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Abstract Speakers sometimes encounter utterances that have
anomalous linguistic features. Are such features registered during
comprehension and transferred to speakers’ production systems?
In two experiments, we explored these questions. In a syntactic-
priming paradigm, speakers heard prime sentences with novel or
intransitive verbs as part of prepositional-dative or double-object
structures (e.g., The chef munded the cup to the burglar or The
doctor existed the pirate the balloon). Speakers then described
target pictures eliciting the same structures, using the same or
different novel or intransitive verbs. Speakers overall described
targets with the same structures as the primes (abstract syntactic
priming), but more so when the primes and targets had the same
novel or intransitive verbs (a lexical boost), an effect that was
only observed when the novel words served as the verbs in both
the prime and target sentences. Such a lexical boost could only
manifest if speakers formed associations between the verbs and
structures in the primes during comprehension, and if these as-
sociations were then transferred to their production systems. We
thus showed that anomalous utterance features are not ignored
but persist (at least) in speakers’ immediately subsequent
production.

Keywords Language production . Anomalous verb
subcategorizations . Syntactic persistence . Syntactic
priming . Lexical boost

If a friend told you, I munded a gift to my kid, you would most
likely infer that the child received a gift, and that the family
uses a special word for bestowing gifts on each other. But
what would your language system make of the word mund?
You might take less time to understand what your friend is
saying the next time she or he uses this word. You might also
respond with something likeMy mom gave a toy to my neph-
ew last month, mirroring the structure of your friend’s utter-
ance but avoiding the novel word. But, if you decided to
follow suit and use the word mund yourself, what would
you say? You could say My mom munded last month too, if
your language system had not made an association between
the novel word and the structure, or if such an association does
not readily transfer to production. Or, you could say My mom
munded a toy to my nephew last month if your comprehension
system had registered that mund occurred in a prepositional-
dative structure and had transferred the association to your
production system. In this study, we aimed to distinguish be-
tween these alternatives using a structural-priming paradigm.

The language that people encounter may have such anom-
alous features for a number of reasons. Speakers are often
disfluent (as is starkly revealed by perusing faithfully
transcribed everyday utterances; see H. H. Clark, 1996) and
can make speech errors (see Bock, 1996, for estimates).
Creative uses of language are often valued, in poetry, the me-
dia, and dialogue. And individual speakers sometimes pro-
duce language idiosyncratically, because of their own diverse
language experience, ongoing acquisition (in children or
second-language learning adults), or brain damage. But what
is the influence of anomalous language on the cognitive sys-
tem underlying comprehension and production?

Let us first consider the influence of anomalous linguistic
features on comprehension. Some evidence suggests that the
comprehension system aims to reach stable representations
when a comprehender experiences variability and anomalies
in the input, by relying on existing knowledge. According to
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some views, the speech perception system copes with articu-
latory variability and anomalies by aiming to normalize
comprehended speech in terms of invariant phonemes or ar-
ticulatory gestures (for a discussion, see Creel, Aslin, &
Tanenhaus, 2008). Furthermore, comprehenders at least some-
times interpret implausible utterances (e.g., The mother gave
the daughter to the candle) as plausible. They could do this by
using heuristics (Ferreira, 2003) or by performing adjustments
to make it plausible (e.g., deleting the preposition to, which
results in The mother gave the daughter the candle). This
might happen especially if the respective speakers are unlikely
to produce such utterances and the overall linguistic context
does not contain anomalies (i.e., noisy-channel accounts of
comprehension; e.g., Gibson, Bergen, & Piantadosi, 2013).
Also, comprehenders seem to construct the same abstract syn-
tactic representations for anomalous as for well-formed
sentences (Ivanova, Pickering, Branigan, McLean, & Costa,
2012; see below). Such evidence suggests that at least some
anomalies are Bstripped away^ from the linguistic input in an
attempt to make it match existing representations. But this
does not discard the possibility that anomalies are retained at
least temporarily in the language system, and may even influ-
ence its subsequent behavior.

Multiple studies have suggested that anomalous linguistic
features are registered, and not simply discarded or left unattend-
ed. Experience with shifted segments (e.g., a /s/ pronounced with
acoustics midway between a /s/and a /ʃ/) causes a corresponding
shift in listeners’ boundaries between the corresponding speech
sounds (Kraljic & Samuel, 2005; Norris, McQueen, & Cutler,
2003), although, importantly, this does not happen when the
segment shift is attributable to a temporary state, such as a pen
in the speaker’smouth (Kraljic, Samuel, &Brennan, 2008). Brief
exposure to atypical or ungrammatical sentences makes them
faster to process, or more acceptable. For example, Kaschak
and Glenberg (2004) exposed comprehenders to sentences with
an ungrammatical structure in standard English (the Bneeds^
construction, e.g., The meal needs cooked) and observed that
reading times for such sentences decreased with consecutive
presentations. This effect generalized to a different verb (want;
e.g., The dog wants walked) and a different sentence context
(e.g., What the meal needs is cooked; Kaschak, 2006).
Furthermore, Luka andBarsalou (2005) exposed comprehenders
to moderately ungrammatical sentences (e.g., Sam recites poems
as well as playing the piano orWho did you hire because he said
would work hard?) and observed that such sentences were rated
as more grammatical when participants had seen the sentences
before (even only once) than when they had not. This effect
generalized to sentences sharing only structure but no content
words with the initial-exposure sentences. These results suggest
that the comprehension system adapts to processing anomalous
or atypical utterances, and thus, that anomalous or atypical fea-
tures of utterances are retained, to the extent that they influence
(at least the immediately) subsequent processing.

The next question is whether anomalous linguistic features
influence subsequent production. It is possible that speakers
do not readily reproduce anomalous linguistic features they
have recently comprehended. Indeed, comprehension and
production do not always go hand in hand (see Clark &
Hecht, 1983). For example, many adult native speakers of a
language understand a range of dialects of that language, but
are able to produce only a few, at most. Second-language
learners consistently report understanding much more than
they can say. A range of studies addressing second-language
learning and testing both comprehension and production have
shown better performance in comprehension than in produc-
tion (Barcroft & Sommers, 2005; Kang, Gollan, & Pashler,
2013; Sommers & Barcroft, 2013). Persistence of anomalous
language from comprehension to production would, in fact,
seem suboptimal after exposure to either speech patterns due
to language disorders or odd grammatical usages (e.g., some
features of utterances from second-language speakers).
Transfer between comprehension and production might take
place only when the language system has accumulated enough
evidence that an experienced atypical feature might have some
future relevance (for a discussion of the differences between
atypical and completely ungrammatical language features, see
Hofmeister, Jaeger, Arnon, Sag, & Snider, 2013). For exam-
ple, after comprehending disfluent utterances involving re-
peated or corrected words, speakers typically do not start pro-
ducing such utterances in their own speech (e.g., John walked
walked in the park or Susan danced played under the tree),
unless they are disfluent themselves (see Ferreira & Bailey,
2004, on how comprehenders deal with such disfluencies).

But there are also reasons to hypothesize that anomalous
linguistic features might persist in production: A host of evi-
dence suggests that language experience modifies speakers’
production preferences on an ongoing basis. For example,
experience affects speakers’ knowledge of where speech
sounds can appear in syllables (Dell, Reed, Adams, &
Meyer, 2000; Warker & Dell, 2006). Experiencing novel iso-
lated words causes speakers to represent those words in their
lexicon, as is shown by the fact that such words can induce a
shift in perceptual boundaries (Leach & Samuel, 2007), cause
cohort competition (Gaskell & Dumay, 2003), or, after only a
short training period, give rise to cumulative semantic inter-
ference (Oppenheim, 2015).

An adult individual’s language system may not be fixed,
but may change throughout her lifetime. Languages them-
selves may also undergo global changes. The mechanisms
behind both of these changes might be at least partly related
to the tendency of conversation partners to mirror each other’s
choices, both lexical (Garrod & Anderson, 1987) and struc-
tural (Branigan, Pickering, & Cleland, 2000; see Loebell &
Bock, 2003, for relevant discussion regarding language
change). Indeed, experience with sentence structures causes
what appear to be long-lasting shifts in speakers’ production
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preferences for those structures; for example, if speakers ex-
perience a large number of double-object structures, they will
be more likely to produce double-object structures, even a
week later, at least when in a comparable task setting
(Kaschak, Kutta, & Schatschneider, 2011). As a mechanism
underlying such effects, a number of recent processing ac-
counts have proposed a direct relationship between language
comprehension and language production. Dell and Chang
(2014) suggested that the comprehension system uses the pro-
duction system to generate top-down predictions of upcoming
utterance constituents. Pickering and Garrod (2007) suggested
that the comprehension system uses the production system to
generate predictions by constructing an emulator and integrat-
ing its output with the received linguistic input. Both accounts
thus assume not only that comprehension and production use
the same linguistic representations (MacDonald, 2013), but
that they operate using shared processes. Such frameworks
predict a straightforward mechanism of transfer from compre-
hension to production for anomalous utterance features initial-
ly experienced in comprehension.

The questionwe asked in this study is whether comprehended
anomalous linguistic features persist in production (which could
only happen if they are also registered during comprehension).
More specifically, we asked whether incongruencies between
verbs and the syntactic structures they occur in (i.e.,
subcategorizations for novel or incongruent verbs) persist in pro-
duction. A tool to measure persistence from comprehension to
production is syntactic priming. Syntactic priming reflects the
fact that when speakers hear (or say) sentences that have partic-
ular structures (called prime sentences), they are more likely to
use those structures themselves when subsequently given an op-
portunity (in a target production), even if the prime and target do
not overlap in sound ormeaning (Bock, 1986). Syntactic priming
has been observed across a range of sentence structures, produc-
tion modalities, and languages (see Pickering & Ferreira, 2008,
for a review). The effect is robust, and is generally taken to derive
from a tendency to repeat specifically the syntactic structures of
experienced sentences.

Ivanova, Pickering, Branigan, et al. (2012) studied the ef-
fect of anomalous subcategorizations for verbs on subsequent
production, but they assessed the persistence of abstract syn-
tactic structures rather than the persistence of the specific sub-
categorizations. Specifically, these authors found that ditran-
sitive sentences with novel and intransitive verbs caused syn-
tactic priming equivalent to that from well-formed sentences.
That is, sentences such as The waitress brunks the book to the
monk and The waitress exists the book to the monk primed the
production of prepositional-dative targets as much as The
waitress gives the book to the monk. These results suggest that
comprehenders were just as able to build a prepositional-
dative or a double-object structure (inasmuch as that structure
was then repeated in their subsequent descriptions) for novel
and intransitive verbs, which do not have such structures in

their subcategorization profiles, as they were for verbs like
give, which do have such structures in their profiles.
Ivanova, Pickering, Branigan, et al. thus concluded that
comprehenders do not need to use syntactic information car-
ried by verbs to build syntactic representations; they can build
syntactic representations using only the abstract syntactic in-
formation in the sentence.

But Ivanova, Pickering, Branigan, et al.’s (2012) findings
are silent about whether the anomalous subcategorizations for
the novel and intransitive verbs would themselves persist in
production. It is possible that they would not. Comprehenders
might register anomalous or novel language features, or trans-
fer them to production, only after such features reach a certain
exposure threshold—a mechanism safeguarding against pro-
ducing ungrammatical language. Or, in a noisy-channel ac-
count, comprehenders might simply assume that the speaker
had said a known verb (e.g., hand) instead of the novel verb
mund, and process the sentence in the same way that they
would process the sentence I handed the gift to my kid; in
other words, comprehenders might correct the novel verb to
a known verb. In either scenario, the ditransitive use of the
novel verb, constituting the anomaly in the sentence I munded
the gift to my kid, would not be retained by the language
system after the sentence was processed, or would only be
retained in the comprehension system, but not transfer to pro-
duction. If so, the prepositional-dative subcategorization for
the verbmund in this example would not persist in production
if mund were to be used again.

This possibility is supported by recent evidence that
comprehenders do not retain a sentence’s anomalous form,
but Bcorrect^ it, and that the corrected representation is what
persists in subsequent production. In a test of the noisy-
channel account of comprehension, Slevc and Momma
(2015) exposed participants to plausible (e.g., The authors
sent an abstract to the conference) and implausible (e.g.,
The authors sent the conference to an abstract) dative prime
sentences, and recorded their subsequent descriptions of pic-
tures of ditransitive events and their responses to comprehen-
sion questions (e.g., Did the abstract receive something?).
Notably, the structure of the prime sentences persisted in par-
ticipants’ subsequent production only for the sentences
interpreted according to their actual form (for the implausible
sentence above, a Byes^ response to the question Did the ab-
stract receive something?), but not for the sentences
interpreted according to a mentally Bcorrected^ form (for the
implausible sentence above, a Bno^ response to the question
Did the abstract receive something?). It thus seems that what
participants’ comprehension systems ultimately registered for
an implausible prepositional-dative sentence such as The au-
thors sent the conference to an abstract in the latter case was
in fact a double-object representation corresponding to a plau-
sible sentence (The authors sent the conference an abstract).
Although this finding does not directly inform the persistence
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of anomalous subcategorizations, it suggests that
comprehenders can correct anomalies related to structure,
and that such anomalies do not always persist in their subse-
quent production. In the context of the present study, it sug-
gests that comprehenders might correct the novel verb mund
to a known verb (e.g., hand), and hence not register the novel
verb’s structural preferences.

It is also possible, however, that anomalous subcategoriza-
tions do persist in production. That is, for the sentence I
munded the gift to my kid, comprehenders might not only
construct an abstract syntactic representation; they might reg-
ister and (at least temporarily) store the association between
mund and the prepositional dative and then transfer it to their
production system. If so, they would be more likely to sayMy
mom munded the toy to my nephew in a future utterance.

This possibility is supported by evidence from first-
language acquisition that young children deduce the meanings
of novel verbs from the structures in which such verbs appear
(in support of the syntactic-bootstrapping hypothesis), and
presumably then store the novel verbs’ experienced structural
preferences together with their deduced meanings (Brown,
1957; Fisher, 1996; Fisher, Hall, Rakowitz, & Gleitman,
1994; Naigles, 1990). But there might be a difference between
language acquisition in childhood, when the language system
is still developing, and adulthood, when the language system
is largely in place and changes to it might be suboptimal for
communication.

Ivanova, Pickering, McLean, Costa, and Branigan (2012)
found that, in adult production, strongly dispreferred subcate-
gorizations for verbs (the double-object structure used with so
called nonalternating verbs—e.g., *?The wealthy widow do-
nated the church a million dollars) can persist in speakers’
subsequent picture descriptions. This effect held only when
the primes and targets shared a verb, suggesting the persis-
tence of subcategorizations rather than abstract syntactic struc-
ture (see also Slevc & Ferreira, 2013, for the persistence of
subcategorizations of known verbs produced in error).
However, in Ivanova, Pickering, McLean, et al.’s study, the
new association of a syntactic structure to a verb was across
the alternative forms of a known alternation—that is, partici-
pants showed that they newly associated a double-object sub-
categorization to a verb with which they had already associ-
ated a prepositional-dative subcategorization. It is unclear,
however, whether such effects would extend to novel verbs
or verbs whose ditransitive use was unquestionably ungram-
matical. That is, it is unclear whether we would observe per-
sistence in the production of previously comprehended anom-
alies that do not relate to the comprehender’s current linguistic
knowledge, or even that violate it.

In the present study, we thus investigated whether two
types of anomalous sentence features that do not match
speakers’ existing linguistic knowledge would persist in their
subsequent production. One was verbs that the speakers had

never heard before but that were used with known grammat-
ical sentence structures, such as The chef munded the cup to
the burglar (a prepositional-dative structure) or The waitress
kelled the ballerina the shoe (a double-object structure). The
other was English verbs that are restricted in typical language
use to intransitive structures, but that were used here with
ditransitive structures such as The monk stayed the hat to the
pirate or The doctor existed the pirate the balloon. For both
novel and intransitive verbs, speakers do not have ditransitive
structures represented as part of the verbs’ subcategorization
profiles. In the case of the novel verbs, there would be no
preexisting subcategorization, since the verb would not (yet)
have a lexical representation. In contrast, intransitive verbs are
lexically represented, but their profile includes only an intran-
sitive subcategorization.

We use comprehension-to-production syntactic priming to
study whether ditransitive subcategorizations for novel and
intransitive verbs persist in subsequent production. Although
syntactic priming is robust even when the prime and target
sentences do not overlap in lexical content (Bock, 1986), the
priming effect is significantly larger when the prime and target
sentences have the same main verb (a lexical boost; Pickering
& Branigan, 1998). In the experiments presented here, we
used this effect to assess whether participants would create
an association between a novel or intransitive verb and a di-
transitive structure.

Specifically, if the comprehension system does not make an
association between a novel or intransitive verb and a ditran-
sitive structure, or if such an association does not transfer to
the production system, the anomalous subcategorization
should not persist if comprehenders subsequently were to pro-
duce a target sentence with that same novel or intransitive
verb. In other words, an anomalous sentence such as I munded
the gift to my kid should still cause syntactic priming, but this
priming would come about as a verb-independent property
(Ivanova, Pickering, Branigan, et al., 2012) and be similar if
the target sentence had the same verb as the prime or a differ-
ent (novel or intransitive) verb. Thus, if anomalous sentence
features do not persist in production after brief exposure, we
should not observe a lexical boost.

In contrast, if the comprehension system does make an
association between a novel or intransitive verb and a ditran-
sitive structure, and if that association transfers to the produc-
tion system, structure repetitions should be more likely when
the target sentence has the same verb as the prime, relative to
when the target has a different verb. Thus, if anomalous sen-
tence features persist in production after brief exposure, we
should observe a lexical boost. Note that a ditransitive struc-
ture might persist more readily with novel verbs than with
intransitive verbs, insofar as the latter, but not the former,
would violate existing rules in the language system; looking
at intransitive verbs would thus present a stronger test of our
hypotheses.
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Note also that there are two possible explanations for
the lexical boost, and they make different assumptions
about what persists in production. The lexical boost could
stem from the same architecture that gives rise to verb-
independent syntactic priming, and come about through
priming of the link between words’ abstract representa-
tions and their structural preferences (Pickering &
Branigan, 1998). According to this proposal, a lexical
boost in our experiments would indicate that the language
system has encoded the anomalous features. That is, the
language system would have created abstract representa-
tions for novel verbs as well as links between both novel
and intransitive verbs and the prepositional-dative or
double-object structures. On the other hand, the lexical
boost could be a fundamentally different phenomenon
than syntactic priming itself, and could come about as a
result of a fleeting trace of a just-experienced sentence in
episodic memory (Chang, Dell, & Bock, 2006; Chang,
Janciauskas, & Fitz, 2012). According to this proposal, a
lexical boost in our experiments would indicate that the
ditransitive use of novel or intransitive verbs had been
only temporarily retained in memory. Despite the very
different natures of these proposals about the origin of
the lexical boost, our present predictions are consistent
with both. This is because we asked here whether anom-
alies would persist in production (and thus whether the
comprehension system had registered them), and not
how long they would be retained.

In Experiment 1, participants heard critical prime
sentences that were ditransitive (prepositional-dative and
double-object) structures with verbs that were either novel
or intransitive, and then described target pictures that elic-
ited ditransitive productions. Each picture was presented
with a printed verb, which speakers were to use in their
target descriptions. The printed verb was either the same
novel or intransitive verb presented in the prime sentence,
or a different verb (novel or intransitive, respectively). If
the association between a novel or intransitive verb and a
prepositional-dative or double-object structure forms and
transfers to production, then we should observe a lexical
boost: More of the target descriptions should use the same
structure as the prime sentences when the target and prime
have the same verb than when they do not. If the associ-
ation between a novel or intransitive verb and a
prepositional-dative or a double-object structure does not
transfer to production, then we should observe only prim-
ing of the abstract structure, but no lexical boost. In that
case, targets that have the same verbs as the primes should
show the same amount of priming as targets that have
different verbs than the primes.

Experiment 2 was designed to assess an alternative explana-
tion for the results of Experiment 1.We defer introduction of that
experiment until after the results of Experiment 1 are described.

Experiment 1

Method

Participants Forty-eight members of the University of
California, San Diego, community participated for either
course credit or a small payment ($10/h). All participants were
native speakers of English.

Materials Five novel verbs (dess, kell, mund, niss, and tay)
and five intransitive verbs (exist, remain, dwell, stay, and
peak) were used to construct 40 quadruplets of prime-sen-
tence–target-picture pairs (20 with novel verbs, 20 with intran-
sitive verbs). Within a quadruplet, the same target picture with
the same novel or intransitive verb was used for all four prime
sentences. Two of the prime sentences were prepositional-da-
tive, and two were double-object structures; one of each of
these had the same verb as the target, and the other had a
different verb (respectively, novel or intransitive). For the
primes in each quadruplet, a picture was designed for the
picture verification task (see below); half of these depicted
the primes’ content (and thus required a Byes^ response),
and half did not (and thus required a Bno^ response). The
verification pictures that required a Bno^ response differed
from the prime sentence in one entity (either the theme or
the goal). For the novel and intransitive verbs, a distinctive
path of transfer was depicted in the verification picture, pur-
portedly as the meaning of the verb (pilot work showed that
participants did not encode this distinctive path information,
and so, though it was still depicted, it was not systematically
manipulated or controlled in the present experiments; howev-
er, it was consistent across verification pictures and targets in
the same verb conditions). Each novel and intransitive verb
was used in equal numbers of prime and target sentences and
in equal numbers of prepositional-dative and double-object
prime sentences. The nominal arguments came from a set of
humans and objects that were easily nameable for production,
each of which was used approximately equally across the
prime and target sentences. Examples of a novel quadruplet
and an intransitive quadruplet are shown in Table 1.

In addition, participants were presented with 12 filler
prime–target pairs. The fillers used both novel and known
verbs. The filler primes were intransitive (i.e., they included
no postverbal arguments), and their targets similarly elicited
intransitive descriptions (e.g., sneezing). Fillers were
intermixed with the experimental items, and the order was
randomized such that nomore than two items of the same type
(novel, intransitive, or filler) occurred in a row. Four lists were
created, each containing one prime sentence from each exper-
imental item quadruplet and equal numbers of experimental
items from the four conditions. Twelve participants were
assigned at random to each list.
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Procedure Each trial began with a tone, signaling to the ex-
perimenter to read the prime sentence. After the experimenter
had read the prime, the participant pressed a button on a
PsyScope button box, causing a verification picture to appear
on the screen. The participant pressed buttons labeled Byes^ or
Bno^ to indicate whether the prime sentence described the
verification picture. Participants then saw a target picture with
a past tense verb printed beneath it, and they were asked to
describe the target picture using a sentence that included the
printed verb. Participants were told that the pictures might
seem Bfunny to them,^ both in that they included various
characters performing assorted actions with various objects,
and that they would include novel words or words used in
novel ways. The voice key caused the target picture to disap-
pear. The next trial began after a 500-ms intertrial interval.

The experiment began (after the participant had provided
informed consent) with interactive instructions that stepped
the participant through the procedure. Four practice trials pre-
ceded the experiment proper.

The experiment was implemented using PsyScope X
57, running on iMac computers with 20-in. monitors.
Head-worn microphones provided input to digital voice
recorders and PsyScope button boxes (so a voice key
could advance the task events).

Scoring All target descriptions were coded for whether they
were prepositional datives, double objects, or some other
structure. A prepositional dative included a noun phrase after
the verb that described the depicted theme and was followed
by a prepositional phrase describing the depicted goal (… the
cake to the artist), whereas a double object included a noun
phrase describing the depicted goal followed by another noun
phrase describing the depicted theme (… the artist the cake).
To be coded as either a prepositional dative or a double object,
the sentence had to be acceptable in the alternative form.
Targets coded as a structure other than a prepositional dative
or a double object were discarded. Whether participants used
the printed verb was also coded; targets for which speakers did
not use the printed verb were discarded (since this was integral
to the manipulation of the same vs. different verbs in the prime
and target sentences).

Data analysisWe analyzed the data using logit mixed-effects
regression (LMER) modeling (Jaeger, 2008) in R (Version
2.15.3). All models included the maximal random-effects
structure justified by the design (Barr, Levy, Scheepers, &
Tily, 2013), unless otherwise stated. Because we expected that
novel and intransitive verbs might produce different patterns,
we fitted separate models to the novel- and intransitive-verb

Table 1 Example materials for Experiment 1

Prime-Target 
Verb Match

Prime 
Structure Example Sentence

Prime 
Verification 

Picture
Target Picture

Novel Verb

Same Prepositional 
Dative The pirate nissed the shoe to the waitress.

Same Double Object The pirate nissed the waitress the shoe.

Different Prepositional 
Dative The pirate dessed the shoe to the waitress.

Different Double Object The pirate dessed the waitress the shoe.

Intransitive Verb

Same Prepositional 
Dative The doctor existed the balloon to the pirate.

Same Double Object The doctor existed the pirate the balloon.

Different Prepositional 
Dative The doctor remained the balloon to the pirate.

Different Double Object The doctor remained the pirate the balloon.

DESSED

NISSED

EXISTED

EXISTED

REMAINED

NISSED
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data, with verb match (same, coded as .5; or different, coded
as –.5), prime structure (prepositional dative, coded as –.5; or
double object, coded as .5), and their interaction as fixed pre-
dictors. As the dependent variable, double-object responses
were coded as 1, and prepositional-dative responses, as 0.
For easy visualization, we plot by-participant averages of the
percentages of double objects produced in each experimental
condition (out of all prepositional datives and double objects
produced). The choice of double objects rather than preposi-
tional datives as the standard was motivated by an easier com-
parison with the previous related studies.

Results and discussion

In all, 1,920 trials were eligible for analysis. Speakers pro-
duced target descriptions with structures other than a preposi-
tional dative or a double object on 41 trials (2.1 %), varying
between 1 (0.4 %) and 11 (4.6 %) per condition; more of these
were produced in the double-object (37 trials) than in the
prepositional-dative prime-structure condition (four trials).
Speakers produced target descriptions that were otherwise un-
suitable for analysis (because the utterances did not satisfy the
coding conditions noted above, including because they did not
use the printed verb) on 152 trials (7.9%), varying between 10
(4.2 %) and 27 (11.3 %) trials per condition; again, more trials
were excluded in the double-object (101) than in the
prepositional-dative (51) prime-structure condition. Note that
some trials violated both of these exclusion criteria. In all,
1,785 trials (93 %) were entered into the statistical analyses.

The mean percentages of double-object targets produced
for each combination of prime verb type, prime–target verb
identity, and prime structure are shown in Fig. 1. When the
primes and targets used different verbs, speakers produced
more double-object target descriptions after double-object
primes than after prepositional-dative primes—a priming ef-
fect of 14.5 % for sentences with novel verbs and 13 % for
sentences with intransitive verbs. However, the corresponding
priming effects were larger when the primes and targets used

the same verb—21.1 % for sentences with novel verbs and
19.2 % for sentences with intransitive verbs.

In the model fitted to the novel-verb data (excluding items’
random intercept, due to nonconvergence of the full model),
prime structure was a significant predictor [Estimate = –3.08,
SE = 0.68, z = –4.54, p < .001], indexing the presence of a
priming effect. Importantly, the interaction between verb match
and prime structure was also a significant predictor [Estimate = –
2.30, SE = 0.80, z = –2.88, p = .004], indicating that there was
more priming when the primes and targets shared verbs than
when they did not (a lexical boost). Likewise, for the intransitive
verb data, there was a significant priming effect [prime structure:
Estimate = –1.62, SE = 0.67, z = –2.41, p = .02], as well as a
significant lexical boost [Verb Match × Prime Structure interac-
tion: Estimate = –1.95, SE = 0.92, z = –2.11, p = .04].

In sum, speakers produced target sentences with novel or
intransitive verbs with the same structure that they had just
heard in a prime, but more so when the prime and target used
the same verb than when prime and target used different verbs.
The presence of a lexical boost suggests that participants’
comprehension systems had registered that the specific
prepositional-dative or double-object structure they had heard
in the prime occurred with a specific novel or intransitive verb
in that prime, and that this association transferred to their
production systems. Thus, these results suggest that when
speakers hear sentences with anomalous features—a novel
verb, or one that does not normally subcategorize for the
structure used with that verb—they register the association
between verb and structure, and at least temporarily retain it
in their language system, to the extent that it persists in their
immediately subsequent productions.

There is an alternative explanation, however, for why a
lexical boost would have been observed in Experiment 1. It
is possible that what persisted in participants’ production was
not the unusual verb–structure combinations, but only the
novel or intransitive verbs. That is, it is possible that the novel
or intransitive verbs alone left a memory trace sufficient to
evoke the sentence structures they had occurred in, but
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independently of the specific associations between these verbs
and the respective structures, and perhaps independently of
the fact that they were verbs. To test this possibility, in
Experiment 2 the primes and targets always had a novel word
in common. For half of the sentences, the novel word in the
prime was a verb, whereas for the other half, the novel word in
the prime was not a verb, but was instead the subject noun. If
what persists in production is indeed an association between a
verb and a syntactic structure, then a lexical boost should be
observed in Experiment 2, but only when the novel word in
the prime was used as a verb.

Experiment 2

The critical sentences in Experiment 2 all included novel words.
For half of the primes, the novel words were the main verbs in
the sentences (e.g., The ballerina tayed the burglar the cup), as in
Experiment 1. For the other half, the novel words were the main
subject nouns (ostensibly the name of a type of alien species, as
depicted in the subsequent verification picture), with the verb
being a known English dative verb (e.g., The tay brought the
burglar the cup). The target sentences were always to be pro-
duced with verbs that were the same as the novel word used in
the prime (e.g.,Thewaitress tayed the ball to the ballerina). If the
lexical boost observed in Experiment 1 was due to persistence of
the verb subcategorizations, this boost should not be observed in
Experiment 2 when the same novel word was used as a noun in
the prime but as a verb in the target. That is, more priming should
be observed when the same novel word was used as a verb in the
prime sentence than when it was used as a noun. If the lexical
boost seen in Experiment 1 was not due to the novel words’ use
as verbs, but only to their novelty, then same-sized priming effect
should be observed from prime sentences that had novel words
used either as nouns or as verbs.

The use of novel words in primes as either verbs or nounswas
possible because our novel words could reasonably be construed
as nouns (here as the names of alien species). For intransitive
verbs, an analogous test would be awkward, if not impossible
(e.g., The exist gave the pirate the balloon). As such, Experiment
2 only tested the alternative explanation with sentences with
novel verbs. For the present purposes, we assume that whatever
conclusion was supported by the results with novel verbs should
parsimoniously be extended to intransitive verbs.

Note that the novel nouns in the primes and the novel verbs
in the targets could be expected to differ slightly in form be-
cause participants would naturally inflect target verbs (e.g.,
The monk nissed…vs. The niss passed…). This difference
was difficult to avoid, because it would be problematic to
present the nouns as though they were inflected (The nissed
passed…). However, differences in inflections between prime
and target sentences do not seem to modulate the priming
effect (Pickering & Branigan, 1998). Still, the printed verbs
presented to participants with both the targets and the prime’s
verification pictures (see below) were always in a bare form
(e.g., NISS), which was identical to the novel nouns in the
prime sentences.

Method

Participants Forty-eight members of the University of
California, San Diego community participated for either
course credit or a small payment ($10/h). All participants were
native speakers of English.

Materials Six novel verbs (dess, kell, mund, niss, reen, and
tay) and six known verbs (bring, give, hand, offer, pass, and
toss) were used to construct 24 new quadruplets of prime-
sentence–target-picture pairs. Examples of a novel-verb qua-
druplet and a known-verb quadruplet are shown in Table 2.

Table 2 Example materials for Experiment 2

Novel Word 
in Prime

Prime 
Structure Example Sentence

Prime 
Verification 

Picture
Target Picture

Noun Prepositional 
Dative The niss passed the apple to the clown.

Noun Double Object The niss passed the clown the apple.

Verb Prepositional 
Dative The chef nissed the apple to the clown.

Verb Double Object The chef nissed the clown the apple. NISS
NISS

PASS

NISS
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Within a quadruplet, the same target picture with the same
novel verb was used for all four prime sentences. Two of the
prime sentences were prepositional-dative structures, and two
were double-object structures; one of each of these had the
novel word used as the verb of the sentence, whereas the other
had the novel word used as the subject noun of the sentence.
When serving as the subject noun, the novel word was pre-
sented as the name of an alien species. The novel verb or noun
in the prime was always presented as the to-be-used verb (in
the present tense) in the target picture. Verification pictures
were used to ensure comprehension of prime sentences, as in
Experiment 1 (the verification pictures corresponding to
primes with novel nouns depicted the purported aliens with
the novel word written on them; see Table 2). Each novel word
was used in equal numbers of prime and target sentences. The
nominal arguments were as in Experiment 1.

In addition, participants were presented with 24 filler
prime–target pairs. The filler primes were datives, and the
targets were dative-eliciting pictures, all including known
verbs. To try to increase double-object production across the
experiment, 18 of the filler primes were double objects, and
six were prepositional datives. Twelve of the primes included
novel nouns in a postverbal position, and those targets all had
novel words as the subject noun (as the names of alien
species).

Procedure, scoring, and analysis These were as in
Experiment 1. The fixed predictors in the LMER model were
prime novel-word role (verb, coded as –.5; noun, coded as .5),
prime structure (prepositional dative, coded as –.5; double
object, coded as .5), and their interaction.

Results and discussion

In all, 1,152 trials were eligible for analysis. Speakers pro-
duced target descriptions with structures other than a preposi-
tional dative or a double object on 14 trials (1.2 %), varying
between one (0.3 %) and six (2.1 %) per condition; more of
these were produced in the novel-noun (ten trials) than in the
novel-verb (four trials) condition. Speakers produced target
descriptions that were otherwise unsuitable for the analysis
(in part because they did not use the printed verb) on four
trials (2.6 %), varying between zero (0 %) and two (0.7 %)
per condition.

The mean percentages of double-object targets produced for
each prime novel-word role condition and prime structure are
shown in Fig. 2. When the primes had novel nouns (with the
targets having the same novel words as verbs), speakers pro-
duced 4.0 % more double-object target descriptions after
double-object primes than after prepositional-dative primes.
When the primes had novel verbs (again with the targets having
the same novel words as verbs), speakers produced 14.5 %more
double-object target descriptions after double-object primes than

after prepositional-dative primes. That is, a substantial priming
effect was evident, but only when the primes and targets both
used the novel words as verbs.

Statistical analyses confirmed these observations. Prime
structure was a significant predictor [Estimate = 5.15, SE =
1.46, z = –3.52, p < .001], indexing the presence of an overall
priming effect. The interaction between prime novel-word
role and prime structure was also significant [Estimate = –
7.01, SE = 2.91, z = –2.41, p = .02], indicating that more
priming took place when the novel words in the primes were
used as verbs than when they were used as nouns. We ran an
additional model to test for simple effects by removing the
prime structure predictor from the main model. Due to
nonconvergence, the model was simplified by step-wise re-
moval of the random effects accounting for the least variance;
the final model did not include participant random slopes and
prime novel-word role in the item random effects. This model
indicated that, when primes used the novel words as verbs, the
14.5 % priming effect was significant [Estimate = –2.76, SE =
0.48, z = –5.78, p < .001]; when primes used the novel words
as nouns, the 4.0 % priming effect was also significant, al-
though the effect was smaller [Estimate = –1.13, SE = 0.51, z
= –2.22, p = .03].

In this experiment, we also recorded participants’ perfor-
mance on the picture verification task. Participants correctly
matched the verification pictures on 94.97 % of the trials. The
numbers of incorrect responses were similar across the prime
novel-word role conditions (novel-verb prime, n = 23; novel-
noun prime, n = 34; p = .29), and were similar between trials
on which participants described the target picture with the
prime structure and trials on which they described the target
picture with the alternative structure (trials showing priming,
27; trials not showing priming, 30; p = .09). These analyses
thus indicate that the magnitude of priming that we report was
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not influenced by participants’ performance on the picture
verification task.

In sum, Experiment 2 replicated the results of Experiment 1
in that, when a prime and target shared a novel verb, a large
priming effect was observed. In contrast, when the prime and
target sentences both included the same novel word, but as a
noun in the prime and a verb in the target, a smaller priming
effect was observed. This is consistent with the observation of
a lexical boost, but only when the identical (novel) word was
used in the prime sentence specifically as a verb. In turn, this
suggests that comprehenders do register associations between
novel verbs and the structures in which they are used, and that
these associations persist in their subsequent productions.

Note that the use of novel words as both nouns and verbs
(in the primes and targets, respectively) in the novel-noun
condition of Experiment 2 might have left participants uncer-
tain about how to use the novel word (printed on the target
pictures in bare form), and thus reduced priming in this con-
dition. This possibility, however, does not undermine our con-
clusions, for several reasons. First, in a pilot experiment rep-
licating Ivanova, Pickering, Branigan, et al.’s (2012) results
with novel verbs, we found similarly small priming effects
(4.5 % between known-verb primes and different known-
verb targets), in the absence of grammatical category ambigu-
ity of the target verbs. Also note that different-verb priming
effects are generally not consistent in magnitude across pub-
lished studies, and range from 28 % to 4 % (to a negative
difference of 3 % in Ivanova, Branigan, McLean, Costa, &
Pickering, 2017). Second, confusion about the grammatical
category of the novel words would have also reduced priming
in the novel-verb condition, but this is not what we found: A
comparison of the novel-verb condition of Experiment 2 and
the same (novel) verb condition of Experiment 1 indicated that
the magnitude of priming in the two conditions was similar
[interaction between condition and prime structure: Estimate =
–0.14, SE = 0.82, z = –0.17, p = .87].1 Third, a reduction of
priming because of grammatical category ambiguity in the
novel-noun condition of Experiment 2 would not be at odds
with our conclusions. For a sentence such as The niss handed
the apple to the clown, such a reduction would presumably be
caused by a memory trace of the association between niss and
the immediately preceding and following sentence constitu-
ents (e.g., Det-NISS-V). This association would then be
evoked when participants had to produce niss as a verb, and
would compete with the use of niss in the prepositional-dative

structure. Such a scenario would thus suggest that partici-
pants’ language systems actually retained something about
the grammatical category and structural usage of experienced
novel words, in accordance with our conclusions.

General discussion

The experiments presented here show that when speakers
heard prepositional-dative or double-object prime sentences
with novel verbs or with intransitive (nondative) verbs, they
subsequently described targets with the same structure as the
prime more when the prime and target had the same (novel or
intransitive) verb than when the prime and target had different
verbs. However, when speakers heard prepositional-dative or
double-object prime sentences with a novel word used as ei-
ther a noun or a verb, and then they described target pictures
with that same novel word used as a verb, a larger priming
effect was observed when the prime used the novel word as a
verb rather than a noun. In short, novel and intransitive verbs
exhibit a lexical boost, and novel words cause a lexical boost
only when they serve as the verbs in primes and targets.

When speakers hear I munded a gift to my kid, they might
understand the sentence and process its syntactic structure
(Ivanova, Pickering, Branigan, et al., 2012), but nonetheless
take no notice that they had heard the new verbmundwith the
prepositional-dative sentence structure. It was also possible
that, when speakers heard I munded a gift to my kid, they
would register that mund occurred with the prepositional-
dative structure (and take less time to understand this combi-
nation if they heard it again), but would not use the combina-
tion in their own productions. Ignoring, or at least not repeat-
ing, the novel verb’s subcategorization would be reasonable if
it were a speech error or an idiosyncratic feature of the speaker
(e.g., if it were due to a speech impediment or the speaker’s
incorrect knowledge of the language). The fact that such
sentences cause a lexical boost suggests that this is not what
happens. Rather, when comprehenders hear I munded a gift to
my kid, they register the association between mund and the
prepositional-dative structure, and that association is trans-
ferred to their production system and ultimately persists in
their immediately-following utterances.

We found persistence in the production of specific anoma-
lous features of utterances. But what persists? As we noted in
the introduction, there are two possible explanations of the
lexical boost. It could stem from changes in speakers’ linguis-
tic knowledge, instantiated by encoding novel verbs and es-
tablishing links between these verbs (or intransitive verbs) and
ditransitive structures (henceforth, the encoding account;
Pickering & Branigan, 1998). It could also stem from a tran-
sient episodic memory trace, which does not change speakers’
linguistic knowledge (henceforth, the episodic memory
account; Chang et al., 2006; Chang et al., 2012). Although,

1 This model included the data from Experiment 2 and the novel-verb
data from Experiment 1. It had as fixed predictors condition (same-verb
condition in Exp. 1, same-verb condition in Exp. 2, between participants
and items) and prime structure (prepositional dative or double object,
within participants and items). In the condition predictor, the same-verb
condition of Experiment 1 was coded as .5, and the same-verb condition
of Experiment 2, as –.5; the remaining condition in each of the two
experiments was coded as 0.
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as we previously noted, our main purpose here was not to
distinguish between these accounts, the datamay be consistent
with aspects of both. For example, the episodic memory ac-
count might predict reduced priming when novel words are
used as nouns in (known-verb) primes but as verbs in targets,
relative to when they are used as (different) verbs in both
primes and targets. According to this account, seeing a novel
word (e.g., niss) used as a noun would leave a trace in explicit
memory, and this trace would then induce conflict if partici-
pants were subsequently asked to use niss as a verb. The extra
processing necessary to resolve the explicit-memory-induced
conflict would interfere with abstract syntactic persistence and
reduce the overall magnitude of priming. There is an indica-
tion of such a scenario in our data, insofar as priming in the
noun–verb (and also different-verb) condition of Experiment
2 was numerically smaller than priming in the different-verb
condition of Experiment 1.2 Note, however, that such a differ-
ence might also be explained in a modified encoding account,
by assuming that nouns are also linked to and activate struc-
tural nodes, which—if a word is used as both a noun and a
verb—would interfere with the structural nodes activated by
the use of this word as a verb.

A clear point of difference between the encoding and ex-
plicit memory accounts lies in the duration of persistence. The
encoding account predicts longer-term persistence, to the ex-
tent that the linguistic system has been changed—the anoma-
lous associations between verbs and structures in our experi-
ments were encoded into speakers’ linguistic knowledge. The
explicit memory account predicts only short-term persistence,
insofar as the explicit memory traces left by the anomalous
verb–structure associations would quickly dissipate. Indeed,
the experiments reported here demonstrated only that effects
carry over from one trial to the next—from prime to target; it is
thus possible that these effects might be short-lived
(Hartsuiker, Bernolet, Schoonbaert, Speybroeck, & Vanderelst,
2008; i.e., the lexical boost decays). On the other hand, an
experiment similar to Experiment 1 but including a posttest
(which we do not report because of a counterbalancing error)
indicated that participants constructed more dative (preposition-
al-dative or double-object) sentences with verbs they had seen
during the experiment than with verbs they had not seen before.
Future workwill be needed, however, to establish the robustness
of this effect, and to determine whether the persistence that we
observed here might be long-lived.

Real language spoken in real situations may seem orderly
when it is not. Evidently—at least as regards the kinds of
features explored in the experiments here—this is not because
speakers disregard anomalous language features. Rather, we
have shown that such features are registered by the compre-
hension system and persist in speakers’ immediately subse-
quent productions. Future work should aim to establish the
scope of such persistence, and thus, whether it could be a
mechanism driving language change within and across
individuals.
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