
How to make teenagers pay a lot for nothing 
When gaze makes a difference: A comparative ERP study of gaze and 

arrow cues during sentence comprehension 
 

Heiner Drenhaus. Maria Staudte and Matthew W. Crocker 

Saarland University, Germany 
contact: {drenhaus, masta, crocker}@coli.uni-sb.de	   

 
Eye-tracking studies have shown that language external cues such as gaze and arrows 
influence both listeners’ visual attention in a similar, but sentence comprehension in a 
different way (Staudte et al, 2011). In this paper we present findings from two ERP studies, 
which further investigates this influence of both cue types on language comprehension. In 
general, our results suggest that distinct processes are involved when sentences are parsed in 
the context of referential gaze or referential arrows, respectively. 
 
Using stimuli similar to those of Staudte et al (2011), two groups of 18 German participants 
each either saw videos of a virtual agent gazing at objects in a scene (1a) or saw similar 
videos but with an arrow replacing the gaze cue (1b). After the video was presented, 
participants heard a computer-generated utterance describing the scene: The description was 
either congruent (2) or incongruent (3) with the linear order of the cues shown in the video 
(actual stimuli were in German and, crucially, identical for both experiments). 
 
(1a) 

Figure 1. Agent gazes to the egg and the box.  
 

(1b) 
 

 
 

 
 
 

 
 

Figure 1. Agent gazes to the egg and the box.  
 

(2) Temporal congruent : [The egg] is taller than [the box], I believe. 
(3) Temporal incongruent : [The box] is shorter than [the egg], I believe. 
 
After hearing the sentence, participants had to determine its validity by pressing a button 
accordingly. Our analysis examined two time windows as indicated by squared brackets in 
the examples (NP1 and NP2). Table 1 below summarizes the effects found for the 
incongruent, as compared to the congruent, condition. 



 
 
 
Table 1: Summary of the ERPs in both experiments 

 
Gaze experiment: 
We suggest that the sustained negativity on NP1 indicates the maintenance of information in 
working memory (e.g., Donaldson & Rugg, 1999). The processor must maintain two different 
situation models in memory, namely the gazed-at egg and the mentioned box as two possible 
referents (see also Coulson & Lovett, 2004). 
The negativity (N400) on NP2 can be interpreted as integration of the final incongruent NP 
(e.g. Kutas & Hillyard, 1984; van Berkum et al., 1999) into the recently updated mental 
model for the sentence. 
 
Arrow experiment: 
The integration effect, found on NP2 in the gaze experiment, was now found on NP1. 
Additionally, we found a fronto-central positivity. This indicates that the processor has 
integrated the visual cue already on NP1 and updated the mental model. Accordingly, we find 
a model updating effect (positivity) on NP2 but no sentence final integration effect. 
 
More generally, our results suggest that previously seen referential gaze has an incremental 
influence on comprehension mechanisms, which arrows seem to lack. Specifically, gaze was 
shown to establish a competing referent, as suggested by increased memory load on the first 
incongruent NP. However, a referent that was previously referred to by an arrow did not 
introduce this kind of memory load and, to the contrary, led to an early integration of visual 
and sentence information. Crucially, our results highlight that sentence comprehension seems 
to rely on distinct processing mechanisms when integrating gaze - suggested by the final 
integration effects (NP2) - compared to arrows – initial integration (NP1) and subsequent 
updating (NP2). 
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 Gaze experiment 
 

Arrow experiment 

NP1 Sustained negativity (350-1000ms) - Posterior N400 (300-500ms) 
- Frontal positivity (300-800ms) 

NP2 Posterior negativity (300-500ms) Fronto-central positivity (300-
800ms) 


