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In conversation, production and comprehension processes may overlap, causing interference. In 3
experiments, we investigated whether repetition priming can work as a supporting device, reducing costs
associated with linguistic dual-tasking. Experiment 1 established the rate of decay of repetition priming
from spoken words to picture naming for primes embedded in sentences. Experiments 2 and 3
investigated whether the rate of decay was faster when participants comprehended the prime while
planning to name unrelated pictures. In all experiments, the primed picture followed the sentences
featuring the prime on the same trial, or 10 or 50 trials later. The results of the 3 experiments were
strikingly similar: robust repetition priming was observed when the primed picture followed the prime
sentence. Thus, repetition priming was observed even when the primes were processed while the
participants prepared an unrelated spoken utterance. Priming might, therefore, support utterance planning
in conversation, where speakers routinely listen while planning their utterances.
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Holding a conversation seems an effortless task, yet it requires
tight coordination between the speakers. Indeed, analyses of cor-
pora of conversational speech suggest that gaps between turns are
often only around 200 to 300 ms in duration (Levinson & Torreira,
2015). By contrast, laboratory studies of word production, usually
for picture naming, report latencies of at least 600 ms (Indefrey &
Levelt, 2004), and sentence production latencies often exceed a
second (Allum & Wheeldon, 2007; Smith & Wheeldon, 1999).
Some studies have suggested that short gaps in conversation arise
because next-turn speakers start planning a response before the end
of their interlocutor’s turn (Levinson & Torreira, 2015). This
means that speech planning and comprehension might overlap in
time, a process that we will refer to as linguistic dual-tasking.
Early planning may support fast turn-taking, but it should impose
a substantial cognitive load because comprehension and speech
planning processes must be performed simultaneously. It is unclear
how interlocutors deal with these processing costs. In this study we
explore whether the burden of linguistic dual-tasking can be re-

This article was published Online First October 8, 2020.

Federica Bartolozzi and Suzanne R. Jongman, Max Planck Institute
for Psycholinguistics, Nijmegen, the Netherlands; Antje S. Meyer, Max
Planck Institute for Psycholinguistics, and Donders Institute for Brain,
Cognition and Behaviour, Radboud University.

Suzanne R. Jongman is now at the Department of Psychology, Univer-
sity of Illinois, Urbana—Champaign.

Correspondence concerning this article should be addressed to Federica
Bartolozzi, Max Planck Institute for Psycholinguistics, PO Box 310, 6500
AH Nijmegen, the Netherlands. E-mail: federica.bartolozzi @mpi.nl

466

duced by repetition priming, which has already been identified as
a pivotal mechanism in models of conversation (Pickering &
Garrod, 2004, 2013).

Linguistic Dual-Tasking in Conversation

Previous experimental work has shown that speakers often start
planning responses while still listening to their interlocutors (Bar-
thel, Meyer, & Levinson, 2017; Barthel, Sauppe, Levinson, &
Meyer, 2016; Bogels, Casillas, & Levinson, 2018; Bogels, Mag-
yari, & Levinson, 2015; Corps, Crossley, Gambi, & Pickering,
2018; Lindsay, Gambi, & Rabagliati, 2019; Magyari, De Ruiter, &
Levinson, 2017). These studies have also revealed that such lin-
guistic dual-tasking reduces turn gaps, but that speech planning is
less efficient than when it occurs in silence (Fairs, Bogels, &
Meyer, 2018; Fargier & Laganaro, 2016, 2019). For instance, in a
study by Bogels et al. (2015) participants answered quiz-style
questions, such as “Which character, also called 007, appears in
the famous movies?”. There were two experimental conditions. In
the early cue condition, the cue to the answer (007 in the example)
appeared in the middle of the question, whereas in the late cue
condition, it occurred at the very end, as in “Which character from
the famous movies, is also called 007?”. The participants were
asked to answer as fast as possible. Speech onset latencies mea-
sured from the end of the question were shorter in the early cue
(640 ms) than in the late cue condition (950 ms), indicating that in
the early cue condition participants started planning their response
during the question. Yet, the response time advantage (310 ms)
was much less than the time between the cues in the two conditions
(1,707 ms). This means that participants’ response planning was
less efficient in the early cue than in the late cue condition. If
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planning had been equally efficient in both conditions, responses
in the early cue condition should have started well before, rather
than after the end of the question.

The results of the study by Bogels et al. (2015) are consistent
with numerous word production studies that have shown, first, that
speech planning requires attention and, therefore, suffers when
carried out concurrently with another task that also requires atten-
tion (e.g., Almor, 2008; Boiteau, Malone, Peters, & Almor, 2014;
Sjerps & Meyer, 2015) and, second, that interference arises when
linguistic representations are activated simultaneously for speech
comprehension and production. For instance, in dual-task experi-
ments, there is more mutual interference when picture naming is
combined with syllable than with tone monitoring (Fairs et al.,
2018; Fargier & Laganaro, 2016). This indicates that the spoken
distractors are processed and affect speech planning.

The experimental work on linguistic dual-tasking suggests that
speaking in conversation should be rather effortful. However,
these experiments generally employed unrelated production and
comprehension stimuli, whereas turns in conversation often have
some degree of coherence and refer to the same topic. This means
that interlocutors can refer to concepts introduced earlier and use
words that have occurred before to refer to relevant entities or
events. Thus, they might reduce the linguistic dual-tasking costs by
priming each other. The question addressed in the present paper
was whether such priming could occur when participants engaged
in linguistic dual-tasking, as they often do in natural conversation.

Two Roles of Priming in Conversation

Priming might aid conversation in two related ways: by affect-
ing the choice of words and, thereby, supporting the creation of
common ground between the speakers, and by increasing the speed
of comprehension and production processes. Common ground is
background knowledge that is shared by the interlocutors and is
used to shape and guide conversations (e.g., Clark & Marshall,
1981). Establishing common ground entails, among other things,
that speakers agree on names for referents in common ground (e.g.,
consistently talking about “the shoe” or “the trainer”). Such agree-
ment renders utterances progressively less ambiguous by estab-
lishing single referents for words that could refer to multiple
referents; therefore, making them easier to understand. It may also
facilitate speech planning by supporting the appropriate choice
among alternative ways of referring to referents.

There is a large body of work concerning the processes under-
lying the establishment of common ground (Arnold, 2016; Brown-
Schmidt, 2012; Brown-Schmidt & Duff, 2016; Clark & Marshall,
1978; Duff, Hengst, Tranel, & Cohen, 2006; Horton, 2007; Horton
& Gerrig, 2005, 2016). The influential model of dialogue proposed
by Pickering and Garrod (2004; Garrod & Pickering, 2009) high-
lights the role of priming for the alignment of the interlocutors’
situation models, that is, their representations of the situation under
consideration. The proposal is that the establishment of shared
situation models (called “implicit common ground” by Garrod and
Pickering) is strongly driven by “a priming mechanism, whereby
encountering an utterance that activates a particular representation
makes it more likely that the person will subsequently produce an
utterance that uses that representation” (Pickering & Garrod, 2004,
p. 173). This model posits that priming is an automatic and
unconscious process, which cascades through the levels of the

language system. In other words, priming can arise at one level
(e.g., the lexical level) and spread to other levels (e.g., the syntactic
and phonological levels), so that interlocutors become fully
aligned. Other authors have argued that automatic priming does
not suffice to explain the establishment of common ground (e.g.,
Brown-Schmidt & Duff, 2016), but that other, more deliberate
processes are also involved. Nonetheless, automatic repetition
priming is generally seen as one of the mechanisms supporting the
establishment of common ground by increasing the likelihood that
interlocutors converge on a joint vocabulary to refer to the con-
cepts under consideration.

Priming can affect both the lexical choice and the speed of
speech planning, therefore contributing to swift turn-taking. It
appears that this potential function of priming in conversation has
not been discussed much in the literature but it is central to the
current research. In the following section we review studies of
repetition priming, which do not directly concern conversational
turn-taking but provide information about the conditions under
which priming may be expected to occur.

Repetition Priming of Word Production

There is a large literature showing that recent exposure to a
word can facilitate later comprehension or production of the same
word (Francis, 2014; McKone, 1995; McKone & Dennis, 2000;
Monsell, Matthews, & Miller, 1992; Wheeldon & Monsell, 1992).
Many studies of repetition priming have assessed the effects of
written or spoken word primes on the subsequent processing of
other written or spoken words (e.g., Forster & Davis, 1984; Ver-
sace & Nevers, 2003), but in the present context studies of primed
word production are more relevant. In these studies, participants
typically name target pictures. A variety of priming tasks have
been used including picture naming, definition naming, and trans-
lation (e.g., Barry, Hirsh, Johnston, & Williams, 2001; Brown,
Neblett, Jones, & Mitchell, 1991; Durso & Johnson, 1979; Francis,
2014; Heath et al., 2012; Johnson, Paivio, & Clark, 1996; Mitchell
& Brown, 1988). These studies have shown that repetition can
facilitate both object recognition and the retrieval of object names
from the mental lexicon. Different proposals have been made
about the way repetition might facilitate lexical access; most
commonly it is assumed that the repetition benefit arises at the
semantic-phonological interface (Monsell et al., 1992; Wheeldon
& Monsell, 1992). As repetition priming effects on picture naming
can be observed across long lags between primes and targets, it is
often seen as a form of implicit learning, involving long-lasting
changes of the activation levels of processing units or their con-
nections (Hughes & Schnur, 2017; Monsell et al., 1992; Oppen-
heim, Dell, & Schwartz, 2010).

Most studies of repetition priming in picture naming used tasks
where the participants produced prime words as well as targets.
However, since the linguistic representations involved in speaking
and listening are largely shared or tightly linked (e.g., McQueen &
Meyer, 2018, for discussion), repetition should also be observed
when participants hear prime words and produce picture names.
Work from different lines of research supports this prediction.

First, picture-word interference studies, where participants name
pictures while listening to distractor words, have sometimes in-
cluded an identity condition, where the distractor corresponded to
the picture name (e.g., Glaser & Diingelhoff, 1984; Schriefers,
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Meyer, & Levelt, 1990; see Costa, Miozzo, & Caramazza, 1999,
for a bilingual study). Compared with unrelated and neutral con-
ditions (featuring nonwords or noise as distractors) identity primes
yield facilitation, pointing to a repetition benefit.

A second relevant line of work is research on the lexical boost
in structural priming. Structural priming is the observation that
speakers become more likely and sometimes faster to use certain
grammatical structures (e.g., passives) after exposure to these
structures (e.g., Bock, 1986; Bock, Dell, Chang, & Onishi, 2007;
Dell & Ferreira, 2016). Structural priming effects can be boosted
when prime and target sentences share content words (e.g., Cleland
& Pickering, 2003; Segaert, Kempen, Petersson, & Hagoort, 2013;
Segaert, Wheeldon, & Hagoort, 2016). This indicates repetition
priming from words embedded in the priming sentences. The
lexical boost effect has been found to be more short-lived than the
structural priming effect and has, therefore, been proposed to be an
episodic memory effect (Hartsuiker, Bernolet, Schoonbaert, Spey-
broeck, & Vanderelst, 2008).

Third, there is a substantial body of work that is related to the
work on common ground mentioned earlier and concerns the way
utterances are produced when they refer to novel concepts versus
concepts introduced earlier. The key observation is that utterances
that refer to concepts mentioned earlier are reduced in duration,
specifically those words that have occurred before (e.g., Bard,
Aylett, Trueswell, & Tanenhaus, 2004; Jacobs, Yiu, Watson, &
Dell, 2015; Kahn & Arnold, 2015). A widely discussed issue is
whether reductions serve audience design, that is, occur for the
benefit of the listener, or result from speaker-internal processes.
Most important for the present discussion is the observation that
repeated words are sometimes not only reduced in duration but
also initiated earlier. For instance, Kahn and Arnold (2015; Ex-
periment 2B) had two participants (a speaker and a listener)
perform a joint task. One of them saw an event on their screen and
had to instruct the other participant to create the same event on
their screen using utterances such as Make the [object] flash. The
speaker would then instruct the listener to move another object
(identical or different than the previous one). The speaker initiated
this utterance faster and reduced their duration when the object
name was repeated rather than novel, regardless of whether they or
their partner had just produced the object name. These findings
indicate repetition priming, that is, facilitation of speaker-internal
processes from heard words onto speech production.

In summary, there is strong evidence that word production may
be speeded by repetition priming from words heard earlier. In the
following sections we consider three factors that may limit the
strength of such repetition priming effects in conversation: the lag
between primes and targets, the embedding of primes in sentence
contexts, and linguistic dual-tasking. The latter factor was assessed
in an earlier study in our lab (Jongman & Meyer, 2017), which will
be described below, as well as in the present study.

Limiting Conditions for Repetition Priming

Turning first to the lag between primes and targets, many studies
have highlighted the longevity of repetition priming effects. For
instance, repetition benefits for picture naming have been reported
after several days or even years (Cave, 1997; Mitchell, 2006; van
Turennout, Bielamowicz, & Martin, 2003). Other studies have
varied the lag between prime and target within experimental ses-

sions (e.g., Durso & Johnson, 1979; Wheeldon & Monsell, 1992).
Repetition priming effects tend to decay over time and/or with the
amount of intervening materials, but are nonetheless still measur-
able after considerable delays. Durso and Johnson (1979) reported
a repetition priming effect for lags up to 50 intervening items.
Wheeldon and Monsell (1992) reported a repetition priming effect
for lags ranging between two and seven items (10-35 s, short lag
condition) and a weaker effect for lags ranging between 60 and
120 items (6—12 min, long lag condition). However, in all of the
picture naming studies, participants produced the primes, either in
response to definitions or to pictures. Thus, there appears to be no
evidence of the longevity of repetition priming from heard words
to picture names. Given that repetition priming effects are gener-
ally weaker from heard than produced primes, it is not obvious that
priming effects from heard primes will be maintained over longer
lags. Consistent with this suggestion, the lexical boost effect
described above has been characterized as short-lived.

Next we consider the effect of embedding primes in sentence
contexts. Sentential embedding of primes has often been studied in
paradigms involving target comprehension (Coane & Balota,
2010; Levy & Kirsner, 1989; MacLeod, 1989; Masson & Macleod,
2000; Oliphant, 1983; Speelman, Simpson, & Kirsner, 2002). A
robust finding is that sentential embedding reduces and sometimes
eliminates repetition priming effects. A word production study
using embedded primes was conducted by Francis, Camacho, and
Lara (2014). In the priming phase of this study, bilingual partici-
pants translated words presented either in sentence context or in
isolation. In the test phase, they were asked to translate words or
to name pictures. As in the comprehension studies, the priming
effect was reduced when words were initially translated in context
rather than in isolation. An account of the effects of contextual
embedding on repetition priming is that embedding prime words in
sentences or, in fact, lists of words, affects the way these items are
encoded (Masson & MacLeod, 2000). According to this view, the
distinctiveness account, priming effects are strongest when
the primes are “distinctively encoded and individuated against the
background of other items that are presented” (p. 1096).

None of the studies on the effects of presenting primes in
context has involved the task combination at issue here, namely
listening to primes and producing target words. However, the
distinctiveness account, if valid, should apply here as well. Con-
sequently, one would expect weaker repetition priming from con-
textually embedded spoken prime words onto word production
than from isolated prime words. Recall though that priming effects
from heard primes embedded in sentences were found in the
research on the syntactic boost effect and on audience design
described above.

Finally, we consider whether repetition priming can occur when
speakers are planning utterances while hearing the primes. This is
important because, as indicated above, speakers often engage in
planning while listening to their interlocutor, dividing attention
between comprehension and production processes. Many studies
of verbal memory have assessed the effects of divided compared
with full attention to word processing on later memory. As one
might expect, the effects depend on many variables, including the
type and difficulty of the secondary task and the way memory is
assessed, in particular through explicit memory (recall or recog-
nition of words) or implicit memory tasks (most commonly word
fragment completion, word association, category-exemplar gener-
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ation; e.g., Gabrieli et al., 1999; Mulligan & Stone, 1999; Wolters
& Prinsen, 1997; for a review see Spataro, Cestari, & Rossi-
Arnaud, 2011). The emerging pattern is that divided attention can
reduce priming effects when the secondary task is difficult (Mul-
ligan, 1997, 1998). Furthermore, the results suggest that at least
some attention to the prime is needed for priming effects to occur
(e.g., Keane, Cruz, & Verfaellie, 2015; MacDonald & MacLeod,
1998; Mulligan, 1998).

Repetition during linguistic dual-tasking has so far only been
investigated by Jongman and Meyer (2017). On each trial of this
study participants heard a prime word and simultaneously saw a
distractor picture followed by a target picture. The prime was
identical to the name of the target, associatively related to it, or
unrelated. In the no-plan condition, participants were asked to
name only the target picture; in the plan condition, they had to
name both the distractor and the target picture. Condition was
manipulated between participants in Experiment 1 and within
participants in Experiment 2. While associative priming was ab-
sent in the plan condition of Experiment 2, robust repetition
priming was found in the plan and no-plan conditions of both
experiments. Thus, there was repetition priming from hearing
prime words to producing them as picture names, even during
dual-tasking.

In summary, the existing literature shows that repetition priming
can arise when prime and target are separated by intervening items,
when the primes appear in utterance contexts, and when partici-
pants engage in other tasks, including speech planning, while
processing the primes. However, no study has investigated
whether repetition priming occurs when these conditions are met
simultaneously, as will often be the case in conversation. That is,
it is not known whether repetition priming from comprehending a
prime word to producing that word occurs when the prime is
embedded in an utterance context, when there is a lag between
prime and target, and when the participant is preparing an utter-
ance while hearing the prime. The goal of the present study was to
answer this question. The results should contribute to a better
understanding of the cognitive processes underlying repetition
priming. More importantly, they should provide new evidence
about the potential importance of repetition priming for alignment
and swift turn-taking in conversation.

The Current Study

The paradigm used in the present study was similar to the
paradigm used by Jongman and Meyer (2017). The participants
heard prime words and produced target words as picture names.
However, in contrast to the earlier study, the primes were embed-
ded in sentence contexts. On the trials of Experiment 1, partici-
pants listened to a sentence containing a prime word (e.g., Hij heeft
helaas de radio kapotgemaakt, Unfortunately he has broken the
radio) and saw two pictures one after the other, Picture 1 and
Picture 2, which they had to name (see Figure 1). The prime word
could be identical or unrelated to Picture 2 (the target), and was
always unrelated to Picture 1. Picture 1 appeared after the offset of
the sentence (i.e., in silence), 2 s after sentence onset. The prime
sentence and Picture 2 appeared on the same trial (no lag condi-
tion), or were separated by 10 or 50 intervening trials (short lag
and long lag condition, respectively). Pictures 2 in the short lag

Experiment 1
2s 2s 2s
350ms 1650ms
+ @ +
&
...radio...
Experiment 2
2s 2s 2s
350ms
+ |©
© T
...radio...

Figure 1. Trial structure in Experiments 1 and 2. This example shows a
trial in the no lag condition. In each trial, participants hear a prime word
(e.g., radio), and see two pictures, Picture 1 (e.g., socket) and Picture 2
(e.g., radio). See the online article for the color version of this figure.

condition occurred 1 min after the prime, Pictures 2 in the long
lag condition occurred 5 min after the prime.

This experiment studied whether repetition priming from word
comprehension to picture naming occurs when the primes are
embedded in a sentence context, and explored how any priming
effects would change when prime and target follow each other
immediately or are separated in time and by intervening materials.
As reviewed above, the relevant literature does not reveal how the
effects of contextual embedding and lag might combine for the
types of prime and target stimuli at issue here. Our prediction was
that the priming effect should be strong (possibly equivalent to the
effect obtained by Jongman and Meyer (2017) for word primes) in
the immediate condition, but should decrease across lags.

Experiment 2 used the same paradigm to determine whether
priming was affected by division of attention between comprehen-
sion and concurrent speech-planning. Unlike Experiment 1, Pic-
ture 1 now appeared at the onset of the prime word in the sentence.
Therefore, participants initiated speech planning while still com-
prehending the sentence. In the study by Jongman and Meyer
(2017), the repetition priming effect was unaffected by division of
attention. Here we studied whether this was also the case when the
primes were embedded in sentence contexts and when prime and
target were separated in time. If the amount of attentional re-
sources allocated to the comprehension task in Experiment 2
allows enough processing of the stimulus, the magnitude and the
rate of decay of the priming effect should be similar in Experi-
ments 1 and 2. By contrast, if splitting attention between the
comprehension and production task does not enable thorough
processing of the auditory stimulus, the rate of decay of the
priming effect should be greater in Experiment 2 than in Experi-
ment 1.



n or one of its allied publishers.

ghted by the American Psychological Associa

This document is copyri

°r and is not to be disseminated broadly.

This article is intended solely for the personal use of the individua

470

Any priming effects obtained in Experiment 2 might be influ-
enced by task demands. Given that the relationship between prime
and Picture 2 in the no lag condition was quite obvious, partici-
pants might strategically pay attention to the auditory input be-
cause it may support subsequent picture naming. For this reason,
we also carried out a modified version of Experiment 2 in which
the no lag condition was removed (Experiment 3).

In the study by Jongman and Meyer, prime words and target
pictures were repeated 12 times during the experiment (six times
as prime and six times as target). Some studies have shown that
prime and/or target repetition may increase the size of priming
effects (Jacoby & Dallas, 1981). In the present study, primes and
targets were only presented once, thereby allowing us to assess
whether repetition priming would be obtained when the experi-
mental items were not repeated.

Experiment 1

In the first experiment, participants heard sentences containing
a prime word and were subsequently asked to name first Picture 1
and then Picture 2. The name of Picture 2 was either identical or
unrelated to the prime word. In the no lag condition Pictures 2
appeared on the same trial as the prime word, in the short lag
condition they appeared 10 trials (1 min) after the prime word, and
in the long lag condition, they appeared 50 trials (5 min) after the
prime word. We refer to the conditions as no, short or long lag
conditions, but it is important to point out that time and number of
intervening items may differentially contribute to the rate of decay
of the priming effect (McKone, 1998). Picture 1 was presented
after the prime sentence had ended, ensuring no overlap between
the presentation of the prime and Picture 1. The main aim of
Experiment 1 was to replicate previous studies that found decay of
the priming effect as a function of time/number of intervening
trials, with the novel addition of embedding the prime in a sentence
context. This configuration was intended to mimic situations oc-
curring in conversation where a word in one speaker’s turn might
prime the next speaker’s use of the same word.

Method

Power analysis. To determine whether we would be able to
detect an effect of Condition on Picture 2 latencies, we carried out
a power analysis. Condition was modeled using Helmert contrasts,
as in the main experiments. The first contrast compared the unre-
lated condition against all the other conditions, the second contrast
compared the long lag condition against the short lag and no lag
conditions, and the third contrast compared the short lag condition
against the no lag condition. In the simulation (» = 1,000), the
significance of each contrast was tested by comparing the model
that included all contrasts with the model that did not include the
contrast of interest. The mean response times (RTs) for each
condition for the power analysis were taken from Experiment 1 in
Jongman and Meyer (2017), which offers the best approximation
to our conditions and design. In their experiment, the mean naming
latency in the identical priming condition was 597 ms and mean
naming latency in the unrelated condition was 679 ms. The esti-
mates for the short and long lag condition were chosen on the basis
of the results obtained by Wheeldon and Monsell (1992), who
tested word-to-picture priming at longer delays. In their experi-
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ment, the mean naming latency in the long lag condition (prime
and target separated by 60-120 lags, 6—12 min) increased by
4.73% with respect to the short lag condition (prime and target
separated by 2—7 lags, 10—-35 ms). The estimates in Wheeldon and
Monsell (1992) for the short lag and unrelated condition, 592 and
688 ms, respectively, were similar to those obtained for the im-
mediate and unrelated condition in Jongman and Meyer (2017).
Therefore, we first calculated the percentage of mean latency
increase from the short lag to the long lag condition in Wheeldon
and Monsell (1992). We then applied this percentage increase to
Jongman and Meyer’s identical condition, so as to build a mean
naming latency for our short and long lag conditions. As a result,
in our power analysis we used a mean naming latency of 625 ms
for both the short and long lag conditions.

Assuming 160 items and 40 participants, the simulated data
yielded a power of 0.91 at o = .05. The power analysis and the raw
data of each of the experiments presented in this paper are avail-
able on the MPI for Psycholinguistics Archive (https://archive.mpi
.nl/mpi/).

Participants. Forty participants (8 male, M,,, = 22.65 years,
range = 18-27 years) took part in Experiment 1. They were
recruited from the Max Planck Participant Database, were native
speakers of Dutch, did not report any speech problems, and had
normal or corrected-to-normal vision. Participants received 8€ as
compensation for taking part in the study. Ethical approval for all
experiments reported here was granted by the Social Sciences
Faculty of Radboud University.

Design. The experiment included 290 trials. During each trial,
participants listened to a sentence containing a prime word (e.g.,
Hij heeft helaas de radio kapotgemaakt, Unfortunately he has
broken the radio) and then saw two pictures, Picture 1 and Picture
2, which they had to name (see Figure 1). In Experiment 1, Picture
1 was presented at the end of the sentence, allowing participants to
process the prime in silence. Picture 2 was presented 2 s after the
onset of Picture 1.

Out of the 290 trials, 130 trials were filler trials. Fifty of the
filler trials were presented at the beginning of the experiment to
allow for an even spread of long lag trials across the experiment,
rather than presenting them all towards the end. These filler items
did not include prime words. In the remaining 80 filler trials, the
sentence contained a prime word that corresponded to a Picture 2
name on a different trial (i.e., the prime sentence in the lag
conditions, see below). Responses to pictures on filler trials were
not analyzed.

Additionally, 160 trials were experimental trials. Picture 1 was
always unrelated to the prime word in the trial. Picture 2 was
always a target picture and, as described above, appeared in one of
four different conditions: the no lag condition, short lag condition,
long lag condition, and unrelated condition. In the no lag condi-
tion, Picture 2 was immediately preceded by a sentence containing
its name. For example, the picture of a radio appeared on the same
trial as the sentence Hij heeft helaas de radio kapotgemaakt. In the
short lag condition, Picture 2 appeared 10 trials (corresponding to
1 min) after the sentence containing the prime; in the long lag
condition, Picture 2 appeared 50 trials (corresponding to 5 min)
after the sentence containing its prime; in the unrelated condition,
the label of Picture 2 did not occur anywhere else in the experi-
ment.
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We created four item lists. Each list included all experimental
and filler items. Condition was counterbalanced across items. That
is, in each list, 40 different Picture 2’s appeared in each condition.
Each list was presented to 10 participants. Participants were ran-
domly assigned to lists.

Materials.

Sentences. A female speaker of Dutch produced the sentences
with neutral intonation. Recordings were made in a soundproof
booth using a Sennheiser ME 64 microphone. Sentences were
recorded using the software Audacity (Team, A, 2012). All sen-
tences had a length below 2,000 ms (average length = 1,879 ms,
range = 1,493-2,000 ms). Two sentences that were initially longer
than 2,000 ms (2,054 and 2,060 ms) were compressed using Praat
(Version 5.1; Boersma & Weenink, 2005). The auditory stimuli
were normalized to ensure that they had similar intensity. Each
sentence included one concrete noun, the prime. The prime was
preceded by an adverb and followed by a past participle (e.g., Hij
heeft helaas de radio kapotgemaakt, “He has unfortunately the
radio broken”).

Pictures. There were 307 pictures, all taken from the MultiPic
database (Duiiabeitia et al., 2017). Of these, 145 pictures were
chosen as Picture 1 and 160 pictures were chosen as Picture 2. Two
pictures appeared on practice trials. Repetition of some pictures
was necessary because the database did not include enough suit-
able pictures. Items chosen as Picture 1 had a mean name agree-
ment of 87.65% (range = 38.60-100%) and mean frequency (fpm,
frequency per million in the SUBTLEX database; Keuleers, Brys-
baert, & New, 2010) of 112.87 (range = 0.02-4412.02). Some of
the items chosen as Picture 1 were repeated across the experiment
as Picture 1 in other experimental trials (15 items, repeated twice)
or as Picture 1 or Picture 2 in filler trials. These items were
repeated for a maximum of three times throughout the experiment.
Items chosen as Picture 2 had a mean name agreement of 92.82%
(range = 54.39-100%) and a mean frequency of 8.83 (range =
0.02-29.29). All Picture 2 names were low to medium in fre-
quency (fpm <30; words with fpm <5 are traditionally classified
as low-frequency words, words with fpm >100 are traditionally
classified as high-frequency words; Brysbaert, Mandera, & Keu-
leers, 2018). Low- to medium-frequency items were preferred over
high-frequency ones because priming effects are usually larger for
low- than for high-frequency targets (Wheeldon & Monsell, 1992).
Picture 2 items were never repeated.

Procedure. All trials had the same structure (see Figure 1). At
trial onset participants heard a sentence containing a prime word
while looking at a fixation cross. Sentence duration was maximally
2 s. Two seconds after the onset of the sentence, the fixation cross
was substituted by Picture 1, which was shown for 350 ms and
followed again by a fixation cross. Two seconds after the onset of
Picture 1, the fixation cross was replaced by Picture 2. Picture 2
remained on screen for 2 s, the second response window. The SOA
between the onset of the sentence and the onset of Picture 2 was 4s.
At the offset of Picture 2, a new trial began. Each trial lasted 6 s
in total. Participants were instructed to listen to the sentences and
name each picture as soon as it appeared on the screen. The
experiment lasted about 40 min.

Before the beginning of the experiment, participants carried out
a practice session to familiarize them with the task. The practice
session included four trials, which were structured as the trials in

the actual experiment. We presented two trials in the no lag
condition, and two trials in the unrelated condition.

Apparatus. The experiment was controlled using the software
Presentation (Version 20.0, www.neurobs.com). Sentences were
played using headphones (Sennheiser HD 437) and responses
were recorded using a Sennheiser ME 64 microphone. Stimuli
were presented on a 17" monitor (liyama LM 704U7).

Scoring and analysis. Responses to the pictures were coded
as correct if participants used the dominant name in the picture
database, which, for Picture 2 items, corresponded to the primes. A
trial was coded as correct when both Picture 1 and Picture 2 were
named correctly, and as incorrect if one of the two pictures or both
were named incorrectly. Only correct trials were included in the
analyses of response latencies.

Three items, used as Picture 1 in experimental trials or as Picture
1 and 2 in filler trials, were mistakenly presented four times
(instead of three times) in some of the lists. Therefore, we removed
the experimental trials where these items occurred for the fourth
time. One experimental item was removed from all lists because it
was erroneously repeated. Response latencies were measured man-
ually by the first author using the software Praat (Version 5.1;
Boersma & Weenink, 2005).

Data from experimental trials were analyzed using mixed effects
models (package lme4, Version 1.1.14; Bates, Michler, Bolker, &
Walker, 2015) in R (Team R. C., 2017, Version 3.4.1). We
modeled the rates of accurate responses to Picture 1 and Picture 2
and the naming latencies for both pictures on correct trials (i.e.,
trials where both pictures were named correctly).

The most important dependent variable was the naming latency
for Picture 2. Because the naming latencies were right-skewed,
they were log-transformed and then trimmed by participant and
condition using a cut-off value of 2.5 SD beyond the mean (values
outside the cut-off were excluded). Picture 1 latencies were also
analyzed to make sure that any differences in Picture 2 latencies
(and accuracy) were not related to differences in the difficulty of
processing Picture 1. All latencies were analyzed using linear
mixed effects models.

Given that in Jongman and Meyer (2017) the rates of correct
responses were high and not affected by the primes, we did not
predict any priming effects for the rates of correct responses in the
present article. However, the primes could, of course, also affect
accuracy, and to explore this possibility, accuracy rates for Picture
2 were analyzed as well. Picture 1 accuracy rates were also
analyzed. As in the case of Picture 1 latencies, Picture 1 accuracy
rates should not depend on the experimental conditions. In both
Picture 1 and Picture 2 analyses, Accuracy was a categorical
variable (1 = correct trial, 0 = incorrect trial) and was analyzed
using generalized mixed effects models.

All the models were run using the optimizer BOBYQA (Powell,
2009). Condition was always the independent variable and mod-
eled using Helmert contrasts. The first contrast compared the
unrelated condition to the other conditions (long lag, short lag, no
lag), the second contrast compared the long lag condition to the
short and the no lag condition, and the third contrast compared the
short condition to the no lag condition. While Helmert contrasts
can give us information on how priming decays across lags, they
do not enable us to directly compare whether each of the priming
conditions yields repetition benefits with respect to the unrelated
condition. In the model, the intercept represents the overall mean.
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All models were initially built using a maximal random-effects
structure. Accuracy and latency models for Picture 2 initially
included by-participant and by-Picture 2 intercepts and slopes for
Condition. Accuracy and latency models for Picture 1 initially
included by-participant and by-Picture 1 intercepts and slopes for
Condition. The random-effects structure was then simplified fol-
lowing Bates, Kliegl, Vasishth, and Baayen (2015) to avoid over-
parametrization. The procedure used to simplify the random-
effects structure of each model is described in the online
supplemental material, along with the final model outputs.

Results and Discussion

Table 1 shows the average accuracy rates and naming latencies
for Pictures 1 and 2 per condition, along with the standard devi-
ations. Recall that Picture 1 was always unrelated to the prime and
that, consequently, the accuracy rates and latencies should not
depend on the priming condition. By contrast, for Picture 2,
repetition priming was expected for the response latencies and
possibly the accuracy rates. These effects, if present, should de-
crease across lags.

As can be seen in the table, these predictions were borne out:
Picture 1 accuracy rates and latencies were similar across priming
conditions, whereas Picture 2 accuracy rates and naming latencies
showed evidence for priming.

The statistical analyses confirmed these impressions: the model
with accuracy rates for Picture 1 naming included Condition as the
independent variable, the random structure included only a by-
participant intercept. Condition was not a significant predictor
(x*(3) = 3.74, p = .29). The model for log-transformed Picture 1
naming latencies included Condition as the independent variable;
the random-effects structure included by-Picture 1 and by-
participant intercepts and slopes for Condition. Including Condi-
tion as a predictor did not improve model fit (x*(3) = 2.35, p =

Table 1

Mean Accuracy and Naming Latencies, With Standard
Deviations in Parentheses, for Picture 1 and Picture 2 in
Experiment 1, 2, and 3

Picture and condition Experiment 1  Experiment 2  Experiment 3

Picture 1 accuracy (SD)

Unrelated condition 82.00 (0.38) 81.38 (0.38) 79.18 (0.41)
Long lag condition 81.00 (0.38) 79.94 (0.39) 79.43 (0.40)
Short lag condition 81.56 (0.38) 81.50 (0.38) 80.63 (0.39)
No lag condition 84.06 (0.36) 80.94 (0.39) —
Picture 1 latency (SD)
Unrelated condition 717 (187) 860 (263) 854 (286)
Long lag condition 724 (191) 868 (251) 878 (323)
Short lag condition 715 (195) 847 (242) 850 (283)
No lag condition 707 (177) 870 (186) —
Picture 2 accuracy (SD)
Unrelated condition 70.25 (0.46) 67.44 (0.47) 67.48 (0.47)
Long lag condition 70.88 (0.45) 69.75 (0.46) 68.11 (0.46)
Short lag condition 72.88 (0.44) 71.44 (0.45) 71.26 (0.45)
No lag condition 81.38 (0.39) 77.19 (0.42) —
Picture 2 latency (SD)
Unrelated condition 769 (214) 821 (263) 815 (238)
Long lag condition 758 (209) 819 (251) 812 (235)
Short lag condition 744 (191) 789 (242) 798 (239)
No lag condition 618 (159) 638 (186) —

.50). Thus, as anticipated, responses to Picture 1 were not system-
atically affected by Condition.

By contrast, effects of Condition were found for the responses to
Picture 2: The model for accuracy rates included Condition as the
independent variable; and the random-effects structure included
by-Picture 2 and by-participant intercepts. Including Condition
improved model fit (x*(3) = 86.90, p < .002). All contrasts were
significant. In particular, the comparison between the unrelated
condition and all other conditions together (first contrast) showed
that people were more likely to name pictures incorrectly in the
unrelated condition. In turn, items in the long lag condition were
more likely to yield incorrect responses than those in the short lag
and the no lag conditions together (second contrast). Responses in
the short lag condition included more errors than in the no lag
condition (third contrast). This means that participants were more
likely to name a picture correctly if they had been presented with
the prime at any time earlier during the experiment. The priming
benefit was, therefore, strongest in the no lag condition and de-
creased at longer lags.

The model for the log-transformed Picture 2 naming latencies
included Condition as the independent variable, and the random-
effects structure included by-participant and by-Picture 2 slopes
and intercepts. Condition was a significant predictor (x*(3) =
76.23, p < .002). Paralleling the results seen for Picture 2 accu-
racy, response latencies for Picture 2 were shorter when partici-
pants had heard the primes earlier in the experiment than when this
was not the case. More specifically, the first contrast showed that
naming latencies in the unrelated condition were slower than in all
other conditions; the second contrast showed that the long lag
condition was slower than the short and no lag condition; the third
contrast showed that the short lag condition was slower than the no
lag condition. As pointed out, the contrasts used in the analysis do
not allow us to compare the unrelated condition against each of the
priming conditions. However, the mean Picture 2 latencies in the
unrelated and long lag conditions were almost identical, suggesting
that in the long lag condition repetition benefits might have not
occurred. We return to this point in the General Discussion.

The goals of this experiment were to establish that a priming
effect would be obtained from the primes embedded in carrier
sentences and to determine the stability, or decay, of the effect
across lags. The data showed that the effect was the strongest when
prime and target were in the same trial and decreased with more
intervening items. These results serve as a benchmark for the
evaluation of priming effects in Experiments 2 and 3, where
primes were presented while the participants prepared utterances.

Experiment 2

Experiment 1 showed repetition benefits when primes were
embedded in sentences. The strongest repetition benefits were
obtained in the no lag condition and priming benefits decreased at
longer lags. The goal of Experiment 2 was to determine whether
the same pattern would hold when the primes were processed
during a picture naming task. While the participants of Experiment
1 first listened to the sentence including the prime and then named
both Picture 1 and Picture 2, the participants of Experiment 2 saw
Picture 1 while listening to the prime word and immediately
named it. This forced them to plan a spoken response during the
encoding of the prime. Determining whether priming occurred in
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this situation is important because studies of turn-taking suggest
that in conversation comprehension and production processes of-
ten run in parallel. The division of attention between these pro-
cesses may affect the way spoken utterances are processed and the
impact of spoken primes on word production. If repetition priming
did not occur under such circumstances, its value as a tool for
supporting fast utterance planning in conversation would be lim-
ited. As explained earlier, repetition priming during word planning
was also investigated by Jongman and Meyer (2017). However, in
their study, primes were repeated 12 times during the experiment
(six times as distractor and six times as target), were presented as
single words, and immediately preceded the targets. Prime repeti-
tion, the (lack of) context and the distance between prime and
target have been shown to affect repetition priming effects (e.g.,
McKone, 1998; Oliphant, 1983; Ostergaard, 1998). Unlike Jong-
man and Meyer (2017), in the present study the prime words and
the targets (our Pictures 2) only occurred once; the primes were
presented in carrier sentences, and Pictures 2 occurred in the same
trial as the prime, or after a short or longer lag.

Method

Participants. Forty participants (8 male, M,,, = 23, range =
19-28) took part in the study and received 8€ as compensation.
Inclusion criteria were the same as in Experiment 1. Participants
recruited in Experiment 1 were not eligible to take part in Exper-
iment 2.

Apparatus, materials, design and data analysis. The same
experimental setup, materials, and design were used as in Exper-
iment 1. The data analysis was done in the same way as described
above.

Procedure. The structure of Experiment 2 was the same as
Experiment 1. The only difference was the timing of the presen-
tation of Picture 1. While in Experiment 1 Picture 1 was presented
after the sentence, in Experiment 2 it appeared at the onset of the
prime word in the sentence (see Figure 1). Picture 1 stayed on the
screen for 350 ms and was followed by a fixation cross up to
the presentation of Picture 2, which remained on screen for 2 s.
The gap between the onset of the sentence and the onset of Picture
2 was 4 s, as in Experiment 1.

Results and Discussion

Average accuracy rates, condition means and standard devia-
tions for Picture 1 and 2 are shown in Table 1. As can be seen, the
results are very similar to those obtained in Experiment 1. Again,
the accuracy rates and naming latencies for Picture 1 were largely
unaffected by Condition, whereas the accuracy rates and latencies
for Picture 2 showed evidence of priming.

We first analyzed Picture 1 accuracy rates. The model included
Picture 1 Accuracy as the dependent variable and Condition as the
independent variable. The random-effects structure included by-
participant and by-Picture 1 slopes. The model with Condition as
predictor did not improve over the null model (x*(3) = 2.50, p =
48). Naming latencies in response to Picture 1 were also unaf-
fected by Condition, as expected (x*(3) = 3.34, p = .34). This
model included log-transformed naming latencies as the dependent
variable and Condition as the independent variable. The random-
effects structure included by-participant and by-Picture 1 slopes
and intercepts.

We then turned to the analysis of Picture 2 responses. We first
modeled Accuracy rates. Condition was taken as the independent
variable; the random-effects structure included a by-Picture 2
slope and by-participant and by-Picture 2 intercepts. Condition
improved model fit (x*(3) = 27.17, p < .002). All contrasts were
significant. Similar results were obtained in the analysis of log-
transformed naming latencies in response to Picture 2. Again,
Condition was taken as the independent variable; the random-
effects structure included a by-participant slope and by-participant
and by-Picture 2 intercepts. Condition improved model fit
(x*(3) = 73.96, p < .002). As in the analysis of accuracy rates, all
contrasts were significant. Again, this means that naming latencies
in the unrelated condition were the slowest, that naming latencies
in the long lag condition were slower than those in the short lag
and no lag condition together, and that naming latencies in the
short lag condition were slower than those in the no lag condition.
Even if these results cannot give us specific information about the
priming condition at which repetition priming can no longer be
observed, mean naming latencies in the long lag condition were
virtually identical to those in the unrelated condition, suggesting
that at this point repetition did not yield any benefits, just as in
Experiment 1. Overall though, our results suggest that, even when
the cognitive load of the encoding task was increased by having
participants perform the comprehension task together with a pic-
ture naming task, priming effects still occurred both in terms of
higher accuracy rates and decreased latencies.

Finally, we compared the repetition benefits for the Picture 2
latencies in Experiment 1 and Experiment 2. The model included
log-transformed naming latencies as the dependent variable, and
Condition, Experiment, and their interaction as the independent
variables. The random-effects structure included by-participant
slopes and intercepts for Condition, and by Picture 2 slopes and
intercepts for Condition and Experiment. While both Condition
(x*(3) = 145.02, p < .002) and Experiment (x*(1) = 5.78, p =
.02) improved model fit, their interaction did not (x*(3) = 3.32,
p = .35). This means that repetition affected naming latencies
equally in Experiments 1 and 2, despite the additional load im-
posed by the planning task in Experiment 2. Indeed, the priming
effects for Picture 2 were very similar across experiments. The
difference between the unrelated and the no lag condition was 151
ms in Experiment 1 and 183 ms in Experiment 2. The difference
between the unrelated condition and the short lag condition was 26
ms in Experiment and 31 ms in Experiment 2, and as far as the
long lag condition is concerned, the difference between the unre-
lated condition and the long lag condition was 11 ms in Experi-
ment 1 and 2 ms in Experiment 2, suggesting that at this point
repetition might not be beneficial for picture naming.

While the priming effects did not differ across experiments, the
average naming latency for Picture 2 was longer in Experiment 2
than in Experiment 1. Since Picture 2 was always named in
silence, without any concurrent task, we had not predicted a main
effect of Experiment. The fact that latencies were longer in Ex-
periment 2 than in Experiment 1 suggests that some degree of
interference between speech-planning and comprehension still
arose in Experiment 2 when Picture 2 was named. We hypothesize
that slower Picture 2 naming in Experiment 2 resulted from the
additional processing load arising during the parallel (rather than
sequential) processing of Picture 1 and the sentence, which
then spilled over into Picture 2 naming latencies. Indeed, Picture 1
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mean naming latencies in Experiment 2 were almost 150 ms
slower than in Experiment 1 (716 ms in Experiment 1 and 862 ms
in Experiment 2), indicating that Picture 1 naming was indeed
more efficient in silence than during sentence comprehension.

Experiment 3

Experiments 1 and 2 yielded robust repetition priming effects,
regardless of whether the participants heard the prime and then
named a picture or heard it while naming a picture. The compar-
ison between the experiments revealed that dividing attention
between comprehension and production did not affect the size of
priming effects at any of the lags. In these experiments, the
relationship between prime and Picture 2 was rather obvious
because during no lag trials Picture 2 immediately followed the
priming sentence. Participants might have been encouraged to pay
attention to the spoken sentences because on these trials processing
the prime was beneficial to the subsequent picture naming task.
The goal of Experiment 3 was to measure priming effects when the
relationship between prime and Picture 2 was less obvious. This
was accomplished by removing trials where Picture 2 immediately
followed the prime and by only including the short and the long lag
condition (lags of 10 and 50 trials).

Method

Participants. We recruited 40 participants (10 male, M, =
23.03 years, range = 18-28 years), who had not taken part in
Experiments 1 or 2. Inclusion criteria and compensation were the
same as in Experiments 1 and 2.

Apparatus, materials, and design. Design, apparatus and
scoring in Experiment 3 were the same as Experiments 1 and 2.

Procedure. Experiment 3 was identical to Experiment 2, with
the only exception that the no lag condition was removed, which
resulted in Condition having only three levels (short lag, long lag,
and unrelated).

Materials. The no lag condition trials and the 25 filler trials
with identical primes and Picture 2 used in Experiments 1 and 2
were turned into unrelated filler trials by substituting the sentences
containing the identical prime with new sentences containing
unrelated prime words (mean frequency = 21.26, range = 1.35-
128.70 per million in the SUBTLEX database; Keuleers et al.,
2010).

Results and Discussion

Mean accuracy rates, naming latencies and standard deviations
for Picture 1 and Picture 2 are reported in Table 1. Condition did
not affect either Picture 1 accuracy rates or naming latencies. We
first modeled Accuracy with respect to Condition. The random-
effects structure included by-participant and by-Picture 1 inter-
cepts. Condition did not improve model fit (x*(2) = 1.07, p = .59).
We then ran a model where the dependent variable was log-
transformed Picture 1 latency and the independent variable was
Condition. Again, the random-effects structure included by-
participant and by-Picture 1 slopes and intercepts. Condition did
not improve model fit (x*(2) = 2.67, p = .26).

We then turned to the analyses of Picture 2 accuracy rates. The
model included Picture 2 accuracy as the dependent variable and

BARTOLOZZI, JONGMAN, AND MEYER

Condition as the independent variable. The random-effects struc-
ture included by-participant and by-Picture 2 intercepts. Condition
improved model fit (x*(2) = 9.14, p = .01). All contrasts were
significant.

The same pattern was seen in the analysis of Picture 2 naming
latencies. The model included log-transformed Picture 2 naming
latencies as the dependent variable and Condition as the indepen-
dent variable. The random-effects structure included by-participant
and by-Picture 2 intercepts. Condition improved model fit
(x*(2) = 13.00, p = .001); all contrasts were significant, as in the
case of Picture 2 accuracy. The first contrast compared the re-
sponses in the unrelated condition against the responses in the long
and short lag conditions together. Responses were slower in the
unrelated condition than in the long and short lag conditions. The
second contrast showed that naming latencies in the long lag
conditions were slower than those in the short lag condition. We
concluded that the priming effects obtained in this study did not
depend on the fact that participants strategically paid attention to
the prime as a way to improve their performance in the immedi-
ately following picture naming task.

General Discussion

Mutual priming between interlocutors has been argued to con-
tribute considerably to the smooth flow of everyday conversations
(Garrod & Pickering, 2009; Pickering & Garrod, 2004): using
words and structures that the partner has just produced can facil-
itate speech planning, both by guiding what to say and thereby
contributing to building up common ground with the partner and
by speeding up utterance planning. There is a large literature
reporting robust repetition priming effects under laboratory con-
ditions (e.g., Coane & Balota, 2010; Francis, Corral, Jones, &
Sédenz, 2008; Monsell et al., 1992; Wheeldon & Monsell, 1992).
However, as these conditions differ in many ways from those
prevailing in everyday conversation, we cannot take for granted
that repetition priming supports speaking in conversation as effec-
tively as the laboratory studies suggest. We cannot mimic sponta-
neous conversation in tightly controlled experiments. However, we
can experimentally investigate variables that might affect the
strength of repetition priming effects and impact its effectiveness
in conversation. By doing so, we gain evidence about the mech-
anisms underlying repetition priming and its importance for con-
versation.

Following this logic, the current study investigated under which
conditions repetition priming occurred from hearing word primes
to naming target pictures. A closely related study by Jongman and
Meyer (2017) had already established repetition priming from
hearing single words to picture naming. Here we extended this
work by presenting the prime words in sentence contexts and by
varying the lag between prime and target, in terms of time and in
terms of the amount of intervening materials. As in the earlier
study, we examined whether priming occurred when participants
merely listened to the primes and when they prepared to name
distractor pictures while hearing the primes.

The results of the three experiments reported above are clear-
cut: repetition priming facilitated picture naming. The priming
effect was seen most strongly in the picture naming latencies but
also emerged in the accuracy rates. The effect was moderated by
the lag between prime and target, with priming being strongest at
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immediate repetition. Whether or not the participants prepared to
name another picture while hearing the prime had little impact on
the strength of the priming effect. In the remainder of this discus-
sion, we compare these results to those of earlier studies and
discuss the implications for our understanding of repetition prim-
ing and its potential role in conversation.

Spoken Words Prime Picture Naming

As described in the beginning of the article, in most studies of
repetition priming in word production participants produced the
primes as well as the targets (see Francis, 2014, for a review).
Comprehending and producing words involve some shared or
closely related representations, but the underlying processes are
not identical. If the strength of repetition priming effects depends
on the degree of overlap between prime and target representations
and processing, heard primes should have weaker effects than
self-produced primes onto picture naming. Moreover, merely lis-
tening to primes does not require the engagement of attention to
the stimuli in the same way as naming primes does, which may
also affect the strength of the priming effects. In summary, it is not
evident that repetition effects as robust and strong as those seen
when participants produce prime words will arise when prime
words are merely heard.

The study by Jongman and Meyer (2017) already established
that heard primes lead to robust repetition priming for picture
naming. The present study replicates this finding. It is consistent
with earlier findings by Wheeldon and Monsell (1992), who re-
ported repetition priming for picture naming when the production
of the primes was elicited using a definition task (e.g., “Building in
which horses are kept” or “An ___ a day keeps the doctor away”).
It is also consistent with the results obtained by Brown and
colleagues (1991), who found comparable priming effects regard-
less of whether primes were overtly named or not. All of these
findings indicate that repetition facilitates lexical access to the
picture name (e.g., Barry, Johnston, & Wood, 2006; Francis et al.,
2014; Monsell et al., 1992; Wheeldon & Monsell, 1992). However,
they do not reveal which components of lexical access benefit the
most from repetition priming and through which mechanisms the
facilitatory effect arises. These issues need to be assessed in further
research.

As repetition priming effects are often relatively long-lived, they
have been conceptualized as implicit learning processes involving
lasting changes of the activation levels of lexical representations
and the links between them (e.g., Hughes & Schnur, 2017; Monsell
et al.,, 1992). As will be further discussed below, the repetition
priming effects in the present study were short-lived, compared
with those seen in other studies. This may suggest that changes in
the representations of words induced by hearing them are short-
lived or that part of the repetition priming effect seen here was
because of the maintenance of explicit episodic representations of
the primes, which decayed rapidly (e.g., Bock & Griffin, 2000).

Contextual Embedding Does Not Eliminate Repetition
Priming From Spoken Words

Previous studies found that contextual embedding of primes
reduced or even eliminated repetition priming effects (e.g., Coane
& Balota, 2010; Levy & Kirsner, 1989; MacLeod, 1989; Masson

& Macleod, 2000; Oliphant, 1983; Speelman et al., 2002). An
account of this decrement of priming effects is that the embedding
of primes affects the distinctiveness of the memory traces. The
earlier studies had not used the combination of spoken primes and
pictorial targets used in the present study, but distinctiveness
should be of relevance here as well. Therefore, one might expect
to see weaker repetition priming effects than in the earlier study by
Jongman and Meyer (2017).

Contrary to this prediction, the repetition priming effect in the
no lag condition, which was the only lag condition included in both
studies, was numerically stronger in the present than in the earlier
study (151 and 181 ms in Experiment 1 and 2 of the present study,
82 ms in Experiment 1 of Jongman & Meyer, 2017). We refrain
from any interpretation of the difference in the magnitude of the
effects as the two studies differed in many respects. However, we
can conclude that sentential embedding did not eliminate the
repetition priming effect.

The absence of an effect of sentential context in the present
study does not necessarily mean that the distinctiveness account is
incorrect. Instead it indicates the need for further studies of the
circumstances under which contextual embedding reduces the dis-
tinctiveness of individual words and their effectiveness as primes.
In the current study the prime words were very prominent, always
being the only noun of the sentence and the direct object of the
verb. By contrast, earlier studies used more varied sentences
featuring multiple nouns. In the present experiments the prime
words may have “stuck out” more as particularly distinctive, which
may have eliminated any contextual embedding effects. This ac-
count fits with the finding that, when embedded in text, low-
frequency words yield more priming than high frequency words,
and incongruent words, which do not fit in well with the context,
yield more priming than congruent words (MacLeod, 1989; see
also Coane & Balota, 2010).

For the present purposes, it is most important to note that heard
word primes, presented in isolation or in sentence contexts, led to
substantial repetition priming effects for word production. This is
consistent with the view that repetition priming can support speech
production in conversation, regardless of whether the words pro-
duced by a conversational partner occur in isolation or in utterance
contexts.

The Effect of Lag on Contextually Embedded
Spoken Primes

In this study, we included two different lag conditions to com-
pare the rate of decay of the priming effect in Experiment 1 and in
Experiment 2. The type of contrasts that we used in our analysis
does not allow us to clearly establish at which lag the priming
effect disappeared. While we do not intend to make any substantial
claims about the longevity of the effect, in this paragraph we will
discuss our results in light of previous studies that used a similar
paradigm and will outline some of the factors that may affect the
longevity of the priming effect.

While mean naming latencies in the no lag and short lag con-
dition were numerically smaller than those in the unrelated con-
dition, mean naming latencies in the long lag condition were
virtually identical to those in the unrelated condition. Although no
formal comparison was carried out, this suggests that at that point
the priming effect had probably faded. This pattern may be unex-
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pected, given that some studies have reported priming effects
lasting days or years (Cave, 1997; Mitchell, 2006). However, these
studies used paradigms that differed substantially from the present
one, most importantly perhaps in the use of prime pictures rather
than words. The long-lived effect may, therefore, be based primar-
ily on stable memory representations for the pictures rather than
their names. Moreover, memory performance may have been im-
proved by consolidation during sleep (Walker & Stickgold, 2004),
which did not occur during the present study.

The effects of within-experiment lags between primes and tar-
gets have been assessed in a number of earlier studies. Consistent
with the present results, they found decreasing priming effects with
increasing lags. Nonetheless, in previous studies, repetition prim-
ing effects were observed at lags exceeding our long lags in both
time and amount of intervening materials. For instance, Wheeldon
and Monsell (1992) observed repetition after delays of 6 to 12 min
(60 to 120 intervening trials); Monsell et al. (1992) observed
repetition priming after 8 to 20 min.

There are many differences between the earlier studies and the
present one that may account for any differences in the longevity
of the repetition priming effect. One difference is the presence or
absence of the sentential embedding of the primes. Presentation of
the primes in context does not eliminate the priming effect at short
lags, but it may affect the rate of decay. This suggestion could be
assessed in a study directly contrasting the effects of isolated word
primes versus embedded primes at different lags. Another poten-
tially important difference to the earlier studies is that our partic-
ipants heard the primes, whereas the participants of the earlier
studies produced the prime words themselves. Producing words at
study leads to better memory performance than hearing or reading
them (e.g., Fawcett, Quinlan, & Taylor, 2012; MacLeod & Bodner,
2017; MacLeod, Gopie, Hourihan, Neary, & Ozubko, 2010;
Zormpa, Brehm, Hoedemaker, & Meyer, 2019). This holds for
explicit memory tasks (free recall and recognition) and implicit
memory tasks (fragment completion and picture naming; but see
Kahn & Arnold, 2015 for equal production-to-production and
comprehension-to-production priming). To assess this proposal a
study would have to contrast the effects of self-produced versus
heard primes at different lags.

On the basis of our findings, it is difficult to estimate how long
repetition priming may last in everyday conversations. Turns in
conversations vary greatly in length. The average duration of turns
in casual conversation has been estimated to be about 2 s (one or
two sentences; Levinson, 2016). We find repetition priming with a
lag of 1 min, corresponding to 10 intervening trials. Thus, a
conservative estimate of the impact of repetition priming in con-
versation is that speakers should benefit from it at least during
three or four turns following the prime. The impact of the prime
may vary given the elapsed time as well as the amount and type of
intervening items. Further research teasing apart the impact of
these variables would be very valuable not only for a better
understanding of the role of repetition priming in conversation, but
also for elucidating the mechanisms underlying repetition priming.

Linguistic Dual-Tasking Does Not Affect
Repetition Priming

Finally, we replicated the earlier finding that repetition priming
occurs when participants plan words while listening to primes. In
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fact, the joint analyses of the results of Experiments 1 and 2
showed that the priming effects in the two experiments did not
differ significantly in strength. This replicates the findings by
Jongman and Meyer (2017) and extends them by demonstrating
that heard words also prime picture naming in a linguistic dual-
tasking setting when the primes are embedded in sentence contexts
and when there is a lag between prime and target. Work using
different paradigms has also shown that priming occurs under
conditions of divided attention, though the priming effect can be
weaker than under full attention conditions (for a meta-analysis see
Spataro et al., 2011). The finding that the size of the repetition
priming effect was largely unaffected by the division of attention
is consistent with the suggestion that strategic processing of the
primes did not contribute much to the priming effect.

The occurrence of repetition priming during speech planning
should be followed up in further research. In the present study
primes were processed sufficiently to generate priming effects,
but, as their online processing was not tracked, we cannot say
whether and how it was affected by the speech planning task.
Prime processing might have been delayed or shallower. The study
by Jongman and Meyer (2017) included an associative priming
condition in addition to the repetition priming condition, and found
that in one of the two experiments the associative priming effect
was eliminated under linguistic dual-tasking. This suggests that the
processing of the primes was affected either because attention had
to be divided between comprehension and speech planning, or
because of interference between representations accessed for pro-
duction and comprehension. Furthermore, the distractor pictures
were named more slowly in our Experiment 2 than in Experiment
1, and, correspondingly, in Jongman and Meyer’s plan condition
than in their no plan conditions. This also indicates that the
processing of the spoken input was hindered by concurrent speech
planning. Further investigating such interference effects would be
important to gain a better understanding of the relationships be-
tween the speech comprehension and production system and the
way they can be simultaneously engaged in conversation.

While the results of this experiment suggest that repetition
priming can occur during linguistic dual-tasking, our experimental
set-up differed in many ways from real-life conversational settings.
One important difference was that in our experiments, the Picture
2-naming task was not contingent on the content of the spoken
prime, whereas in in everyday conversations people typically
respond to the content of their partner’s utterances. This means that
during conversations participants might prioritize comprehension
processes more, which could strengthen repetition priming from
comprehension to production and, therefore, lead to more align-
ment between speakers. However, in our study (especially in
Experiments 1 and 2), participants may very well have been aware
of the fact that many of the prime words were target names, which
may have encouraged them to listen carefully to the primes. An
important question for further research is how people distribute
their attention in conversation, and how this affects mutual prim-
ing.

Another important difference to everyday conversations is that
in our study participants were required to produce the names of the
target pictures using nouns that had or had not occurred before. By
contrast, in conversation speakers often choose not to use full noun
phrases to refer to concepts introduced before, but instead use
pronouns (Arnold, 2010; Arnold & Zerkle, 2019). In fact, com-
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prehension studies have shown a repeated name penalty, that is,
longer reading times for noun phrases in contexts where pronouns
were expected (e.g., Kennison & Gordon, 1997). There is a sub-
stantial literature on the linguistic and cognitive variables that
affect preferences for nouns or pronouns (e.g., Arnold, Eisenband,
Brown-Schmidt, & Trueswell, 2000; Brown-Schmidt, Byron, &
Tanenhaus, 2005; Fukumura & Van Gompel, 2012). However,
little is known about the cognitive processes occurring when
speakers decide whether to use a noun or a pronoun. Our data do
not speak to this issue, but only show that, when a noun is to be
produced, the speed of producing it can be reduced through rep-
etition priming. An important question for further research is how
speakers’ choices between nouns and pronouns might be affected
by linguistic dual-tasking.

Conclusions

Mutual repetition priming between interlocutors might support
fluent conversation in at least two ways, that is, by contributing to
the establishment of common ground and by increasing the speed
of speech planning. This pivotal role of priming can only be
confirmed if it occurs under the conditions prevailing in conver-
sation. We showed that repetition priming for word production
occurred when primes were embedded in sentences, when the
target word followed the prime immediately or after a short lag,
and regardless of whether or not participants were planning to
name a distractor picture while listening to the primes. These
results suggest that repetition priming may indeed aid speech
planning in conversation by reducing processing costs.
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