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ABSTRACT 

 
This study tested whether listeners adapt to speaker-
specific prosody in anticipatory processing, and, if 
so, whether adaptation is modulated by belief about 
the speaker’s intention. In three visual-world eye-
tracking experiments, we compared how listeners 
responded to proper uses of contrastive accent on an 
adjective-noun pair (e.g., First, find the red cat. 
Next, find the PURPLEL+H* cat) in Experiment 1 to 
deviant or improper uses of contrastive accent (e.g., 
First, find the red cat. Next, find the PURPLEL+H* 
pig) in Experiments 2 and 3. Experiment 1 
confirmed that proper uses of contrastive accent lead 
anticipatory looks to the target object. Experiment 2 
showed no anticipatory effects of contrastive accent 
when the adjective accent was deviant. Experiment 
3, where participants were informed before the 
experiment that the speaker was not trustworthy, 
showed participants learned to anticipate the 
upcoming referent (pig) with improper contrastive 
accent over the course of the experiment. 
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1. INTRODUCTION 

There are a growing number of studies reporting the 
anticipatory use of prosody, in which listeners 
process prosodic cues rapidly enough to predict a 
speaker-intended referent, even before encountering 
disambiguating lexical material [1,2]. These studies 
support the view that language users draw on 
general statistical knowledge of prosodic functions 
in conjunction with other information, such as 
contextual information and world knowledge, to 
generate predictions about upcoming linguistic 
material. In addition, recent work in sentence 
processing has addressed the language processing 
change in response to language input, known as 
linguistic adaptation. The adaptation effect has been 
primarily observed at lower levels of processing, 
such as phonemic categorization and word 
recognition [3,4]. However, recent research has 
found that adaptation is also present at higher levels 

of representations, such as sentence level syntactic 
processing [5,6]. The findings suggest that language 
users update their expectations for future input 
according to their experience within the experiment. 
Similarly, studies investigating prosodic adaptation 
indicate that listeners down-weight prosodic cues 
when the information they convey is not reliable 
[7,8]. Listeners also appear to adjust the degree to 
which they use boundary tone information in 
proportion to how informative the cue is in the 
experiment [9].  

An important remaining research question 
concerns whether and how listeners make use of 
deviant or improper prosodic marking, and whether 
the outcome of prosodic adaptation is modulated by 
listeners’ beliefs about the speaker’s intention. On 
the one hand, listeners might simply put less weight 
on prosody in making structural judgement with 
improper prosodic marking. On the other, listeners 
might learn speaker-specific prosodic patterns to 
make anticipatory judgments about the intended 
meaning. In order to address these possibilities, the 
current study manipulated the contrastive accent 
marking (L+H*) and the listener’s belief about the 
speaker’s intention in three experiments.  

In a series of visual-world eye-tracking 
experiments [10], we compared how listeners 
responded to proper and improper uses of 
contrastive accent on an adjective-noun pair. 
Experiment 1 tested whether proper use of 
contrastive accent (1; red cat followed by PURPLE 
cat with Fig. 1) leads to anticipatory looks to a target 
object.  Experiment 2 tested how listeners respond to 
the “improper” use of contrastive accent (2; red cat 
followed by PURPLE pig with Fig. 1). Using 
exactly the same materials as in Experiment 2, 
participants in Experiment 3 were informed before 
the experiment that the speaker was not trustworthy. 
This manipulation allowed us to explore whether 
listeners’ awareness of the speaker’s intention 
influences how much they adapt to the speaker-
specific deviant use of contrastive accent. 
 
Proper contrastive accent (Experiment 1) 
(1) First, find the red cat. 
      Next, find the PURPLEL+H* cat. 



Improper contrastive accent (Experiments 2 and 3) 
 (2) First, find the red cat. 
      Next, find the PURPLE L+H* pig. 
 

Figure 1: Visual array presented with (1) and (2) 
 
 
 
 
 
 
 
 

2. EXPERIMENTS 

2.1. Experiment 1 

In Experiment 1, we tested whether proper use of 
contrastive accent (L+H*) on the adjective (1b) 
leads to anticipatory looks to a target object (e.g., a 
purple cat) as compared to the control condition that 
had new information (H*) accent (1a).  
 
(1) First, find the red cat.  

a. Next, find the purpleH* cat. 
b. Next, find the PURPLEL+H* cat.  

We predicted that listeners use contrastive accent to 
predict an upcoming referent during visual search. 
We expected to observe anticipatory eye movements 
to the target object prior to the onset of the target 
noun when the sentence had contrastive accent on a 
contrastive adjective (1b) compared to the control 
condition with new information (H*) accent (1a).  

2.1.1. Participants 

Thirty-six native speakers of English with 
unimpaired vision and hearing participated in the 
experiment for course credit.  

2.1.2. Stimuli 

Thirty-six experimental items were created. Each 
item consisted of a sound file of a sentence and a 
corresponding visual scene. The auditory stimuli 
were recorded by a male native speaker of English 
trained in English ToBI [11]. Figure 2 shows the F0 
contours of the sentence (1) in each condition.  

The visual scenes were prepared using clip art 
images. The position of the objects was counter-
balanced across the items. Two experimental lists 
were created following the Latin square design 
including 36 target items and 54 filler items. The 90 
items in each list were presented in a pseudo-random 
order.   

 
 

Figure 2: Waveform, pitch track, and accent type for 
(1a, top) and (1b, bottom). 

 

 
2.1.3 Procedure 

Participants were told to listen to the sentences 
carefully while attending to the picture on the 
computer monitor. As soon as the sentence finished, 
participants responded by pressing the left or right 
bumper on a gamepad that corresponded to the 
position of the second-mentioned object. In each 
trial, the sentence was presented 3000ms after the 
picture onset of the computer screen. Participants’ 
eye-movements around the screen were recorded 
with the EyeLink 1000 Plus (SR Research) at a 
sampling rate of 500 Hz. Each experimental session 
lasted approximately 30 minutes. 

2.1.4. Data analysis and results 

We summed the gazes to each entity in the scene 
and calculated the logit of looks to each entity out of 
looks to all the objects in the scene [12], including 
the background. Statistical analyses for the duration 
of anticipatory time window (from the onset of the 
color adjective until the minimum onset of the target 
noun) were conducted using linear mixed-effect 
regression models [13]. We included Prosody (with 
L+H* or  H*) and Trial Order (1 to 90) as fixed 
effects, as well as their interaction. Participants and 
items were included as random factors.  

Figure 3 shows the proportion of looks to the 
target object from the onset of the color adjective. 
There was a main effect of Prosody (β=2.37, 
SE=1.05, t=2.25, p<0.05); more looks to the target 
object were observed with contrastive accent than 
without it. Crucially, the effect was observed before 
the onset of any disambiguating information. As 
predicted, participants used contrastive accent to 
program an eye-movement in anticipation of the 
upcoming word that was most likely to contrast with 
the previous word in the visual array, replicating the 
results of previous research [1]. 
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Figure 3: Proportion of looks to the target object from 
the onset of the color adjective to 500ms. 

	

2.2. Experiment 2 

Previous studies testing the adaptation effect in 
prosodic processing have shown that listeners track 
how informative or reliable prosodic cues are, and 
adjust the extent to which they use prosody in 
structural analysis [7-9]. For example, Nakamura, 
Harris, and Jun [9] showed that listeners placed less 
weight on prosodic information in structural 
decision while processing target items when filler 
items in the experiment had a boundary tone that did 
not align with a syntactic unit. However, it is not yet 
clear whether listeners can learn the speaker-specific 
way of deviant but consistent prosodic marking 
patterns to make anticipatory judgements. In order to 
address this question, Experiment 2 tested how 
listeners responded to the improper use of 
contrastive accent (2b) compared to a control 
condition with new information (H*) accent (2a). 
The same visual scenes as in Experiment 1 were 
used in Experiment 2.  
 
(2) First, find the red cat.  

a.  Next, find the purpleH*  pig. 
b.  Next, find the PURPLEL+H* pig. 

If listeners adjust the degree to which they use 
prosodic cues based on how informative the prosody 
is in the experiment, listeners should put less weight 
on contrastive accent information in anticipatory 
processing in this experiment. Thus, we expected 
that participants in Experiment 2 would make less 
anticipatory eye-movements compared to the 
participants in Experiment 1.  

2.2.1. Participants, Stimuli, and Procedure 

Thirty-five native speakers of English participated in 
the experiment. As in Experiment 1, two 
experimental lists were created including 36 target 
items and 54 filler items, recorded by the same 
speaker as in Experiment 1. The procedure in 
Experiment 2 was identical to that in Experiment 1.   

2.2.2.  Data analysis and results 

Analyses on fixations to each entity were conducted 
as in Experiment 1. The results for the looks to the 
target object (e.g., purple pig) and those to the 
competitor object (e.g., purple cat) showed no effect 
of Prosody or Trial Order. In order to compare the 
difference between Experiment 1 and 2, we 
conducted a combined analysis between the two 
experiments and compared the looks made to the 
object that is predicted by the proper use of 
contrastive accent (e.g., purple cat). There was a 
main effect of Experiment (β=6.38, SE=3.05, t=2.09, 
p<0.05), indicating that upon hearing the color 
adjective, participants in Experiment 2 looked less 
often to the object that contrasted with the 
previously mentioned object compared to 
participants in Experiment 1. However, no evidence 
for learning of the improper use of contrastive 
accent was observed. 

2.3.  Experiment 3 

Previous studies found that listeners quickly recruit 
speaker-based knowledge in reference resolution 
[14]. Grodner & Sedivy [15] have further shown that 
when listeners had reason to believe the speaker in 
the experiment to be an unreliable communicative 
partner, they did not use a restrictive adjective 
modifier as an informative cue in determining the 
referent in contrastive context. In Experiment 3, we 
examined the possibility that listeners’ beliefs about 
the speaker help them learn the speaker’s specific 
use of deviant prosodic marking. Using exactly the 
same materials as in Experiment 2, participants in 
Experiment 3 were told before the experiment that 
they were going to play a game with “a devious 
opponent who will try to trick them”. This 
manipulation allowed us to explore whether the 
adaptation process would be different depending on 
whether or not listeners are informed about the 
speaker’s intention, and whether listeners use the 
speaker’s deviant but consistent way of mapping 
between prosody and meaning in anticipatory 
processing. Thirty-three participants participated in 
Experiment 3.  

2.3.1.  Data analysis and results 

Analyses on fixations to each entity were performed 
in the same manner for the same anticipatory time 
window as in Experiments 1 and 2. Figure 4 shows 
the proportion of looks to the target object from the 
onset of the color adjective. The results for the looks 
to the target object (e.g., purple pig) revealed an 
interaction between Prosody and Trial Order (β=1.45, 
SE=7.38, t=1.97, p<0.05). Participants learned how 
to predict the correct upcoming referent with 
improper use of contrastive accent, as they heard 
more tokens in the experiment (Figure 5).  



Figure 4: Proportion of looks to the target object from 
the onset of color adjective to 500ms. 

 
 
Figure 5: Change in looks to the target object from trial 
1 to 90. 

 

In order to compare the difference in looks to the 
target object (purple pig) between Experiment 2 and 
3, we conducted a combined analysis between the 
two experiments. The analysis revealed a marginal 
three-way interaction between Prosody, Trial Order, 
and Experiment (β=1.43, SE=7.45, t=1.925, 
p=0.054), suggesting that learning effect of improper 
use of prosody was significant only in Experiment 3. 
The results further indicate that when listeners were 
aware that the speaker was uncooperative, they 
learned the speaker’s deviant use of contrastive 
accent prosody and ascribed a meaning to the 
speaker-specific prosody. 

3. DISCUSSION 

The current study examined whether listeners adapt 
to speaker-specific use of prosody in anticipatory 
processing. We also tested whether the rate and 
outcome of adaptation is modulated by the listener’s 
belief about the speaker’s intention. The results of 
Experiment 1 showed that participants used 
contrastive accent to anticipate the upcoming word 
that was most likely to contrast with the previous 
word, given the visual array. The results of 
Experiment 2 showed that when the use of 
contrastive accent was unconventional or deviant, 
participants did not make anticipatory eye-
movements to the target object nor to the competitor 
object. This suggests that when a reliable association 
between prosody and structure is broken, listeners 
resist making predictions based on prosody. The 
results of Experiment 3 showed that when listeners 

were aware that the speaker was uncooperative, they 
quickly identified the unconventional use of 
contrastive accent and learned how to predict the 
upcoming referent with improper contrastive accent 
over the course of the experiment.  

The results of the current study provided 
evidence that listeners immediately used contrastive 
accent information to restrict the possibilities for 
subsequent reference in the visual context, 
supporting the view that the human language 
comprehension system integrates multiple sources of 
information in forming a representation of the 
sentence in a highly incremental and efficient 
manner. The results further show that listeners’ 
beliefs about the speaker modulated the degree of 
adaptation to the speaker’s specific way of 
unconventional prosodic marking. 

The results provide important implications for the 
rate at which listeners adapt to their interlocutors 
[6,16]. Comprehenders appear to rapidly adjust their 
expectations for upcoming information as they 
receive more information about the speech and goals 
of the speaker, as well as the propensity to use 
particular structures [see also 17,18,19]. The current 
study finds that when prosody is used in a non-
standard way, listeners need more than input alone 
in order to adapt to the speaker-specific deviant use 
of prosody in anticipatory processing.  

It is known from previous studies on prosodic 
adaptation that the comprehension system reduces 
the informational value of prosodic cue when it is 
unreliable or inconsistent. The current study 
provided evidence that listeners adjust to the 
speaker’s specific mapping between prosody and 
meaning, allowing them to anticipate an upcoming 
referent on the basis of improper, but consistent, 
contrastive accent. In all, our results support the 
view that online interpretation of prosodic 
information is modulated by how informative 
prosodic cues are, and further showed that the 
assessment of the speaker’s communicative 
intentions influences the extent to which listeners 
adjust to non-conventional uses of such cues. 
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