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Saying What’s on Your Mind:
Working Memory Effects on Sentence Production
L. Robert Slevc
University of Maryland, College Park
The role of working memory (WM) in sentence comprehension has received considerable interest, but
little work has investigated how sentence production relies on memory mechanisms. Three experiments
investigated speakers’ tendency to produce syntactic structures that allow for early production of material
that is accessible in memory. In Experiment 1, speakers produced accessible information early less often
when under a verbal WM load than when under no load. Experiment 2 found the same pattern for
given-new ordering (i.e., when accessibility was manipulated by making information given). Experiment
3 addressed the possibility that these effects do not reflect WM mechanisms but rather increased task
difficulty by relying on the distinction between verbal and spatial WM: Speakers’ tendency to produce
sentences respecting given-new ordering was reduced more by a verbal than by a spatial WM load. These
patterns show that accessibility effects do in fact reflect accessibility in verbal WM and that representations in sentence production are vulnerable to interference from other information in memory.
Keywords: language production, grammatical encoding, working memory, accessibility effects,
similarity-based interference

WM is generally assumed to be a limited-capacity system, so
there is pressure on speakers to minimize demand on WM by not
maintaining to-be-produced lexical representations any longer than
necessary. Thus, speakers could benefit by choosing structures that
allow them to produce retrieved lexical representations as soon as
they are grammatically able, which motivates the otherwise puzzling phenomenon that languages often offer more than one way to
say the same thing (Ferreira, 1996). For example, imagine that a
speaker wanted to convey information about a pirate agent, a monk
patient, and a book being given (setting aside for now exactly why
someone would want to convey this information). If the speaker
retrieved “book” before “monk,” she might benefit by using a
prepositional dative structure (The pirate gave the book to the
monk), whereas if she retrieved “monk” before “book,” she might
benefit by using a double-object dative structure (The pirate gave
the monk the book).
In fact, speakers do tend to choose structures allowing for earlier
production of easier-to-retrieve information. Evidence for these
accessibility effects comes from experiments showing that speakers tend to misrecall sentences as having syntactic structures in
which more accessible items occur early (Bock & Irwin, 1980;
Davidson, Zacks, & Ferreira, 2003; Ferreira & Yoshita, 2003).
This is true when the items are easier to access both conceptually
and lexically, but other work has shown that conceptual accessibility alone can affect syntactic choice. For example, speakers tend
to choose syntactic structures allowing for early production of
information that is more imageable (Bock & Warren, 1985), that is
animate (McDonald, Bock, & Kelly, 1993), or that is semantically
primed (Bock, 1986). The few studies that have directly addressed
the effect of formal accessibility on speakers’ choice of syntactic
structures have found little or no effect (Bock, 1987; Levelt &
Maassen, 1981; McDonald et al., 1993), suggesting that formbased accessibility is not a very relevant factor at the point when

A fundamental difficulty with producing language is that nonlinear conceptual information must be expressed as a linear order
of words. This transformation happens at the level of grammatical
encoding, where selection and retrieval of content words interface
with structure building processes. By most models of language
production, grammatical encoding involves two subprocesses:
Content processing involves mapping the semantic aspects of a
to-be-expressed message onto syntactically based lexical representations (termed lemmas), which then point to metrical and phonological information (word forms or lexemes). Structure processing
involves mapping the relational aspects of the message (i.e., who
did what to whom) onto grammatical functions (e.g., subject and
direct object) and the sequential ordering of constituents (for
further detail on this consensus model of grammatical encoding,
see Bock, 1995; Ferreira & Slevc, 2007; Levelt, Roelofs, & Meyer,
1999). Because content retrieval proceeds relatively independently
of structural processing and because lexical retrieval is a variable
process, there will often be a discrepancy between the order in
which lexical content is retrieved and the order in which that
content must be produced (Bock, 1982). Consequently, speakers
often must temporarily maintain lemmas and word forms in working memory (WM) until they can be grammatically produced.
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a speaker must commit to a particular syntactic structure. Thus, the
accessibility of message-level information and of lemmas appears
to influence syntactic choice, but the accessibility of phonological
word forms does not.
Of course, accessibility is only one of many factors contributing
to variations in syntactic structure (see, e.g., Bresnan, Cueni,
Nikitina, & Baayen, 2007). Another important factor in syntactic
choice is the information structure of a sentence (e.g., Halliday,
1970). Most relevant to the current discussion, things that are
given (exact definitions vary, but given information uncontroversially includes what has been previously mentioned in the discourse) tend to be mentioned earlier than things that are new, a
phenomenon termed given-new ordering (Bock, 1977; Chafe, 1976;
Gundel, 1988; Halliday, 1970; Smyth, Prideaux, & Hogan, 1979).
Given information also tends to be relatively accessible, and so
given-new ordering can, at least in some circumstances, result from
the same factors that lead to accessibility effects (Arnold, Wasow,
Losongco, & Ginstrom, 2000; Bock & Irwin, 1980; Branigan,
McLean, & Reeve, 2003).1
As suggested above, a plausible explanation for these accessibility effects (and at least some instances of given-new ordering) is
that they result from pressures on WM. However, there is as yet no
evidence that actually shows this to be the case. In fact, there is
relatively little work investigating the role of WM in any aspect of
language production. There is a small body of research showing
that WM processes are involved in lexical access (Belke, 2008;
Daneman, 1991; Daneman & Green, 1986; for evidence from
written production, see Kellogg, 2004), and there is other work
linking short-term memory processes (including WM) to the scope
of planning in production (R. C. Martin & Freedman, 2001; R. C.
Martin, Miller, & Vu, 2004; Wagner, Jescheniak, & Schriefers,
2010), to syntactic agreement processes (Badecker & Kuminiak,
2007; Bock & Cutting, 1992; Hartsuiker & Barkhuysen, 2006),
and to aspects of discourse processing and audience design (Arnold, 2010; Arnold & Griffin, 2007; Horton & Gerrig, 2005a,
2005b; Roßnagel, 2000, 2004).
The goal in the present experiments was to investigate whether
and how accessibility effects reflect WM processes. The experiments have basically the same design, in which participants described dative-eliciting pictures after either the theme (the direct
object) or the goal argument (the indirect object) was made accessible or given. The main task was to describe pictures (e.g., of
a pirate, a monk, and a book being given) from a poster on the
wall. Participants knew which picture to describe on each trial
because the experimenter first asked a question about an agent
(e.g., What’s going on with the pirate?), thus limiting responses to
a subset of pictures containing that agent, and the participant was
given a cue, which was the theme or goal argument (book or
monk). This uniquely identified a single picture that the participant
then described. The presentation of the cue word was also intended
to increase the accessibility of one of the postverbal noun phrases,
and so participants were expected to show accessibility effects by
tending to produce structures in which the cued item was produced
relatively early. Participants performed this task as described and
also while under a concurrent verbal WM load to determine how
accessibility effects depend on WM.
One way to think of accessibility effects is as a metaphorical
“release valve” for WM. By this account, when a speaker is
describing a picture of a pirate, a monk, and a book being given

and the theme concept and lemma (book) are active in WM by
virtue of having been previously seen or mentioned, the speaker
can reduce demand on her limited-capacity WM system by producing the theme relatively early in a prepositional dative structure
(The pirate is giving the book to the monk) rather than maintaining
the theme in WM for relatively longer in order to produce a
double-object dative structure (The pirate is giving the monk the
book). (It should be noted that this is presumably an unconscious
effect, not a conscious strategy.) This account fits with models of
WM as a limited-capacity workspace or buffer (e.g., Baddeley,
1986; Jackendoff, 2002; Just & Carpenter, 1992; R. C. Martin,
Lesch, & Bartha, 1999) in which the accessible information is
produced early to free WM capacity that could otherwise be
devoted to other processes. This logic is similar to the idea that the
recency effect in list recall reflects the utility of quickly producing
those items still active in short-term or primary memory (Davelaar,
Goshen-Gottstein, Ashkenazi, Haarmann, & Usher, 2005; Glanzer
& Cunitz, 1966; but see Crowder, 1982, 1993). Accessibility
effects should thus be particularly helpful when WM resources are
low, so a concurrent load on verbal WM should lead to an increase
in accessibility effects.
A different way to conceptualize accessibility effects comes
from work looking at the intrinsic properties of information (e.g.,
imageability or animacy) that make that information easy to retrieve (e.g., Bock & Warren, 1985; McDonald et al., 1993). These
findings suggest that accessibility effects might reflect ease of
lexical retrieval by WM mechanisms rather than reflect a pressure
to free WM capacity. A focus on retrieval fits with recent models
of WM that conceptualize WM as having an extremely limited
capacity for active maintenance in focused attention (perhaps even
as limited as one item; McElree, 2001) but as having an important
role in managing the retrieval of information from a set of activated (nonfocused) information in long-term memory (e.g.,
Cowan, 2001; Lewis, 1996; Oberauer, 2002; Unsworth & Engle,
2007). By these accounts, the activated set of long-term memory is
not capacity limited per se; instead, access to this nonfocused
information is subject to retrieval interference from other active,
cue-relevant information. Given this conception of WM, accessibility effects reflect the utility of quickly producing easily retrieved information that could otherwise be subject to interference
at retrieval.
According to this retrieval-based account of accessibility effects, maintaining a concurrent verbal WM load places additional
potentially interfering information in the activated subset of longterm memory (or perhaps even in the focus of attention as a verbal
load is being rehearsed). Thus, when a speaker is describing a
picture (again, of a pirate agent, a monk patient, and a book being
given) and one of the postverbal arguments (monk or book) is
easier to retrieve by virtue of having been previously seen or
mentioned, she should tend to choose a structure allowing that
information to be produced early. However, when the speaker is
1

This distinction between given and new is similar to the division
between theme and rheme and between focus and presupposition (Jackendoff, 1972), all of which are often grouped together under the broader
terms topic and comment. Although at least some of these concepts are
dissociable (e.g., Halliday, 1994), information that is given, theme, focused, and/or topic is likely also to be relatively accessible.
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also maintaining a verbal WM load, the accessibility of the previously seen or mentioned item (monk or book) is likely to be
moderated by interference from this WM load; thus, she should
show a lesser tendency to produce that item early. That is, a verbal
WM load should lead to a reduction in accessibility effects if the
relevant WM limitation is interference but an increase in accessibility effects if the relevant limitation is capacity.
There are at least two additional possibilities. In light of arguments that syntactic parsing relies on a syntax-specific form of
WM (a claim most strongly associated with Caplan and Waters,
1999), speakers’ choices between syntactic alternatives in production might also rely on syntax-specific WM. If so, a concurrent
verbal WM load should have no effect on accessibility effects. A
quite different claim comes from arguments that many purportedly
WM-based effects actually reflect very general processing constraints, such as the ability to actively maintain task goals and/or to
control attention (e.g., Kane et al., 2004; McCabe, Roediger,
McDaniel, Balota, & Hambrick, 2010; Unsworth & Spillers, 2010;
Vergauwe, Barrouillet, & Camos, 2010). These arguments suggest
that a verbal WM load might affect accessibility effects not because of WM processes per se but rather because of general
attentional demands. Thus, this account predicts that any type of
concurrent cognitive load (even a nonverbal load) would interact
with accessibility effects.

Experiment 1
The goal in Experiment 1 was to test the idea that accessibility
effects on syntactic choice result from WM processes. To this end,
participants described dative-eliciting pictures for which the name
of either the theme or the goal constituent was made accessible,
and they did so with or without a concurrent WM load. Participants’ primary task was to describe pictures from a poster on the
wall (e.g., of a pirate agent, a monk patient, and a book being
given). On each trial, participants heard a question that indicated
the agent in the to-be-described picture (What’s going on with the
pirate?) and then saw a visually presented cue on a computer
screen that indicated another piece of information in the picture
(here, book or monk). Together, these pieces of information
uniquely identified one picture, and the visual cue additionally
increased the accessibility of the theme (if the cue was book) or the
goal (if the cue was monk). On WM load trials, participants read
two unrelated words at the beginning of the trial and had to recall
those words after producing their sentence.

Method
Participants. Forty-nine students at the University of California, San Diego, participated in exchange for class credit. Data
from one participant were excluded because of an equipment
malfunction. All participants reported English as their native language.
Materials and design. Experimental materials for the dativeeliciting task consisted of 24 pictures of dative actions with dative
verbs printed underneath. Twelve dative verbs were used, each
with two pictures. An additional 12 pictures of transitive actions
with transitive verbs printed underneath were used as filler items.
These 36 pictures were printed on a poster, approximately 1 m
square, in six rows of six pictures each. The pictures in each row

1505

had the same agent but different themes and goals (and patients, in
the case of the two fillers in each row). In each row, half of the
pictures were oriented with the subject on the right and half were
oriented with the subject on the left. Two additional filler pictures
were printed on a separate sheet of paper and were used for
examples and practice during the instructions.
Each picture was paired with a cue word (the name of the theme
or goal argument) and both with and without a WM load of two
unrelated words. Thus, there were four versions of each item,
which were counterbalanced across four lists such that each item
appeared an equal number of times in each condition across the
experiment and such that each participant was presented with each
item only once.
Procedure. The experiment was administered with PsyScope
1.2.5 (Cohen, MacWhinney, Flatt, & Provost, 1993). Participants
sat facing the computer screen, and the experimenter sat beside the
participant such that the computer screen was obscured from the
experimenter’s view by a cardboard divider. Both the participants
and the experimenter could easily see the poster of line-drawn
pictures.
Each experimental session lasted about 30 minutes, beginning
with instructions and administration of two practice items, which
were not used in the experimental trials. In the experimental trials,
participants described dative-eliciting pictures from a poster on the
wall (e.g., of a pirate giving a monk a book) in response to spoken
questions and visually presented cues. On each trial, the experimenter would ask a question about the agent in a subset of the
pictures (e.g., What’s going on with the pirate?). Participants
would then read a word corresponding to one of the postverbal
noun phrases in a specific picture (e.g., BOOK or MONK) on the
computer screen (which was not visible to the experimenter),
thereby making that noun phrase more accessible and also allowing participants to find the appropriate picture to describe (i.e., the
picture that includes both the subject from the question and the
object named on the computer screen). Participants then described
the appropriate picture to the experimenter by saying a sentence
that started with the same noun phrase that the experimenter used
in the question (participants were asked to avoid using pronouns)
and included the verb printed under the picture. On half of the
trials, participants were first presented with a WM load of two
unrelated words, shown in boldfaced, blue, 14-point font, which
they were instructed to remember and recall aloud in any order
when prompted at the end of the trial. Trials occurred in a fixed
pseudo-random order, constrained such that no more than two
consecutive questions were about the same agent and no more than
three consecutive trials were of the same WM-load condition.
Analysis. Participants’ sentences from the picture-description
task were transcribed and coded as prepositional datives or doubleobject datives. Trials in which participants did not produce a dative
sentence, did not produce a full subject noun phrase, did not
produce both postverbal noun phrases, or did not produce the
appropriate verb were excluded from the analysis, causing 9.7% of
all critical trials to be excluded (10.2% of trials in the WM-load
condition and 7.8% of trials in the no-load condition). Additionally, trials in which participants did not correctly recall at least one
word of the WM load were excluded, eliminating another 2.4% of
trials in the WM-load condition.
In this and in all experiments reported here, data were analyzed
with orthogonal contrast coding in logistic generalized linear
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mixed-effects models as implemented in the lme4 package (Bates
& Maechler, 2009) in the statistical software R (Version 2.9.1; R
Development Core Team, 2009). Cue type (theme or goal) and
WM load were included as fixed effects, and random intercepts
were included for participants and for items; however, random
effects are not reported, as only the fixed effects tests were of
interest. Parameter estimates were calculated with maximum likelihood modeling using Laplace approximations, and the statistical
significance of individual fixed-effect estimates was determined
with the Wald z statistic. For readability and for purposes of
graphical presentation, values are described as proportions rather
than as log-odds ratios.

Results and Discussion
Figure 1 shows the proportion of prepositional datives produced
as a function of cue type (theme or goal) and WM load (none vs.
two words). Participants were numerically more likely to produce
prepositional datives following theme than goal cues, but this main
effect reached only marginal significance (b ⫽ 0.37, SE ⫽ 0.20,
z ⫽ 1.82, p ⬍ .10). There was no main effect of WM load (b ⫽
– 0.09, SE ⫽ 0.10, z ⫽ – 0.46); however, cue type and WM load
interacted significantly (b ⫽ – 0.80, SE ⫽ 0.40, z ⫽ –2.00, p ⬍
.05). As shown in Figure 1, this interaction reflects participants’
tendencies to produce the cued noun phrase early only when not
under a concurrent WM load: Participants showed an 8% accessibility effect in the no-load condition (shown by a significant
simple main effect of cue type within the no-load conditions, b ⫽
0.76, SE ⫽ 0.28, z ⫽ 2.73, p ⬍ .01) but no effect in the concurrent
two-word load condition (a nonsignificant –1% simple main effect,
b ⫽ – 0.03, SE ⫽ 0.28, z ⫽ – 0.12).
One might have expected more accurate WM load recall when
the cued noun phrase was produced early (i.e., when early production presumably led to reduced interference during retrieval of
the load words); however, there was no effect of constituent order
on WM load accuracy (b ⫽ 0.73, SE ⫽ 1.02, z ⫽ 0.71), reflecting
participants’ very accurate recall of load words both when the cued

noun phrase was produced early (98.8% correct) and when the
cued noun phrase was produced late (97.6% correct).
These data show an interaction between accessibility effects and
verbal WM load and thus provide clear evidence that accessibility
effects rely on WM. Based on the motivation of accessibility
effects as a WM release valve that eases production, it is surprising
that accessibility effects disappeared when under WM load, when
production was presumably most difficult. Instead, this pattern
suggests, accessibility effects are susceptible to interference from
other items in memory, which is consistent with models of WM
that posit only a very limited ability for active maintenance plus an
interference-susceptible, cue-based retrieval process (e.g., Cowan,
2001; Lewis, 1996; Unsworth & Engle, 2007). That is, the WM
load presumably led to increased interference during lexical retrieval, thus reducing or eliminating the differential accessibility of
the cued item. Experiment 2 aimed to replicate this effect using a
more ecologically valid form of accessibility, specifically, manipulating whether information was given (by virtue of having been
previously mentioned) or new.

Experiment 2
As mentioned in the introduction, speakers not only tend to
mention more accessible information early but also tend to order
given information before new information. Given-new ordering is,
by some accounts, a manifestation of audience design; that is,
speakers use given-new ordering in order to facilitate comprehension by their listener (e.g., Ariel, 1991; Clark & Haviland, 1977).
Others argue that given-new ordering is not necessarily based on a
cognitive model of the listeners’ knowledge but occurs simply
because information that is given (by, for example, previous mention or perceptual salience) is often also relatively more accessible
than new information (Bock & Irwin, 1980; Branigan et al., 2003).
In either case, when something is given, it is likely also to be
highly accessible. Based on the results of Experiment 1, this
predicts that speakers’ tendency to produce given-new ordering
should also be reduced when under a WM load.

Figure 1. Proportion of prepositional dative (PD) sentences produced in Experiment 1 as a function of cue type
(i.e., which postverbal argument was made accessible: theme or goal) and WM load (none or two-word load).
Note that the y-axis does not start at zero. Error bars represent standard error.
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Method
Participants. Forty-eight students at the University of California, San Diego, participated in exchange for class credit. All
participants reported English as their native language.
Materials, design, and procedure. The experimental design
and materials were identical to those used in Experiment 1. The
procedure was similar to that of Experiment 1, with one major
exception: Instead of the accessibility of a postverbal noun phrase
being manipulated by showing that word on a computer screen that
was privileged to the participant, one postverbal argument was
made, given by the experimenter. Participants described pictures
(e.g., of a pirate giving a book to a monk) in response to questions
asked by the experimenter, who manipulated the given argument
by mentioning one of the postverbal noun phrases (contrast sentences 1 and 2).
1.

What’s going on with the pirate and the book?

2.

What’s going on with the pirate and the monk?

The experimenter sat facing away from the poster (unlike in
Experiment 1) so that the pictures themselves would not be construed as being given information, and the given argument was
always referred to with the definite determiner the, which is
consistently related to givenness (Grieve, 1973). On WM load
trials, the experimenter first said aloud two unrelated words for
participants to maintain throughout the question and picture description. Finally, participants read instructions from a sheet of
paper instead of from the computer screen.

Results and Discussion
Following the same criteria used in Experiment 1, trials in which
participants did not produce a dative sentence, did not produce
both postverbal noun phrases, or did not produce the appropriate
verb were excluded (accounting for 5.9% of trials in each WMload condition), as were trials in which participants did not recall
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at least one word of the WM load (resulting in exclusion of an
additional 8.3% of trials in the WM-load condition).
Figure 2 shows the proportion of prepositional datives produced
as a function of WM load (none vs. two words) and cue givenness
(theme or goal). As can be seen, results were similar to those of
Experiment 1 but with bigger differences overall. A main effect of
cue givenness (b ⫽ 1.62, SE ⫽ 0.21, z ⫽ 7.72, p ⬍ .001) reflected
participants’ tendency to produce given information before new
information. There was no main effect of WM load (b ⫽ – 0.10,
SE ⫽ 0.20, z ⫽ – 0.50), but the effect of cue givenness was reduced
when participants were under a concurrent WM load, as shown by
a significant Cue Givenness ⫻ WM Load interaction (b ⫽ – 0.84,
SE ⫽ 0.41, z ⫽ –2.07, p ⬍ .05).
These results show that a verbal WM load influences given-new
ordering in essentially the same way that it influences accessibility
effects (in Experiment 1): by leading to a reduction in speakers’
tendency to produce given information early. This pattern is as
predicted by retrieval models of WM but is inconsistent with
syntax-specific or workspace models of WM. A statistical comparison of Experiments 1 and 2 with cue manipulation (experiment) used as a between-subjects factor (i.e., whether cues were
made accessible or given) revealed only one effect involving cue
manipulation: an interaction with cue type (b ⫽ 1.16, SE ⫽ 0.29,
z ⫽ 4.04, p ⬍ .001). This shows that making a cue given had a
greater effect on constituent ordering than did making a cue
accessible (a 16.9% effect of cue givenness in Experiment 2 vs. a
3.4% effect of cue accessibility in Experiment 1), but the ways in
which a WM load affected accessibility effects and given-new
ordering did not differ. That cue manipulation was not involved in
any other effects or interactions suggests that the manipulation of
givenness used in Experiment 2 was essentially acting as a strong
manipulation of accessibility.
Unlike in Experiment 1, participants’ memory for the WM load
was affected by constituent order: Participants accurately recalled
at least one of the two words on every trial in which they had
produced a sentence with given before new information but on

Figure 2. Proportion of prepositional dative (PD) sentences produced in Experiment 2 as a function of cue
givenness (i.e., which postverbal argument was given information: theme or goal) and working memory load (no
load or two-word load). Note that the y-axis does not start at zero. Error bars represent standard error.
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only 81.6% of the trials on which they produced a sentence with
new before given information (2 ⫽ 106.5, p ⬍ .001).2 This
provides further support for the idea that choosing a syntactic
structure that allows for early mention of accessible information
can, in fact, reduce demand on WM. When speakers were able to
produce the cued item early, this presumably allowed for active
maintenance of other items and also prevented that cued item from
interfering with the retrieval of the WM load words. When the
cued item was not produced early, it presumably was maintained
for a longer time in the small window of active maintenance or had
to be retrieved for later production. In either case, there was more
opportunity for the cue word to interfere with retrieval or maintenance of the WM load.
In addition, these results suggest that the modality of WM load
presentation was not important in these experiments, as the auditorally presented WM load in Experiment 2 produced the same
pattern of effects as did the visually presented WM load in Experiment 1.

Experiment 3
Although in Experiments 1 and 2 a WM load was found to
reduce speakers’ use of accessibility effects and given-new ordering, it is possible that these results arise not from a load on WM per
se but simply because the experimental task is more complicated
or demanding on the WM load trials. For example, perhaps participants were less affected by manipulations of accessibility and
givenness in the WM load conditions simply because the load
trials effectively imposed a dual task (cf. Pashler, 1994; for a
similar alternative explanation applied to other studies, see Caplan
& Waters, 1999). This explanation fits with evidence that WM
capacity at least partially reflects the ability to control attention
(e.g., Kane et al., 2004; Unsworth & Spillers, 2010) and suggests
that general attentional control (not interference in verbal WM per
se) might underlie these grammatical encoding processes.
There is, however, a straightforward way to address this possibility. WM theorists have pointed to an important distinction
between verbal and spatial WM (e.g., Baddeley, 1986; Baddeley &
Hitch, 1974; Friedman & Miyake, 2000; Shah & Miyake, 1996,
but see Vergauwe et al., 2010), and most work suggesting a role of
WM in syntactic processing has, at least implicitly, claimed that
language processing involves verbal but not spatial WM (e.g.,
Fedorenko, Gibson, & Rohde, 2007; Jackendoff, 2002; although
note that some aspects of language processing may be inherently
spatial; e.g., Chatterjee, Southwood, & Basilico, 1999; Richardson, Spivey, Barsalou, & McRae, 2003).3 If verbal and spatial WM
are separate subsystems, an external load on verbal WM should
affect accessibility effects, but a load on spatial WM should not.
Frameworks that define WM in terms of processes that act on
long-term memory representations and that point to WM’s susceptibility to interference (Cowan, 1999, 2005; Lewis, 1996; McElree,
2001; Unsworth & Engle, 2007) make the same prediction,
although for different reasons. In particular, these models claim
that the same system is used for both phonological and spatial
maintenance; however, because interference occurs between representations that are similar, a load that is quite different from the
primary task materials should not interfere with that task (see also
Guérard & Tremblay, 2008).

Experiment 3 had two parts. The first part of Experiment 3 was
identical to Experiment 2 except that the no-load trials were
replaced with spatial load trials. The second part required participants to perform a spatial task (mental rotation) under the same
two WM-load conditions (verbal or spatial). The spatial load was
a pattern memory task matched in difficulty to the verbal load, as
determined in a previous norming experiment (reported in the
Method section below). If the effects of accessibility and givenness
shown in Experiments 1 and 2 resulted from verbal WM processes,
participants in Experiment 3 should show a reduced tendency to
produce given-new ordering effects in the verbal but not the spatial
WM-load condition. The opposite pattern was predicted for the
mental rotation task, in which the spatial WM load should impair
performance relative to the verbal load. However, if these effects
reflected the relative complexity of the load trials rather than the
memory load per se, there should be no effect of the type of WM
load (on either the sentence production or the spatial task), as both
types of WM load should lead to a reduction in attentional control.

Method
Participants. Fifty-five students at the University of California, San Diego, participated in exchange for class credit. Data were
excluded from six participants who did not produce analyzable
sentences on a majority of trials and from one participant because
of an experimenter error. Data were excluded from nine additional
participants who showed particularly poor performance on spatial
WM load recall (these participants recalled at least part of a WM
load on fewer than 40% of the spatial load trials).
Materials and design. The experimental design and materials used in the previous experiments were used in the main part of
Experiment 3. In addition, a spatial load and a spatial task (letter
rotation) were created, and 26 additional verbal load words were
selected and digitally recorded.
Spatial WM load. The spatial WM load was based on Ichikawa’s (1981, 1983) dot-in-matrix patterns (see also Miyake, Friedman, Rettinger, Shah, & Hegarty, 2001). These patterns are fiveby-five grids with dots randomly assigned to spaces in the grid.
Dot configurations that were duplicates or that formed systematic
patterns were eliminated (Ichikawa, 1981; Miyake et al., 2001),
and these patterns were presented for 750 ms on a computer
screen. This duration was chosen following Miyake et al. (2001),
who found 750 ms to be a presentation brief enough to discourage
verbal or other idiosyncratic coding strategies (e.g., “two over,
three down”) while still allowing enough exposure to encode the
pattern into spatial WM.
A norming experiment was conducted with a separate group of
10 participants in order to determine the appropriate difficulty of
2
Because of participants’ perfect accuracy in the given-new ordering
conditions of Experiments 2 and 3, it is not possible to estimate significance based on a Wald z test. Thus, these analyses of accuracy data are
instead reported with likelihood ratio tests based on single degree of
freedom model comparisons (Agresti, 2002). Although this test may be
anticonservative (Pinheiro & Bates, 2000) it was deemed acceptable in
these situations, as the accuracy differences in these experiments are not
particularly subtle.
3
This is also likely to be quite different for signed languages (cf. Wilson
& Emmorey, 1997, 2003).
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this dot memory task. On each trial of this norming task, participants saw either a verbal (two-word) or a spatial (dot-in-matrix
pattern) memory load and then saw a sentence on the computer
screen, which they were instructed to say aloud. The sentence
disappeared as soon as the participants started to speak (triggered
by a head-worn microphone connected to a PsyScope button box);
thus, participants had to process the sentences sufficiently to
produce them from memory. Finally, participants either said aloud
the verbal load or marked the location of the dots on an answer
sheet containing several five-by-five matrix grids. The verbal load
trials used the 18 two-word verbal load stimuli from Experiments
1 and 2, and the spatial load trials were 48 dot-in-matrix patterns
containing 2, 3, 4, or 5 dots (12 patterns of each difficulty). The 66
sentences were mostly intransitive or predicate-adjective structures. Two lists were created that randomly paired sentences with
load stimuli, with the constraint that the verbal load stimuli were
not paired with sentences to which they shared any obvious semantic or phonological relationship. Trial order was randomly
ordered within each list.
On average, participants accurately recalled both words on
47.2% of the verbal-load trials and accurately recalled the dot
pattern on 52% of the two-dot trials, 25% of the three-dot trials,
8% of the four-dot trials, and 7% of the five-dot trials. Matchedpairs t tests revealed that performance on the verbal load and on
the two-dot spatial load did not differ significantly, t(9) ⫽ 0.53,
whereas performance on the verbal load was significantly better
than performance on the three-dot, t(9) ⫽ ⫺3.71, p ⬍ .005;
four-dot, t(9) ⫽ ⫺6.87, p ⬍ .001; and five-dot, t(9) ⫽ ⫺5.96, p ⬍
.005, spatial load trials. Because these data suggest that a two-dot
pattern is equivalently difficult to the two-word verbal load, 34
unique two-dot patterns were created (as above) to serve as the
spatial load in Experiment 3.
Letter rotation task. The spatial processing task was a letter
rotation task adapted from one used in Shah and Miyake (1996).4
On each trial, participants saw a series of two to five capital letters
(from the set of F, J, L, P, or R) that were either normal or mirror
imaged and that were presented in a noncanonical orientation
(rotated 45°, 90°, 135°, 180°, 225°, 270°, or 315° from upright).
Participants’ task was to press the right/green button on the buttonbox to indicate if the letter was “normal” or the left/red button if
the letter was “mirror imaged” as quickly and accurately as possible. There was a practice block of 30 upright letters (three normal
and three mirrored versions of each of the six letters, presented in
random order) and then a second practice block with three trials of
two rotated letters per trial. There were 24 experimental trials, in
four blocks of six trials each, which progressed from two to five
letters per trial.
Procedure. Experiment 3 consisted of two parts. The procedure of the first part was identical to that of Experiment 2 except
that the no-load trials were replaced with trials requiring maintenance of a spatial WM load. Thus, Experiment 3 manipulated
givenness (theme or goal) and WM task (verbal or spatial). On
each spatial-load trial, participants first pressed a button and saw a
five-by-five grid with dots in two of the squares for 750 ms on the
computer screen. The experimenter then asked a question (e.g.,
What’s going on with the pirate and the book?). The participant
responded by describing the relevant picture from the poster on the
wall and then indicating the two dot locations on a five-by-five
grid printed on a paper answer sheet. The procedure for the verbal
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load trials was the same, except that the experimenter read aloud
the two unrelated load words, which the participant recalled aloud
at the end of the trial (just as on the load trials in Experiment 2).
In the second part of Experiment 3, participants judged whether
letters at different rotations were normal or mirror imaged while
they maintained either a verbal or a spatial WM load (just as in the
sentence production task). A practice block familiarized participants with the normal/mirrored distinction, and a second practice
block familiarized participants with the rotation task while under
verbal and spatial loads (with one verbal load and two spatial load
practice trials). On each trial of the second practice block and of
the experimental blocks, participants either saw a two-dot pattern
for 750 ms or heard two unrelated words through a speaker next to
the computer; made normal/mirror judgments for 2, 3, 4, or 5
rotated letters; and then recalled aloud the verbal load or marked
the spatial load dot locations on an answer grid.

Analysis, Results, and Discussion
Sentence production task. As in the previous experiments,
participants’ sentences from the picture-description task were transcribed and coded as prepositional datives or double-object datives. Trials in which participants did not produce a dative sentence
or did not produce both postverbal noun phrases were excluded
from the analysis, resulting in the exclusion of 8.1% of all critical
trials (9.0% of trials in the verbal load condition and 7.3% of trials
in the spatial load condition). Trials on which participants did not
correctly remember at least one word of the verbal load or one dot
location of the spatial load were also excluded, leading to the
exclusion of an additional 13.2% of all critical trials (6.8% of
verbal load trials and 19.4% of spatial load trials).
Figure 3 shows the proportion of prepositional datives produced
as a function of cue givenness (theme or goal) and WM task
(verbal vs. spatial). A significant effect of cue givenness reflected
participants’ tendency to produce given information before new
information (b ⫽ 2.92, SE ⫽ 0.33, z ⫽ 8.97, p ⬍ .001). This effect
interacted with WM task (b ⫽ –1.29, SE ⫽ 0.57, z ⫽ –2.28, p ⬍
.05), reflecting the reduced use of given-new ordering when under
verbal load (when participants produced prepositional datives 20%
more often following theme than goal mention) compared to when
under spatial load (when participants produced prepositional datives 31% more often following theme than goal mention).
As in Experiment 2, participants were more accurate at recalling
the WM load when they produced given-new ordering (recalling at
least one word or dot on every given-new trial) than when they
produced new-given ordering (recalling at least one word or dot on
only 75% of new-given trials; 2 ⫽ 216.19, p ⬍ .001). This was
expected for the verbal load because not producing given information early presumably results in a greater chance for that information to interfere with retrieval of the WM load words. Unexpectedly, spatial WM load accuracy was also worse on trials in
which participants produced new-given ordering (i.e., the effect of
ordering on accuracy did not interact with load type; 2 ⬍ 1). One
might imagine that trials where speakers produced new-given
ordering were trials in which production was relatively more
difficult and time consuming, and this took attention away from
4

Thanks to Naomi Friedman for helpful advice regarding this task.
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Figure 3. Proportion of prepositional dative (PD) sentences produced in Experiment 3 as a function of cue type
(i.e., which postverbal argument was given information: theme or goal) and type of working memory task
(spatial load vs. verbal load). Note that the y-axis does not start at zero. Error bars represent standard error.

maintenance of the spatial WM load. But if given-new ordering
results from verbal WM processes, it is not clear why production
of given-new ordering would reduce demand on domain-general
attentional control. And if given-new ordering reflects the general
ability to control attention, it is then mysterious that the spatial
WM load did not appear to affect given-new ordering. Of course,
without a no-load condition in Experiment 3, it is possible that the
spatial load did subtly influence given-new ordering, leaving open
the possibility that both verbal WM and a more general form of
cognitive control play a role in accessibility effects (cf. Swets,
Desmit, Hambrick, & Ferreira, 2007; Unsworth & Spillers, 2010).
Letter rotation task. Trials in which participants did not
correctly remember the WM load were excluded from the analysis
according to the same criteria as in the sentence production task,
leading to the exclusion of 15.2% of all trials. Participants seem to
have found the spatial load more difficult than the verbal load, as
these criteria led to the exclusion of 30.3% of trials in the spatial
load condition but no trials in the verbal load condition. Additionally, reaction times deviating more than two standard deviations
from each participant’s mean reaction time were excluded from the
analysis, leading to the exclusion of an additional 3.0% of all trials
(3.4% of trials in the spatial load condition and 2.6% of trials in the
verbal load condition). Reaction times were analyzed with a linear
mixed-effects model treating subject as a random effect and WM
task as a fixed effect. Statistical significance was assessed with
Markov chain Monte Carlo sampling as implemented in the languageR package (Baayen, 2008).
Although the accuracy of letter rotation judgments did not differ
as a function of load, reaction times did: Participants were about 70
ms slower to make letter rotation judgments when under a spatial
WM load than when under a verbal WM load, as shown by a
significant effect of WM task (b ⫽ – 65.53 ms, SE ⫽ 21.61 ms, t ⫽
–3.03, p ⬍ .01).
Experiment 3 provides evidence that given-new ordering depends on verbal WM because, compared to a load on spatial WM,
a concurrent load on verbal WM led to decreased use of given-new
ordering. This shows that the effect of a verbal WM load on

sentence production found here and in the previous experiments is
not attributable to the dual-task nature of the load trials nor to the
overall increased difficulty in the WM load trials. If anything, the
spatial WM load seems to have been more difficult overall, as
evidenced by how often participants were unable to remember the
spatial load relative to the verbal load. Furthermore, the opposite
pattern was found in a letter rotation task that requires spatial
processing, namely, that the spatial WM load led to worse performance than the verbal WM load. This finding shows that the
spatial load was difficult enough to influence processing and adds
further support to the distinction between verbal and spatial WM
processes. There was an effect of chosen word order on spatial
load recall, which shows that general attentional control mechanisms may play some role in accessibility effects (cf. Swets et al.,
2007). However, the dissociation between effects of verbal and
spatial WM load on production of given-new ordering suggests
that verbal WM is the primary cognitive mechanism underlying
accessibility effects and given-new ordering.

General Discussion
These experiments show that accessibility effects interact with
manipulations of WM load, thereby confirming the suggestion that
accessibility effects can result from a pressure to avoid maintaining otherwise ready-to-produce material in WM (Bock, 1982;
Ferreira, 1996). It should be noted that the manipulations of
accessibility used here were of memory-based accessibility; future
work should examine if other forms of accessibility and givenness
(e.g., accessibility due to animacy [McDonald et al., 1993] or
givenness due to definite reference [Grieve, 1973]) also interact
with manipulations of verbal WM. These data also support the idea
that given-new ordering can arise as a function of the accessibility
of given information in speakers’ verbal WM (Arnold et al., 2000;
Bock & Irwin, 1980; Branigan et al., 2003).
These findings have a number of implications for the role of
WM in language production. First, the type of WM underlying
accessibility effects is not specific to syntactic production. It is still
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possible that grammatical encoding relies on a dedicated WM
system, as accessibility effects influence syntactic choice somewhat indirectly (i.e., by influencing the mapping of lexical content
onto syntax). Nevertheless, these results, along with work showing
retrieval-based interference in other aspects of production (in particular, in agreement production; Badecker & Kuminiak, 2007),
suggest that sentence production does not rely on a dedicated pool
of memory resources, as has been claimed to be the case for
syntactic parsing (e.g., Caplan & Waters, 1999).
Instead, syntactic choice was influenced by nonsyntactic pressure on WM from the maintenance of a concurrent verbal WM
load. It is interesting that the way that a verbal WM load influenced syntactic choice was by leading to a reduction, rather than an
increase, in accessibility effects and given-new ordering. This is
contrary to the motivation of accessibility effects as a release valve
for WM. By that account, a WM load should have coexisted in a
limited-capacity WM workspace along with the cued noun phrase
(i.e., the made-accessible information). Thus, a concurrent WM
load should have added pressure on WM, which would increase
the utility of freeing capacity by producing buffered information as
early as possible (in this case, by choosing a syntactic structure
allowing for early mention of the cued noun phrase).
Instead, these data showed that a verbal WM load leads to a
reduction in accessibility effects. This pattern suggests that the
crucial limiting factor in WM is interference rather than capacity
limits. It fits with models in which WM consists of a system of
limited attentional focus, with a maximum capacity of only one to
four items plus a cue-based search mechanism for items displaced
from this attentional focus (e.g., Cowan, 2001; Lewis, 1996;
McElree, 2001; Unsworth & Engle, 2007). Accessibility effects,
then, emerge when lexical items (i.e., lemmas) that are part of this
limited attentional focus can be produced early, thereby freeing up
attentional resources for other purposes. However, when a WM
load displaces information from focus, that displaced lexical information must be re-retrieved, at which point it is subject to
interference both from items currently in focus and from other
cue-relevant information (cf. Badecker & Kuminiak, 2007; Fedorenko, Gibson, & Rohde, 2006; Gordon, Hendrick, & Levine,
2002; Lewis & Vasishth, 2005; A. E. Martin & McElree, 2009;
Van Dyke, 2007; Wagers, Lau, & Phillips, 2009). The fact that
effects of givenness were greater than effects of accessibility on
syntactic choice emerges simply from the assumption that givenness exerts a stronger pull on the focus of attention than does
accessibility alone.
Still, the role WM plays in sentence production (at least as far
as accessibility effects are concerned) is not so general a mechanism as is attentional control (e.g., Cowan et al., 2005; Kane et al.,
2004; McCabe et al., 2010; Vergauwe et al., 2010). This conclusion comes from evidence that although a verbal WM load led to
a reduction in given-new ordering, a load on spatial WM did not.
In fact, the given-new ordering effects in the spatial WM-load
condition of Experiment 3 were numerically the largest effects
across all experiments. This contrast between the verbal and spatial
WM load also addresses an alternative account for many other
demonstrations of domain-general WM effects on syntactic processing, namely, that the load condition imposes a dual task and
this task switching actually leads to the effects purported to be
WM related (for critiques of this sort, see Caplan & Waters, 1999).
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The discussion thus far has assumed that the verbal WM load
interfered with either the maintenance or the retrieval of the
accessible lexical item (i.e., that the WM load either made it
difficult to keep information sufficiently active to warrant early
mention or led to increased interference at the point of retrieving
that otherwise accessible item). However, a plausible alternative is
that the WM load interfered with the encoding of the accessible
item. By this account, the WM load caused the cued information to
be less thoroughly processed, causing that information to sometimes be insufficiently accessible to warrant early mention. The
data presented here cannot distinguish between these accounts
because, in these experiments, the WM load always preceded the
manipulation of accessibility. However, under either account,
grammatical encoding processes depend on verbal WM mechanisms; therefore, this distinction does not detract from the main
conclusions that accessibility effects and given-new ordering result
from constraints on general processes of interference in verbal
WM.
An additional point deserves mention, namely, that speakers
overwhelmingly preferred to use prepositional dative structures in
these data (81% of all dative sentences produced in these three
experiments were prepositional datives). This is somewhat surprising because data from corpora of naturally produced language
suggest that prepositional datives and double-object datives are
about equally common in English (e.g., Zhong, Stent, & Swift,
2006). Although this preponderance of prepositional datives was
unexpected, there is no reason to assume it is related to the
interaction between accessibility effects and WM load. Thus, it
should not detract from the main pattern of results.

Conclusions
Because speaking requires the production of nonlinear conceptual information as a linear order of words, speakers often must
maintain information that is otherwise ready to be produced. The
experiments reported here show that this process is susceptible to
general processes of interference in verbal WM: Speakers help
reduce the potential for interference in WM by relying on the
flexibility afforded by the grammar and choosing syntactic structures that allow information to be produced as it becomes accessible. The fact that accessibility effects and given-new ordering
were reduced when under verbal WM load shows that WM processes in sentence production are vulnerable to similarity-based
interference. This supports retrieval models of WM that point to
limitations due not to capacity (as in, e.g., Baddeley, 1986; Ruchkin, Grafman, Cameron, & Berndt, 2003) but rather to interference
(Cowan, 2001, 2005; Lewis, 1996; Lewis, Vasishth, & Van Dyke,
2006; McElree, 2001; Oberauer, 2002; Unsworth & Engle, 2007).
This claim also fits with evidence that similarity-based interference is critical in other aspects of syntactic production (Badecker
& Kuminiak, 2007) and parsing (e.g., Gordon et al., 2002; Wagers
et al., 2009).
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