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Interactive Contexts Increase Informativeness in Children’s

Referential Communication

Myrto Grigoroglou and Anna Papafragou

University of Delaware

Adults adjust the informativeness of their utterances to the needs of their addressee. For children,
however, relevant evidence is mixed. In this article we explore the communicative circumstances under
which children offer informative descriptions. In Experiment 1, 4- and 5-year-old children and adults
described a target event from a pair of almost identical events to a passive confederate listener who could
either see or not see the referents. Adults provided disambiguating information that picked out the target
event but children massively failed to do so (even though 5-year-olds were more informative than
4-year-olds). Furthermore, both children and adults were more likely to mention atypical than typical
disambiguating event components. Because of the contrastive nature of the task, the listener’s visual
access had no effects on production. Experiment 2 was a more interactive version of Experiment 1 where
participants played a guessing game with a “naive” listener. In this context, children (and adults) became
overall more informative, and the difference between child groups disappeared. We conclude that the
informativeness of children’s event descriptions is heavily context-dependent and is boosted when

children engage in a collaborative interaction with a “true” interlocutor.

Keywords: reference, informativeness, event cognition, instruments, collaboration

Successful communication requires people to take into account
the informational needs of their communicative partners. Consider,
for example, a situation where two people are driving on the
highway and the driver says to the passenger “Look at the bird!”
Unless the speaker specifies which bird he is talking about (e.g.,
“the bird on your right”), the listener would most likely not be able
to find the bird the speaker is referring to. Adults readily make
such adjustments to their listeners’ informational needs in order to
facilitate comprehension (e.g., Brennan & Clark, 1996; Gorman,
Gegg-Harrison, Marsh, & Tanenhaus, 2013; Horton & Keysar,
1996; Lockridge & Brennan, 2002; Nadig & Sedivy, 2002).

For children, however, evidence for speaker adjustments is
mixed. Several studies have reported that children, even at a very
young age, can successfully adjust the informational content of
their referential devices to the knowledge of their listener (e.g.,
Bahtiyar & Kiintay, 2009; Matthews, Lieven, Theakston, & To-
masello, 2006; Nadig & Sedivy, 2002; Nilsen & Graham, 2009;
O’Neill, 1996). For example, in studies where children instructed
an adult about how to manipulate objects in a visual display,
children aged 3- to 6-years-old were more likely to use a scalar
adjective (e.g., “Pick up the little glass”) to disambiguate between
two similar objects of different size (e.g., little vs. big glass) when
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their adult partner could see both of these objects than when the
partner could only see one of the objects (Nadig & Sedivy, 2002;
see also Bahtiyar & Kiintay, 2009; Nilsen & Graham, 2009). Other
studies have indicated limitations in children’s ability to provide
descriptions that match their listener’s informational needs (e.g.,
Davies & Katsos, 2010; Deutsch & Pechmann, 1982; Girbau,
2001; Perner & Leekam, 1986; Sonnenschein & Whitehurst,
1984). For instance, in several referential communication studies
2- to 8-year-old children frequently produced underinformative
descriptions of referents when addressing ignorant interlocutors
(e.g., Davies & Katsos, 2010; Deutsch & Pechmann, 1982; Girbau,
2001; Sonnenschein & Whitehurst, 1984). Even in studies where
children showed sensitivity to a listener’s visual perspective when
they produced referential descriptions, 5-year-olds appropriately dis-
ambiguated between two almost identical referents less than half of
the time (e.g., Bahtiyar & Kiintay, 2009, Exp.1; Nilsen & Graham,
2009).

At present, the factors that lead to children’s success or failure with
establishing reference await a full synthesis. The current study aims to
reconcile divergent findings in prior work by probing the circum-
stances under which children provide informative referential descrip-
tions in accordance with a listener’s needs. To preface our investiga-
tion, we discuss possible sources of children’s difficulties with
reference production and motivate the current paradigm.

Sources of Children’s Difficulties With Reference
Production

Reference production is a remarkably complex process that
involves the coordination of visual, social, and linguistic informa-
tion. Successful disambiguation requires speakers to scan the vi-
sual context and distinguish the features that set apart the target
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from other possible referents in view. Furthermore, speakers have
to consider what information is shared or not with their conversa-
tional partner to plan utterances that are as informative as required
by their partner’s knowledge and the purpose of the exchange (see
maxim of quantity; Grice, 1975). Finally, speakers need to inte-
grate all this information into well-formed utterances. Based on
prior work, one could argue that children have problems at each of
these stages of reference production.

A first line of work has proposed that children’s problems with
reference arise because children do not understand that referring
relies on finding differences between a target referent and other
objects in view (e.g., Deutsch & Pechmann, 1982; Matthews,
Lieven, & Tomasello, 2007, 2012; Nilsen & Mangal, 2012; White-
hurst, 1976; Whitehurst & Sonnenschein, 1981). In support of this
proposal, clarification questions by the listener that highlight the
contrast between the target and contextual alternatives (e.g.,
“Which big ball?”) help children produce more informative repairs
of their original, underinformative descriptions (Bacso & Nilsen,
2017; Deutsch & Pechmann, 1982; Matthews et al., 2012, 2007,
see also Golinkoff, 1986; Nilsen & Mangal, 2012; Uzundag &
Kiintay, 2018). In further support of this position, children tend to
produce informative descriptions in tasks where they have to
contrast two potential referents that differ only in one dimension
(e.g., size; see Nadig & Sedivy, 2002) but provide ambiguous,
underinformative descriptions in studies where they are presented
with more than two potential referents that differ along more than
one dimension (e.g., size, color and shape; see Deutsch & Pech-
mann, 1982; Ford & Olson, 1975). It should be noted, however,
that children frequently produce underinformative referential de-
scriptions even in contexts where there are only two contrasting
objects that differ in only one feature and, in principle, the contrast
should be highly salient (e.g., Davies & Katsos, 2010; Nilsen &
Graham, 2009; Rabagliati & Robertson, 2017). Relatedly, eye-
tracking studies with children and adults have shown that, despite
the presence of a link between visual search (i.e., gazes at the
referential competitor) and referential informativeness, eye-gaze
patterns do not always predict informativeness (Brown-Schmidt &
Tanenhaus, 2006; Davies & Kreysa, 2017, 2018; cf. Rabagliati &
Robertson, 2017). Thus, it is unclear whether children fail to
identify a target referent because they do not notice the differences
between the target and its competitors or because they do not
realize how these differences are relevant for the listener’s suc-
cessful identification of the target.

A second line of research suggests that children’s successes and
failures with informativeness may be explained by differences in
the communicative circumstances embedded into experimental
paradigms. For instance, children appear more likely to take into
account their addressee’s perspective in tasks where the addressee
is a “real” interlocutor, either a parent (O’Neill, 1996; O’Neill &
Topolovec, 2001) or a person other than the (primary) experi-
menter (Bahtiyar & Kiintay, 2009; Nadig & Sedivy, 2002; Nilsen
& Graham, 2009). In contrast, children appear to be less informa-
tive when asked to disambiguate referents for a fictional character
displayed on a computer screen (Davies & Katsos, 2010), an
imaginary addressee in a pretend conversation (Girbau, 2001), or
the experimenter herself (Davies & Kreysa, 2018; Rabagliati &
Robertson, 2017). Thus, the profile of the listener seems to affect
children’s informativeness. Although it is not clear exactly what
aspect of the listener’s profile is responsible for children’s suc-

cesses and failures, there is reason to suspect that, in tasks with
“real” addressees, the expectation of the listener’s communicative
reaction shaped children’s production. Adult studies suggest that
speakers are more likely to mention extra details when retelling a
joke to attentive listeners as opposed to distracted listeners
(Kuhlen & Brennan, 2010) or when retelling stories to naive
interlocutors as opposed to the experimenter’s confederates
(Brown & Dell, 1987; Lockridge & Brennan, 2002; see also
Brennan, Galati, & Kuhlen, 2010). In this study, we examine how
communicating with an active/collaborative versus a passive lis-
tener affects children’s referential production. To the best of
knowledge, no other study has tested directly how the listener’s
profile affects children’s referential choices.

Finally, it is possible that children’s underinformativeness re-
lates to limitations in the process of language production itself
(e.g., see Adams & Gathercole, 2000; Levelt, 1989; McDaniel,
McKee, & Garrett, 2010). Even though not the focus of the present
work, several studies share the assumption that linguistic (Ford &
Olson, 1975; Nilsen & Graham, 2009, 2012) and cognitive abilities
(e.g., working memory, executive functioning; Bacso & Nilsen,
2017; Nilsen & Graham, 2009; Nilsen, Varghese, Xu, & Fecica,
2015; Wardlow & Heyman, 2016; Uzundag & Kiintay, 2018)
mobilized during production are, to some extent, linked to refer-
ential informativeness and can explain the increase of informative
contributions over development (see Matthews, Biney, & Abbot-
Smith, 2018, for a recent review).

The Present Study

In this study, we examine children’s informativeness for purposes
of reference resolution. Unlike past work that has focused on nominal
reference, we focus on reference to events. The linguistic and non-
linguistic representation of events is a novel and fast-growing area of
linguistic and cognitive studies (e.g., Bunger, Skordos, Trueswell, &
Papafragou, 2016; Bunger, Trueswell, & Papafragou, 2012; Hart-
shorne, Pogue, & Snedeker, 2015; Lakusta & Landau, 2012). Refer-
ence production for events is more complex than nominal reference
because events may have multiple participants, each of whom might
be described at various levels of detail. Here, in two experiments, we
asked whether 4- and 5-year-old children (and adults) are able to
successfully identify a target event referent from a pair of closely
matched events that differ in only one feature. We chose such con-
trastive contexts to highlight the difference between the target referent
and the distractor, because, as mentioned already, prior work suggests
that children often fail to provide an adequately informative descrip-
tion of the target referent because they cannot find the difference
between the target and the distractor. If so, such simple, contrastive
contexts should make the task of finding the relevant differences
easier for children.

Our test items involve event reference where disambiguating in-
formation concerns the instrument used to perform the event. Lin-
guistically, instruments, unlike agents or patients, are not considered
arguments of the verb (e.g., Koenig, Mauner, & Bienvenue, 2003; cf.
Rissman, Rawlins, & Landau, 2015) and are typically encoded in a
nonobligatory adjunct (i.e., Ving with a Y). Cognitively, instru-
ments have been shown to be relatively less salient in event
representation (Wilson, Papafragou, Bunger, & Trueswell,
2011). Given that instrument information appears to be encoded
selectively in both linguistic and nonlinguistic representations,
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we were interested in whether children and adults would utilize
this information for the demands of a referential task. Our
control items included cases where disambiguating event infor-
mation rested on other features, such as the object on which the
action is performed, typically encoded in an obligatory noun
phrase (i.e., Ving a Y) or the location where the target event
takes place, typically encoded in a nonobligatory adjunct (i.e.,
Ving next to a Y).

Our main goal was to test the idea that the communicative context
may affect children’s informativeness. Given the great variability in
communicative circumstances across tasks in prior work, the effect of
this factor to children’s informativeness remains unclear. In Experi-
ment 1, participants were asked to identify one referent event from a
contrastive pair of events for a passive addressee. In Experiment 2,
children had to perform the same task but in the context of an
interactive guessing game played with a “naive” addressee who had to
find the “right” picture. If children’s informativeness depends on their
engagement in a collaborative interaction with an actively involved
interlocutor with clear informational needs, children should be more
likely to mention appropriate disambiguating information in Experi-
ment 2 compared with Experiment 1.

In addition to the communicative circumstances of the task, we
explored two further factors that might shape children’s referential
choices in production. The first factor was the listener’s visual per-
spective. Similarly to prior referential paradigms, we manipulated the
listener’s visual access to the events to probe whether participants
would be more likely to provide successful disambiguation when their
listener did not know which of the two events was the target. The
second factor was the typicality of event components for test items.
Previous work has shown that instrument typicality affects adults’
syntactic choices in production: In retelling a story, adults were more
likely to mention atypical instruments (“Steve sliced the bread with a
butter knife”) compared with typical instruments (“Steve sliced the
bread with a bread knife;” Brown & Dell, 1987; Lockridge & Bren-
nan, 2002). Here we asked whether the predictability/typicality of
instruments affects children’s linguistic choices.

Our studies examine referential abilities in 4- and 5-year-old
children (and adults). The reason we chose these age groups was
twofold. First, prior literature on nominal reference where the
typical sample was between 4 and 6 years has produced conflicting
findings (e.g., Bahtiyar & Kiintay, 2009; Davies & Katsos, 2010;
Nadig & Sedivy, 2002; Nilsen & Graham, 2009; and previous
section). We thus wanted to revisit referential abilities in these age
groups and extend them to the domain of event reference. Second,
we were interested in whether referential abilities change between
4 and 5 years of age as well as between these early years and
adulthood, and if so, whether changes are mostly driven by the
nature of the referential task, the listener’s access to the event or
the typicality of event components.

Experiment 1

Method

Participants. Participants were 96 children and 30 adults. The
children fell into two age groups: 4-year-olds (n = 48, 23 girls,
mean age of 4;7, range: 4;0-5;0) and 5-year-olds (n = 48, 20 girls,
mean age of 5;7, range: 5;1-6;0). All children were monolingual
speakers of English and were recruited at daycares in Newark, DE,

from a mostly middle-income Caucasian population. Adults were
undergraduate students at the University of Delaware and received
course credit for their participation. Approval for testing these
participants had been obtained from the University of Delaware
Institutional Review Board (project title: “The Interface Between
Language and Spatial Cognition,” protocol number: 165481).

Materials. Materials consisted of pairs of events constructed
out of clipart pictures and displayed on a computer screen. There
were eight pairs of test events (see Appendix A for full list).
Within each pair, the events were identical with the exception of
the instrument used to perform an action; furthermore, within a
pair, one event included a typical and the other an atypical instru-
ment (e.g., a woman sweeping the floor with a broom vs. a tree
branch; see Figure 1). Typicality of instruments was independently
rated by a separate group of 14 adults and 16 4- to 5-year-old
children. These groups were given a questionnaire (administered
orally for the children) about the instruments used to perform
everyday actions (i.e., “What do we use to sweep the floor?,” etc.).
On the basis of participants’ responses, we then selected eight
events to be used in the main experiment. Overall, for these eight
events, adults mentioned the selected typical instruments in 73% of
their responses and children in 63% of their responses. For atypical
versions of the same events, we chose instruments that were either
not mentioned at all or mentioned very infrequently (less than 6%
of the time) by both children and adults. The experiment also
included eight pairs of control events (see Appendix B for full list).
Within each pair, events were also identical with the exception of
one disambiguating feature. In four pairs, this feature was the
object affected by the action (e.g., a baby holding a rattle vs. the
same baby holding a kite; Figure 1). In the remaining four control
pairs, the disambiguating feature was the location of the action
(e.g., a man watering flowers next to a tree vs. the same man
watering flowers but without a tree present; Figure 1).

For purposes of the referential task, one member of each test or
control event pair was placed within a red circle that marked the
target event (see Figure 1). For test events, we created two basic
presentation lists that differed only in terms of which member of
each pair of the test events was circled. Within each list, half of the
time the circle was placed around a typical and the other half
around an atypical instrument version of test events. Furthermore,
the position (left-right) of the typical and atypical instrument
versions were counterbalanced within each list. The control events
were then added to the two lists. For control events, the circle was
always placed around a specific member of each event pair (for
disambiguating location trials, this was the event containing the
location object) so control events did not differ across lists. Fi-
nally, the two basic presentation lists (each with 16 event pairs)
were reversed for a total of four lists.

Procedure. The experimenter introduced participants to her
“friend” (a confederate listener) and pointed out to them the
display of events on a computer screen. The experimenter gave the
participants the following instructions: “These are two twins. They
are each doing something different. Look at both twins and tell [the
“friend”] what the twin inside the circle is doing. She has a picture
of the twins too, but she doesn’t know which one we are talking
about.” Participants saw that the listener had a binder which
contained color printouts of the pictures on their computer screen
but lacked circles around the target pictures.
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Figure 1. Sample stimuli for Experiment 1. An example of a test stimulus is (a), where disambiguating
information for the target appears in the instrument (a girl is sweeping with a tree branch). Examples of control
stimuli are (b) and (c), where disambiguating information appears in an object (a baby is holding a rattle) or
location (a man is watering flowers next to a bench), respectively. See the online article for the color version of

this figure.

Participants were randomly assigned to one of two conditions.
In the visual access condition, participants and listener were seated
next to each other, so that they both had visual contact with the
pictures described. The listener looked at the screen as participants
were describing the events and followed along by turning the
pages in her binder. In the no visual access condition, the listener
was seated across from the participants, so that she could not see
the computer screen. In that condition, the listener avoided eye
contact with the participants but kept looking into her binder and
followed the descriptions, turning the pages as appropriate.

At the beginning of the session, participants performed one
practice trial that also consisted of a contrastive pair of events (i.e.,
a man drawing a dragon vs. the same man drawing a circle). If the
participant gave an underinformative description (e.g., “He is
drawing”), the experimenter provided appropriate feedback (e.g.,
“See? It’s the man drawing the dragon!”). This was the only
corrective feedback children received during the study.

Coding

Participants’ descriptions were coded for the presence of dis-
ambiguating information. For test items, we coded whether par-
ticipants mentioned the disambiguating instrument. Mention types
were classified as Instrument Prepositional Phrase/Verb when the
instrument appeared in a phrase introduced by the preposition with
or the verb using (e.g., “The woman sweeping with a broom/using
a broom”) or was incorporated into the verb (e.g., “She is broom-
ing”) and Other mention (e.g., “She is holding a broom;” “There is
a broom”). For control items, we noted whether speakers men-
tioned the disambiguating object or location. For objects, mention
types were either Object Noun Phrase (e.g., “The baby is shaking
a rattle”) or Other mention (e.g., “The baby is playing with a
rattle”). For locations, mention types were either Location Prep-

ositional Phrase (e.g., “He is watering flowers next to a bench”) or
Other mention (e.g., “There is a bench”).!

Results

Data analytic strategy. We measured the mention of disam-
biguating information for test items (typical and atypical instru-
ments) and control items (objects and locations). This measure was
a binary outcome variable (target present = 1, target absent = 0).
The analysis dataset for Experiment 1 consisted of 126 subjects X
16 items (eight test, eight control) = 2,016 observations. Inspec-
tion of the data showed five missing cases (0.2%, all control
items). Data were analyzed using multilevel logistic mixed-effects
modeling with crossed random intercepts for participants and
items (Baayen, 2008; Baayen, Davidson, & Bates, 2008). This
analytical approach is ideal for our study because it allows for
participants and items to be treated as random factors in a single
model and, at the same time, it is the indicative treatment of
categorical data (cf. Barr, 2008; Jaeger, 2008). All models pre-
sented in this section were fit using the g/mer function of the Ime4
package (Bates, Maechler, Bolker, & Walker, 2015) in the R
Project for Statistical Computing (R Core Team, 2015). The men-
tion of target disambiguating information was analyzed in separate
models for test and control items.

Mention of target disambiguating information. Beginning
with test items, we analyzed the data using a model that included
Mention of Instruments as the binary dependent variable and
participants and items as crossed-level random intercepts. Figure 2
summarizes the data. The best fit for these data was a model that
included typicality (typical, atypical) as a first-level fixed predic-

! For both test and control items, cases where children simply pointed at
the target without verbal disambiguation were coded as No mention.
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Mention of Instruments (Exp.1)

Access Access Access
Access Access Access

Mention of Instruments (Exp.2)

Access Access Access
Access Access Access

Hinstrument PP/V 0O Other mention

Figure 2. Proportion mention of typical and atypical instruments per age group and visual access in Experi-
ments 1-2 (split by different types of mention). Error bars represent standard error for all mentions combined.

tor, age (4-year-olds, 5-year-olds, adults) as a second-level predic-
tor, and their interaction. Visual access (visual access, no visual
access) did not significantly improve model fit based on a chi-
square test of the change in —2 restricted log likelihood and was,
therefore, not included in the final model, x*(1) = 2.38, p = .12.2
The fixed effect of typicality was coded with centered contrasts
(—.5,.5) and the fixed effect of age was analyzed with two simple
contrasts comparing adults with children (c,: —.66, .33, .33) and
5-year-olds to 4-year-olds (c,: 0, —.5, .5). The same coding strat-
egy was followed in all the following analyses. Table 1 presents
the parameter estimates for the multilevel model of instrument
mention. The model revealed a significant effect of typicality:
Atypical instruments were mentioned more often than typical
instruments (M, = .47, M = .32). There was also a significant
effect of age: Adults mentioned instruments more frequently than
children (M, = .93, M = .23), and 5-year-olds more frequently
than 4-year-olds (M5 = .30, M, = .15).

Turning to control items, Figure 3 summarizes the data. We
analyzed these data using a model that included mention of dis-
ambiguating feature as the binary dependent variable and partic-
ipants and items as crossed-level random intercepts. The best fit
for the data was a model that included disambiguating feature
(objects, locations) as a first-level predictor, age (4-year-olds,
5-year-olds, adults) as a second-level predictor, and the interaction
between them. Visual access did not significantly improve model
fit (based on a chi-square test of the change in —2 restricted log
likelihood) and was, thus, not included in the final model, x*(1) =
.19, p = .67. Similarly to the previous analysis, the fixed effect of
disambiguating feature was coded with centered contrasts (—.5, .5)
and the fixed effect of Age with simple contrasts. Table 2 presents
the parameter estimates for the multilevel model of disambiguating
feature mention. The model revealed a significant effect of age and
a significant interaction between age and disambiguating feature.
Adults were more likely to mention disambiguating features than
children (M, = .97, M- = .31) and 5-year-olds more likely than
4-year-olds (M5 = .38, M, = .23). The interaction was due to the
fact that children mentioned disambiguating objects more fre-
quently than disambiguating locations (M, = .36, M; = .24) but

adults mentioned both types of disambiguating features equally
frequently (M, = .95, M; = .99).

Discussion

Experiment 1 showed that 4- and 5-year-old children, unlike
adults, failed to produce event information that would help a
communicative partner disambiguate the target referent. This re-
sult suggests that visual contrast by itself is not sufficient to
successfully clarify what information is relevant and should be
used to disambiguate a referent in a given context (cf. also Davies
& Katsos, 2010; Nilsen & Graham, 2009). Specifically, adults
consistently mentioned disambiguating instruments in their event
descriptions but 4- and 5-year-old children in our sample did so
very infrequently. Similarly, adults mentioned disambiguating ob-
jects and locations equally frequently and almost all the time.
Children, however, were less likely to include these features in
their descriptions, and when they did, they mentioned objects more
frequently than locations. Overall, as children got older, they
tended to provide more informative descriptions of events. These
results are consistent with and extend a large body of develop-
mental work on nominal reference showing that preschool children
frequently produce underinformative utterances (e.g., Deutsch &
Pechmann, 1982; Nilsen & Graham, 2009; Sonnenschein &
Whitehurst, 1984).

Two further aspects of our findings are worth pointing out. First,
both preschoolers and adults in our experiments were more likely
to mention atypical/unusual as opposed to typical/common instru-
ments to disambiguate target events. This result generalizes prior
findings that involved mostly adults (see Brown & Dell, 1987;
Lockridge & Brennan, 2002; cf. also Papafragou, Massey, &

2 We also performed a Bayesian assessment of the null hypothesis (i.e.,
that there is no effect of visual access), using Bayes factors in the brms
package in R (Biirkner, 2017). This analysis showed that the estimated
Bayes factor in favor of H, (i.e., a model including visual access as a
factor) over H, (i.e., a model without visual access) was 0.84, suggesting
weak evidence for H,, (Jeffreys, 1961; Raftery, 1995).
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Table 1
Parameter Estimates for Instrument Mention in Experiment 1

Effects Estimate SE b4
Intercept —-.21 28 -.73
Typicality (Typical vs. Atypical) 1.29 24 5.35"
Age (Adults vs. Children) —5.24 A48 —10.76™"
Age (5- vs. 4-year-olds) —1.31 .39 —3.39"
Typicality (Typical vs. Atypical): Age (Adults vs. Children) 1.12 .59 1.90
Typicality (Typical vs. Atypical): Age (5- vs. 4-year-olds) .03 47 —.07

= <001,

Gleitman, 2006). Second, the addressee’s visual access to the
events did not affect referential choices in any age group. One
possible explanation is that participants were completely insensi-
tive to the perspective of the addressee and adopted a fully ego-
centric model of referential communication. Alternatively, partic-
ipants may have computed the perspective of the addressee but the
communicative pressures of the task (help the addressee find the
right picture, independently of whether the addressee has visual
access or not) may have prevailed. A third, perhaps more likely
possibility, given that adults were overall highly informative and
children overall highly underinformative, is that the first of these

Mention of Objects (Exp.1)

B Object NP O Other mention

Mention of Objects (Exp.2)

M Object NP O Other mention

explanations applies to children and the second to adults. We
return to these possibilities in the next experiment.

Experiment 2

Experiment 2 made two main modifications to Experiment 1.
First, the addressee was no longer a confederate acting as a passive
listener but an actively involved interlocutor introduced as a “na-
ive” partner. Second, and relatedly, the communicative task had a
specific goal (success in a guessing game) that was shared between
the participant and addressee and required their coordinated effort.

Mention of Locations (Exp.1)

M Location PP 0O Other mention

Mention of Locations (Exp.2)

Access
Adults
M Location PP O Other mention

Figure 3. Proportion mention of disambiguating objects and locations per age group and visual access in
Experiments 1-2 (split by different types of mention). Error bars represent standard error for all mentions

combined.
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Table 2
Parameter Estimates for Disambiguating Feature Mention in Experiment 1

Effects Estimate SE z
Intercept 77 .39 1.99"
Feature (Object vs. Location) —.11 72 —.16
Age (Adults vs. Children) —6.26 71 —8.84™
Age (5- vs. 4-year-olds) —1.04 35 2,95
Feature (Object vs. Location): Age (Adults vs. Children) 3.28 1.15 2.85™
Feature (Object vs. Location): Age (5- vs. 4-year-olds) .10 40 25

*p < 05 Yp< 0l *p< .00l

We reasoned that participants might become more informative in
a highly interactive paradigm in which they had to collaborate with
an active addressee that had salient informational needs. Although
we used a confederate listener, our design incorporated several
factors that make confederate use naturalistic (see Kuhlen &
Brennan, 2013). To ensure that the listener’s needs were as gen-
uine as possible we allowed the listener to interact with the
participant freely during most of the introductory phase, kept the
scripted utterances to a minimum and incorporated them in a
collaborative context where the listener had to take conversational
initiative (e.g., ask questions, make a “guess,” move the conver-
sation forward).

Method

Participants. Participants were 48 children and 30 adults.
None of them had participated in Experiment 1. The children fell
into two age groups: 4-year-olds (n = 24, 11 girls, mean age of
4:6, range 4;0-5;0) and 5-year-olds (n = 24, 10 girls, mean age of
5;5, range 5;1-6;0). All children were recruited at the same local
daycares as children in Experiment 1 and were monolingual speak-
ers of English. Adults were undergraduate students at the Univer-
sity of Delaware and received course credit for their participation.

Materials. Materials were identical to Experiment 1.

Procedure. There were two phases in the experiment. In the
introductory phase, the experimenter brought the child from her
classroom to the testing room. The addressee was instructed to
wait outside the testing room and act as if she had just arrived.
Experimenter, participant, and addressee were introduced to each
other. Unlike Experiment 1, the experimenter and addressee acted
as if they did not know each other and the addressee was partic-
ipating in the study for the first time. The experimenter showed the
participant and the addressee where to sit. The participant was
seated in front of the computer. The addressee sat either next to the
participant, so that they both had visual contact with the pictures
described (visual access condition), or right across from the par-
ticipant, so that the addressee could not see the participant’s screen
(no visual access condition). Unlike Experiment 1, when testing
children, the experimenter showed the participants the pictured
pairs of events on the computer screen and asked them if the
addressee could see the pictures. Independently of their response,
children were instructed to sit on the addressee’s chair to make
sure that the addressee could or could not see the events (depend-
ing on the condition). This ensured that children were aware of the
addressee’s visual access before the beginning of the test phase.
For adults, this step was omitted.

In the main phase, the participant’s attention was directed to
the pictures on the computer screen and to the circle around the
target event. The experimenter showed the participant and the
addressee the same binder used in Experiment 1; the binder
contained color printouts of the pictures on their computer
screen but lacked circles around the target pictures. The instruc-
tions to the participant were similar to the instructions of
Experiment 1 except for the fact that this was a guessing game
where the participant would have to help the addressee: “These
are two twins and they are each doing something different, see?
[participant’s name], your job in this game is to help [address-
ee’s name] find the right picture. To do that, you need to
describe what the person inside the circle is doing. Remember
that [addressee’s name] does not have a circle.” In a departure
from Experiment 1, the experimenter gave both the binder and
some stickers to the addressee and further explained the rules of
the game: “[Addressee’s name], your job is to guess which
picture [participant’s name] is talking about. When you make a
guess, I want you to put a sticker next to the picture you think
is the right one. Ok?” The addressee was explicitly instructed to
lift one side of the binder to prevent the participant from seeing
what she was doing (in both visual access conditions). Thus, the
participants could not see where the addressee placed the
sticker. To ensure some communicative authenticity in the
addressee’s responses, the addressee in this experiment was
instructed to react naturally to the experimenter’s instructions.

Next, the experimenter told the participant and the addressee
that they would practice before the “real game.” Practice trials
involved more addressee-initiated discourse compared with Exper-
iment 1. At the beginning of the practice trial, the addressee said
“I can see two pictures. Which one is it? Tell me about it!” and
waited for the participant’s response. At the end of the practice
trial (independently of the participant’s response), the addressee
said “I hope I got it right!” and placed a sticker next to the picture
that matched the description. If the participant gave an underin-
formative description, the addressee placed the sticker next to the
nontarget picture. The experimenter asked the addressee to show
her binder and gave feedback.

The test trials were exactly the same as the practice trial but
without any feedback: The participants could not see where the
addressee put the sticker until the end of the game. A final
difference from Experiment 1 was that, after each test trial, the
addressee prompted the participant to move on to the next trial by
saying “I am ready for the next one.”
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Table 3

Parameter Estimates for Instrument Mention in Experiment 2
Effects Estimate SE z

Intercept 1.66 .39 430"

Typicality (Typical vs. Atypical) .98 28 3.47

Age (Adults vs. Children) —547 .88 —6.20"""

Age (5- vs. 4-year-olds) —.87 78 —1.13

= < 001,

Results

The analysis dataset for Experiment 2 consisted of 78 sub-
jects X 16 items = 1,245 observations. Inspection of the data
showed three missing cases (0.2%, all control items). The same
data analytic strategy as in Experiment 1 was used. Beginning with
test items, our analysis used a model that included mention of
instruments as the binary dependent variable, typicality (typical,
atypical) and age (4-year-olds, 5-year-olds, adults), as fixed pre-
dictors and random intercepts for participants and items. Visual
access and the cross-level interaction between typicality and age
did not significantly improve model fit (based on chi-square tests
of the change in —2 restricted log likelihood) and, therefore, were
not included in the final model, x*(1) = .03, p = .85 and x*(1) =
2.59, p = .11, respectively. Table 3 presents the parameter esti-
mates for the multilevel model of instrument mention for Exper-
iment 2. Figure 2 summarizes the data. The model revealed a
significant effect of typicality: Atypical instruments were men-
tioned more frequently than typical instruments (M, = .72, M =
.63). The model also showed a significant effect of age: Adults
mentioned instruments more frequently than children (M, = .96,
M = .49) but children groups did not differ (M5 = .55, M, = .43).

Turning to control items, we analyzed the mention of disambig-
uating features. Because mention of objects and locations for the
adult group was extremely high (M, = .96, M; = 1.00), adult data
did not have enough variability and were not included in this
analysis. (An assessment of model fit based on chi-square tests of
the change in —2 restricted log likelihood for the adult data
separately showed that no model other than the empty model with
random intercepts for participants and items was a good fit for
these data.) We used a model that included fixed effects of dis-
ambiguating feature (objects, locations), age (4-year-olds, 5-year-
olds), visual access (visual access, no visual access), an interaction
between disambiguating feature and age, and an interaction be-
tween age and visual access. The model also included crossed
random intercepts for participants and items. Table 4 presents the

Table 4

parameter estimates for the multilevel model of disambiguating
feature mention for Experiment 2. Figure 3 summarizes the data.
The model revealed a significant interaction between disambigu-
ating feature and age: Five-year-olds were more likely to mention
locations than objects (M, = .49, M; = .63) but 4-year-olds
mentioned objects and locations equally frequently (M, = .47,
M; = .47). The model also showed a significant interaction
between age and visual access: Four-year-olds were more likely to
mention disambiguating features when the listener could not see
the events (M,, = .23, M = .66) but 5-year-olds were unaffected
by the listener’s visual access (M, = .64, M, = .49). There were
no other effects or interactions.

Comparison of Experiments 1 and 2

To test for the effect of the interactive paradigm on participants’
informativeness we performed a number of comparisons between
Experiments 1 and 2.

Mention of Target Disambiguating Information

To compare mention of instruments across the two experi-
ments we used a model that included typicality, age, and
experiment as fixed predictors and participants and items as
random intercepts (visual access and the three-way interaction
between typicality, age, and experiment did not improve model
fit and were not included in the final model). Table 5 presents
the parameter estimates for the multilevel model of comparing
Instrument mention across experiments. Unsurprisingly given
the previous analyses, the model yielded significant effects of
typicality and age. Importantly, the analysis also showed a main
effect of experiment, with participants in Experiment 2 being
more likely to mention instruments than participants in Exper-
iment 1 (M, = .39, M, = .67).

To compare mention of disambiguating features across the two
experiments we used a model that included fixed effects of dis-
ambiguating feature, age, and experiment and their two-way in-
teractions (visual access and the three-way interaction between
disambiguating feature, age, and experiment did not improve
model fit and were not included in the final model). The model
also included crossed random intercepts for participants and items.
Table 6 presents the parameter estimates for the multilevel model
of mention of disambiguating features across experiments. Unsur-
prisingly, the model yielded a significant effect of age. The model
also showed an effect of experiment, with participants of Experi-
ment 2 being more likely to mention disambiguating features than
participants of Experiment 1 (M, = .46, M, = .69). The model

Parameter Estimates for Disambiguating Feature Mention in Experiment 2

Effects Estimate SE z
Intercept —.06 42 —.12
Feature (Location vs. Object) -.59 49 —-1.22
Age (5-year-olds vs. 4-year-olds) —.72 75 -.97
Visual Access (NV vs. V) .81 75 1.09
Feature (Location vs. Object): Age (5- vs. 4-year-olds) 1.28 .60 2.13"
Age (5- vs. 4-year-olds): Visual Access (NV vs. V) 3.37 1.52 2.22F

*p < .05.
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Table 5
Parameter Estimates for Instrument Mention in Experiments 1-2
Effects Estimate SE Z

Intercept —.18 28 —.63
Typicality (Typical vs. Atypical) 1.29 17 7.59"
Age (Adults vs. Children) —5.29 44 —12.09""
Age (5- vs. 4-year-olds) -1.16 35 —3.30""
Experiment (1 vs. 2) 1.73 33 5.23""

further returned an interaction between disambiguating feature and
age: Children were more likely to mention disambiguating objects
than disambiguating locations (M, = .40, M, = .34) but adults had
the reverse tendency (Mg = .95, M; = 1.00). Finally, there was also
an interaction between disambiguating feature and experiment: Al-
though speakers mentioned both types of disambiguating features
more frequently in Experiment 2 compared with Experiment 1 (M, =
46, M, = .69), the increase in the mention of disambiguating loca-
tions was greater than the increase in the mention of disambiguating
objects (Mppr . = 30, Mppr o = -10).

Additional Measures of Informativeness

To gain a more complete picture of how Experiment 2 affected
participants’ overall informativeness, we performed two additional
analyses. First, we coded participants’ descriptions for mention of
the agent across all test and control items (cf. Matthews et al.,
2006). Even though agents were not relevant for disambiguating
the target event, we hypothesized that they would be affected by
the nature of the conversational exchange and hence mentioned
more in Experiment 2. There were two categories of agent men-
tion: Agent NP/Pronoun realized in subject position (e.g., “The
lady is brushing her teeth with a toothbrush,” “She is brushing her
teeth with a toothbrush), and Other mention where the person was
mentioned but not as agent/subject (e.g., “There is a refrigerator
next to the man”), or was clearly contrastive (“That one doesn’t
have a rattle”). Figure 4 presents the data.

We used a model that included fixed predictors of age, visual
access, and experiment and interactions between age and visual
access, and age and experiment (all other interactions did not
significantly improve model fit and were, therefore, not included
in the final model; all ps > 0.05). The model also included random
intercepts for participants and items. Table 7 presents the param-
eter estimates for the multilevel model of comparing mention of

Table 6

agents across experiments. The model yielded a significant effect
of age: Overall, adults mentioned agents more frequently than
children (M, = .94, M- = .56), but 4- and 5-year-olds did not
differ (M5 = .61, M, = .50). There was also a significant effect of
experiment, with participants of Experiment 2 being more likely to
mention agents than participants of Experiment 1 (M, = .56, M, =
.65). These effects were qualified by an Age X Experiment inter-
action: Children were much more likely to mention agents in
Experiment 2 compared with Experiment 1 (M, = .44, M, = .79)
but no such difference emerged in adults (M, = .93, M, = .96).
There was also an Age X Visual Access interaction in children:
Five-year-olds were more likely to mention agents when the
listener did not have visual access to the events (M, = .50,
My, = .72) but no such difference emerged in 4-year-olds
(M, = .56, My = .45). No such interaction was found when
children as a group were compared with adults (for adults,
M, = .96, My, = .93).

Second, we measured the length of participants’ responses for
all test and control events (i.e., the number of words used for each
event description) across experiments. Figure 5 presents the data.
This continuous variable was analyzed with a mixed-effects linear
model with crossed random intercepts for participants and items.
The model was fitted using restricted maximum likelihood of
parameters (REML) and included fixed predictors for age and
experiment and their interaction (visual access did not significantly
improve model fit, x> = 2.80, p = .09). Table 8 illustrates the
parameter estimates for the multilevel model of comparing length
of utterance across experiments. The analysis yielded a significant
effect of age and a significant effect of experiment. These main
effects were qualified by an interaction between age and experi-
ment: For adults, length of utterance did not differ between the two
experiments (M, = 9.03, M, = 8.57), but for children, length of
utterance was significantly higher in Experiment 2 (M, = 4.26,
M, = 7.61), with 4-year-olds showing greater gains (M, = 3.78,
M, = 8.23) than 5-year-olds (M, = 4.74, M, = 6.98).

Discussion

Experiment 2 introduced a collaborative exchange with a highly
active addressee to the paradigm of Experiment 1. Even though the
adult-child gap in informativeness persisted, the difference be-
tween 5- and 4-year-olds disappeared, and participants in all age
groups were more informative for both test and control items in
Experiment 2 compared with Experiment 1. Furthermore, children—
but not adults—were more likely to mention agents and to provide

Parameter Estimates for Disambiguating Feature Mention in Experiments 1-2

Effects Estimate SE z
Intercept 1.49 .36 420"
Feature (Location vs. Object) .92 .64 1.43
Age (Adults vs. Children) —6.59 .68 —9.63"
Age (5- vs. 4-year-olds) -.95 34 2.80™"
Experiment (1 vs. 2) 1.34 .33 4.04™
Feature (Location vs. Object): Age (Adults vs. Children) —3.49 1.11 —3.16™
Feature (Location vs. Object): Age (5- vs. 4-year-olds) —.46 33 —1.38
Feature (Location vs. Object): Experiment (1 vs. 2) 1.51 35 437"

*p < 0l **p < .00l
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Figure 4. Proportion mention of agents per age group and visual access for Experiments 1-2 (split by different
types of mention). Error bars represent standard error for all mentions combined.

longer descriptions in Experiment 2 compared with Experiment 1
(with the increase in utterance length being more pronounced in
4-year-olds). Thus, beyond the narrow focus of providing disambig-
uating information to pick out the target event, the interactive context
of Experiment 2 affected participants’ tendency to offer fuller, more
informative event descriptions.

Several additional aspects of our data are worth discussing.
First, as in Experiment 1, participants in Experiment 2 mentioned
atypical instruments more frequently than typical instruments.
Second, in Experiment 2, the listener’s visual access did not play
a role in instrument mention in any age group. However, closer
inspection of other parts of the data revealed some evidence for
children’s sensitivity to visual access: Four-year-olds in Experi-
ment 2 mentioned disambiguating features more often when the
addressee could not see the events (even though older children and
adults did not show this pattern). Similarly, across experiments,
5-year-olds were more likely to mention agents in the no visual
access compared with the visual access condition (adults and
younger children showed no such bias). Together with the results
from Experiment 1, these findings suggest that children were not
completely insensitive to the perspective of the addressee, even
though they did not consistently fulfill the addressee’s need for
information. Even though the current findings do not directly

speak to perspective-taking in adults, it is highly likely that adults
followed the rules of the game and provided disambiguating in-
formation consistently, whether the addressee had access to the
target events or not.

Finally, our results reveal differences between types of disam-
biguating information: Four- and 5-year-old children, across ex-
periments, mentioned objects more frequently than locations but in
adults this pattern was reversed. The adult finding might be easier
to explain: Disambiguating locations in our stimuli were percep-
tually more salient than objects, because they were included only
in the target event (but were absent in the distractor) and were
typically larger in size than the disambiguating objects (see Figure
1). For 4- and 5-year-olds, however, the source of the pattern is
less clear. One possibility is that the source is linguistic. Perhaps it
was easier for our child participants to plan utterances with (lin-
guistically obligatory) direct object noun phrases than (optional)
prepositional phrases. An alternative possibility is that the source
of this pattern is conceptual/semantic. Preschoolers in our sample
might have preferred to mention event components that were
essential to the core event (objects affected by the main action)
than conceptually more peripheral features (locations where an
action took place). At present, we cannot adjudicate between the
two possibilities, although a purely linguistic explanation seems

Table 7
Parameter Estimates for Agent Mention Across Experiments 1-2

Effects Estimate SE z
Intercept 3.47 40 8.727*
Age (Adults vs. Children) —5.24 73 =7.19"
Age (5- vs. 4-year-olds) —.84 .80 —1.06
Access (V vs. NV) .58 .62 94
Experiment (1 vs. 2) 291 .68 430"
Age (Adults vs. Children): Access (V vs. NV) 54 1.37 40
Age (5- vs. 4-year-olds): Access (V vs. NV) —4.77 1.52 —3.13"
Age (Adults vs. Children): Experiment (1 vs. 2) 3.98 1.44 276"
Age (5- vs. 4-year-olds): Experiment (1 vs. 2) 2.26 1.61 1.41

*p < 0l **p < .00l
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Figure 5. Mean length of utterance per age group and visual access for
Experiments 1-2. Error bars represent standard error.

less likely, given that 4- and 5-year-olds in our experiments were
too old to have difficulties formulating sentences with PPs and,
furthermore, children’s (and adults’) mentions did not strictly
follow the expectation that disambiguating objects would be en-
coded as direct object NPs and disambiguating locations as adjunct
PPs (see Coding section and Figure 3). Regardless of the precise
explanation of these findings, it appears that not all kinds of
disambiguating information are equally encoded.

General Discussion

The present set of experiments investigated referential produc-
tion patterns in 4- and S-year old children and adults, focusing on
event reference. Specifically, we explored how various factors
such as the communicative circumstances of the task, the listener’s
visual perspective and the typicality of event components shape 4-
and 5-year-olds’ referential choices in production. We discuss our
main findings and their significance below.

Interactive Contexts and Children’s Referential
Communication

A first key finding in our experiments was that children’s
informativeness was heavily context-dependent. In Experiment 1,
where participants produced referential descriptions for the sake of
a passive addressee, 4- and 5-year-olds often failed to provide the
target disambiguating information (i.e., instruments, objects, or
locations) that would allow their listener to identify the right event
referent. By contrast, in Experiment 2, where participants engaged
in a more genuine, collaborative interaction with a “true” interloc-
utor, both children’s and adults’ overall informativeness increased.
Relatedly, in Experiment 1, 5-year-old children tended to mention
more disambiguating information than 4-year-olds, but the differ-
ence disappeared in Experiment 2, where speakers’ overall infor-
mativeness increased.

The role of context has important implications for theories about
children’s difficulties with reference production and pragmatic
reasoning more generally. Recall that, for many researchers, chil-
dren’s problems with reference have to do with their difficulty
understanding that referring means finding differences between a
target referent and other objects in view (see Deutsch & Pech-
mann, 1982; Matthews et al., 2012, 2007; Nilsen & Mangal, 2012;

Whitehurst & Sonnenschein, 1981). This position predicts that if
the contrast between the target and its alternatives is made suffi-
ciently salient, children should be likely to provide informative
referential descriptions. Our data do not support this view: Al-
though identifying the differences between potential referents is a
prerequisite for successful disambiguation (but see Davies &
Kreysa, 2018), the results of Experiment 1 suggest that presenting
stimuli as closely matched pairs of contrasting events (and, thus,
making the differences between the two potential referents highly
noticeable) was not enough for eliciting informative descriptions.

Our results suggest that an important component of children’s
successes and failures with reference identification lies with the
communicative circumstances of different experimental tasks. As
Experiment 2 clearly shows, 4- and 5-year-olds (and adults) in our
sample were more likely to be informative when communicating
with an active listener in a task that required coordination of
communicative efforts. This finding is consistent with—and can
offer a framework for explaining—several prior findings from
referential communication tasks. In prior work, children showed
sensitivity to their communicative partner’s needs when this part-
ner was a real person who needed help to complete a clearly
defined task, such as construct a toy (e.g., Bahtiyar & Kiintay,
2009), move an object on a visual array (e.g., Nadig & Sedivy,
2002) or find a hidden toy (e.g., O’Neill, 1996). By contrast,
children frequently produced underinformative utterances when
asked to communicate with listeners who were either unable to
react (e.g., because they were imaginary; see Girbau, 2001) or had
no real stakes in the interaction (e.g., because they were the
primary experimenter; see Davies & Kreysa, 2018; Rabagliati &
Robertson, 2017).

How exactly did the interactive exchange in Experiment 2 affect
informativeness? One possibility is that the more explicit goal and
detailed exchanges between the active addressee and the speaker in
Experiment 2 offered numerous and reliable cues as to the com-
municative purpose of the task. Before each trial, the addressee
explicitly invited participants to identify a single referent (“I can
see two pictures. Which one is it? Tell me about it!”"). After each
trial, the addressee had to guess the right picture on the basis of the
speaker’s verbal description and place a sticker on it; the addressee
reacted to these demands of the guessing game with some uncer-
tainty (“I hope I got it right!”). Furthermore, during the introduc-
tory phase, participants were given feedback after offering an
ambiguous utterance and gained first-hand access to the address-
ee’s visual perspective (e.g., children sat on the addressee’s chair
to make sure she could/could not see the computer screen). All of
these features of the task may have offered explicit cues about the
need for clear, unambiguous event descriptions, unlike Experiment
1 where the same requirements remained implicit and had to be
inferred.? Other work has shown that young children, unless given

3In particular, corrective feedback is an effective way to increase
informativeness in children’s speech (e.g., see Bacso & Nilsen, 2017;
Deutsch & Pechmann, 1982; Matthews et al., 2012, 2007; Nilsen &
Mangal, 2012; Uzundag & Kiintay, 2018; Wardlow & Heyman, 2016).
However, it is unclear whether the feedback provided in Experiment 2 (i.e.,
placing the sticker next to the incorrect picture following an ambiguous
utterance) was more salient than the feedback provided in Experiment 1
(i.e., pointing out the differences between the target and the distractor
picture), as both types of feedback have been proven highly effective.
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Table 8
Parameter Estimates for Length of Utterance Across Experiments 1-2

Effects Estimate SE t
Intercept 6.89 23 21.86™"
Age (Adults vs. Children) —2.89 40 —7.29"
Age (5- vs. 4-year-olds) 15 45 33
Experiment (1 vs. 2) 2.1 37 5.66™*
Age (Adults vs. Children): Experiment (1 vs. 2) 3.82 .80 481"
Age (5- vs. 4-year-olds): Experiment (1 vs. 2) 2.20 .89 2.48"

*p < .05 **p< .00l

very explicit cues, fail to meet referential demands in production
(e.g., Hurewitz, Brown-Schmidt, Thorpe, Gleitman, & Trueswell,
2000; Matthews, Butcher, Lieven, & Tomasello, 2012) and have
inconsistent expectations about how informative speakers should
be in comprehension (e.g., Katsos & Bishop, 2011; Papafragou &
Musolino, 2003; Pouscoulous, Noveck, Politzer, & Bastide, 2007).
Nevertheless, in our data, this line of reasoning faces the problem
that the increase in 4- and 5-year-olds’ informativeness between
Experiments 1 and 2 was not restricted to disambiguating instru-
ments, objects, and locations (e.g., mention of agents also in-
creased even though this component was not task-relevant) and did
not occur consistently for the sake of an addressee with limited
knowledge.

A second, more likely possibility is that the collaborative con-
text in Experiment 2 increased participants’ motivation for com-
munication by maximizing speakers’ expected gains and offsetting
the costs of designing fully informative utterances (on the cost-
gains balance in communication, see Sperber & Wilson, 1986/
1995; cf. also Jara-Ettinger, Gweon, Schulz, & Tenenbaum, 2016).
Prior evidence has showed that 6- to 7-year-olds (but not 3- to
4-year-olds) provided more informative utterances in a referential
production task when they were offered tangible incentives (stick-
ers) for successful descriptions (Varghese & Nilsen, 2013; see also
Bahtiyar & Kiintay, 2009, Exp. 2). Although we did not provide
such concrete incentives here, the collaborative context of Exper-
iment 2 (similarly to other collaborative exchanges in real life)
may have been inherently motivational for participants. As any
other joint action, collaborative communication yields mutual ben-
efits for participants by allowing them to gain access to resources
that would otherwise be inaccessible (Melis & Warneken, 2016).
Depending on the purpose of the exchange, the benefits can be
straightforward (e.g., acquire information, get assistance) or psy-
chologically more complex (e.g., express one’s feelings, commit to
a future behavior, etc.). In our studies, speakers may have been
more likely to assist the collaborative interlocutor because of the
shared psychological benefits of “winning” in the game or even
“helping” someone else (cf. Hamann, Warneken, & Tomasello,
2012). Relatedly, given that referential communication can impose
considerable cognitive costs for both children and adults (e.g.,
Brown-Schmidt, 2009; Epley, Morewedge, & Keysar, 2004; Lin,
Keysar, & Epley, 2010; Nilsen & Graham, 2009; Nilsen et al.,
2015; RoBnagel, 2000), speakers in our study may have been more
likely to assume these costs when communicating with a collab-
orative interlocutor who reciprocally shared some of the burdens
(by talking more, as in Experiment 2) instead of a passive listener
who only enjoyed the benefits of the interaction without paying
any of the costs (by talking very little, as in Experiment 1).

The precise explanation of the role of interactive context im-
pacts the account of the change in children’s performance between
the ages of 4 and 5 (recall that, in Experiment 1, 5-year-olds tended
to mention more disambiguating information than 4-year-olds but
this difference disappeared in Experiment 2). One possibility is
that what children lack compared with adults is the ability to
spontaneously evaluate how much information is needed (a com-
ponent of communicative competence that requires experience in
social interaction; see Nilsen & Fecica, 2011). If so, younger
children in our sample, as less experienced communicators, may
have relied more heavily on the presence of relevant cues: Four-
year-olds were less informative compared with 5-year-olds in the
absence of such cues (in Experiment 1) but became as informative
as 5-year-olds when these cues were abundant (in Experiment 2).
This possibility is in line with other work showing that 4- and
5-year-old comprehenders do not penalize underinformativeness in
the absence of relevant cues but even 4-year-olds improve when
such cues are provided (Gweon & Asaba, 2017; Skordos & Papa-
fragou, 2016). Furthermore, this work also demonstrated that the
ability to entertain appropriate expectations of informativeness in
the absence of relevant cues was the source of developmental
change between preschoolers and school-age children (Gweon &
Asaba, 2018). Interestingly though, these studies, unlike our own,
did not find developmental differences between 4- and 5-year-olds.

Alternatively, what changes in development may be the moti-
vation to communicate when the interaction is not particularly
rewarding (or the balance between costs and benefits is not favor-
able). If so, younger children in our experiments may have relied
more heavily on explicit (social) rewards (e.g., winning in a game)
compared with older children: In the absence of such rewards
(Experiment 1), 4-year-olds’ referential communication lagged
behind that of 5-year-olds. A related possibility is that younger
children in our experiments were more likely to bear the conver-
sation costs and offer the required information when communicat-
ing with a collaborative addressee, not only to increase their own
benefits (win in the game) but perhaps also to increase their
partner’s benefits (help her find the right picture). In support of this
possibility, Experiment 2 (control items) was the only case where
our youngest sample displayed sensitivity to the listener’s visual
access—presumably a costly adaptation that requires sophisticated
mentalizing skills (see also next section). This possibility resonates
with recent findings showing that 4-year-olds—but not 5-year-
olds—have limitations estimating the tradeoff between informa-
tiveness and communicative efficiency both in their own and in
others’ nonlinguistic demonstrations of facts (Gweon, Shafto, &
Schulz, 2018).
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Because Experiment 2 introduced several modifications to the
paradigm of Experiment 1, the present data cannot definitively
adjudicate between the two possibilities and the subsequent ac-
counts of the mechanisms that guide children’s communicative
development. Additional research will be required to identify
whether it is the presence of relevant cues or the motivation
provided by collaborative communication that determines chil-
dren’s decisions of what to include in their linguistic messages.*
Future research could tease these two possibilities apart by disen-
tangling the role of cues to a task’s communicative goal from
participants’ motivation to fulfill that goal collaboratively. Fur-
thermore, if the ability to effectively estimate the tradeoff between
costs and benefits is what defines children’s informativeness in
production, it remains to be seen whether these estimates concern
children’s own (egocentric) costs and benefits or those of their
listener’s as well.

Production Adaptations in Children’s Event Reference

A second, striking aspect of our data is that— despite sensitivity
to the conversational context—4- and 5-year-olds’ productions
often failed to address their communicative partner’s needs. Even
in Experiment 2, where informativeness increased, children’s men-
tion of disambiguating information remained nonadult-like: Five-
year-olds mentioned instruments 55% of the time and disambigu-
ating features 56% of the time, whereas 4-year-olds did so 43%
and 47% of the time, respectively. This is not unprecedented. In
many well-known referential communication studies, 5-year-olds
appropriately modified their descriptions to uniquely identify the
target referent less than half of the time (e.g., 30% for 5-year-olds
in Bahtiyar & Kiintay, 2009, Exp. 1; 39% for 5-year-olds in Nilsen
& Graham, 2009; 45% in Davies & Katsos, 2010). Only studies
that provided referential feedback report high levels of informa-
tiveness in children’s repairs (e.g., see Deutsch & Pechmann,
1982; Matthews et al., 2012, 2007).

Two further sets of key findings throw light on the specific
difficulties children face in their production adaptations. Both
preschoolers and adults in our sample made adjustments to the
typicality of events by mentioning atypical instruments more
frequently than typical instruments across experiments. This
result is in accordance with work on adult production showing
that, in storytelling, atypical (i.e., highly unpredictable) instru-
ments are more noteworthy than typical (i.e., inferable) instru-
ments (Brown & Dell, 1987; Lockridge & Brennan, 2002), and
recent developmental findings showing that children tend to
mention unpredictable adjective-noun combinations (e.g., “cud-
dly pajamas”) when these carry high information content (Ban-
nard, Rosner, & Matthews, 2017; cf. also Papafragou et al.,
2006). However, participants did not consistently adjust to the
listener’s visual access. Adults were highly informative in both
visual access conditions, possibly because they realized that
disambiguating information should be provided independently
of whether the listener could see the target events or not.
Children did not adjust their utterances to their listener’s visual
access (despite being often underinformative) but occasionally
incorporated the listener’s visual perspective: Five-year-olds in
both experiments mentioned agents more frequently when the
listener did not have visual access to the target events (com-
pared with when she had access to them), and 4-year-olds in

Experiment 2 mentioned disambiguating objects and locations
more frequently when the listener could not see the events.

The current pattern of results can be explained by assuming
that different types of adjustments impose distinct cognitive
demands. Typicality based adjustments might have been easier
to make because these required children to only consider what
is usual within the community (or even what they themselves
consider noteworthy) without any need to monitor the beliefs of
a particular interlocutor. By contrast, adjustments to a listener’s
visual access might have been harder because such adjustments
required tracking what the listener knew at each point in the
discourse—which in the no visual access condition conflicted
with what the child could access—and thus presupposed a
dynamic model of the conversation that needed to be updated
frequently (see Arnold, 2008, for discussion). Adjustments to
an interactive addressee would fall between the other two in
terms of audience design demands because, although linked to
a particular listener and context, they did not require complex
computations about this particular person’s mental states but
only a coarse estimate of the listener’s need for information. In
support of this last point, even though 4- and 5-year-olds in our
sample became overall more informative when communicating with
an interactive partner in Experiment 2, they did not offer more
disambiguating information when their partner lacked visual access to
the events (as they should were they specifically monitoring that
partner’s mental state).

Together these findings show that 4- and 5-year-old children
do not consistently adjust their informativeness levels to the
needs of their specific interlocutor and often direct their pro-
duction toward what is noteworthy on a more general level (see
also Bannard et al., 2017; Brown & Dell, 1987, for similar
conclusions). More broadly, these observations highlight the
need for a nuanced model of children’s audience design, where
some listener needs might be costlier to incorporate than others.

The present experiments went beyond prior work on nominal
reference to focus on how children describe and identify events.
Nevertheless, our investigation still used a disambiguation par-
adigm with a restricted conversational goal. Future work should
extend the present results to tasks with more open-ended goals,
such as situations in which children describe individual events
freely for a partner. It remains to be seen whether the commu-
nicative status of that partner (e.g., whether he or she shares a
joint goal with the child) might affect mention of instruments

* Notice that the factors shaping children’s informativeness in produc-
tion may be somewhat different from those in comprehension. In compre-
hension, preschoolers’ sensitivity to informativeness seems to depend on
the presence of relevant cues to the goals of the exchange (Gweon &
Asaba, 2017; Skordos & Papafragou, 2016). However, in production, a
process inherently constrained by the need of least effort for the speaker
(Shannon, 1948; Zipf, 1949), the informativeness of children’s messages
may be more heavily affected by the motivation for communication (in-
cluding considerations of the balance between costs and benefits).
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and Hanna Schwartz for their assistance in these studies. Part of these data
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material is based upon work supported by the National Science Foundation
under Grant 1632849.
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and other event components. It also remains to be seen whether,
under those circumstances, children might be more likely to
consult the listener’s visual perspective. We are currently pur-
suing these possibilities in ongoing work.
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Appendix A

Test Stimuli

Event

Disambiguating instrument

Atypical Typical

. A boy is cutting paper

. A woman is cleaning

. A man is eating a steak

. A man is holding a door open

. A girl is coloring a picture

. A woman is sweeping the floor
. A woman is blowing her nose
. A woman is brushing her teeth

0N AW —

using scissors
using a cloth
using a fork

using his hand
using a red crayon
using a broom
using a tissue
using a toothbrush

using a knife
using a teddy bear
using a knife
using a stick

using a red lipstick
using a branch
using a shirt

using her finger

Appendix B

Control Stimuli

Event

Disambiguating object

1. A woman is holding
2. A baby is holding

3. A woman is putting
4. A woman is spreading

A bottle (vs. a spoon)

A rattle (vs. a kite)

A ball (vs. a star) onto a Christmas tree
A newspaper (vs. red paper) onto a table

Disambiguating location

1. A man is fixing a fence

2. A man is watering plants

3. A couple is sewing a blanket
4. A man is stretching

Next to a tree (vs. no tree)
Next to a bench (vs. no bench)
Under a tent (vs. no tent)

Near a fridge (vs. no fridge)

Note. Nontarget items appear in parentheses.
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