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Introduction

In dialog settings, conversational partners converge on similar names for referents. These
lexically entrained terms [Garrod, S., & Anderson, A. (1987). Saying what you mean in dia-
log: A study in conceptual and semantic co-ordination. Cognition, 27, 181-218] are part of
the common ground between the particular individuals who established the entrained
term [Brennan, S. E., & Clark, H. H. (1996). Conceptual pacts and lexical choice in conversa-
tion. Journal of Experimental Psychology: Learning, Memory, and Cognition, 22, 1482-1493],
and are thought to be encoded in memory with a partner-specific cue. Thus far, analyses
of the time-course of interpretation suggest that partner-specific information may not con-
strain the initial interpretation of referring expressions [Barr, D. ]., & Keysar, B. (2002).
Anchoring comprehension in linguistic precedents. Journal of Memory and Language, 46,
391-418; Kronmiiller, E., & Barr, D. ]. (2007). Perspective-free pragmatics: Broken prece-
dents and the recovery-from-preemption hypothesis. Journal of Memory and Language,
56, 436-455]. However, these studies used non-interactive paradigms, which may limit
the use of partner-specific representations. This article presents the results of three eye-
tracking experiments. Experiment 1a used an interactive conversation methodology in
which the experimenter and participant jointly established entrained terms for various
images. On critical trials, the same experimenter, or a new experimenter described a crit-
ical image using an entrained term, or a new term. The results demonstrated an early, on-
line partner-specific effect for interpretation of entrained terms, as well as preliminary evi-
dence for an early, partner-specific effect for new terms. Experiment 1b used a non-inter-
active paradigm in which participants completed the same task by listening to image
descriptions recorded during Experiment 1a; the results showed that partner-specific
effects were eliminated. Experiment 2 replicated the partner-specific findings of Experi-
ment 1a with an interactive paradigm and scenes that contained previously unmentioned
images. The results suggest that partner-specific interpretation is most likely to occur in
interactive dialog settings; the number of critical trials and stimulus characteristics may
also play a role. The results are consistent with a large body of work demonstrating that
the language processing system uses a rich source of contextual and pragmatic represen-
tations to guide on-line processing decisions.

© 2009 Elsevier Inc. All rights reserved.

problem that has garnered significant interest is whether
addressees use information about the identity of the

In recent years, a central focus of research in language
processing has been the contribution that contextual infor-
mation makes to on-line language interpretation. One
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speaker to constrain interpretation of referring expres-
sions. For example, imagine a situation in which two
friends look up at the clouds and agree to call a particular
cumulus cloud the fuzzy bunny. In this situation, they
would jointly know that if one of them used the term fuzzy
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bunny, that it would refer to that particular cloud, and that
if they use a different term, say, the running man, that it
most likely refers to a different entity. To understand
whether addressees use information about the speaker’s
identity, we can ask whether the same assumptions would
be made of a new speaker using these terms who was not
present when the friends agreed to call that cloud the fuzzy
bunny. The present research examines the question of
whether interpretation of expressions like the fuzzy bunny
is sensitive to the speaker’s identity, and explores whether
the use of speaker information is sensitive to contextual
factors including properties of the potential referents and
the interactivity of the conversational situation.

The process of developing shared names has been
termed lexical entrainment (Garrod & Anderson, 1987). En-
trained terms are common in conversation (Clark &
Wilkes-Gibbs, 1986; Schober & Clark, 1989), and are asso-
ciated with increases in the efficiency and accuracy of
communication that occur over the course of a conversa-
tion (Clark & Wilkes-Gibbs, 1986; Issacs & Clark, 1987;
Wilkes-Gibbs & Clark, 1992). Entrained terms are created
through interactive dialog processes in which speakers tai-
lor expressions for particular addressees (Bromme, Jucks, &
Wagner, 2005; Haywood, Pickering, & Branigan, 2005; Iss-
acs & Clark, 1987; Lockridge & Brennan, 2002), and
addressees accept, refuse, or refine these terms (Clark &
Brennan, 1991; Traum, 1999).

Brennan and Clark (1996) argued that entrained terms
represent partner-specific conceptual pacts between the
dialog partners, which are flexible agreements for how to
conceptualize and refer to discourse referents. On this
view, when partners entrain on an expression, the map-
ping between referent and entrained expression is associ-
ated with the particular individuals who were involved in
the entrainment, and is part of their common ground
(Clark & Marshall, 1978, 1981; Clark, 1992, 1996). Individ-
uals not privy to the conversation would not be expected
to share this information, since common ground is defined
with respect to specific individuals.

Partner-specificity of entrained terms has several impli-
cations for the representation and processing of referring
expressions in dialog. Regarding representation, the associ-
ation between an entrained term and its referent are
thought to be stored in episodic memory representations
along with contextual information that includes, among
other things, information about the discourse partner
(Metzing & Brennan, 2003; also see Clark & Marshall,
1978, 1981). Indeed, conversational partners retain en-
trained terms in memory, and are likely to re-use them
after delays of 2-5 days (Markman & Makin, 1998). Fur-
ther, re-use of entrained terms is sensitive to the knowl-
edge state of the addressee: whether a speaker uses a
previously entrained term, or offers a more specific one,
depends on whether the speaker believes the addressee
to be familiar with the entrained term (Brennan & Clark,
1996; Horton & Gerrig, 2005a; Wilkes-Gibbs & Clark,
1992).

Representational claims that entrained terms are stored
together with contextual information naturally lead to the
question of how this information is used in subsequent lin-
guistic exchanges. For language comprehension, which is

the focus of this paper, the central question that has
emerged is whether, and when, partner-specific informa-
tion is available to the language processing system. Two
broad views have been proposed which differ primarily
in whether partner-specific information is thought to be
available to the language processing system early, or only
after a delay. Thus far, empirical findings point to delayed
use of partner-specific information (exceptions being Met-
zing & Brennan, 2003; Brennan & Hanna, 2009), however, a
variety of methodological concerns complicate interpreta-
tion of existing results.

The primary aim of the present research is to re-exam-
ine the role of partner-specific representations in the pro-
cessing of referring expressions and to propose a revised
account of the role of partner-specific information in lan-
guage processing. In service of this aim, [ present the re-
sults of three experiments that examine the use of
partner-specific information during on-line processing in
both interactive (Experiments 1a and 2), and non-interac-
tive settings (Experiment 1b). I go on to critique the use
of non-interactive methodologies in investigations of inter-
action-based processes and suggest that both automatic
and strategic language processes are sensitive to the con-
text of language use.

Partner-specific language interpretation? Two views

According to one view, partner-specific and other con-
textual information guides language processing decisions
from the earliest moments of comprehension (Metzing &
Brennan, 2003). This view is consistent with constraint-
based theories of language processing, which propose that
a large number of partial constraints guide language pro-
cessing decisions (MacDonald, Pearlmutter, & Seidenberg,
1994; Tanenhaus & Trueswell, 1995). It is also consistent
with a variety of results demonstrating that many other
forms of contextual information, including common
ground representations (Brown-Schmidt, Gunlogson, &
Tanenhaus, 2008; Hanna, Tanenhaus, & Trueswell, 2003;
Heller, Grodner, & Tanenhaus, 2008), object affordances
(Chambers, Tanenhaus, Eberhard, Filip, & Carlson, 2002),
and the reliability and certainty of the speaker (Arnold,
Tanenhaus, Altmann, & Fagnano, 2004; Grodner & Sedivy,
in press), all constrain on-line processing. Thus, on this
view, any information in memory associated with an en-
trained term, such as where and with whom the term
was entrained with, and so forth, could potentially con-
strain future interpretations of the term. However, in prac-
tice, Metzing and Brennan (2003) argue that partner-
specific information may be a relatively weak cue which
can be overridden by other, conflicting cues.

An alternative view distinguishes early, on-line pro-
cesses, which are partner-nonspecific, from late recovery
processes which do have access to partner-specific infor-
mation (e.g. Barr & Keysar, 2002; Kronmiiller & Barr,
2007). This view is motivated by the notion that taking
rich contextual information into account during on-line
processing is too taxing to be part of routine processing
strategies. It is based on dual-process accounts of the role
of perspective in language processing, which propose that
initial processing of language is egocentric and that
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perspective only plays a role in delayed, recovery pro-
cesses (Keysar, Barr, Balin, & Paek, 1998; Keysar et al.,
2003). This view is consistent with results that show that
listeners sometimes generate perspective-inappropriate
interpretations of their partner’s utterances (Keysar, Barr,
Balin, & Brauner, 2000; Keysar et al., 2003). According to
this view, stored associations between naming precedents
and referents guide initial on-line processing, however,
stored associations between these naming precedents
and specific partners only affect processing decisions at
a delay.

Work supporting the dual-process view includes find-
ings by Barr and Keysar (2002), who hypothesized that if
partner-specific representations are used on-line, en-
trained terms spoken by the speaker who established the
term should be easier to understand than entrained terms
spoken by a new speaker. In their second experiment, a live
speaker produced expressions that had previously been
entrained by either that live speaker, or by a different,
pre-recorded voice. Listeners identified the referent of the
entrained term equally quickly, regardless of which speak-
er established the term, suggesting that addressees did not
take advantage of a partner-specific cue. However, aspects
of the experimental design may have led to the null result.
Partner-specific conceptual pacts are thought to enter
common ground when they have been interactively estab-
lished, but in this experiment, participants did not have the
opportunity to refer to or collaboratively establish names
for the objects. Thus, participants may not have associated
the terms with a particular speaker. It is also possible that
the terms were associated with both speakers. After all, the
live speaker was in the room at the time of the entrain-
ment by the pre-recorded speaker, and work by Horton
(2007) demonstrates that simply having someone in the
room can serve as a memory cue for representations asso-
ciated with that person.

Barr and Keysar’s (2002) Experiment 3 tested whether
participants would exhibit partner-specific interpretation
of basic level terms such as car in contexts containing a
car and a flower. Prior to the test trials, either the test
voice, or a different voice (both pre-recorded) described
these pictures in contexts that required using the specific
terms sportscar and carnation. They reasoned that if partic-
ipants use partner-specific information as they interpret
car, lexical competition from the carnation (flower) should
be stronger when the voice at test had previously estab-
lished the precedent of carnation. They also manipulated
whether the participant was led to believe (through an
elaborate ruse) that they were talking with a live person,
or if they knew they were listening to pre-recorded speech.
The results showed equal competition, regardless of which
voice established the precedent, suggesting that partner-
specific representations are not used on-line. Whether
the participant was told they were listening to a live per-
son or not had no effect. However, even in the condition
with the elaborate ruse, the experiment was essentially
non-interactive, thus there was no opportunity for collab-
orative establishment of entrained terms. Additionally, as
Metzing and Brennan (2003) point out, a robust lexical
competition effect may have swamped out whatever small
partner-specific effect there might have been.

In one experiment that did use an interactive task with
live speakers, Metzing and Brennan (2003) reported that
maintained precedents were interpreted equally quickly,
regardless of speaker. However, they did find evidence
for the use of partner-specific cues when precedents were
broken: After the participant and a partner collaboratively
established terms for various images, that partner left the
room and either returned, or a new partner entered. The
original or new partner then referred to a test image either
using the entrained term or a new term. When a new term
was used, eye-tracking data showed that participants were
significantly slower to fixate the referent when it was the
original partner speaking, compared to a new partner (for
similar findings with 3-year-olds and an interactive task,
see Matthews, Lieven, & Tomasello, 2008). This partner-
specific penalty for broken precedents demonstrates that
addressees formed partner-specific expectations for how
the various images would be referred to. With a new
speaker, there were no expectations, however with a famil-
iar speaker, addressees expected them to continue to use
the established terms.

Kronmiiller and Barr (2007) questioned whether this
partner-specific effect represents initial, on-line interpre-
tation processes or only a late recovery process. Like
Metzing and Brennan (2003), they monitored participants’
eye movements as they interpreted maintained and broken
precedents when either the original or a new speaker pro-
duced the expression. However, they used a non-interac-
tive setting with two different pre-recorded voices. Like
Metzing and Brennan (2003), they reported no partner ef-
fect for maintained precedents.! Instead, they observed an
early effect of precedent, with less competition when
speakers continued to use established precedents, com-
pared to new terms. A partner-specific penalty was ob-
served for original speakers using a new term compared
to new speakers, but only after a delay. This delay was used
to argue for a two-stage model in which initial interpreta-
tion processes are “perspective-free”, and thus do not take
advantage of partner-specific information. The authors
concluded that when listeners hear a new term, the exist-
ing precedent preempts mapping of the new term to the
target referent, yielding the early precedent effect. The la-
ter speaker effect emerges when listeners use speaker-spe-
cific information to inhibit precedents not known to the
current speaker. However, one concern with the interpre-
tation of these results is that the use of a non-interactive
paradigm may have yielded precedents that were only
weakly associated with one speaker over the other, result-
ing in a relatively late and weak speaker-specific effect.

This article presents the results of three experiments
that re-examine the question of whether partner-specific
information is used by early, on-line interpretation pro-
cesses. A primary intuition guiding this work is that in-
sights into the role of interactively established
representations, such as collaborative referential pacts, will
require examinations of language use in natural, interactive

T A post-hoc analysis of these data (Barr, 2008a) found that for
maintained precedents, looks to the target increased at a higher rate for
original vs. new speakers, however, condition differences at baseline
complicate interpretation of this result.
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settings. After all, partner-specific conceptual pacts are
thought to emerge from an interactive process during
which interlocutors interactively refine proposed concep-
tualizations of a referent (Brennan & Clark, 1996). In non-
interactive discourse settings, an addressee does not have
the opportunity to interactively establish precedents, so it
is likely that partner-specific information would not be
stored when referring precedents are learned. Thus, previ-
ous work that failed to observe the use of partner-specific
representations during on-line interpretation (e.g. Barr &
Keysar, 2002), or found only very late partner-specific ef-
fects (e.g. Kronmiiller & Barr, 2007) only reaffirms the col-
laborative nature of the representations, rather than
establishes their non-use in on-line processing.

The motivation for studying entrained terms using
interactive methodologies comes from experiments that
show that actively engaging in a conversation and interac-
tively establishing entrained terms affects how those
terms are used and understood: In direction-giving tasks
where partners entrain on terms for abstract pictures,
overhearers who are privy to the entirety of the conversa-
tion do not comprehend entrained terms as well as active
participants. If the overhearer subsequently completes
the same task with one of the original partners, the result-
ing conversation tends to be less efficient, taking more
time and more words to complete the task (Schober &
Clark, 1989; Wilkes-Gibbs & Clark, 1992). Further, the
feedback that dialog partners give each other plays a par-
ticularly important role in understanding what is said. In
story-telling tasks, providing feedback to a speaker im-
proves the listener’s understanding of the story. Eaves-
droppers on the conversation do not show the same
advantage, suggesting that active engagement allows lis-
teners to coordinate their specific needs with what the
speaker says (Kraut, Lewis, & Swezey, 1982). Similarly, re-
corded instructions are harder to follow than those pro-
duced in a live, interactive setting (Clark & Krych, 2004).
Interactive dialog also results in better interpersonal per-
ception of the dialog partner compared to simply observ-
ing the speech of the partner (Powell & O’Neal, 1976).
These results demonstrate that in dialog tasks, interactivity
plays a direct role in the addressee’s understanding and
ability to complete the task. Thus, determining whether
partner-specific information is used during the interpreta-
tion of entrained terms will likely require experiments that
allow these terms to be interactively established.

The experiments presented here examine the role of
partner-specific information in the on-line interpretation
of broken and maintained precedents. Experiments 1a
and 2 both use an interactive conversation methodology
with live, co-present interlocutors. Experiment 2 differed
from Experiment 1a in that it provided more experimental
control over the critical referring expressions (at the ex-
pense of spontaneity), and used scenes with unmentioned
images to control for an alternative explanation of Experi-
ment 1a’s results (see Experiment 2). Experiment 1b was
designed to be as similar as possible to Experiment 1a,
but without interaction. Participants in Experiment 1b lis-
tened to pre-recorded experimental instructions, taken
from the experimental recordings of Experiment 1a. The
contrast of Experiments 1a and b provides insights into

the role of interactivity in the use of partner-specific
representations.

The design of these experiments is similar to that used
by Metzing and Brennan (2003), however, several design
changes were employed to maximize the likelihood of
observing early effects. First, the critical expressions on
which the factors of partner and expression were manipu-
lated were designed to be temporarily ambiguous with re-
spect to the referential context (only some of the stimuli
used by Metzing and Brennan were temporarily ambigu-
ous). For example, given a scene that contains some
multicolored blocks and some multicolored triangles, the
underlined portion of the phrase the multicolored blocks is
ambiguous between the blocks and the triangles. The
ambiguity is only temporary because it resolves at blocks.
Temporary ambiguity increases the likelihood of observing
early effects because if addressees expect the ambiguous
portion of the expression to continue with the entrained
term, this would resolve the ambiguity, allowing the ad-
dressee to more quickly identify the intended referent.

Recall that Metzing and Brennan (2003) observed a part-
ner-specific penalty for interpretation of broken prece-
dents, but no partner effect for the interpretation of
maintained precedents (although condition means showed
an advantage for the original partner). One reason for the
lack of a partner-specific effect for maintained precedents
could be a lack of power; their design included only two
critical trials per condition. In order to increase the statisti-
cal power of the design, the experiments presented here
used more experimental items and more participants.
These changes increase the likelihood of observing part-
ner-specific effects for maintained precedents, and also in-
crease the likelihood of observing partner-specific effects
early in the interpretation process.

Experiment 1a

Participants in Experiment 1a followed an experi-
menter’s instructions to re-arrange abstract images on a
computer screen as their eye movements were monitored.
Over several trials, participants established entrained
terms for these images with an experimenter. For example,
they might call what would eventually become the target
image the multicolored blocks, or alternatively, the stacked
cubes. On critical trials, either the same experimenter or a
new experimenter would then refer to the target image
as the multicolored blocks. Whether this was the entrained
term (maintained precedent trial), or a new term (broken
precedent trial), was determined by whether or not the
experimenter had previously established this name for
the target referent (e.g. the multicolored blocks), or a differ-
ent name (e.g. the stacked cubes).

Predictions

If partner-specific information guides interpretation of a
referring expression from the earliest moments of under-
standing, the initial interpretation of expressions should be
sensitive to the speaker, and the addressee’s experience with
that speaker. Specifically, this view predicts two different
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types of results, depending on whether the critical expres-
sion maintained the referring precedent or broke the
precedent.

An early partner-specific effect for maintained prece-
dents would be indicated by an early facilitation in the
interpretation of the expression when the original partner
is speaking, compared to a new partner. In terms of the eye
fixation response measure, in the window of time begin-
ning just after the onset of the critical expression, this
would result in more target fixations and fewer competitor
fixations with the original speaker, compared to a new
speaker. This effect would occur if, when hearing an en-
trained expression spoken by the partner who entrained
it, addressees interpret the ambiguous portion of the
expression (e.g. the multicolored...) as mapping to the tar-
get, rather than the competitors. In contrast, when hearing
an entrained expression spoken by the new partner,
addressees should not eliminate the competitors from con-
sideration, and thus fixate the target and competitors with
equal probability until the disambiguating word blocks.
Note that partner-specific interpretation of maintained
precedents has not been observed previously. This may
be because the partner-specific cue is easily overwhelmed
by other sources of information (see argumentation in
Metzing & Brennan, 2003), or because partner-specific
information does not routinely guide interpretation pro-
cesses (Kronmiiller & Barr, 2007). Thus, a null effect for
maintained precedents is not conclusive. By contrast, an
early partner-specific effect for maintained precedents
would be clear evidence in favor of the view that entrained
terms are stored in memory with partner-specific informa-
tion, and that the processing system takes advantage of
this information to facilitate on-line interpretation.

The second type of result predicted by the view that
partner-specific information guides initial interpretation
processes is that addressees, upon hearing a broken prece-
dent, should be less likely to consider the target when the
original partner is speaking, compared to a new partner.
In terms of fixations, this would result in fewer target
and more competitor fixations immediately after the onset
of the broken precedent when the original partner is
speaking, compared to a new partner. This would occur if
addressees assume that if the original speaker had in-
tended to refer to the target, that they would use the en-
trained term, thus use of a different term is interpreted
as a non-target reference (e.g. the principle of contrast,
Clark, 1987). In contrast, with a new speaker, use of a bro-
ken precedent would be interpreted as temporarily ambig-
uous between the target and competitors, thus target
fixations should be slightly higher with a new speaker. If
the initial interpretation of broken precedents is impaired
when the original partner is speaking, this would demon-
strate that addressee’s on-line interpretation of an expres-
sion takes into consideration speaker-specific expectations
for how particular entities would be referred to even when
the speech input does not match that expectation.

Alternatively, partner-specific information may not
guide the initial, on-line interpretation of maintained or
broken precedents. If so, maintained precedents should
be easier to interpret than broken precedents (due to
learned associations between referents and expressions),

and this should not depend on whether the current partner
established the precedent. Finally, if, as Kronmiiller and
Barr (2007) argue, partner-specific effects for broken
precedents are part of a late recovery process, a partner ef-
fect for broken precedents should emerge later in process-
ing, after an early effect of precedent. In terms of fixations,
this would predict that in early analysis regions (e.g. just
after referring expression onset), there should be more tar-
get fixations and fewer competitor fixations for main-
tained, compared to broken precedents, with no
interaction with speaker. Following this precedent effect,
there should be more target fixations and fewer competitor
fixations for new partners and broken precedents, com-
pared to original partners and broken precedents.

Method

Participants

Forty-eight native English-speaking participants from
the student community at the University of Illinois at Ur-
bana-Champaign participated in exchange for $16 or par-
tial course credit. Data from an additional eight
participants were collected but not analyzed due to not fol-
lowing directions (n=1), a poor calibration (n=1), or
experimenter error (1 = 6).

Procedure

Participants were seated in front of a computer screen.
Each participant interacted with two different experiment-
ers (one male, one female). One experimenter sat at a differ-
ent computer in the same room, positioned so that the
participant and experimenter could not view each other’s
screen. A second experimenter sat in the hallway, behind
a closed door. Participants understood that the experiment-
ers worked in the lab, and it was clear that the experi-
menter in the hallway could not hear into the room when
the door was closed. Participants were told that they would
receive instructions from two different experimenters, and
that they should follow the instructions as best they could.
Across participants, a total of eight different individuals
played the role of experimenter, however each participant
only interacted with two individual experimenters.

The participant’s eye movements were monitored
throughout the experiment. Fourteen of the participants
were run on a head-mounted Eyelink II eye-tracking sys-
tem, and the remaining participants were run on an Eye-
link 1000 desktop mounted eye-tracking system.” The
experimenter wore a headset microphone. An audio record
of the conversation was recorded to disk.

The task was a referential communication task (Clark &
Wilkes-Gibbs, 1986; Krauss & Weinheimer, 1966) in which
participants followed an experimenter’s spoken instructions
to re-arrange a set of hard-to-name images on a computer
screen. On each trial, the participant and experimenter saw
the same 10 images on their respective computer screens,
but in different arrangements (Fig. 1a and b). The experi-
menter described each image in turn (left to right, top to

2 Statistical analyses confirmed that none of the variables of interest
interacted with the type of eye-tracker used.
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a
J
p18. stacked...
b

Fig. 1. (a-b) Experiment 1a, example screens for the experimenter (a) and participant (b) on the fourth (critical) round of matching. The experimenter’s
screen shows the critical adjectives for the target (top left) and competitor pictures.

bottom) and the participant’s task was to rearrange his or her
images into the experimenter’s order. On the experimenter’s
screen only, there were verbal prompts which indicated how
the experimenter should begin his or her descriptions of two
of the 10 images. These prompts were employed in order to
have control over the name that was given to the critical
images (see Auditory stimuli, below). The task was interactive,
and participants were encouraged to ask for clarification if
they did not understand an instruction. The task typically
lasted 60-80 min.

Participants rearranged 16 sets of 10 images according
to the experimenter’s instructions. Each set of images
was rearranged four times in a row, for a total of 64 rounds
of trials (Fig. 2). Each participant was assigned a primary
experimenter (the gender of the primary experimenter
was counterbalanced across subjects). For a given set of
images, the first three rounds of rearranging were always
done with the primary experimenter. These rounds were
used to collaboratively establish referring expressions for
the 10 images in that set. On the fourth round, the exper-
imenter always left the room for a minute and either the
primary experimenter returned (same-partner trials) or
the alternate experimenter came into the room (differ-
ent-partner trials). In either case, the experimenter who
was not participating in the fourth round remained in the
hallway with the door closed. The fourth round began with
a drift correction on the eye-tracker, and then the experi-
menter (either the primary or alternate) gave the partici-
pant instructions to re-arrange the images for a fourth
time.

For each set of images, the first instruction on the fourth
round was the critical trial during which the variables of
interest were manipulated (within subjects): partner
(same or different), and referring expression precedent
(maintained or broken). The first instruction always re-
ferred to the target image for that set of images. Interpre-
tation of the target referring expression was monitored by
examining participants’ gaze as they interpreted this
expression.

Materials

Visual stimuli. The visual stimuli were 160 abstract images.
Several of the images were created for a previous experi-
ment by Arnold, Hudson Kam, and Tanenhaus (2007). Ab-
stract images were used so that participants would not
expect both speakers to use the same canonical label for
the image (e.g. dog). In order to test expressions with a vari-
ety of modifiers, half of the images were black and white,
half were colorized. Thirty-two of these images were the
target or competitor images on critical trials; 16 were col-
ored, 16 were black and white. The 16 colorized critical
images were grouped into eight pairs of images that had
the same color theme (e.g. two multicolored images), and
could be described using the same adjective, as in the mul-
ticolored. ... The 16 black and white critical images were
grouped into eight pairs that could be described using the
same adjective, such as the crushed.... The adjectives for
the black and white images were selected based on an ear-
lier norming study in which speakers who did not partici-
pate in the present experiments named each image.
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Round 1

Round 4

Fig. 2. Experiment 1a, example screens for the participant across the four rounds of matching. On each screen, the 10 images are in a different random

arrangement.

The 160 images were grouped into 16 sets of 10 images
each, with a single critical pair of images per set. In addition
to the target and competitor (critical) images, several of the
sets of images contained additional potential competitors,
such as a greenish image on a trial where the target could
be described as the green blob. Experimenters were instructed
not to begin their descriptions of the non-target images using
the critical adjective. For each image set, the 10 images were
arranged randomly on the participant’s screen into two rows
of five pictures. The order of the images on the experimenter’s
screen (i.e. the order that the pictures would be rearranged
into) was also randomized, with the exception that on the
fourth round, the target image for that trial was always the
first image mentioned (i.e. the top left image).

Auditory stimuli

On the experimenter’s computer screen, the target and
competitor images each had a descriptive word written be-
low it (Fig. 1a). The experimenter began his or her descrip-
tion of the image with this word, as in the multicolored pile
of blocks, or the pointed row of teepees. As is typical with
naturally produced picture descriptions in referential com-
munication tasks (e.g. Clark & Wilkes-Gibbs, 1986), the
description was usually longest on the first round of
matching, as in the multicolored pile of like kiddy blocks that
kind of look like they’re going to fall over. This description
would then be shortened to the multicolored blocks by the
third round. For the remaining eight images, the experi-
menter developed names for them on the fly, in collabora-
tion with the participant.

3 Because expressions were partially scripted and experimenters com-
pleted the task multiple times (between 1 and 22 times, mean = 12), there
was some consistency of expressions across participants, however individ-
ual participants were not aware of this consistency.

In order to examine the effect of a maintained vs. a bro-
ken precedent, whether the name of the target image in
rounds 1-3 was the same as it was on the critical trial (first
reference in the fourth round) was manipulated (Table 1).
For a given set of images, the critical descriptive word in
the fourth round was the same across the maintained-
precedent and broken-precedent conditions. What was
manipulated was the descriptive word used in rounds 1-
3. Thus, for broken-precedent trials, a different descriptive
word was used for rounds 1-3 than in the critical fourth
round. In contrast, for critical trials with a maintained
precedent, the description of the target image was the
same across the four rounds of matching.

List rotations

This experiment manipulated two variables, partner
(same or different) and referring precedent (maintained or
broken), yielding four experimental conditions. The 16 sets
of images were rotated through the four conditions across
eight lists, which also counterbalanced the target and com-
petitor (i.e. on half of the lists, in the example image set, the
cubes would be the target, and in the other half of the lists,
the teepees would be the target). The 16 sets of images were
presented in one of two random orders. Since each set of
images yielded a single critical trial, each subject saw a total
of four critical trials in each of the four conditions.

Analysis and results

Characteristics of critical instructions

Because the stimuli in this experiment were naturally
produced, it is necessary to examine the experimenters’
productions to see if and how they varied across condi-
tions. First, the experimenters’ descriptions of each image
was transcribed. Trials on which an experimenter made
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Table 1
Experiment 1a, example target and competitor descriptions.

Round Target description

Competitor description

Maintained precedent condition

1 The multicolored pile of kiddy blocks The pointed teepees all in a row
2 The multicolored kiddy blocks The pointed row of teepees

3 The multicolored blocks The pointed teepees

4 The multicolored blocks The pointed teepees

Broken-precedent condition

1 The stacked cubes about to fall over The pointed teepees all in a row
2 The stacked cubes falling over The pointed row of teepees

3 The stacked cubes The pointed teepees

4 The multicolored blocks the pointed teepees

Note. In this example, the target image was the blocks, and the competitor was the teepees. The critical descriptive word (prompted on the experimenter’s

screen) is italicized.

an error (e.g. said the wrong name), or made a disfluent re-
pair (e.g. the bloc- uh the stacked blocks) were excluded
from all following analyses. This eliminated 6% of critical
trials; trial rejection rate did not differ across the
conditions.

Next, prosodic analyses of the pitch (minimum, maxi-
mum and average), intensity, and duration of the deter-
miner and critical adjective were analyzed (it was not
possible to analyze other words in the expressions due to
variations in expression length). Because speakers differ
in absolute pitch and speech rate, prosodic analyses were
conducted for each experimenter separately. Of the eight
different experimenters, only four ran enough subjects
and had enough codeable trials to be included in the anal-
ysis. The analysis of a randomly selected subset (50%) of
critical trials revealed no prosodic differences across the
conditions.

Finally, in order to determine when the critical instruc-
tions uniquely identified the target referent, the time from
the onset of the critical ambiguous adjective (multicolored)
to the onset of the head noun (blocks) was measured. Since
critical instructions were spontaneously produced (with
the exception of the critical adjective), expressions were
quite variable. However, the noun provided a reasonable
estimate of the point at which the target was uniquely
identified, also known as the point-of-disambiguation
(Eberhard, Spivey-Knowlton, Sedivy, & Tanenhaus, 1995).
The point-of-disambiguation did vary significantly across
conditions (see Appendix A): The point-of-disambiguation
was earlier for original partners (maintained prece-
dents =513 ms; broken precedents =783 ms), compared
to new partners (maintained precedents = 625 ms; broken
precedents = 835 ms), though this difference did not reach
significance by participants. Additionally, the point-of-dis-
ambiguation was earlier for maintained expressions. There
was no interaction. Since this was naturally produced
speech, these effects are not unexpected, since repeated
expressions in dialog tend to be shorter and more fluent
(see Bard et al., 2000), and original partners had more
experience producing expressions to a given participant
(though not more experience overall, since experimenters
swapped primary and secondary roles across subjects).
And, as Metzing and Brennan (2003) point out, controlling
this feature of natural language production would likely
require use of pre-recorded, cross-spliced speech, which

would necessarily eliminate features of the interactive sit-
uation which are central to the phenomena of interest.
Critically, however, the earliest disambiguating point
(513 ms) is still late enough to allow for an examination
of fixations made in response to the critical adjective, but
before the point-of-disambiguation would be expected to
affect looking patterns.

Eye-tracking analyses

The participants’ interpretation of the critical referring
expression was analyzed in two ways. First, we examined
the effect of partner (original or new) and expression
(maintained or broken) on the latency to fixate the target.
This was the primary gaze analysis used by Metzing and
Brennan (2003). Second, we examined the fixations that
participants made over time, as they interpreted the refer-
ring expression. Time course analyses were based on the
“target advantage” score (Arnold, Eisenband, Brown-
Schmidt, & Trueswell, 2000), which we defined, like
Kronmdiller and Barr (2007), as the proportion of fixations
to the target minus the average proportion of fixations to
all other images in the scene. For both of these measures,
there was no main effect of the type of critical image (black
and white vs. colorized), nor did image type significantly
interact with either of our variables of interest, thus image
type is not included in our analyses presented below.
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Fig. 3. Experiment 1a, latency of first target look, for fixations beginning
200 ms after adjective onset. Error bars indicate standard error of the
mean.
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Table 2
Mean square error (MSe) and F tests for latency to fixate the target in Experiment 1a.
Source of variance Participants Items MinF
MSe F1 MSe F2 df MinF
Partner 1,158,107 .60 307,249 84 1,53 35
Expression 914,838 431" 405,536 2.50 1,34 1.58
PxE 1,791,065 2.02 302,990 5.89" 1,62 1.50
Note. df, = 1,47; df, = 1,15.
" p<.05.
Latency to fixate the target. The latency at which partici-
pants fixated the target following critical adjective onset 0.6
. . . Same Partner- Maintain
(Fig. 3), was analyzed in an ANOVA with partner and 0.54
. . . . . Same Partner- Break
expression as factors (Table 2). Stimulus driven fixations o \\
. . . o 044 =~ =Different Partner- Maintain
are not expected until approximately 200 ms following 8 \ .
. . . Diffe it Partner- Break
stimulus onset, given the time needed to plan and execute S 03 eren, reher ored "
an eye movement (Hallett, 1986), thus we only examined E 0.2
fixations beginning 200 ms after adjective onset. For trials S
. . e . ©
on which the participant was already fixating the target at = 0.14 '}
200 ms (7% of the data), the fixation time was set to — //—
S ¢ LR B s B e R
200 ms. s
i ioni ici 0.1
An effect of expression was s.lgmﬁcant by participants s o g S s 8 3 8 3 8
only, due to earlier target fixations when the precedent N « S & I © @

was maintained. A partner by expression interaction was
significant by items. Recall Metzing and Brennan’s (2003)
finding that target fixations were significantly delayed
when the original partner used a broken precedent com-
pared to a new partner, but no difference for maintained
expressions. In order to compare our findings with theirs,
planned comparisons examined the interaction. Unlike
Metzing and Brennan’s findings, paired comparisons by
expression type were not conclusive: for maintained
precedents, there was no effect of partner (ts < 1), and for
broken precedents the effect of partner was significant by
items only, t1(47)=1.62, p=.11, t2(15) = 2.83, p < .05. In-
stead, comparisons by partner revealed the partner-spe-
cific effect: When a new partner was speaking, there was
no effect of expression type, ts <.5, however, with the ori-
ginal partner, participants were significantly slower to fix-
ate the target with a broken precedent compared to a
maintained precedent, t1(47)=2.22, p<.05, t2(15) = 2.66,
p<.05.

While the pattern of results was not identical to the re-
sults reported by Metzing and Brennan (2003), the findings
are consistent: the biggest delay in target fixations was
when the original partner broke the precedent. This sug-
gests that addressees were particularly confused when
the person who created the precedent broke it. This confu-
sion was not present for new partners, suggesting that,
consistent with partner-specificity, addressees had differ-
ent expectations for how new and old partners would refer
to the game-pieces.

Target advantage scores. While the results for target fixa-
tion latencies are consistent with partner-specific interpre-
tation of the critical referring expressions, latency
measures do not reveal whether the effects occurred early
in the interpretation process, or only after a delay, as sug-
gested by Kronmiiller and Barr (2007). Target advantage
scores (Fig. 4) were time-locked to the onset of the critical

o
) S
¥ © ©
0

ms = Adjective Onset

Fig. 4. Experiment 1a, target advantage scores over time. 0 ms = critical
adjective onset. Vertical lines indicate analysis regions.

adjective and analyzed in five consecutive 400 ms time re-
gions. The first region was used as a baseline, and encom-
passed fixations between 200 ms before to 200 ms after
critical adjective onset. Region 2 included fixations be-
tween 200 and 600 ms after adjective onset. This region
captured fixations that were planned in response to the
critical adjective, and before the disambiguating noun,
which occurred between 513 and 835 ms following adjec-
tive onset (given 200 ms to program and launch an eye
movement, fixations in response to the noun are not ex-
pected until 713-1035 ms). Region 3 included fixations
from 600 to 1000 ms post-adjective, and so forth. The tar-
get advantage scores were analyzed in a series of planned
ANOVAs, one at each time region, with partner and prece-
dent as factors (Table 3).

The first region to show significant effects of condition
was region 2, which immediately followed adjective onset
(Fig. 5). A significant partner by expression interaction at
region 2 was due to a significant effect of partner when
the precedent was maintained, with higher target advan-
tage scores for the original partner, compared to the new
partner, t1(47)=2.29, p<.05, t2(15)=2.72, p <.05. There
was no effect of partner for broken precedents, ts < 1.4

This early partner-specific effect on the interpretation
of an entrained expression demonstrates that initial inter-
pretation of the expression took into account the partner-
specific referring precedent: When addressees heard a

4 An identical pattern of results obtained when region 2 was truncated to
only include fixations which occurred before the earliest average point-of-
disambiguation (513 ms post-adjective).
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Table 3
Mean square error (MSe) and F tests for target advantage scores in
Experiment 1a.

Time region Participants Items MinF
Source of variance  MSe  F1 MSe F2 df MinF
Region 1: —200 to 200 ms
Partner .023 .013  .005 .035 1,62 .01
Expression .016 .071 .011 132 1,58 .05
PxE .018 1.96 .005 3.00 1,55 1.19
Region 2: 200-600 ms
Partner .023 1.53 .006 1.26 1,41 .69
Expression .014 436 .010 .011 1,16 .01
PxE .015 501" .002 10.80° 1,60 3.42~
Region 3: 600-1000 ms
Partner .035 1.60 .015 2.55 1,56 .98
Expression .053 552" .013 5417 145 2.73
PxE .038 21 .017 .097 130 .07
Region 4: 1000-1400 ms
Partner .066 296~ .021 314~ 147 1.52
Expression .056 22.42° 017 2126 144 1091°
PxE .051 .013  .010 .003 1,22 .00
Region 5: 1400-1800 ms
Partner .073 321~ 012 7.82° 1,61 2.28
Expression .069 657" .022 6.03° 143 3.14~
PxE .043 2.67 .023 .66 1,23 .53
Note. Region 1 is used as a baseline. df; = 1,47; df, = 1,15.
" p<.05.
~ p<.10.
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Fig. 5. Experiment 1a, average target advantage scores at region 2 (200-
600 ms post-stimulus). Error bars indicate standard error of the mean.

familiar partner use a contextually ambiguous adjective
such as multicolored, given scenes like Fig. 1b, addressees
interpreted this expression as referring to the target, con-
sistent with their established conceptual pact. In contrast,
when a new partner used the same adjective, addressees
did not assume that the conceptual pact held.

At this time region, we did not observe partner-specific
interpretation of broken precedents; when a broken prece-
dent was used, addressees were just as confused, regard-
less of who was speaking. However, post-hoc analyses at
a slightly earlier time region (180-300 ms, which was the
first time region analyzed by Kronmidiller & Barr, 2007), re-
vealed a very early partner-specific effect for broken prece-
dents: When the precedent was broken, target advantage
scores were significantly lower for original compared to
new partners (—.042 [SE =.01] vs. .021 [SE =.02], respec-
tively), t1(47)=2.46, p<.05, t2(15)=2.55, p<.05. This

early effect is inconsistent with Kronmiiller and Barr’s
claim that partner-specific effects for broken precedents
are due to a late recovery process. With maintained prece-
dents, there was a marginally significant advantage for ori-
ginal partners compared to new partners (.002 [SE =.02]
vs. —.041 [SE = .02], respectively), consistent with the effect
observed in region 2, t1(47)=1.73, p=.09, t2(15)=1.55,
p=.14.

The main effect of expression at regions 3-5 was due to
higher target advantage scores for maintained expressions,
demonstrating that a familiar expression-to-picture map-
ping was easier to interpret than a new expression-to-pic-
ture mapping. An effect of partner at regions 4 (marginal)
and 5 was due to higher target advantage scores for new
partners. This late effect may be due to participants looking
longer at target referents before clicking on them when a
new partner was speaking, possibly reflecting uncertainty
or unfamiliarity with the new partner. Thus, in this case,
late and lingering target looks may reflect the slower link-
ing of expression and referent when the speaker was new.

Conclusions

The results of Experiment 1a demonstrate that address-
ees represented partner-specific information about en-
trained terms, and that they used this information as
they interpreted utterances on-line. The results of the
time-course analysis showed a clear, early advantage for
the original over the new partner for maintained expres-
sions. This suggests that when interpreting an expression
beginning with a term like multicolored, which was tempo-
rarily ambiguous between multiple potential referents in
the scene, addressees used the established conceptual pact
to interpret the expression as referring to the referent of
the entrained term, but only when the addressee knew
that the speaker was aware of the precedent. When the ad-
dressee did not know if the speaker knew about the prec-
edent, they did not assume the speaker was talking about
the referent of the entrained term, and instead considered
multiple potential referents.

The partner effect for maintained precedents is incon-
sistent with previous work using non-interactive para-
digms (Barr & Keysar, 2002; Kronmiiller & Barr, 2007),
which found no advantage for original partners and main-
tained precedents. The one experiment which did use an
interactive setting (Metzing & Brennan, 2003) consistently
showed non-significant effects in the same direction re-
ported here, suggesting the lack of an effect in previous
work may have been due to a lack of power. Another factor
which may have contributed to the observation of this ef-
fect is that the scenes contained multiple competitor
images, including at least one which temporarily matched
the critical expression. These competitors may have given
the task enough complexity to lead addressees to tempo-
rarily consider plausible alternative referents when the
speaker was not expected to be aware of the precedent
(i.e. in new partner trials).

When addressees interpreted expressions that broke a
referring precedent, comprehension was impaired if it
was the original partner who was speaking. Like Metzing
and Brennan (2003), in the analysis of latency to fixate
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the target, the condition with the largest delay was the con-
dition where the original partner used a broken precedent.
The fact that the original partner advantage for maintained
precedents did not extend to broken precedents shows that
the maintained precedent effect was not simply due to
familiarity with the original partner. The penalty that oc-
curred when original partners used broken precedents sug-
gests that addressees assumed that if the original partner
wanted to refer to the target, they would use the entrained
expression; this assumption was not applied to new part-
ners. However, the timing of the broken-precedent effect
was different from what has previously been reported.
The partner effect for broken precedents was small and
very early (180-300 ms post-stimulus). In comparison,
the same effect emerged at about 900 ms post-stimulus in
Metzing and Brennan’s experiment (Brennan & Hanna,
2009), and at 1500 ms (Experiment 1) and 900 ms (Experi-
ment 2, no-load condition) in Kronmiiller and Barr’s exper-
iments. One explanation for the earlier effects in the current
study is the use of an interactive paradigm paired with a
more powerful experimental design than was used by Met-
zing and Brennan (2003). Another possibility is that subtle
differences in stimulus characteristics, such as the number
of alternative potential referents, or the inclusion of com-
petitors which temporarily matched the critical expression,
modulate whether addressees consider competitor refer-
ents before eventually fixating the target.

These results add to the evidence that addressees use
common ground representations to guide on-line interpre-
tation of utterances (Brown-Schmidt et al., 2008; Hanna
et al., 2003; Heller et al., 2008; Nadig & Sedivy, 2002). More
generally, the results are consistent with a view of sen-
tence processing in which many partial constraints, includ-
ing pragmatic and contextual information, guide on-line
language processing decisions (MacDonald et al., 1994;
Tanenhaus & Trueswell, 1995). The locus of partner-spe-
cific facilitation for maintained precedents may be learned
associations between particular speakers and referring
precedents, such that precedents are more easily retrieved
during the interpretation process when retrieval is cued by
the original partner (Metzing & Brennan, 2003; see Horton
& Gerrig, 2005b for a related argument).

Finally, the results of Experiment 1a suggest, but do not
demonstrate that an interactive setting is a critical compo-
nent of addressees’ ability to use partner-specific informa-
tion during on-line processing. Experiment 1b tests the
interactivity hypothesis by presenting the same expres-
sions that were heard by participants in Experiment 1a to
a new group of participants in a non-interactive setting. If
interactivity is critical to partner-specific interpretation,
this makes the prediction that in this non-interactive
context, the early partner-specific effects should be
eliminated.

Experiment 1b
Method

The design of Experiment 1b was similar to Experiment
1a, thus only changes to the design are noted.

Participants

Forty eight native English-speaking participants from
the student community at the University of Illinois at
Urbana-Champaign participated in this experiment in ex-
change for $16 or partial course credit. An additional three
participants were excluded from analysis due to experi-
menter error (n=2), and a poor calibration (n=1). None
of the participants had participated in Experiment 1a.

Procedure

Participants’ eye movements were recorded with an
EyeLink 1000 desktop-mounted eye-tracking system. Par-
ticipants were told that they would be following the
instructions of two different (pre-recorded) speakers to
re-arrange a series of images. An experimenter who did
not appear in the recordings sat with the participant in
the room and operated the eye-tracker. The experiment
lasted approximately 60 min.

On each trial, 10 images were presented on the screen,
followed by a description of the first image to be re-ar-
ranged. The participant pressed the right mouse button
to hear each subsequent description. This was similar to
Experiment 1a in that it allowed participants to move at
their own pace. Like in Experiment 1a, critical (fourth
round) trials began with a drift correction. The critical
description began approximately 1024 ms following pre-
sentation of the critical images.’

Materials

The visual stimuli and trial rotations were identical to
Experiment 1a. Participants in Experiment 1b were run
on the same experimental lists as participants in Exper-
iment 1a, and listened to recordings of image descrip-
tions which were produced for a given Experiment 1a
participant who ran on the same list. Thus each of the
48 sets of image descriptions (one for each participant
in Experiment 1a) was heard by a single participant in
Experiment 1b. The image descriptions that each Exper-
iment 1b participant heard, and the images that they
saw, were identical to what participants in Experiment
1a heard and saw.

The auditory recordings of each image description were
saved as individual wav files and were edited to remove
microphone noises, coughs, and any discussion between
the participant and experimenter, such as procedural talk
about the eye-tracker. On occasion, an image description
was unusable due to computer error or microphone prob-
lems. In these cases, the description was replaced with a
description made by the same speaker on another trial.

In summary, the visual stimuli were identical across
Experiments 1a and b, and the image descriptions were
near-identical across the two experiments. Also recall that
the primary and secondary speakers were always of
different gender, so their voices should be just as easy to

5 This description latency was used because it advanced the task at a
comfortable pace, although it was ultimately shorter than the (highly
variable) description latency in Experiment 1a of ~3500 ms. Since eye-
tracking analyses are measured from description onset, rather than display
onset, there is no reason to expect this difference to affect the critical
partner x expression interaction of interest.
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Fig. 6. Experiment 1b, latency of first target look, for fixations beginning
200 ms after adjective onset. Error bars indicate standard error of the
mean.

distinguish in Experiment 1b as in Experiment 1a. The key
difference, then, is that participants in Experiment 1la
interpreted expressions which were specifically designed
for them in the context of an interactive dialog setting.

Results

Latency to fixate the target

The latency to fixate the target was calculated in the
same way as Experiment 1a (Fig. 6). An ANOVA was used
to analyze fixation latencies (Table 4). A significant effect
of expression was due to faster target fixations for main-
tained expressions, demonstrating that participants
learned the expression-image mappings. Unlike Experi-
ment 1a, the partner x expression interaction did not ap-
proach significance, suggesting that participants did not
distinguish between the speakers when interpreting their
expressions.®

Target advantage scores

Target advantage scores were analyzed in the same way
as Experiment 1a (Fig. 7). Planned ANOVAs at each time re-
gion revealed a significant effect of expression at regions
3-5 (Table 5). The interaction of partner and expression
was not significant at any time region,” with the exception
of region 5 which showed a partner x expression interaction
that was significant in the items analysis only. At this region,
pairwise comparisons showed that the effect of expression
was somewhat stronger for original partners, t1(47) = 3.41,
p<.01; t2(15)=4.21, p<.01, compared to new partners,
t1(47)=1.97, p=.06; t2(15)=1.84, p=.09, possibly due to
delayed target fixations with new speakers and new
expressions.

6 A supplementary analysis of target fixation latencies that included
Experiment (1a vs. 1b) as a factor revealed a 3-way interaction (experiment
X partner X expression) that was significant by items, F1(1,94)=2.75,
p=.10, F2(1,30)=6.35, p <.05, min F(1,122)=1.92, p=.17.

7 A supplementary analysis at region 2 (the region that contained the
critical partner x expression interaction in Experiment 1a) revealed a 3-way
experiment x partner X expression interaction that was significant by items,
F1(1,94) = 3.79, p = .055, F2(1,30) = 4.34, p < .05, min F/(1,97) = 2.02, p = .16.

Finally, an analysis of the very early time region (180-
300 ms) which showed a significant partner-specific effect
for broken precedents in Experiment 1a revealed no signif-
icant effects, Fs < .5.

Conclusions

The results of Experiment 1b provide compelling evi-
dence that a critical component of the partner-specific
interpretation pattern observed in Experiment 1a was the
interactivity of the situation. The fact that Experiment 1b
participants showed a significant effect of expression in
both the target fixation latency and the time-course analy-
ses demonstrates that they succeeded in learning the
expression-image mappings. The fact that the expression
effect emerged slightly later in this experiment (region 3)
may be due to participants not learning the precedents as
well as participants in the interactive experiments. What
participants did not appear to appreciate was the associa-
tion between particular speakers and particular referring
precedents. In Experiment 1a, face-to-face interaction with
alive speaker provided participants with the opportunity to
collaboratively establish referring precedents and associate
these precedents with individuals who worked with them
on the task. Participants in Experiment 1b did not have an
individual face to associate precedents with, thus they
may have formed weaker partner-to-expression associa-
tions, if they were formed at all. Weak associations may ex-
plain the very late and weak partner x expression
interaction in the final analysis region (1400-1800 ms).

Experiment 2 returns to the use of an interactive setting
to explore an alternative interpretation of the partner-spe-
cific interpretation pattern observed in Experiment 1a. A
secondary goal of Experiment 2 is to replicate Experiment
1a’s previously unobserved partner-specific effect for
maintained expressions using a paradigm which provided
more control over the experimental stimuli.

Experiment 2

One feature of the design of Experiment 1a was that
each picture in the scene had been described prior to the
critical trial, which was comparable to the design used by
Metzing and Brennan (2003). However, Kronmiiller and
Barr (2007) argued that on broken-precedent trials, this
may cue participants to use partner-specific information,
since it is immediately obvious that the original partner
has broken a precedent. In their experiment, which did
not find early partner-specific effects, the critical scenes in-
cluded an unmentioned image which provided a plausible
alternative referent on broken-precedent trials. So, when
the original speaker used a broken precedent, it was plau-
sible that the speaker was referring to the new image, thus
the new term did not immediately signal that a precedent
had been broken.

Given this argument, the partner-specific interpretation
pattern observed in Experiment 1a may not be representa-
tive of typical language processing, because natural settings
typically contain unmentioned entities which would pre-
vent this cuing of the use of partner-specific information.
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Table 4
Mean square error (MSe) and F tests for latency to fixate the target in Experiment 1b.
Source of variance Participants Items MinF

MSe F1 MSe F2 df MinF
Partner 456,305 .23 75,026 .65 1,62 17
Expression 481,625 10.90° 126,652 14.57" 1,52 6.24
PxE 265,235 .85 98,583 .69 1,41 .38

Note. df, = 1,47; df, = 1,15.
" p<.05.

The design of Experiment 2 controls for this possibility by
including images in each scene which were not mentioned
prior to the critical trial.
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Fig. 7. Experiment 1b, target advantage scores over time. 0 ms = critical
adjective onset. Vertical lines indicate analysis regions.

Table 5
Mean square error (MSe) and F tests for target advantage scores in
Experiment 1b.

Time region Participants Items MinF

Source of variance  MSe  FI MSe F2 df MinF

Region 1: —200 to 200 ms

Partner .016 .10 .005 .09 1,43 .05

Expression .012 1.04 .002 2.51 1,61 .74
PxE .010 1.20 .003 1.27 1,47 .62

Region 2: 200-600 ms

Partner .022 1.16 .003 2.59 1,61 .80
Expression .015 1.29 .006 1.11 1,42 .60
PxE .014 23 .005 22 1,44 11

Region 3: 600-1000 ms

Partner .039 1.89 .008 3.23 1,57 1.19

Expression .041 15.11°  .013 15.72° 146 7.70°
PxE .026 1.00 .007 1.35 1,52 .57

Region 4: 1000-1400 ms

Partner .051 44 .012 51 1,49 24
Expression .055 20.86° 016 24.16° 149 11.19°
PxE .045 .76 .018 .70 1,44 .36
Region 5: 1400-1800 ms

Partner .055 .10 .012 17 1,57 .06

Expression 076  1023" 027 9.60° 144 495"
PxE .030 217  .004 507" 161 1.52

Note. Region 1 is used as a baseline. df; = 1,47; df> = 1,15.
" p<.05.

A second goal of Experiment 2 is to replicate the robust
partner effect for maintained precedents in Experiment 1a.
Unlike the broken-precedent effect, this effect has not been
observed in any of the previous experiments that manipu-
lated partner and expression. The lack of maintained prec-
edent effects in previous work may be due, as I have
argued, to the use of non-interactive settings (e.g. Barr &
Keysar, 2002; Kronmiiller & Barr, 2007), or a lack of power
(e.g. Metzing & Brennan, 2003). However, another possibil-
ity is that the observed partner-specific effect for main-
tained precedents was due to early disambiguation in
some conditions. The fact that Experiment 1b failed to rep-
licate the partner-specific advantage for maintained prece-
dents despite the fact that it used the same expressions as
Experiment 1a suggests that this is not the case, however a
replication of this effect using stimuli that are disambigua-
ted relatively late would provide stronger evidence.

To have more control over the form of the critical
expressions in Experiment 2, experimenters were
prompted with the entire target noun phrase; these
expressions and the associated scenes were designed to
have a relatively late point-of-disambiguation. These de-
sign changes made it possible to test whether partner-spe-
cific information is used to constrain interpretation of
longer-lasting temporary referential ambiguities.

Predictions

Based on the results of Experiment 1a, it was predicted
that addressees would identify the target referent faster
when the original partner was speaking, compared to a
new partner when interpreting maintained precedents. If
this partner-specific processing is part of the initial inter-
pretation process, it should affect fixations made immedi-
ately after the onset of the critical expression, well before
the point-of-disambiguation. Alternatively, if the partner-
specific effect in Experiment 1a was due to early disambig-
uating information in some trials, the partner-specific ef-
fect for maintained precedents should be absent due to
the extended temporary ambiguity.

If the early partner-specific broken-precedent effect in
Experiment 1a occurred because participants were cued
to take partner-specific information into account by scenes
that did not contain unmentioned images, then the part-
ner-specific effect for broken precedents should occur at
a delay; well after an earlier precedent effect. Alternatively,
if we do observe an early partner-specific effect for broken
precedents, this would add to the evidence that addressees
have speaker-specific expectations about how potential
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discourse referents might be referred to. With the original
partner, addressees should not initially consider the target
referent upon hearing a new expression, thus there should
be few target fixations and many competitor fixations. In
contrast, with a new partner and a new expression,
addressees should consider the target and competitors
equally, resulting in slightly more target fixations for
new partners.

Method

The method was similar to that used in Experiment 1a;
only changes are noted here.

Participants

Thirty-two native English-speaking participants from
the student community at the University of Illinois at
Urbana-Champaign participated in this experiment in ex-
change for $16 or partial course credit. An additional two
participants were excluded due to experimenter error (1)
and a poor calibration (1).2

Procedure

The participant’s eye movements were recorded with
an Eyelink 1000 desktop-mounted eye-tracking system.
On each trial, the participant and the experimenter saw
the same four images on their respective computer
screens, but in different arrangements (Fig. 8a and b).
The participant’s task was to rearrange his or her images
into the experimenter’s order. The participant and experi-
menter viewed the same four images for five rounds in a
row, and then moved onto the next set of images. As in
Experiments 1a and b, the final round of matching (round
5 in this experiment) was the critical round during which
the participant’s interpretation of the critical expression
was monitored. The task typically lasted 45 min- 1 h.

Participants rearranged 32 sets of four images according
to the experimenter’s instructions. Each set of images was
rearranged five times in a row, for a total of 160 rounds.
Unlike Experiments 1a and b, on rounds 1-4, only three
of the four images were described by the experimenter;
the remaining image remained unmentioned and the par-
ticipant did not re-arrange this picture. On the fifth (criti-
cal) round, the experimenter named all four images. The
image that remained unmentioned in rounds 1-4 was
either the competitor image or an unrelated image, thus
across all conditions, on round 5, the target image always
had an established name.

This design feature is similar to the test trial structure
used by Kronmiiller and Barr (2007) who introduced a
new, unmentioned image prior to the test trial. In the pres-
ent study, the unmentioned image was present throughout
all five rounds of matching, and was not a ‘new’ image,
which, as Brennan and Hanna (2009) argue, might have at-
tracted fixations, minimizing partner effects. Leaving one
of the four images unnamed during rounds 1-4 provided
a plausible reason for the experimenter to use a new name

8 Aninitial 16 participants (not reported here) were run in a pilot version
of the task during which the experimenters were learning the procedure
and how to use the eye-tracker.

a
The crushed up bit of
cookie crumbs

[describe]

The sheet of paper

that's crinkled

[describe]

k‘;

= f

Fig. 8. (a-b) Experiment 2, example screens for the experimenter (a) and
participant (b) on the fifth (critical) round of matching. The experi-
menter's screen shows the order in which the pictures should be
described (top to bottom) and the descriptions which should be used
for the target and competitor images.

©
“

in the broken-precedent condition, thus making it not
immediately obvious that the precedent had been broken
(see Kronmiiller & Barr, 2007).

Materials

Visual stimuli. The visual stimuli were 128 hard-to-name
images, half of which were used as target and competitor
images. The set of images included those used in Experi-
ments 1a and b and other, similar images. On each trial,
two of the four images were black and white, two were col-
orized. The target and competitor pair of images was either
the black and white pair or the colorized pair. As in Exper-
iments 1a and b, the target and competitor images were
selected such that they could be described using a common
term (e.g. crushed).

Auditory stimuli. On rounds 1-4, the experimenter de-
scribed the target image and two other images; either
the competitor and an unrelated image, or the two unre-
lated images. Experimenters came up with names for the
unrelated images on the fly. The name for the target image
and competitor image, if named, were provided in a
prompt on the experimenter’s computer screen. Unlike
Experiment 1a, in this experiment the prompt included a
full image description. Experimenters were instructed to
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Table 6
Experiment 2, example descriptions for target images.

Rounds Target description

Competitor description

Maintained precedent condition

1-4 The crushed up bit of cookie crumbs
5 The crushed up bit of cookie crumbs

Broken-precedent condition

1-4 The pile of crumbled pebbles
5 The crushed up bit of cookie crumbs

The sheet of paper that’s crinkled
The sheet of paper that’s crinkled

The sheet of paper that’s crinkled
The sheet of paper that’s crinkled

Note. In this example, the target image is the cookie crumbs/pebbles, and the competitor is the crinkled paper. The experimenter was prompted with the
entire noun phrase. The temporarily ambiguous portion of the target description (given the scene) is italicized.

say this description, and then add extra descriptive words
if necessary. As in Experiments 1a and b, for a given target,
the critical description on the fifth trial was the same for
maintained-precedent and broken-precedent trials. The
expression variable (maintained vs. broken precedent)
was manipulated by changing the target description on
rounds 1-4. For a maintained precedent trial, the expres-
sion would be the same for rounds 1-5. For a broken prec-
edent trial, the expression on rounds 1-4 would be
different from that on round 5 (Table 6).

Providing the experimenter with the full description of
the target and competitor images allowed systematic con-
trol of the point-of-disambiguation of the target expres-
sion. For example, the critical expression the crushed up
bit of. .. is temporarily consistent with both the target ref-
erent (cookie crumbs) and the competitor (paper). In fact,
target and competitor images were swapped across lists,
and the critical expression to describe the paper when it
was the target was the crushed up bit of paper.

List rotations. The experiment manipulated two within-
participants variables, partner (same or different) and
expression (maintained or broken), yielding four condi-
tions. The 32 critical items were rotated through the four
conditions across eight lists, which also counterbalanced
target and competitor images. Each list was presented in
one of two random orders. Each participant was run on a
single list. For half of the critical trials, the image that
was left unmentioned during rounds 1-4 was the compet-
itor; for the other half of critical trials, the image left
unmentioned was one of the unrelated images; this vari-
able was not systematically manipulated so it was not in-
cluded in the analyses.’

Analysis and results

Characteristics of critical instructions

The experimenter’s description of each image was tran-
scribed. Trials on which the experimenter made an error or
a disfluent repair were excluded from analysis (this elimi-
nated 1% of critical trials).

A prosodic analysis on a subset (25%) of the critical (fifth
round) descriptions of target pictures was conducted to
test for prosodic differences in the first three words of
the critical instructions across the experimental condi-

9 The basic pattern of results appeared similar regardless of which item
was left out.

tions. Of the four experimenters who took part in this
experiment, only two ran enough subjects and provided
enough codeable trials to take part in this analysis. The
analysis revealed no condition differences in pitch (maxi-
mum, minimum or average), intensity or duration.

As in Experiment 1a, the point-of-disambiguation oc-
curred earlier for maintained precedents and when the ori-
ginal partner was speaking. There was also a significant
expression x partner interaction (see Appendix A). Because
the entirety of the target expression was scripted, and
there were no prosodic differences in the first few words,
these differences likely resulted from differences in pro-
duction rate towards the end of critical utterances.

For maintained precedents and original partners, the
average point-of-disambiguation was 856 ms following
the onset of the first content word in the critical expression
(hereafter “adjective onset”), vs. 940 ms for maintained
expressions and new partners, t1(31)=3.56, p<.01,
t2(31) = 6.72, p <.0001. For broken precedents, the average
point-of-disambiguation was 973 ms for original partners,
compared to 938 ms for new partners, t1(31)=1.2, p=.24,
t2(31)=4.23, p <.0001. Despite these differences, disam-
biguating information occurred quite late in all conditions,
thus fixations driven by the disambiguating information
would not be expected around 1056 ms at the earliest, cor-
responding to the fourth analysis region. This is well after
the time range (200-600 ms) in which early partner-spe-
cific effects would be expected to occur.

Eye-tracking analyses

The participants’ interpretation of the critical referring
expression was analyzed by examining the latency to fix-
ate the target, as well as target advantage scores over time,
defined in the same way as in Experiments 1a and b. In this
experiment there was a significant effect of the type of crit-
ical image (black and white vs. colorized), however it did
not affect the critical partner x expression interaction,
which is the focus of the analyses. For clarity, this factor
is not included in the primary analyses; a summary of
the image type effect is presented in Appendix B.

Latency to fixate the target. The latency of fixating the tar-
get was analyzed in an ANOVA with partner (same or dif-
ferent) and expression (broken or maintained precedent)
as factors (Table 7). Target fixation latencies were much
faster in this experiment compared to Experiment 1a, most
likely due to the small number of images on the screen
(Fig. 9). A main effect of expression was due to shorter
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Table 7
Mean square error (MSe) and F tests for latency to fixate the target in Experiment 2.
Source of variance Participants Items MinF
MSe F1 MsSe F2 df MinF'

Partner 116,411 .60 63,477 .85 1,60 .35
Expression 61,959 33.07 59,806 31.77° 1,62 16.20°
PxE 88,833 .82 91,713 1.12 1,61 A7
Note. df; =1,31, df, =1,31.
" p<.05.
latencies to fixate the target when the referring precedent
was maintained. Unlike Experiment 1a, the partner by 1000
expression interaction was not significant. To compare
the results of this experiment with Metzing and Brennan B a0 8 Different Partner I I

. (o2 T
(2003) and those of Experiment 1a, we conducted planned, IS 1
pairwise comparisons to test for a partner-specific prece- o T
dent effect. When precedents were maintained, target Qo 600 1 T 1
identification times were significantly faster when the ori- 2
ginal partner was speaking, t1(31)=1.72, p<.05; 2 400 1
t2(31) = 1.93, p < .05, both one-tailed. There was no differ- )
ence when precedents were broken, ts <.2. % 200 A

The lack of a significant partner by expression interac-

tion in this experiment may be due to the simpler display 0 ‘

and the resulting faster target identification times. How-
ever, another difference from Experiment 1a is that Exper-
iment 2 was twice as long, thus participants experienced
eight broken precedents in Experiment 2, compared to only
four in Experiment 1a (by contrast, Metzing & Brennan,
2003 had only two broken-precedent trials). Thus, address-
ees may have learned that their partner did not adhere to
referring precedents, curtailing partner-specific interpreta-
tion processes. In fact, in a similar experiment with young
children, Matthews et al. (2008) found a partner-specific ef-
fect for broken-precedents only on the first broken prece-
dent trial; by the second trial, the children appeared to
have learned that the speaker did not adhere to referring
precedents. Consistent with this hypothesis, we observed
a near-significant interaction between partner, expression,
and first vs. second half of the experiment, F1(1,31) = 3.71,
p =.06.1° For trials in the first half of the experiment, the
partner X expression interaction was significant,
F1(1,31)=4.72, p <.05: When precedents were maintained,
target identification was 161 ms faster when the original
partner was speaking compared to a new partner (490 ms
[SE=25] vs. 651 ms [SE =85], respectively), t1(31)=1.77,
p < .05, one-tailed. In contrast, when precedents were bro-
ken, target identification was a non-significant 120 ms slower
when the original partner was speaking, compared to a new
partner (864 ms [SE = 68] vs. 744 ms [SE = 57], respectively),
t1(31)=1.26, p =.11, one-tailed. In contrast, the partner x
expression interaction did not approach significance in the
second half of the experiment, F1 < .6.

Target advantage scores
Target advantage scores were analyzed in the same
manner as Experiments 1a and b (Fig. 10). Results of the

10 By-items analyses are not possible because which half of the exper-
iment a given item appeared in was not systematically manipulated, thus,
across lists, some items occurred in only one half, others in both halves.

Maintained Precedent Broken Precedent

Fig. 9. Experiment 2, latency of first target look, for fixations beginning
200 ms after adjective onset. Error bars indicate standard error of the
mean.
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Fig. 10. Experiment 2, target advantage scores over time. 0 ms = adjective
onset. Vertical lines indicate analysis regions.

ANOVA with partner and expression as factors are pre-
sented in Table 8.

Before the point-of-disambiguation. The first region to show
significant condition effects was region 2, which captured
fixations made in response to the onset of the first content
word in the critical description, and well before the point-
of-disambiguation (Fig. 11). A main effect of partner at re-
gion 2 (marginal by items) was due to faster interpretation
with the original partner. A main effect of expression was
due to faster interpretation of maintained precedents.
These effects were qualified by a significant partner x
expression interaction. Replicating the findings of Experi-
ment 1a, addressees interpreted maintained precedents
faster when spoken by the person who established the
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Table 8
Mean square error (MSe) and F tests for target advantage scores in
Experiment 2.

Time region Participants Items MinF
Source of variance ~ MSe  FI MSe  F2 df MinF
Region 1: —200 to 200 ms
Partner .020 .05 .029 .02 1,52 .01
Expression .013 34 .027 .18 1,57 12
PxE .030 .01 .029 .00 1,31 0
Region 2: 200-600 ms
Partner .023 419" .029 3.87° 1,62 2.01
Expression 037 18.02° .022 2924 159 11.15
PxE .027 440" 028 477" 1,62 2.29
Region 3: 600-1000 ms
Partner .031 .00 .034 .00 1,31 0
Expression 051 67.82° .041 8456° 1,61 37.64
PxE .042 .95 .026 1.63 1,58 .6
Region 4: 1000-1400 ms
Partner .036 6.68" .035 679" 162 3.37
Expression 058 71.67° 042 9835 161 4146
PxE .029 .10 .026 .08 1,61 0.04
Region 5: 1400-1800 ms
Partner .029 726"  .027 755" 1,62 3.70~
Expression .051 3.23~  .093 1.88 1,58 1.19
PxE .038 15 .032 14 1,62 .07
Note. Region 1 is used as a baseline. df; = 1,31; df, = 1,31.
" p<.05.
~ p<.10.
0.3
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Fig. 11. Experiment 2, average target advantage scores at region 2 (200-
600 ms post-stimulus). Error bars indicate standard error of the mean.

precedent, compared to a new speaker, t1(31)=2.82,
p <.01,t2(31)=3.09, p <.01. In contrast, there was no part-
ner effect for broken precedents, ts <.15.

However, the lack of a partner-specific effect for broken
precedents may reflect the fact that participants learned
that their partners did not adhere to referring precedents.
Consistent with this hypothesis, at region 2, the partner x
expression interaction significantly interacted with exper-
iment half (first vs. second), F1(1,31) = 5.69, p <.05. During
the first-half trials, the partner x expression interaction
was significant, F1(1,31) = 7.36, p <.05: When precedents
were maintained, target advantage scores were signifi-
cantly higher when the original partner was speaking com-
pared to a new partner (.232 [SE =.04] vs. .098 [SE =.05],
respectively), t1(31)=2.29, p<.05. And, replicating the
very early broken-precedent effect observed in Experiment

1, when precedents were broken, target advantage scores
were significantly lower when the original partner was
speaking, compared to a new partner (—.031 [SE =.04] vs.
.076 [SE =.04], respectively), t1(31)=1.81, p <.05, one-
tailed. In contrast, during the second half of the experi-
ment, the partner x expression interaction was not signif-
icant, F1(1,31)=0.0, p=.99. The partner x expression X
half interaction did not approach significance at any of
the remaining time regions.

At region 3, there was a main effect of expression, but
no interaction with partner (Table 8), likely due to the late
emergence of a maintained precedent benefit for new
speakers beginning around 600 ms post-stimulus. Thus,
addressees accessed learned expression-referent associa-
tions later with a new partner compared to the original
partner.

Late effects. Regions 4 and 5 captured fixations that were
driven by the point-of-disambiguation. At region 4, the ef-
fect of expression remained significant. Similar to Experi-
ment 1a, regions 4 and 5 both showed an effect of
partner that was due to higher target advantage scores
with the new speaker, possibly due to late identification
of the target in these conditions, prompted by the point-
of-disambiguation.

Conclusion

Participants in this experiment interpreted their part-
ner’s temporarily ambiguous expressions with respect to
referential precedents that were shared with that partner.
These precedents, or conceptual pacts allowed addressees
to resolve the ambiguity well before the point-of-disam-
biguation. Across the entire experiment, when a precedent
for a potential referent existed, but it was not shared with
the current speaker, participants were less likely to rely on
this precedent. This result is consistent with the findings of
Experiment 1a, and demonstrates that from the earliest
moments of understanding, addressees used partner-spe-
cific information to guide interpretation of entrained
terms.

Experiment 2 was twice as long as Experiment 1a, with
eight trials during which the original partner broke a refer-
ring precedent. Addressees were sensitive to these in-
stances, and apparently learned not to expect the original
partner to maintain precedents. In the first half of the
experiment, in both analyses of target fixation latencies
and early time-course analyses, we observed significant
partner x expression interactions. When expressions were
maintained, addressees fixated the target significantly ear-
lier, and were more likely to initially consider the target
more than competitors with the original partner, com-
pared to a new partner. When precedents were broken,
from the earliest moments of understanding, addressees
generated fewer target fixations and more competitor fix-
ations when the original partner was speaking compared
to a new partner. These early partner-specific effects dem-
onstrate that an addressee’s initial interpretation of an
utterance takes into account partner-specific information
about referring history. These effects emerged despite the
fact that there was an unmentioned image in the scene,
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thus ruling out the alternative explanation of the broken-
precedent effect in Experiment 1a that addressees were
cued to take partner-specific information into account
when a new term was used in contexts where every image
had already been mentioned (see Kronmiiller & Barr,
2007).

By contrast, during the second half of the experiment,
the partner x expression interaction was not significant
for either dependent variable. The fact that addressees
learned to ignore precedents is consistent with the original
conception of referential conceptual pacts as flexible agree-
ments for how to refer (Brennan & Clark, 1996), which
should be sensitive to speaker consistency and contextual
variables that may prompt speakers to abandon prece-
dents. When it became clear that the original speaker did
not adhere to referring precedents, addressees no longer
made assumptions about how he or she would refer.

General discussion

The results of the experiments presented here demon-
strate that in interactive dialog settings, an addressee’s ini-
tial interpretation of his or her partner’s utterance is
sensitive to the identity of the speaker and their experi-
ence with that speaker. These partner-specific effects
emerged early in the process of interpretation, during the
first critical analysis region (beginning 180-200 ms after
critical adjective onset). There was no evidence of an initial
perspective-free processing stage (Kronmiiller & Barr,
2007). In contrast, in non-interactive settings we failed to
replicate the partner-specific interpretation pattern, sug-
gesting that interpretation processes are qualitatively dif-
ferent in interactive compared to non-interactive settings.

The finding that addressees used partner-specific infor-
mation to guide interpretation of temporarily ambiguous
expressions is consistent with previous work showing
partner-specific interpretation of broken precedents (Bren-
nan & Hanna, 2009; Matthews et al., 2008; Metzing &
Brennan, 2003), as well a large body of work showing that
addressees take the perspective of their interlocutor into
account as they interpret their utterances (Brown-Schmidt
et al., 2008; Hanna & Tanenhaus, 2004; Hanna et al., 2003;
Heller et al., 2008). These results are also consistent with
work in language production showing that speakers are
sensitive to the perspective of their partner (Haywood
et al., 2005; Lockridge & Brennan, 2002), and specifically
whether that partner is familiar with previously entrained
terms (Brennan & Clark, 1996; Horton, 2007; Issacs &
Clark, 1987; Wilkes-Gibbs & Clark, 1992).

The mechanism underlying the observed partner-spe-
cific processing advantage for maintained precedents
may be largely due to automatic, associative processes that
link specific individuals, referential forms, and referents
(Horton, 2007; Horton & Gerrig, 2005b; also see Duff, Hen-
gst, Tranel, & Cohen, 2006). Whether the contextual infor-
mation that guides referential processing is limited to
three-way person-name-referent associations, or whether
other contextual information, such as the presence of an
eavesdropper, also plays a role, is a question for future
work. The partner-specific penalty for interpretation of

broken precedents may result from an added assumption
that when an entrained term is mutually known,'! the
partner will continue to use it (see Clark, 1987; Metzing &
Brennan, 2003). The fact that this effect was eliminated in
the second half of Experiment 2 suggests that addressees
are sensitive to whether speakers adhere to referring prece-
dents when generating these assumptions. The earliness of
the partner-specific effects for both maintained and broken
precedents suggests that partner-specific information is
continuously available to the language processing system,
and that it does not require explicit or time-consuming ef-
forts to be employed.

Finally, a central theme of this article is that insights into
language processes that are inherently interactive will likely
require investigations of language use in natural, interactive
settings. An open question regarding the present findings is
what aspect of the interaction led to the positive results. One
feature of naturally produced speech is that speakers mark
what information is familiar to them (Bard et al., 2000).
We saw evidence of this in the form of earlier points-of-dis-
ambiguation in conditions with original partners and main-
tained expressions. However, this is unlikely to be the locus
of the early partner x expression interactions, since partici-
pants in Experiment 1b did not show this effect, yet the
expressions they listened to contained these features. Fur-
ther, the critical partner x expression interactions emerged
before the earliest disambiguating information occurred.

A more likely possibility is that the live speakers in
Experiments 1a and 2 were more salient and distinct than
the pre-recorded voices in Experiment 1b (and in previous
work using pre-recorded stimuli). When information
sources are more distinct, memory for the source of that
information improves (for a review, see Johnson, Hashtro-
udi, & Lindsay, 1993), thus addressees in the Experiments
1a and 2 may have had more success distinguishing the
two speakers and generating accurate three-way associa-
tions between individual speakers, expressions, and refer-
ents. In contrast, participants in Experiment 1b may have
blended the representations of the two speakers, or as-
sumed that both speakers shared the addressee’s own per-
spective. The opportunity to interactively establish the
referring precedents may also have played a role, as infor-
mation is thought to enter common ground only when
established through interactive grounding processes (Clark
& Brennan, 1991; Clark & Schaefer, 1989), thus addressees
may not assume precedents are part of common ground in
the absence of an interaction.

What do these results imply for future work on partner-
specific language processes and language processing work
in general? Live, face-to-face interaction limits experimen-
tal control and adds associated challenges to running an
experiment, and for some experimental questions, interac-
tive paradigms may be intractable. On the other hand, true
interaction may be a necessary pre-condition to studying
certain types of language processes, particularly those

11 Results by Shintel and Keysar (2007) suggest that entrained terms may
reflect shared, rather than mutual knowledge (see Clark & Marshall, 1978),
though a lack of a processing benefit for maintained precedents and
stimulus differences between the conditions complicate interpretation of
their results.
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which involve inherently interactive representations. And
in theory, because language is deeply rooted in face-to-face
interaction, all aspects of language processing may be af-
fected to some degree by the interaction itself. Perhaps a
reasonable goal for future work would be to pair well-con-
trolled, standard experiments with investigations of the
same processes in natural settings, such as analyses of spo-
ken corpora, or on-line conversational paradigms like the
one used here.

Another possibility is to employ pseudo-interactive para-
digms in which participants listen to pre-recorded utter-
ances, but are led to believe that they are interacting with
alive person in another room. However, previous work using
this approach failed to find evidence of partner-specific
interpretation patterns (e.g. Barr & Keysar, 2002, Experiment
3).And inrelated work using similar paradigms, information
about the speaker’s perspective has not been integrated into
the on-line interpretation of referring expressions (Barr,
2008b), whereas in other work using interactive paradigms,
it has (Brown-Schmidt et al., 2008; Heller et al., 2008). Thus,
some pseudo-interactive paradigms may not provide en-
ough of the genuine interactivity and subtle cues such as
laughs, sighs, and prosodic information which are character-
istic of a true, face-to-face conversation.

Finally, in the experiments presented here, addressees
interpreted partially-scripted expressions produced by
experimenters who had previous experience with the task.
A similar approach was taken by Metzing and Brennan
(2003), and Matthews et al. (2008), who also used interac-
tive settings and observed partner-specific effects. These
interactive experimental settings may be comparable to
teaching or instructional contexts in which the speaker is
more familiar with the topic of conversation than the ad-
dressee. An open question is how partner-specific effects
might change in a broader range of natural, spontaneous
conversations outside of experimental contexts. The re-
sults of the experiments presented here suggest that the
more natural and interactive the conversation is, the stron-
ger partner-specific effects will be.
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Appendix A. Analyses of the point-of-disambiguation

Critical noun onsets in Experiment 1a.

Source of variance Participants Items MinF

MSe F1 MSe F2 df MinF
Partner 89,562 3.64 11790 897 161 2.59
Expression 65232 4226 36008 2432° 1,34 1544
PxE 56,121 77 33900 1.00 1,52 44

Note. df, = 1,47, df, =1,15.
" p<.05.

Point-of-disambiguation in Experiment 2.

Source of variance  Participants Items MinF

MSe F1 MSe 1) df MinF'
Partner 14,718 133 2299 931" 1,40 1.16
Expression 2630 39.79° 1755 57.73° 1,60 23.55°
PxE 8002 1432° 1432 82.06° 1,41 12.19°

Note. df; = 1,31, dfy = 1,31.
" p<.05.

Appendix B. Analyses including the picture factor

An analysis of the latency to fixate the target which in-
cluded picture type as a factor revealed a effect of image
type, due to faster target fixations for colorized images,
suggesting that the mapping between adjective and image
was faster or better learned for colorized targets (Fs > 6). A
partner x image type interaction (Fs > 4) was due to a mar-
ginal effect of partner for colorized targets, with faster
interpretation when the original partner was speaking,
F1(1,31)=3.59, p=.07, F2(1,15)=3.76, p =.07. For black
and white targets, there was no main effect of partner,
Fs<1.

Analysis of target advantage scores including picture
type as a factor revealed a significant effect of image type
at region 2, due to higher target advantage scores for color-
ized targets. A significant partner x type interaction at re-
gion 5 was due to higher target advantage scores for new
compared to old speakers with colorized targets
F1(31)=11.58, p<.01, F2(15)=14.10, p <.01. There was
no partner effect for black and white targets, Fs <.2.
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