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a b s t r a c t
When designing a definite referring expression, speakers take into account both the local context and certain aspects of the historical context, including whether similar referents have been mentioned in the
past. When a similar item has been mentioned previously, speakers tend to elaborate their referring
expression in order to differentiate the two items, a phenomenon called lexical differentiation. The present research examines the locus of the lexical differentiation effect and its relationship with memory for
the discourse. In three experiments, we demonstrate that speakers differentiate to distinguish current
from past referents; there was no evidence that speakers differentiate in order to avoid giving two items
the same label. Post-task memory tests also revealed a high level of memory for the discourse history, a
finding that is inconsistent with the view that failures of memory underlie low differentiation rates.
Instead, memory for the discourse history, while necessary, is not sufficient for speakers to design
language with respect to the historical context. Speakers must additionally view the discourse history
as relevant to design language with respect to this broader context. Finally, measures of memory for past
referents point to asymmetries between speakers and listeners in their memory for the discourse, with
speakers typically remembering the discourse history better.
Ó 2016 Elsevier B.V. All rights reserved.

1. Introduction
For communication to be successful, conversational partners
must take into account each other’s general knowledge and memory for the ongoing discussion. Consider the process of designing a
definite referring expression. For a speaker to successfully communicate her meaning, she must take into account properties of the
intended referent, as well as contextual information, in order to
uniquely identify the intended referent (Roberts, 2003). The contextual information that shapes the design of referring expressions
includes information in the immediate context, such as the characteristics of other candidate referents (Olson, 1970; Osgood, 1971).
The way in which a given object will be described, then, depends
on the properties of the other items in the local context (Beun &
Cremers, 1998; Brennan & Clark, 1996; Brown-Schmidt &
Tanenhaus, 2006; Horton & Keysar, 1996; Nadig & Sedivy, 2002;
Wardlow Lane & Ferreira, 2008). For example, imagine a situation
where some friends are at a shoe shop, and one friend wants to
point out the shoes she would like to buy. In such a situation,
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she would have to distinguish her intended referent from the many
other items in the local context, likely through the use of a modified referring expression, as in ‘‘The leopard-print heels are super
cute!”, rather than ‘‘The shoes are super cute!”
Identifying the features that distinguish the intended referent
from those in the local context is a cognitive process that unfolds
over time and must be coordinated with utterance planning. As a
result of this interplay between contextual encoding and language
planning, speakers sometimes produce over-informative or underinformative expressions (Deutsch & Pechmann, 1982; Engelhardt,
Bailey, & Ferreira, 2006; Ferreira, Slevc, & Rogers, 2005; Maes,
Arts, & Noordman, 2004; Olson, 1970; Sedivy, 2003). The likelihood
of producing a locally overinformative expression varies with
adjective class (Sedivy, 2005; Brown-Schmidt & Konopka, 2011),
and can occur when analysis of the local context lags behind production planning (Pechmann, 1989).
Another source of contextual constraint in conversation is the
historical discourse context, which includes information that was
discussed in the past (Brennan & Clark, 1996). A speaker who takes
into account both the immediate discourse context as well as the
historical discourse context may produce an expression that is
overspecified with respect to the immediate context, but
appropriately informative if the discourse history is taken into
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account. Consider the case of our shoe-shopping friends. If they
were to continue their conversation over a cup of coffee, reference
to the newly-purchased shoes in the new context would no longer
require the modifier ‘‘leopard-print”. Yet studies of language use in
dialogue show once a term has been established, that speakers
persist in the use of these terms even if the context changes and
the modifier is no longer necessary, as in ‘‘I just love my new
leopard-print heels” produced in a context with only a single pair
of shoes (Brennan & Clark, 1996; Van der Wege, 2009). This tendency to persist in the use of previous terms, termed lexical
entrainment, is one example of the influence of the historical
discourse context. In the present research we examine a related
effect of historical influence on referring—the process of lexical
differentiation, in which speakers take into account past reference
when designing new referring expressions.
1.1. Lexical differentiation and its source
Lexical differentiation refers to a discourse phenomenon in
which speakers differentiate two sequentially presented objects
from the same category (Van der Wege, 2009). For example, imagine a situation in which a speaker describes one shirt in the context
of several unrelated objects. In a context like this one, the speaker
is likely to refer to the shirt with a bare noun phrase, as in ‘‘the
shirt”. However, if she were to later refer to a second, distinct shirt
in the context of several unrelated objects, she might differentiate
the second shirt from the first by using a modifier, as in ‘‘the striped
shirt,” even though the modifier is not necessary in the local context (i.e., ‘‘the shirt” would suffice to uniquely identify the intended
referent). Speakers also sometimes use a different noun to differentiate the second object from the first, as in ‘‘the blouse” rather than
‘‘the shirt” (see Yoon & Brown-Schmidt, 2013). These findings show
that the discourse history influences how speakers design referring
expressions.
According to Van der Wege (2009), speakers lexically differentiate in order to avoid giving the same label to two different entities, a process termed ‘‘pre-emption by similar form” (also see
Clark & Clark, 1979). When speakers refer to the second object,
they prefer to use a distinct label that contrasts with the previously
established label; in other words, the speaker avoids giving the
label, ‘‘the shirt”, to two different entities. By calling the second
shirt ‘‘the striped shirt” or ‘‘the blouse”, the speaker is able to differentiate the two labels. The idea behind pre-emption by similar
form is that the previously used label ‘‘the shirt” pre-empts the
subsequent use of the same label to refer to a different item, thus
creating the need for lexical differentiation. If this view of the
lexical differentiation effect is correct, differentiation should not
be observed if the speaker had not labeled the first entity with
the basic object label. For example, if the speaker were to refer to
the first shirt with a locative expression, such as ‘‘the top left one”,
there would be no pre-emption of the label ‘‘the shirt”, and thus no
need to describe the second shirt with a modifier (instead ‘‘the
shirt” would be an appropriate label for the second shirt). Alternatively, the locus of the differentiation effect might be an attempt to
distinguish current from past referents, regardless of how they had
been named. If so, any previous reference to a shirt—with a locative
or a descriptive expression—should increase the likelihood that the
speaker would differentiate the second shirt from the first.
1.2. The relationship between lexical differentiation and memory for
past referents
A necessary precondition to designing referential expressions
with respect to the historical discourse context is successfully
accessing a memorial representation of the previous referent when
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planning a description of the current referent. If a speaker fails to
remember describing a shirt in the past, they would be unlikely
to differentiate the current shirt from the previous shirt, instead
producing the same expression, ‘‘the shirt”, to refer to both shirts.
Failures to remember the past discourse context may explain
why differentiation is relatively infrequent: Speakers differentiated
only 7.5% of the time in Yoon and Brown-Schmidt (2013)’s study
and 19–33% in Van der Wege (2009)’s study in the ‘‘real audience”
condition (19% for atypical objects; 33% for typical objects; see Van
der Wege, 2009, Fig. 5). The larger effect in Van der Wege’s study is
likely due to methodological differences. In particular, the use of
atypical category exemplars in the stimulus set, and a design in
which each of 12 items in a display were referenced may have
encouraged speakers to distinguish current from past referents.
Yoon and Brown-Schmidt (2013) extended the lexical
differentiation effect in a paradigm that examined how listeners
interpreted these lexically differentiated expressions. In that
experiment, the first of two key referents (e.g., two different shirts)
was labeled, e.g., ‘‘the shirt”, or located, e.g., ‘‘the top left one”, and
then in the critical condition, the speaker referred to the second
(distinct) shirt with a modified expression, as in ‘‘the striped shirt”.
Somewhat surprisingly, analysis of listener eye-gaze as they interpreted these expressions found no evidence that listeners expected
speakers to differentiate the two objects in the naming condition
more than the locating condition. One interpretation of these
findings is that both labeling and locating the first shirt prompted
listeners to expect differentiation when listening to a description of
the second shirt. Whether speakers differentiate in both of these
circumstances is an open question that the present work is
designed to address.
Another possibility is that listeners may have not remembered
the previous discourse referent when interpreting these utterances. When considering the role of memory in producing or
expecting lexical differentiation, a relevant phenomenon is the
generation effect, which refers to the finding that the act of generating information promotes better memory for that information
when compared to reading (Slamecka & Graf, 1978). In an analysis
of what information tends to get repeated over the course of a conversation, Knutsen and Le Bigot (2014) report that referring
expressions like ‘‘the market” are more likely to be repeated in a
conversation by the person who first introduced that topic into
the conversation, consistent with a generation effect. McKinley,
Brown-Schmidt, and Benjamin (in preparation) similarly report a
generation benefit for item recognition in a natural conversation
paradigm where the ‘‘items” were pictures that participants discussed with one of two conversational partners. Based on these
findings, speakers may have better memory for what has been said
in conversation, compared to listeners. Listeners’ comparatively
worse memory for past referents, then, may explain the apparent
lack of differentiation in comprehension (Yoon & Brown-Schmidt,
2013).
1.3. The present research
The goal of the present research is to examine the locus of the
lexical differentiation effect and its relationship with memory for
past discourse referents. In Experiments 1 and 2, we elicit a differentiation effect in language production, and examine the situations
in which it does and does not occur in order to understand the
influence of the historical discourse context on referring. In
Experiment 3, we examine the same question in situations that
include an unmentioned, but target-related context item. Measures of memory for the discourse history in Experiments 1–3
are used to evaluate whether poor memory for past referents
explains the low incidence of differentiation, and listeners’ consequent lack of expectation for it (Yoon & Brown-Schmidt, 2013).
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2. Experiment 1

2.1.4. Materials
During the referential communication task, each participant

In the current experiment, we manipulate the way in which the
first referent was referenced—with a locative, ‘‘the top left one”, or a
descriptive phrase, ‘‘the shirt”—in order to test the locus of the
lexical differentiation. In addition, we measure speakers’ and listeners’ memory for the discourse history.

completed a total of 462 trials, including 198 entrainment trials,

2.1. Method
2.1.1. Participants
Seventy-two undergraduates (thirty-six pairs) at the University
of Illinois at Urbana-Champaign participated in the experiment in
return for partial course credit or cash payment ($8). Participants
were native speakers of North American English with normal hearing and normal or corrected-to-normal vision.
2.1.2. Procedure
The experiment consisted of two phases: a referential communication task followed by a memory test. The entire experiment
lasted approximately 50 min.
2.1.3. Referential communication task
During the referential communication task (cf. Krauss &
Weinheimer, 1966), two naïve participants were randomly
assigned to the roles of speaking and listening and sat at separate
computers in the same room. The computers were arranged so that
participants could see each other’s faces but could not see each
other’s computer screens. On each trial, the speaker and listener
viewed a computer screen with four pictures. The pictures
appeared in one of four different random positions on each screen.
The target object was indicated to the speaker with a black box
(see Fig. 1). On the listener’s screen, the target was not indicated.
The speaker’s task was to give the listener an instruction aloud
to click on one of the four pictures (e.g., Click on the sock). The
listener followed the speaker’s instructions on her own screen.
The task was interactive and participants were allowed to ask
questions for clarification (clarification requests were rare). After
the listener clicked the target, the speaker clicked the mouse to
advance to the next trial. Participants maintained their assigned
role (i.e., speaker or listener) throughout the task. Recordings of
the speaker’s voice were saved directly to the computer.

33 test trials, and 231 filler trials. During the test trials (the focus
of our analyses), the speaker described a ‘‘target” object from a particular category (e.g., a dotted sock). Each test trial was associated
with 6 previous entrainment trials (Fig. 1). The type of entrainment
trial served as the key experimental manipulation, and was manipulated within-subjects. Entrainment trials always preceded test
trials, and allowed us to manipulate whether the basic object label
for a given target object at test, e.g., ‘‘sock” had already been used
to describe a different item during entrainment. During both
entrainment and test trials, the target object was presented with
three unrelated objects such that given the local context, a bare
noun was sufficient to identify the target. These unrelated objects
were rotated pseudo-randomly such that the three unrelated items
varied from trial to trial. The critical question was whether
speakers would design referring expressions at test based on the
historical discourse context.
In the Contrast-naming condition, the target on entrainment
trials was an exemplar from the same category as the target on
the test trial. For example, the speaker would describe an argyle
sock 6 times during entrainment trials prior to describing the
target dotted sock at test.
In the Non-contrast condition, participants described an unrelated object (e.g., apple) 6 times in entrainment, and then
described the target (e.g., dotted sock) at test. Note that for items
in the Non-contrast condition, speakers never saw the contrast
object.
Finally, in the Contrast-location condition, speakers described
the location of the contrast object (e.g., top left one) 6 times, and
then described the target object at test (e.g., dotted sock). The
speaker was cued to use a locative phrase through an on-screen
text prompt (e.g., ‘‘LOCATION”). This condition was included in
order to test whether it is naming per se that is critical to elicit
the differentiation effect.
Following entrainment, test displays showed four new (previously unseen) objects, including the target and three unrelated
objects. While the target and the unrelated objects were all new
tokens, the categories that they came from (e.g., socks, pigs, etc.)
had all been previously experienced during the entrainment trials.
Filler trials contained two contrasting objects from the same
category (e.g., two fish) and two unrelated objects. Half of the time

Fig. 1. (a and b) Experiments 1 and 2: Example stimuli from the referential communication task, including entrainment trials (a) and test trials (b). The target is indicated to
the speaker by the black rectangle. The addressee’s screen would show the same four pictures, but in different locations and without the black box. This example shows the
‘‘Contrast-naming” condition; in the ‘‘Non-contrast” condition, the target during entrainment would be an unrelated item such as an apple.
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the target was one of the two contrasting objects and on the other
half of filler trials, the target was one of the two unrelated objects.
Filler trials with contrasting objects were included so that speakers
would sometimes need to produce modified noun phrases based
on the immediate context.
Entrainment and test trials for the different item sets were
interspersed with filler trials in a pseudo-random order such that
from the participants’ point of view, there was no distinction
between the trial types, and so that all 7 trials associated with a
single item set (6 entrainment trials followed by 1 test trial)
occurred within a span of at most 120 trials (the span ranged from
73 to 116, M = 100.37, SD = 12.4). Note that for a given object set,
the maximum time between the final entrainment trial and the
test trial was 15 trials (range of 1–15, M = 7.39, SD = 4.46).
All visual stimuli were pictures of common objects. The stimuli
included the 33 triplets of target (e.g., dotted sock), contrast (e.g.,
argyle sock), and unrelated items (e.g., apple) that were used as
critical items across the three conditions. The remaining visual
stimuli were used on filler trials and included 33 triplets of contrasting objects (e.g., opened box, wrapped box, stacked box) and
66 pairs of contrasting objects (e.g., sitting dog, jumping dog) from
the same categories. All target items were counterbalanced across
conditions across three lists. Each participant completed the items
on one list.
2.1.5. Memory test
Following the communication task, participants performed a
surprise recognition memory test on their own computer (Fig. 2).
Each trial presented two pictures from the same category: one
was an ‘‘old” picture that was presented during the communication
task, and the other was a ‘‘new” picture from the same basic object
category. Participants were asked to click on the old picture on
each trial. The old and new pictures were rotated across two lists,
so that the old picture on one list was the new picture on the other
list. A total of 99 trials tested memory for the 33 contrast items
(e.g., argyle sock or apple), 33 target items (e.g., dotted sock), and
33 unrelated filler items (e.g., drum). The correct answer for each
trial was always the object that had either been named or referenced with a locative phrase during the referential communication
task. The speaker and listener were not allowed to talk to each
other during this phase of the experiment.
2.1.6. Predictions
The communication task was designed to replicate the lexical
differentiation effect in language production (Van der Wege,
2009; Yoon & Brown-Schmidt, 2013). If speakers lexically
differentiate, the modification rate (e.g., production of a modified
expression like dotted sock vs. an unmodified expression like sock)
should be higher in the Contrast-naming condition than in the
Non-contrast condition. If the locus of the differentiation effect is
to avoid giving two different items the same label—for example
to avoid labeling both the argyle sock and the dotted sock, ‘‘the
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sock” (pre-emption by similar form; Van der Wege, 2009)—speakers should be more likely to modify test expressions in the
Contrast-naming condition than the Contrast-location condition.
This is because it is only in the Contrast-naming condition that
the basic object label for the target had previously been used
(e.g., ‘‘sock” had been used on entrainment trials for a different referent). However, if speakers differentiate to distinguish current
from past referents, whether or not the target label had been used
at entrainment should not matter, and the rate of modifiers at test
should be higher in both the Contrast-naming and Contrastlocation conditions compared to the Non-contrast condition.
Analysis of the relationship between memory for contrast
objects, and speakers’ referential design choices in the referential
communication task will allow us to address why the differentiation rate in previous studies (Van der Wege, 2009; Yoon &
Brown-Schmidt, 2013) was so low. If successful differentiation
requires memory for the contrast object, recognition of contrast
objects should be related to the differentiation rate. Such a finding
would point to memory as a key factor in determining whether or
not speakers will design expressions with respect to the historical
discourse record. Comparisons between speakers’ and listeners’
memory for the discourse history will speak to the apparent lack
of a differentiation effect in language comprehension (Yoon &
Brown-Schmidt, 2013). If the generation effect in memory research
(Marsh, Edelman, & Bower, 2001) extends to more natural conversational settings, speakers may consistently outperform listeners
in their memory of the discourse history, offering a memorybased explanation why listeners would exhibit less consideration
of the discourse history.
2.2. Results
2.2.1. Referential communication task
Recordings of speakers’ object descriptions at entrainment and
test were transcribed and coded for whether their referring expressions were modified or not (Fig. 3). In the (rare) cases where listeners asked a clarification question, we coded only the speaker’s
initiating description of the referent (see Duff, Gupta, Hengst,
Tranel, & Cohen, 2011). On entrainment trials, speakers produced
modified noun phrases 0.03% of the time in the Non-contrast condition and 14.0% of the time in the Contrast-naming condition.
Note that the referents during entrainment in the Non-contrast
condition (e.g., apple) were not rotated across conditions; thus this
difference in modification rate is likely due to item differences.
Because Non-contrast objects were unrelated to test objects, and
the focus of our analyses is on modification rate at test, we do
not discuss these differences further.
At test, there were two potential ways speakers could
differentiate current from past referents: Speakers could produce
a modified noun phrase (e.g., ‘‘shirt” ? ‘‘striped shirt”), or they
could produce an alternative bare noun phrase (e.g., ‘‘shirt” ?
‘‘blouse”, Yoon & Brown-Schmidt, 2013). However, it was difficult

Fig. 2. Experiments 1 and 2: Example stimuli from the memory test.
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Fig. 3. Experiment 1: Percentage of each noun phrase type on target trials during
the referential communication task.

to measure the proportion of alternative, bare noun phrases in the
Non-contrast and Contrast-location conditions, because objects in
the target category were referenced only once, making it impossible to know if the speaker was differentiating or not. As a result,
our planned analyses follow the procedure of Yoon and BrownSchmidt (2013) and focus on the rates of modified noun phrases.
We analyzed the data in a logistic mixed effects model with
entrainment
type
(Non-contrast,
Contrast-location,
and
Contrast-naming) as a fixed effect, and subjects and items as random intercepts. The model was fit using the lmer package in R,
with the maximal random-effects structure for subjects and items.
In cases where the maximal model did not converge, a backwardsfitting procedure was used to identify the model with the largest
random effects structure that would converge (see Barr, Levy,
Scheepers, & Tily, 2013). The dependent variable was whether
the speaker used a modifier or not. Full model details are presented
in the Appendix (Table 1A).
While bare noun phrases were common in all three conditions,
speakers produced modified noun phrases significantly more often
when the contrast object had previously been discussed (21.9% in
the Contrast-naming vs. 20.8% in the Contrast-location condition)
than when it had not (14.1%, Non-contrast condition), (z = 2.194,
p < 0.01). The rate of modified noun phrases did not significantly
differ between the two contrast conditions (z = 0.067, p > 0.05).
The size of the differentiation effect was 7.8%,1 similar to our previous findings.
In summary, these findings demonstrate a small lexical differentiation effect (Van der Wege, 2009; Yoon & Brown-Schmidt,
2013), indicating that speakers consider the historical discourse
record when designing referring expressions (Brennan & Clark,
1996). Critically, however, the fact that modification rates in the
Contrast-location and Contrast-naming conditions did not significantly differ suggests that speakers differentiate not to avoid lexical conflict (cf., Van der Wege, 2009), but rather to distinguish
current referents from past referents, regardless of how those
referents had been labeled.
2.2.2. Memory test
We evaluated memory for the contrast items to address the
question of whether the low rate of lexical differentiation is due
to memory failures. We also compared memory performance by
1

One question about this finding is whether the lag between the last entrainment
trial and the test trial modulates the differentiation effect (the lag varied between 1
and 15 trials). If speakers fail to differentiate after long lags, this would be consistent
with the memory-based explanation for why speakers differentiate so infrequently.
The results of this post hoc analysis, however, showed that neither the main effect of
lag (z = 0.826, p > 0.05), nor the interactions with condition (Non-contrast vs.
Contrast-location & Contrast-naming: z = 0.301, p > 0.05; Contrast-location vs.
Contrast-naming: z = 0.994, p > 0.05) were significant.

speakers and listeners to evaluate whether they developed distinct
memory representations of the discourse. Overall, both speakers
and listeners successfully recognized contrast and target items
over 80% of the time (Fig. 4), suggesting that failures to retrieve
past referents cannot be the primary cause of the low rate of
differentiation.
The memory accuracy data were analyzed in a logistic mixed
effects model with role (listener vs. speaker), referent (contrast
vs. target), and entrainment type (Non-contrast vs. Contrastlocation vs. Contrast-naming) as fixed effects (see Appendix for
model details, Table 2A). Overall, speakers had better memory than
listeners (z = 2.935, p < 0.05). Memory was also better for contrast
than target items, which is unsurprising, as contrast items were
referenced 6 times during the communication task, whereas target
items were referenced only once (z = 6.658, p < 0.05).
A significant interaction between role, referent, and entrainment type (z = 1.993, p < 0.05) was explored by examining the
role and entrainment effect for contrast and target items
separately. Memory for contrast items was high for both speakers
and listeners (>95%) and did not differ from one another (z = 1.062,
p > 0.05), providing evidence against the hypothesis that listeners’
failure to differentiate is due to poor memory for the contrast. In
addition, contrast items in the Contrast-naming condition were
better remembered than items in the Contrast-location condition
(z = 2.994, p < 0.05, see Table 3A). Memory for target items was
better for speakers than listeners (94.9% vs. 86.5%; z = 5.090,
p < 0.05, see Table 4A), consistent with a generation benefit.
2.2.3. Relationship between referential form and memory
The fact that recognition of contrast items was uniformly high is
inconsistent with the idea that speakers fail to differentiate when
memory for the contrast item is weak. We tested whether speaker
memory for the contrast predicted differentiation. A mixed-effects
model included whether the speaker correctly recognized the
contrast object during the memory test as a fixed effect; the
dependent measure was whether the associated target item was
modified. This analysis did not support the hypothesis that the differentiation rate is influenced by the speaker’s memory for the
contrast (z = 0.426, p > 0.05).
While there was no evidence that contrast memory modulated
use of a modifier on test trials, an open question is whether use of a
modifier on test trials improves memory for the target. One reason
to think that modification might improve memory for the referent
is that the process of selecting an appropriate modifier necessarily
requires an elaborate encoding of that object (e.g., saying striped
shirt requires conceptualizing the shirt as striped; Bradshaw &
Anderson, 1982). A mixed-effects model included role, entrainment type, and whether the target expression was modified as
fixed effects; the dependent measure was whether the target
object was correctly recognized during the memory test. The
results of this analysis, however, showed that when speakers
described target objects with modifiers, memory for targets did
not improve for speakers (z = 0.010, p > 0.05) or listeners
(z = 0.200, p > 0.05).
2.3. Summary
In summary, the results of Experiment 1 showed that speakers
were more likely to use modifiers when they had previously referenced an item from the same basic object category, replicating previous findings (Van der Wege, 2009; Yoon & Brown-Schmidt, 2013,
Experiment 1). However, naming was not necessary to elicit lexical
differentiation. This finding is inconsistent with the argument that
differentiation is motivated by pre-emption by a similar referential
form (Van der Wege, 2009). Instead, speakers differentiate in order
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Fig. 4. Experiment 1: Accuracy on two-alternative forced choice recognition memory task for contrast items (on the left) and target items (on the right) by speakers and
listeners. Error bars indicate by-participant standard error.

to distinguish the current referent from past referents—regardless
of how those past referents had been labeled. In addition, this finding offers insight into a previous study of listeners’ expectations for
differentiation (Yoon & Brown-Schmidt, 2013, Experiments 2–3).
In that study, listeners were equally likely to expect differentiated
(e.g., modified) expressions when the contrast had previously been
located vs. labeled. Rather than a failure to expect differentiation,
the present work suggests that listeners may instead be sensitive
to the fact that any reference to a contrast object can prompt subsequent differentiation. The fact that speakers and listeners had
equivalent memory for contrast objects also supports this
argument.
Recognition memory for past referents was high, consistent
with findings in the memory literature indicating that recognition
memory for pictures tends to be quite good (Shepard, 1967). We
also observed that speakers had better memory for target objects;
whether memory for contrast objects follows a similar pattern was
obfuscated by near-ceiling performance. The lack of a relationship
between memory for the contrast item and the differentiation rate
suggests that failures to link the current context with the past context are not due to failures to remember that past context.
3. Experiment 2
The aim of Experiment 2 was to replicate Experiment 1 with a
lower number of entrainment trials in order to equate exposure
to target and contrast items. In addition, participants in Experiment 2 alternated roles of speaking and listening to address the
possibility that lower recognition rates on the part of listeners
was due to poor task engagement. While the speaker-memory
advantage in Experiment 1 is consistent with a generation effect,
speakers also had a more active role in the conversation. The
required commitment to both roles in a conversation in
Experiment 2 should decrease the possibility of differences in
engagement.
3.1. Method
3.1.1. Participants
Ninety-six undergraduates (forty-eight pairs) at the University
of Illinois at Urbana-Champaign participated in return for partial
course credit or cash ($8). Participants were native speakers of

North American English and had normal hearing and normal or
corrected-to-normal vision. None had participated in Experiment 1.

3.1.2. Materials and procedure
The procedure of Experiment 2 was identical to Experiment 1
with the following exceptions: First, during the communication
task, the two participants first completed 20 practice trials, followed by two blocks of trials in the communication task. Participants alternated between the roles of speaking and listening in
each block. The aim of the practice trials was to introduce the participants to both the speaking and listening task roles. Second, we
included a 20-min break between the communication task and the
memory test in an additional attempt to avoid a ceiling effect on
the memory test.
The design of the communication task was also slightly different. Each participant completed a total of 200 trials, including 20
practice, 36 entrainment, 36 test, and 108 filler trials. Filler trials
were of the same format as in Experiment 1; on half of filler trials
the speaker referred to one of two contrasting objects, and on the
other half the speaker referred to one of two unrelated objects.
Note that, unlike Experiment 1, each target item in Experiment 2
was associated with a single entrainment trial in order to equate
exposure to contrast and target objects prior to the memory test.
The experimental conditions were the same as in Experiment 1
(Non-contrast, Contrast-location, Contrast-naming conditions),
and were manipulated within-subjects.
We also manipulated the lag between the entrainment and the
test trial (1 vs. 10 trials) to examine whether the differentiation
effect might be more pronounced at shorter lags. In the 1-lag condition, the entrainment trial for a given item (e.g., the argyle sock)
was immediately followed by the test trial for that item (e.g., the
dotted sock). By contrast, in the 10-lag condition, the test trial
occurred 10 trials after the entrainment trial.
After the communication task, there was a 20-min break during
which participants completed an unrelated distractor test (math
test). Following the break, participants completed the unexpected
memory test. As in Experiment 1, each test trial on the memory
test showed two pictures from the same category, one of which
was old and one of which was new. The task was to click on the
old picture. There were a total of 108 trials that were presented
in a randomized order that tested memory for the 36 contrast
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items, 36 target items, and 36 of the filler items. The experiment
lasted about 60 min.
3.1.3. Predictions
On test trials in the communication task, we predicted that
speakers would produce modified noun phrases more often in
the Contrast-naming and Contrast-location conditions than the
Non-contrast condition, replicating the results of Experiment 1.
However, if one entrainment trial is not sufficient to elicit differentiation, the rate of modified noun phrases should not differ among
the three conditions.
In the present experiment, participants alternated roles
between speaking and listening to better equate task engagement.
If speakers continue to outperform listeners during the memory
test, this would provide convincing evidence that speaking in a
conversation yields memory benefits for discourse referents. In
contrast, if the superior memory performance of speakers in Experiment 1 was due to a higher level of engagement, then the new task
should eliminate this benefit. By equating the number of exposures
to contrast and target items, we anticipated that any effects of participant role (speaker vs. listener) should obtain for both targets
and contrasts. Finally, by relating measures of contrast memory
to referential form, this experiment provides another opportunity
to test the hypothesis that the low differentiation rates observed
in our previous work are related to failures to remember the past
context.
3.2. Results
3.2.1. Referential communication task
The speakers’ productions on entrainment and test trials were
coded in the same way as in Experiment 1 (Fig. 5). On entrainment
trials, speakers produced modified noun phrases for 0.02% of the
time in the Non-contrast condition and 17.0% of the time in the
Contrast-naming condition. As in Experiment 1, the higher
modification rate in the Non-contrast condition is likely due to
uncontrolled item differences. Because the focus of our analyses
is on modification rate at test, we do not discuss these differences
further.
The focus of our analyses is on the rate of modified noun
phrases at test, which we use as a measure of differentiation. In
the Non-contrast condition, speakers modified their expressions
19.4% of the time on test trials, whereas modification rates were
higher in both the Contrast-location (23.0%) and Contrast-naming
conditions (23.7%).
We analyzed the modification rates in a logistic mixed effects
model with a binomial link function, using entrainment type as
fixed effects (see details in Appendix Table 5A). An initial analysis
included lag between entrainment and test as a factor, however,
neither the main effect of lag (z = 0.814, p > 0.05), nor the interac-

tion with entrainment type were significant (ps > 0.05); further,
adding lag to the models did not improve model fit. As a result,
we do not discuss the manipulation of lag further. The primary
analysis revealed a significant main effect of entrainment type
(Non-contrast vs. Contrast-location & Contrast-naming; z = 2.270,
p < 0.05), consistent with the results of Experiment 1. Speakers
tended to differentiate the current referent from the past referent
more when they had previously referenced the contrast item
(regardless of whether it was named or spatially located), compared to when they had not been exposed to the contrast. The
modification rates in the Contrast-location and Contrast-naming
conditions did not differ significantly (z = 0.203, p > 0.05).
3.2.2. Memory test
Accuracy on the memory test was overall high for both speakers
and listeners, though not at ceiling, unlike Experiment 1 (see
Fig. 6). We analyzed accuracy in a maximal mixed-effects model
with participants’ role (listener vs. speaker), referent (contrast vs.
target) and entrainment type (Non-contrast vs. Contrast-location
vs. Contrast-naming) as fixed effects (see details in Appendix,
Table 6A). Overall, speakers had better memory than listeners
(z = 4.181, p < 0.05). Main effects of entrainment type were qualified by a significant interaction between referent type (contrast
vs. target) and entrainment type (Contrast-location vs. Contrastnaming, z = 2.413, p < 0.05).
Separate planned analyses for contrast and target items were
used to explore the interactions. For target items, there was only
a main effect of role, due to better memory performance by speakers (z = 3.842, p < 0.05, see Table 7A). For contrast items, there was
a significant interaction between role and entrainment type
(z = 3.292, p < 0.05, see Table 8A): Whereas speakers had better
memory in the Contrast-naming than the Contrast-location condition (z = 2.363, p < 0.05), listeners’ memory did not differ across
these conditions (z = 0.340, p > 0.05). These findings show that
naming boosted speakers’ memory more for the contrast item than
it did for listeners.
3.2.3. Relationship between referential form and memory
In Experiment 1, we did not observe a significant relationship
between memory for the discourse context and referential form,
possibly due to very high levels of memory performance for the
contrast item. However, despite off-ceiling memory performance
for the contrast item in Experiment 2, memory for the contrast
item still did not significantly predict the differentiation rate
(z = 1.382, p > 0.05).
As in Experiment 1, we also examined whether the way a target
was described affected how it was remembered. The results of this
analysis revealed that when speakers described the target with a
modifier, both speakers and listeners remembered the referent better, compared to situations when the referent was identified by a
bare noun phrase (z = 3.916, p < 0.05). This result suggests that
modification is helpful for future memory. Of course, it is worth
remembering that the relationship between memory and the
occurrence of a modifier is subject to an uncontrolled itemselection effect—it is possible that there are item characteristics
that both attract the use of modifiers and make it easier to remember. There was no interaction with role or entrainment type.
3.3. Summary

Fig. 5. Experiment 2: Percentage of each noun phrase type on test trials during
entrainment.

In summary, the results of Experiment 2 demonstrated a lexical
differentiation effect that was not contingent on naming,
replicating Experiment 1. The small magnitude of the effect (a
4% increase in modification when an object from the same basic
object category had previously been referenced) may be due to the
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Fig. 6. Experiment 2: Accuracy on two-alternative forced choice recognition memory task for contrast items (on the left) and target items (on the right) by speakers and
listeners. Error bars indicate by-participant standard error.

fact that the contrast item had only been seen once during
entrainment (vs. 6 times in Experiment 1). As in Experiment 1, performance on the surprise memory test demonstrated that speakers
had better memory for past referents than did listeners. In addition, naming (rather than locating) past referents boosted speakers’
but not listeners’ memory for contrast items. Lastly, memory was
improved for items that were described at test with modified noun
phrases, demonstrating a link between referential language and
memory for the discourse.
4. Experiment 3
Experiments 1 and 2 showed that naming is not necessary to
elicit differentiation. Speakers lexically differentiate two entities
not to avoid giving the same label to two different entities, but
to distinguish current from past referents. In the current experiment, we seek lexical differentiation in a novel situation where,
during entrainment, the local context contains an object from the
same basic level object category as the intended referent. Speakers
are highly sensitive to the contents of the local discourse context
(Olson, 1970; Osgood, 1971), and should produce a modified noun
phrase to distinguish the intended referent from the contrasting
context object, e.g., ‘‘the argyle sock”, in a context with both an
argyle sock and a striped sock. On test trials, speakers must
describe a third exemplar from the same category (dotted sock)
that is unique within the local context (as in Experiments 1–2). If
speakers differentiate current referents from previous referents
that are in the same basic object category, we would expect
speakers to produce significantly more modified noun phrases in
the Contrast-naming condition compared to the Non-contrast condition, despite the fact that the bare label ‘‘the sock” had not previously been used (because the contrast object would have been
described with a modified expression like ‘‘the argyle sock” during
entrainment). Such a finding would add to the evidence that speakers differentiate current from past referents, not past labels.
In addition, the use of context objects during the entrainment
trials allows us to further explore the speaker advantage in memory for the discourse history. A question not addressed by Experiments 1 and 2 is whether speakers have superior memory for
undiscussed aspects of the referential context as well. We address
this question by comparing speakers’ and listeners’ memory for
context items that were unmentioned in the conversation, but that
were relevant to the way the intended referent was described.

4.1. Method
4.1.1. Participants
Ninety-six undergraduates (forty-eight pairs) at the University
of Illinois at Urbana-Champaign participated in return for partial
course credit or cash payment ($8). Participants were native speakers of North American English and had normal hearing and normal
or corrected-to-normal vision. No participant had previously taken
part in Experiments 1 or 2.
4.1.2. Materials and procedure
The general procedure of Experiment 3 was identical to
Experiment 2. Pairs of participants completed a referential communication task during which they alternated between the roles
of speaker and listener in each block, followed by a 20-min break
and then a surprise memory test.
As before, the three types of entrainment trials (Non-contrast,
Contrast-location, and Contrast-naming) formed our conditions of
interest. One small change to the format of the entrainment trials
was made in order to test speakers’ and listeners’ memory for
previously unmentioned items from the discourse context. Unlike
Experiments 1 and 2, we added a contrasting context item (e.g.,
striped sock) to the entrainment trials (see Fig. 7a). In the entrainment trials of the Contrast-location and Contrast-naming
conditions, participants viewed two items from the same category
(e.g., argyle sock and striped sock), as well as two unrelated items.
Speakers referred to one of these two items (e.g., argyle sock) during the entrainment trial; the other object (e.g., striped sock) was
never mentioned. Because two items from the same basic object
category were in the immediate context, we expected speakers
to use modifiers during the entrainment phase in the Contrastnaming condition (e.g., ‘‘argyle sock”, rather than ‘‘sock”). For consistency in terminology across the experiments, we will refer to the
mentioned object as the ‘‘contrast item”, and the unmentioned
object from the same basic object category as the ‘‘context item”.
As in Experiments 1–2, in the Non-contrast condition, neither the
contrast nor the context object was shown to participants, and
speakers named an unrelated object during entrainment (e.g.,
apple).
Following the communication task, participants performed the
same filler task as in the previous experiments for 20 min and then
completed an unexpected memory test. Unlike Experiments 1 and
2, we used a yes/no recognition memory test, in which participants
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Fig. 7. (a and b) Experiment 3: Example stimuli from entrainment trials (a) and test trials (b). Note that the context item (e.g., striped sock) in entrainment trials was never
mentioned.

made a recognition judgment about objects one at a time. In the
two-alternative forced choice task used in Experiments 1 and 2,
each memory test trial contained an old object; thus participants
were forced to choose the more familiar picture even in when they
were highly uncertain. In contrast, the yes/no recognition task used
in Experiment 3 allows participants to reject pictures (and say
‘‘new”) in cases where they fail to recognize an item. On each trial,
there was a single picture on the screen and participants were
instructed to press the ‘‘Y” key if the picture was an old one that
they had seen during the communication task and to press ‘‘N” if
the picture was new. Participants completed 264 recognition test
trials. Half of the pictures were old items and the other half were
new. The old items included 36 contrast (e.g., argyle sock or apple),
36 target (e.g., dotted sock), 24 context (e.g., striped sock), and 36
filler items. The 132 new objects were drawn from the same category as each old item (e.g., three new socks). Thus, during the
memory test, participants were exposed to 6 different items from
the same category; three were old and the three new. The order
of test trials was random.
4.1.3. Predictions
If speakers lexically differentiate in order to distinguish the
current referent from past referents, the modification rate should
be higher in the two contrast conditions compared to the Noncontrast condition, despite the fact that the unmodified basic noun
was not used in entrainment.
With respect to memory for the discourse, we expected that
speakers would continue to exhibit better performance than listeners for both target and contrast items, and that contrast memory
would not predict differentiation. The new question is whether this
speaking benefit to memory for past referents extends to unmentioned items in the visual context. In the list-learning literature,
retrieval practice of word pairs enhances memory for original spatial location of the word pairs, suggesting that the benefits of
retrieval extend beyond the retrieved information itself (Stanley
& Benjamin, in preparation). If successful reference involves consideration of the referential alternatives in the discourse context
(Olson, 1970; Pechmann, 1989; see also Fraundorf, Benjamin, &
Watson, 2013; Fraundorf, Watson, & Benjamin, 2010), then speakers should have better memory for relevant items in the local context. However, some findings in the memory literature suggest that
listeners should have better context memory than speakers (Gopie
& MacLeod, 2009; Jurica & Shimamura, 1999; cf. McKinley et al., in
preparation). According to this view, the act of speaking puts the

speaker’s attentional focus on the referent, at the expense of attention to the context (Koriat, Ben-Zur, & Druch, 1991). By contrast,
listeners distribute attention more broadly, supporting better context memory.
4.2. Results
4.2.1. Communication task
Speakers’ descriptions of the referents were coded in the same
way as in Experiments 1 and 2. Speakers almost always used modifiers (99.5%) to identify the target on entrainment trials in the
Contrast-naming condition, but not in the Non-contrast condition
(0.03%). On the remaining 0.5% of entrainment trials in the
Contrast-naming condition, speakers uniquely identified the
intended referent using a subordinate bare label, such as ‘‘parrot”.
The measure of differentiation was the same as that in Experiments 1–2, and was defined as the use of a modified noun phrase
on test trials. On test trials in the Non-contrast condition, speakers
modified their expressions 16.3% of the time, while modification
rates were higher in both the Contrast-location (20.2%) and
Contrast-naming conditions (24.7%), consistent with lexical differentiation (Fig. 8). Modification rates were analyzed in a mixed
effects model with entrainment type as a fixed effect (see Appendix, Table 9A). A main effect of entrainment type (Non-contrast
vs. Contrast-location & Contrast-naming: z = 3.170, p < 0.05), was
due to significantly higher rates of modified noun phrases in both
contrast conditions compared to the Non-contrast condition. Consistent with the results of Experiments 1–2, the modification rate
did not differ significantly between the two contrast conditions
(z = 1.694, p > 0.05).
4.2.2. Memory task
Performance on the memory task is plotted in Fig. 9 in terms of
the participants’ ability to discriminate old from new items, or d0 .
Discriminability (d0 ) was calculated by subtracting the standardized false alarm rate from the standardized hit rate. The use of
the d0 measure is preferred over other accuracy measures because
it allows us to partial out the effects of response bias. The data
were analyzed in three mixed effects models, which examined
memory separately for target, contrast, and context items (note
that an omnibus model with all three object types was not possible
because the Non-contrast condition did not contain a context
item). In all models, role (speaker vs. listener), entrainment
(Non-contrast, Contrast-naming, Contrast-location) and item type
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two entrainment conditions for which a context item was present
during entrainment (Contrast-naming and Contrast-location).
Unlike target and contrast memory, speakers did not remember
context items better (z = 0.173, p > 0.05). While context item
memory was better in the Contrast-naming condition than in the
Contrast-location condition (z = 9.162, p < 0.05), this effect did
not differ as a function of participant role (z = 0.82, p = 0.42).
Thus, naming the referent improved context memory for both
speakers and listeners. While speakers exhibit superior memory
for past referents, this benefit does not extend to memory for
unmentioned context items.
Fig. 8. Percentage of each noun phrase type on test trials in Experiment 3.

(old vs. new) were included as fixed effects. Item type (old vs. new)
was included as a fixed effect in order to separate correct acceptance of old items and correct rejections of new items from
response bias (see Fraundorf et al., 2010; Wright, Horry, &
Skagerberg, 2008). Significant effects of item type show that participants were highly successful at discriminating old from new
items; condition by item type interactions test whether condition
influenced sensitivity to this distinction between old and new
items. The dependent measure was binary; it coded whether the
response on the memory test was ‘yes’ (old) or ‘no’ (new) (See
Appendix for full model details).
For target items (Table 10A), speakers had better memory than
listeners (z = 2.961, p < 0.01), consistent with Experiment 2.
Target memory was also better in the Non-contrast condition than
the other two conditions (z = 7.113, p < 0.01), possibly due to confusion created by exposure to multiple items from the same category in the contrast conditions (i.e., Benjamin, 2001; Roediger &
McDermott, 1995).
For contrast items (Table 11A), speakers had better memory
than listeners (z = 3.503, p < 0.05). In addition, memory performance was substantially worse in the Contrast-location condition
compared to the other two conditions (z = 9.618, p < 0.05). These
effects were qualified by a three-way interaction between item
type, role (speaker vs. listener), and entrainment type (z = 2.046,
p < 0.05): Speakers had better memory than listeners when the
contrast had been labeled (Non-contrast: z = 3.500, p < 0.05;
Contrast-naming: z = 3.773, p < 0.05), but not when it had been
located (Contrast-location: z = 0.812, p > 0.05).
For context items (Table 12A), which were a newly included
item category in Experiment 3, the analysis only included the

4.2.3. Relationship between referential form and memory
As in Experiments 1 and 2, the relationship between referential
form during the communication task and memory for past referents was examined. Consistent with the results of Experiments
1–2, the lexical differentiation rate was not related to contrast
memory (z = 0.579, p > 0.05). Consistent with Experiment 2, both
speakers and listeners remembered target items better when the
target had been described with a modifier than when it had been
described with a bare noun phrase (z = 2.026, p < 0.05).
4.3. Summary
Experiment 3 demonstrated a clear, but small differentiation
effect in the communication task that was not linked to naming.
In addition, memory for previous discourse referents was better
for speakers than for listeners. Though this benefit for past referents did not extend to unmentioned aspects of the discourse context (context items) selectively for speakers, naming (rather than
locating) an intended referent did boost memory for unmentioned
aspects of the discourse context for both speakers and listeners.
5. General discussion
In the present research, we used the lexical differentiation
effect as a test case to examine the way in which memory for the
discourse history influences the design of referring expressions.
In what follows we discuss the implications of our findings for language, memory, and the relationship between the two.
5.1. Lexical differentiation
The way in which we use language is strongly shaped by the
contexts of its use, where the context is broadly defined and

Fig. 9. Discriminability (d0 ) on the memory test in Experiment 3. Error bars indicate by-participant standard error of the mean.
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includes both immediately available information as well as previously experienced information (Brennan & Clark, 1996; Olson,
1970). The starting point for our research was to use the phenomenon of lexical differentiation as a tool to understand how
the past and the present are brought to bear on the process of language use in conversation. In particular, we aimed to understand
why speakers are so reluctant to differentiate current from past
referents. The results of three experiments replicate the lexical differentiation effect and reveal several new phenomena that explain
the origins and magnitude of this effect.
One hypothesis about the origin of lexical differentiation is that
speakers differentiate in order to avoid using the same label (e.g.,
sock) for two different items (Van der Wege, 2009). To test this
hypothesis, we examined a condition in which the speaker used
a locative phrase to identify the contrast object (e.g., the top left
one), thus avoiding the potential for lexical conflict at test. Across
the three experiments, however, the differentiation rate did not
differ as a function of whether the contrast item had been located
or labeled, suggesting that lexical conflict is not the source of differentiation (averaged across the three experiments, the differentiation rate was 21.3% in the Contrast-location vs. 23.4% in the
Contrast-naming condition). Instead, our findings show that speakers differentiate in order to distinguish current from past referents.
The fact that speakers differentiated equally often in the locative and labeling conditions also clarifies an earlier puzzling finding. Yoon and Brown-Schmidt (2013) showed that listeners were
equally likely to expect speakers to produce a modified noun
phrase to describe a target referent when a contrasting referent
had previously been located vs. labeled. Although they suggested
that listeners did not expect speakers to differentiate, the present
results offer a different interpretation of those findings. In that
study, listeners may have been sensitive to the fact that differentiation can be prompted by previous reference to a similar object,
regardless of the form of that reference.
We also demonstrate that lexical differentiation is observed
under conditions in which the previous referent (the contrast
object) was described with a modified noun phrase. In the
Contrast-naming condition of Experiment 3, describing the target
with a bare noun phrase would be sufficient to distinguish the current label from previous labels as the contrast item had been
described during entrainment with a modifier 99.5% of the time
(e.g., argyle sock). As a result, an unmodified description of the target (e.g., sock, rather than dotted sock) would contrast with this earlier label. The fact that speakers produced modifiers on test trials at
similar rates in Experiments 2 and 3 (23.7% and 24.7%, respectively)
adds to the evidence that it is the distinction between referents and
not labels that gives rise to the lexical differentiation effect.
Why then, is the differentiation rate so low? Memory for the
contrast item was excellent for speakers and listeners alike. This
finding suggests that the low differentiation rate is not caused by
the speaker’s failure to remember the contrast. While remembering
the historical discourse record is a necessary precondition for the
accommodation of current language with respect to it, merely
remembering past referents was insufficient to motivate speakers
to lexical differentiate. Instead, the low rates of lexical differentiation (about 5% in these experiments) suggests that speakers were
more influenced by the local than the historical discourse context,
possibly because speakers viewed the historical discourse context
as irrelevant. The use of distinct visual scenes on each trial may
have resulted in the perception of event boundaries between trials
(see Kurby & Zacks, 2008) that discouraged contextual integration
across trials. In a conversation in which the past and present were
linked through a coherent unfolding event, differentiation might
be more pronounced. When the historical discourse context is seen
as relevant to the present conversation speakers may also be
inclined to design language with respect to the discourse history.

More generally, our findings show that considerations of memory
alone cannot fully explain utterance design. While access to the relevant memory representations is necessary to design language with
respect to mutual knowledge (Horton & Gerrig, 2005), limitations of
memory for the discourse history do not explain when speakers will
and will not design with respect to the shared discourse history.
A further consideration is that memory was tested using a
recognition paradigm in which participants were presented with
objects and made judgments about whether they were old or
new. An open question is whether the relationship between memory and lexical differentiation would be more pronounced if it was
memory for the labels that was probed instead, or if memory were
probed in a free-recall task. While the recall rate for conversational
memory is generally low (Stafford & Daly, 1984), the act of recalling information from memory may be more similar to what speakers do when they bring to mind past discourse contexts and relate
them to the current topic of conversation.
5.2. Distinct memory representations for speakers and listeners
Interlocutors are thought to maintain representations of the
discourse context in the form of rich representations of joint experiences (Brown-Schmidt, 2012; Clark & Marshall, 1978), and
through the automatic association of partners and referents
(Horton & Gerrig, 2005). Here we examined whether speakers
and listeners develop distinct memory representations while
communicating.
Memory performance was quite good for both speakers and listeners, even in Experiments 2 and 3 where a 20-min break was
introduced between the communication task and the unexpected
memory test. This finding is generally consistent with the idea that
discourse representations are maintained over time, even in a taskbased dialogue where there is little pressure to remember previous
topics (Brennan & Clark, 1996; Yoon & Brown-Schmidt, in press).
However, consistent differences in memory performance between
speakers and listeners imply that the representation of the discourse record varies as a function of one’s role in a discourse.
The fact that the speaker advantage obtained even in Experiments
2 and 3, where participants alternated roles of speaking and
listening, suggests that this speaker-benefit operates at the level
of individual utterances within the discourse (see also McKinley
et al., in preparation). Notably, the speaker benefit did not extend
to unmentioned aspects of the discourse context (Experiment 3,
context memory), a topic which we return to below.
Why does speaking improve referent memory? One explanation
is that speakers invest more effort into the planning of utterances
compared to the amount of effort needed to interpret the same
utterance. This asymmetric effort explanation is consistent with
the idea that the act of generating material increases the mental
effort or depth of processing during encoding (Graf, 1980;
McFarland, Frey, & Rhodes, 1980; Slamecka & Graf, 1978).
Generation is also known to enhance the memory for cued items
(e.g., a given word rapid when generating a synonym, fast in
‘‘rapid-f___”) as well as generated items (Marsh, 2006; McDaniel
& Waddill, 1990). The current findings of speakers’ superior memory for past referents are consistent with the memory enhancement for cued items in generation. This view predicts that
speakers who invest more effort during encoding should perform
better on subsequent memory tests for both cued and generated
items. While we have no direct evidence that would speak to this
hypothesis, the fact that the use of a modified noun phrase on target trials (e.g., spotted sock vs. sock) improved subsequent target
memory is generally consistent with this idea.
An alternative possibility is that interlocutors develop different
strategies to encode information depending on their role as
speaker or listener. The act of speaking requires utterance planning
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and may place more focus on the referent at the expense of attention to the immediate context (see Gopie & MacLeod, 2009; Jurica
& Shimamura, 1999; Koriat et al., 1991; cf. Brown-Schmidt &
Tanenhaus, 2006; McKinley et al., in preparation). By contrast, listening requires evaluating the unfolding speech signal with respect
to the candidate referents in the discourse context (Eberhard,
Spivey-Knowlton, Sedivy, & Tanenhaus, 1995), and as a result
may improve encoding of both the intended referent as well as
the alternatives in the local context. While our findings do show
the predicted speaker benefit on this account, there was no evidence that this was at the expense of memory for the context. Similar to recent findings by McKinley et al. (in preparation), speakers
and listeners showed equivalent context memory that was
improved—regardless of role—when the speaker named the object
rather than located it.
5.3. Context memory
It is known that the historical record of a discourse (i.e., memory for the discourse history) includes representations of events
and their participants, as well as how past referents have been
described (Brennan & Clark, 1996; Greene, Gerrig, McKoon, &
Ratcliff, 1994; Nieuwland, Otten, & Van Berkum, 2007). Less clear
is whether unmentioned objects in the discourse context are
encoded in memory as well, and if so, how they are bound or linked
to referenced items. In Experiment 3, when speakers had to use a
modified noun phrase to distinguish the target from the context
item (Contrast-naming condition), memory for the context items
was comparable to memory for targets, and similar for speakers
(target d0 = 1.45; context d0 = 1.32) and listeners (target d0 = 1.12;
context d0 = 1.23). By contrast, memory for context items
decreased dramatically when the speaker produced a locative
(Context-location condition; speaker: context d0 = 0.16, listener:
d0 = 0.43). These findings show that there is flexibility in how a discourse context is (or is not) encoded. Speakers and listeners do not
automatically encode everything in the context, but instead selectively encode information that is conversationally-relevant.
Context in the present studies was defined as the referential context. Designing an appropriate referring expression in Experiment 3
required taking into consideration the properties of both the target
and the context item in order to select words that would uniquely
identify the target. For example, given the scene at entrainment in
Fig. 7a, modified expressions such as the tall sock or the multicolored
sock would not suffice to identify the target; instead the speaker
would have to take both the target and the context item into consideration to select an expression that uniquely picks out the target
such as the argyle sock. This joint consideration of an intended referent and its local context may support context memory in natural
conversation. Whether other types of contexts (such as memory for
one’s discourse partner) may be similarly boosted in natural conversation remains an open question. The present research also does
not address how unmentioned and irrelevant aspects of the discourse context are encoded in memory. For example, in Fig. 7a,

the bunny and the pie were never mentioned and were largely
irrelevant to describing the target (sock); whether naming (rather
than locating) the target would boost memory for these irrelevant
context objects is unknown. If the memory boost for the context
object in the naming condition was due to the relevance of the context object to the target, this naming benefit would likely not
extend to irrelevant aspects of the context.
6. Conclusion
The present research replicates and extends previous findings of
lexical differentiation in conversation, and provide new insights
into the origin of this effect. We demonstrate that speakers differentiate in order to distinguish current from past referents; there
was no evidence that speakers differentiate current from past
labels (cf., Van der Wege, 2009). Yet the differentiation rate was
low. By investigating the relationship between language and memory in dialogue, we show that failures to differentiate cannot be
explained by a failure to remember the relevant past context.
Although remembering the past is necessary to design language
with respect to the discourse history, it is not sufficient to elicit differentiation. Further, by measuring memory in conversation, we
demonstrate a generation effect for item memory, pointing to an
asymmetry in memory between speakers and listeners. The fact
that memory for past referents varied on an item-by-item basis
depending on a person’s role at the time in the conversation, and
how that item was described, points to a high degree of flexibility
(and variability) in how discourse referents are encoded in conversation. This finding implies that successfully designing utterances
based on the knowledge state of one’s addressee—the process of
audience design (Clark & Murphy, 1982)—likely requires conversational partners to appreciate the fact that listener memory may
be fleeting. In some cases then, a failure to assume common
ground may accurately reflect the listener’s comparatively poor
memory.
In conclusion, the present research exemplifies how understanding the relevant memory processes involved in dialogue is
crucial for fleshing out a theory of how discourse history guides
language use. This integrative approach to the study of language
use in dialogue with measures of memory for the discourse history
represents a key step forward in developing a unified theoretical
framework of the cognitive processes underlying language use in
dialogue.
Acknowledgments
This material is based on work supported by National Science
Foundation Grant NSF BCS 12-57029 to Sarah Brown-Schmidt.
Appendix A
See Tables A1–A12.

Table 1A
Experiment 1 modification rates: Mixed effect model with entrainment type during the communication task as a fixed effect. The dependent measure is binary – whether the
expression on the test trial was modified or not. (NC: Non-contrast, CN: Contrast-naming, CL: Contrast-location). Values in bold indicate significant results.
Estimate
Fixed
(intercept)
Entrainment 1 (NC vs. CN & CL)
Entrainment 2 (CN vs. CL)

2.047
0.439
0.014

SE
0.278
0.120
0.211

z-value
7.362
2.194
0.067

Pr(>|z|)
<0.001
0.028
0.946

Random
Subject

Trial

(Intercept)
Entrainment
Entrainment
(Intercept)
Entrainment
Entrainment

1
2
1
2

Variance

Std. Dev.

1.371
0.103
0.011
0.959
0.009
0.059

1.171
0.320
0.107
0.979
0.094
0.243
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Table 2A
Experiment 1 memory performance: Mixed effect model with role, referent, and entrainment type as fixed effects. The dependent measure is binary - whether the response on the
memory test was correct or not. Values in bold indicate significant results.
Estimate
Fixed
(intercept)
Role (Speaker vs. Listener)
Referent (Target vs. Contrast)
Entrainment 1 (NC vs. CN & CL)
Entrainment 2 (CN vs. CL)
Role ⁄ Referent
Role ⁄ Entrainment 1
Role ⁄ Entrainment 2
Referent ⁄ Entrainment 1
Referent ⁄ Entrainment 2
Role ⁄ Referent ⁄ Entrainment 1
Role ⁄ Referent ⁄ Entrainment 2

3.560
0.775
1.827
0.172
0.290
0.691
0.100
0.328
0.564
0.537
1.328
0.380

SE
0.157
0.264
0.274
0.181
0.207
0.432
0.343
0.410
0.351
0.413
0.666
0.820

z-value
22.708
2.935
6.658
0.950
1.401
1.600
0.291
0.799
1.605
1.299
1.993
0.463

Pr(>|z|)
<0.0001
0.003
<0.0001
0.342
0.161
0.110
0.771
0.425
0.108
0.194
0.046
0.643

Random
Subject

Trial

(Intercept)
Referent
Entrainment
Entrainment
(Intercept)
Referent
Entrainment
Entrainment

1
2

1
2

Variance

Std. Dev.

0.662
1.075
0.119
0.005
0.183
0.904
0.147
0.017

0.814
1.037
0.345
0.072
0.427
0.951
0.383
0.130

Table 3A
Experiment 1 contrast memory: Mixed effect model with role and entrainment type as fixed effects. The dependent measure is binary – whether the contrast item was correctly
recognized during the memory test. Values in bold indicate significant results.
Estimate
Fixed
(intercept)
Role (Speaker vs. Listener)
Entrainment 1 (NC vs. CN & CL)
Entrainment 2 (CN vs. CL)
Role ⁄ Entrainment 1
Role ⁄ Entrainment 2

4.816
0.503
0.318
1.197
0.768
0.532

SE
0.286
0.474
0.416
0.400
0.610
0.795

z-value
16.827
1.062
0.765
2.994
1.260
0.670

Pr(>|z|)
<0.0001
0.288
0.444
0.003
0.208
0.503

Random
Subject

Trial

(Intercept)
Entrainment
Entrainment
(Intercept)
Entrainment
Entrainment

1
2
1
2

Variance

Std. Dev.

1.782
0.180
0.664
0.654
2.183
0.020

1.335
0.424
0.815
0.808
1.477
0.141

Table 4A
Experiment 1 target memory: Mixed effect model with role and entrainment type as fixed effects. The dependent measure is binary – whether the target item was correctly
recognized during the memory test. Values in bold indicate significant results.

Fixed
(intercept)
Role (Speaker vs. Listener)
Entrainment 1 (NC vs. CN & CL)
Entrainment 2 (CN vs. CL)
Role ⁄ Entrainment 1
Role ⁄ Entrainment 2

Estimate

SE

z-value

Pr(>|z|)

2.654
1.157
0.207
0.004
0.607
0.114

0.139
0.227
0.190
0.195
0.379
0.391

19.038
5.090
1.092
0.021
1.602
0.292

<0.0001
<0.0001
0.275
0.983
0.109
0.770

Random
Subject

Trial

(Intercept)
Entrainment
Entrainment
(Intercept)
Entrainment
Entrainment

1
2
1
2

Variance

Std. Dev.

0.410
0.200
0.027
0.209
0.004
0.001

0.641
0.447
0.165
0.456
0.063
0.034

Table 5A
Experiment 2 modification rates: Mixed effect model with entrainment type during the communication task as fixed effects. The dependent measure is binary – whether the
expression on the test trial was modified or not. (NC: Non-contrast, CN: Contrast-naming, CL: Contrast-location). Values in bold indicate significant results.
Estimate
Fixed
(intercept)
Entrainment 1 (NC vs. CN & CL)
Entrainment 2 (CN vs. CL)

1.821
0.345
0.056

SE
0.258
0.166
0.184

z-value
7.052
2.081
0.303

Pr(>|z|)
<0.0001
0.037
0.762

Random
Subject

Trial

(Intercept)
Entrainment
Entrainment
(Intercept)
Entrainment
Entrainment

1
2
1
2

Variance

Std. Dev.

1.373
0.146
0.236
1.137
0.057
0.035

1.172
0.383
0.486
1.066
0.238
0.187

Table 6A
Experiment 2 memory performance: Mixed effect model with role, referent, and entrainment type as fixed effects. The dependent measure is binary – whether the response on
the memory test was correct or not. Values in bold indicate significant results.

Fixed
(intercept)
Role (Speaker vs. Listener)
Referent (Target vs. Contrast)
Entrainment 1 (NC vs. CN & CL)
Entrainment 2 (CN vs. CL)
Role ⁄ Referent
Role ⁄ Entrainment 1
Role ⁄ Entrainment 2
Referent ⁄ Entrainment 1
Referent ⁄ Entrainment 2
Role ⁄ Referent ⁄ Entrainment 1
Role ⁄ Referent ⁄ Entrainment 2

Estimate

SE

z-value

Pr(>|z|)

2.746
0.577
0.248
0.403
0.473
0.341
0.366
0.399
0.103
0.543
0.439
0.693

0.101
0.138
0.162
0.158
0.129
0.203
0.202
0.213
0.304
0.225
0.399
0.421

27.169
4.181
1.527
2.552
3.677
1.677
1.815
1.873
0.339
2.413
1.100
1.646

<0.0001
<0.0001
0.127
0.011
0.000
0.093
0.070
0.061
0.735
0.016
0.271
0.099

Random
Subject

Trial

(Intercept)
Role
Referent
Entrainment
Entrainment
(Intercept)
Role
Referent
Entrainment
Entrainment

1
2

1
2

Variance

Std. Dev.

0.376
0.730
0.196
0.147
0.314
0.186
0.139
0.304
0.862
0.085

0.613
0.854
0.443
0.384
0.561
0.431
0.373
0.551
0.928
0.291
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Table 7A
Experiment 2 target memory: Mixed effect model with role and entrainment type as fixed effects. The dependent measure is binary – whether the target item was correctly
recognized during the memory test. Values in bold indicate significant results.
Estimate
Fixed
(intercept)
Role
Entrainment 1 (NC vs. CN & CL)
Entrainment 2 (CN vs. CL)
Role ⁄ Entrainment 1
Role ⁄ Entrainment 2

2.955
0.789
0.328
0.139
0.453
0.053

SE
0.121
0.205
0.185
0.207
0.303
0.321

z-value
24.338
3.842
1.780
0.671
1.495
0.167

Pr(>|z|)
<0.0001
<0.001
0.075
0.502
0.135
0.867

Random
Subject

Trial

(Intercept)
Role
Entrainment
Entrainment
(Intercept)
Referent
Entrainment
Entrainment

1
2

1
2

Variance

Std. Dev.

0.342
1.328
0.250
0.888
0.201
0.244
0.283
0.249

0.584
1.152
0.450
0.942
0.448
0.493
0.532
0.499

Table 8A
Experiment 2 contrast memory: Mixed effect model with role and entrainment type as fixed effects. The dependent measure is binary – whether the contrast item was correctly
recognized during the memory test. Values in bold indicate significant results.
Estimate
Fixed
(intercept)
Role
Entrainment 1 (NC vs. CN & CL)
Entrainment 2 (CN vs. CL)
Role ⁄ Entrainment 1
Role ⁄ Entrainment 2

2.756
0.444
0.222
0.803
0.470
1.017

SE
0.141
0.181
0.261
0.223
0.276
0.309

z-value
19.587
2.456
0.850
3.605
1.707
3.292

Pr(>|z|)
<0.0001
0.014
0.395
<0.001
0.088
0.001

Random
Subject

Trial

(Intercept)
Role
Entrainment
Entrainment
(Intercept)
Role
Entrainment
Entrainment

1
2

1
2

Variance

Std. Dev.

0.551
1.084
0.008
1.586
0.294
0.122
1.619
0.183

0.742
1.041
0.090
1.260
0.542
0.349
1.272
0.428

Table 9A
Experiment 3 modification rates: Mixed effect model with entrainment type as a fixed effect. The dependent measure is binary – whether the expression on the test trial was
modified or not. (NC: Non-contrast, CN: Contrast-naming, CL: Contrast-location). Values in bold indicate significant results.

Fixed
(intercept)
Entrainment 1 (NC vs. CN & CL)
Entrainment 2 (CN vs. CL)

Estimate

SE

z-value

Pr(>|z|)

1.792
0.643
0.329

0.211
0.203
0.194

8.496
3.170
1.694

<0.0001
0.002
0.090

Random
Subject

Trial

(Intercept)
Entrainment
Entrainment
(Intercept)
Entrainment
Entrainment

1
2
1
2

Variance

Std. Dev.

0.888
0.038
0.013
0.982
0.017
0.008

0.942
0.195
0.991
0.991
0.131
0.091

Table 10A
Experiment 3 target memory: Mixed effect model with role, entrainment, and item type as fixed effects. The dependent measure is binary – whether the response on the memory
test was ‘yes’ (old) or ‘no’ (new). Values in bold indicate significant results.
Estimate

SE

z-value

Pr(>|z|)

Fixed
(intercept) (response bias)
(effect on response bias)
Role
Entrainment 1 (NC vs. CN & CL)
Entrainment 2 (CN vs. CL)
Role ⁄ Entrainment 1
Role ⁄ Entrainment 2
Item (old vs. new) (sensitivitiy)
(effect on sensitivity)
Item ⁄ Role
Item ⁄ Entrainment 1
Item ⁄ Entrainment 2
Item ⁄ Role ⁄ Entrainment 1
Item ⁄ Role ⁄ Entrainment 2

0.647

0.088

7.334

<0.0001

0.185
0.116
0.042
0.048
0.030
2.802

0.064
0.086
0.085
0.142
0.150
0.162

2.888
1.346
0.490
0.337
0.197
17.267

0.004
0.178
0.624
0.736
0.843
<0.0001

0.381
1.222
0.004
0.167
0.389

0.129
0.172
0.170
0.284
0.300

2.961
7.113
0.021
0.587
1.297

0.003
<0.0001
0.983
0.557
0.195

Variance
Random
Subject

Trial

Std. Dev.

(Intercept)

0.385

0.621

Role
Item
(Intercept)
Role
Item

0.001
1.077
0.113
0.003
0.726

0.033
1.038
0.337
0.052
0.852
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Table 11A
Experiment 3 contrast memory: Mixed effect model with role, entrainment, and item type as fixed effects. The dependent measure is binary – whether the response on the
memory test was ‘yes’ (old) or ‘no’ (new). Values in bold indicate significant results.
Estimate

SE

z-value

Pr(>|z|)

Fixed
(intercept) (response bias)
(effect on response bias)
Role
Entrainment 1 (NC vs. CN & CL)
Entrainment 2 (CN vs. CL)
Role ⁄ Entrainment 1
Role ⁄ Entrainment 2
Item (old vs. new) (sensitivitiy)
(effect on sensitivity)
Item ⁄ Role
Item ⁄ Entrainment 1
Item ⁄ Entrainment 2
Item ⁄ Role ⁄ Entrainment 1
Item ⁄ Role ⁄ Entrainment 2

0.491

0.088

5.564

<0.0001

0.099
0.256
0.908
0.158
0.446
2.994

0.069
0.087
0.091
0.142
0.161
0.166

1.441
2.932
9.948
1.112
2.771
18.018

0.149
0.003
<0.0001
0.266
0.006
<0.0001

0.477
0.690
1.754
0.580
0.550

0.136
0.173
0.182
0.283
0.322

3.503
3.964
9.618
2.046
1.706

<0.001
<0.0001
<0.0001
0.041
0.088

Variance
Random
Subject

Trial

Std. Dev.

(Intercept)

0.349

0.590

Role
Item
(Intercept)
Role
Item

0.011
1.056
0.194
0.017
0.528

0.103
1.028
0.440
0.130
0.726

Table 12A
Experiment 3 context memory: Mixed effect model with role, entrainment, and item type as fixed effects. The dependent measure is binary – whether the response on the
memory test was ‘yes’ (old) or ‘no’ (new). Values in bold indicate significant results.
Estimate

SE

z-value

Pr(>|z|)

Fixed
(intercept) (response bias)
(effect on response bias)
Role
Entrainment (CN vs. CL)
Role ⁄ Entrainment
Item (old vs. new) (sensitivitiy)
(effect on sensitivity)
Item ⁄ Role
Item ⁄ Entrainment
Item ⁄ Role ⁄ Entrainment

1.032

0.088

11.789

<0.0001

0.287
0.726
0.380

0.082
0.085
0.153

3.518
8.508
2.486

<0.001
<0.0001
0.013

1.726

0.131

13.189

<0.0001

0.028
1.540
0.249

0.161
0.168
0.306

0.173
9.162
0.815

0.862
<0.0001
0.415

Appendix B. Supplementary material
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.cognition.2016.
05.011.
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