (128 stimuli × 30 subjects). The 

experimental procedure was the same as in Experiment 1: to 

pay attention to the audiovisual materials and rate them in a 1-

7 scale of certainty. Again, we first present the results 

concerning the isolated answers, and then the results of the 

three adverbial conditions. 

4.2. Results 

4.2.1. Isolated condition 

Figure 5 shows the mean ‘certainty’ rates (y-axis) for the 

isolated answers, as a function of gestural/prosodic information 

(x-axis). The graph shows that when gesture provides certainty 

information and intonation provides uncertainty information, 

participants clearly rely on gestural information. 

 

 
 

Figure 5. Mean ‘certainty’ rates (y-axis) for the isolated answers, as 
a function of gestural/prosodic information (x-axis): 1 (uncertain AV 
prosody), 2 (uncertain gesture + certain intonation), 3 (certain 
gesture + uncertain intonation), and 4 (certain AV prosody). 

 

A LMM analysis was set up with the certainty rate as the 

dependent variable, GESTURE, INTONATION, and their interaction 

as fixed factors and subject, actor and item as crossed random 

factors. Main effects of GESTURE (F 1, 717 = 1321.346, p < .001) 

and INTONATION (F 1, 717 = 114.580, p < .001) were found, but 

the GESTURE × INTONATION interaction was not significant (F 1, 

717 = 0.007, p = .934). 

4.2.2. Adverbial conditions 

Figure 6 shows the mean ‘certainty’ rates (y-axis) for the 

adverbial answers, as a function of gestural/prosodic information 

(x-axis) and the adverb used (different bars). As in Experiment 

1, the graph shows an important effect of nonverbal information 

in the participants’ ratings, but also an effect of adverb. 

 

 
 

Figure 6. Mean ‘certainty’ rates (y-axis) for the adverbial answers, as 
a function of gestural/prosodic information (x-axis) and adverb used 
(different bars). 

 

A LMM analysis was set up with the certainty rate as the 

dependent variable, GESTURE, INTONATION, ADVERB and all their 

possible interactions as fixed factors, and subject, actor and item 

as crossed random factors. Main effects of GESTURE (F 1, 2629 = 

1676.672, p < .001), INTONATION (F 1, 2629 = 236.027, p < 

.001), and ADVERB (F 2, 2629 = 239.206, p < .001) were found. 

All their paired interactions were also significant: GESTURE × 

INTONATION (F 1, 2629 = 16.196, p < .001), GESTURE × ADVERB 

(F 2, 2629 = 3.468, p = .031), and INTONATION × ADVERB (F 2, 

2629 = 6.554, p = .001). The triple interaction GESTURE × 

INTONATION × ADVERB was not significant (F 2, 2629 = 2.128, p 

= .119). A pairwise comparison between the three different 

adverbs revealed significant differences for every comparison 

(always p < .001). 

5. Discussion and conclusions 

Experiment 1 showed an important effect of audiovisual 

prosody, i.e., nonverbal information, both in the isolated (F = 

2147) and in the adverbial condition (F = 3771). This effect 

was found to be especially stronger for the VO and AV 

conditions, with no differences between these two, which can 

be taken to mean that gestures convey uncertainty more clearly 

than intonation. 

Moreover, it has been shown that sentences preceded by 

probably and obviously produced with uncertain prosody — as 

well as sentences preceded by perhaps produced with certain 

prosody — were perceived close to chance level by our 

participants, which suggest an incongruity between these lexical 



items and the prosodic information for the expression of 

uncertainty. 

Experiment 2 again showed an important effect of gesture, 

both in the isolated (F = 1321) and in the adverbial condition (F 

= 1676). Moreover, once gesture, intonation and adverb had 

been analyzed separately, we observe very similar effect sizes 

for intonation (F = 236) and adverb (F = 239). 

All in all, we have found that while all three cues (lexical 

choice, intonation, and gestural patterns) have a significant effect 

on certainty perception, it is mainly the visual (gestural) cues 

that have overridden the auditory cues. 

This phenomenon is in line with the findings of [1], [2] and 

[3]. The majority of studies that have focused on the role of 

facial expressions as salient indicators of the individual’s 

emotional state (such as incredulity or surprise in echo 

questions, feeling of knowing or of uncertainty, etc.) have found 

a very strong effect of visual cues. Overall, our results support 

that both facial gestures and prosody can be considered as two 

strongly interrelated systems when conveying linguistic 

meanings such as epistemicity, 
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