Do animated cues elicit similar patterns of pronoun comprehension as live cues?
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Pronoun comprehension is influenced by both social and syntactic cues, as well as
individual differences (Arnold 1998, 2001; Arnold et al., 2018). For example, Nappa and Arnold
(2014) showed videos of a woman telling stories like Panda Bear is having lunch with Puppy.
He wants a pepperoni slice. Adults tended to assign the pronoun to the subject character,
Panda Bear, but this effect was stronger when the speaker gazed or pointed at Panda, and
weaker when she gazed or pointed at Puppy. Furthermore, the subject bias is stronger for
listeners with higher print exposure, as measured by performance on the Author Recognition
Task (ART; Arnold et al., 2018). This work establishes the importance of gesture with a live
human actor (see also Goodrich Smith & Hudson Kam, 2012). An important methodological
question is whether we can replicate this effect using an animated speaker. If so, this would
allow for greater control over the stimulus while providing a platform for testing other effects on
pronoun comprehension, such as individual differences. We expect an animated talker to elicit
the same effects as a live talker, but one concern is that animated social cues may be seen as
more intentional, and have a stronger effect. Thus, our project has two goals: 1) test the effects
of both gazing (Exp1a & b) and pointing (Exp2) on pronoun comprehension with an animated
speaker, and 2) systematically test a range of individual differences on pronoun comprehension:
print exposure, working memory, socioeconomic status (SES), and SAT scores.
Pronoun task: Our video pronoun comprehension task followed the same structure as
Nappa and Arnold’s, but with stories about humans (Ana, Liz, Matt, Will), e.g. Ana is cleaning up
with Liz. She needs the broom. In each trial, the animated speaker sat at a table in front of
pictures of each character and a related object, e.g. a broom (Fig1). We manipulated the
speaker’s gazes (Exp1) and points (Exp2) in 3 conditions, with gazes/points to the subject,
nonsubject, or the neutral middle picture. Points and gazes occurred at the onset of the
ambiguous pronoun. All fillers used points. Participants answered a question that revealed their
pronoun comprehension (e.g. Who needs the broom?), reported here as % of selecting the
subject character.
Exp1 tested gazing. Exp1a was a pilot study with 6 critical items, 5 fillers and 24
participants. Exp1b extended 1a to 24 critical trials, 24 fillers, and 60 participants. Exp2 tested
pointing with 24 critical trials, 24 fillers, and 60 participants.
Individual difference measures. Working memory was measured using the operation
span, rotation span, and symmetry span, which all load onto working memory capacity (Foster
et al., 2015). The partial scores for each task were standardized and summed together to form a
composite measure. The ART served as a measure of print exposure (Stanovich & West, 1989),
where participants were shown a list of real and fake authors, and were asked to indicate which
ones they recognized as real. Measures of SES and SAT scores were also collected.
Results: Critically, we found strong effects of gazing and pointing, replicating previous
findings. However, compared with previous work (Arnold et al., 2018; Nappa & Arnold, 2014),
the effect of gaze was stronger with the animated speaker, with only 31% subject responses in
the gaze-to-nonsubject condition (2b; Exp1b, p < .01), compared to ~50% with a live speaker,
and only 4% subject responses in the point-to-nonsubject condition (2c; Exp2, p < .01),
compared with ~10% with a live speaker. We replicated the effect of print exposure in Exp1a,
where people with high ART scores had a stronger subject bias (3a, p = .03), but surprisingly
did not replicate it in Exp1b (3b). Furthermore, we did not find an effect of print exposure in
Exp2. The other individual difference measures did not predict pronoun comprehension.
Conclusions: Animated stimuli can be used to test the effects of social cues on reference
comprehension, although animation strengthens social-cue effects. In contrast to previous work,
print exposure had irregular effects in the gaze experiments; perhaps awareness of the social
cues in Exp1b and 2 disrupted other individual biases.
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Figure 1: Example of a trial with the speaker gazing (top) or pointing (bottom).
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Fig. 2: Effect of gaze. Error bars represent -/+ SE around the mean.
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