Gaze and Pupil Indices of Rational Reference Production

Speakers often encode more information than necessary for specifying referents in
the immediate visual context [1], defying Grice’s Quantity [2]. Why speakers engage
in such (seemingly) irrational behaviour has been the subject of much debate: Some
studies suggest that production choices are mainly motivated by a concern to ease
planning effort (Egocentric view [3-4]), while others support the view that speakers
aim at producing utterances that are efficient given the conditions (Audience-design
view [5-8]). Previous work has largely considered the influence of redundancy on
listeners’ comprehension as an index of production strategy, and linked audience
design to increased cognitive effort for the speaker. In this study, we use eye-tracking
to directly assess production strategies and cognitive effort. In a referential
communication experiment, we examine whether speakers’ gaze patterns before
speech onset differ based on their production strategy, and whether audience design
is associated with increased cognitive effort (measured as pupil dilations).

In a 2x3 within-participants design, we manipulate which adjective is necessary for
specifying the target referent (colour or pattern), and which adjective reduces the
uncertainty about the target referent (referential entropy) to a greater degree (colour,
pattern, equal) (see [8]). We employ 36 experimental items comprising 6 visual
displays each (one per condition). In each display, 6 objects are arranged in different
configurations based on the condition (Fig.1), while the target object remains
constant. In the fillers (N=108), either two or no adjectives are necessary. We control
for the perceptibility of the distinguishing feature for each target object (see [9]),
based on ratings obtained in an online norming study.

The procedure is as follows: Two participants, randomly assigned the roles of
Speaker and Listener, engage in a referential communication game, while the
Speaker’s eye movements are tracked. Participants’ task is to identify whether the
objects are arranged in the same configuration on both their screens. The Speaker is
instructed to ask questions about the horizontal position of an object marked as the
target only on their screen (e.g., ‘Is the blue ball on the left?’ in Fig. 1a). The Listener
has to respond with a ‘yes’ or ‘no’ by pressing a key in a keyboard in front of them. In
half of the trials, the Listeners see a mirror version of the Speaker display. We plan to
collect data from 48 pairs. The experiment is conducted in German.

Participants will be grouped based on their use of redundant adjectives (see [8]). We
will analyse the proportions of referentially redundant utterances (binary coded, with
GLMMs), and participants’ pupil dilations in two time-windows: before and after the
reveal of the target referent. We will also use LMMs to analyse proportions of
inspections to the referents before and after the reveal of the target object, and log-
gaze probability ratios for fixations to the target (e.g., the blue ball in Fig.1a) vs. the
contrast (e.g., the green ball in Fig.1a) or competitor (e.g., the blue mitt in Fig.1a)
objects in the interval between the reveal of the target referent and speech onset. All
models will include ‘Necessary adjective’ and ‘Entropy-reducing adjective’ as fixed
effects, the perceptibility score as a control factor, and the maximal random effects
structure [10]. Models analysing eye-tracking measures will additionally include
‘Speaker Group’ as a between-subjects factor. We generally expect that, compared
to speakers using an audience-design strategy, egocentric speakers will scan the
visual scene less broadly before the reveal of the target referent and expend less
cognitive effort.
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Figure1. Sample visual displays per condition. In the top panels, colour is necessary for
specifying the target referent; in the bottom panels; pattern was the necessary feature.
In the panels with the yellow label (a and e), colour is the more entropy reducing
adjective, while in the panels with the blue label (b and d), pattern is the more entropy
reducing adjective. In the panels with the grey label (c and f), both adjectives are equally
entropy-reducing. The black frame indicates the target object and appears only on the
Speaker’s screen 2s picture onset. Figure is adapted from [8].
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