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Abstract
We explored whether speakers self-prime during question-answer dialogues. Experimenters called restaurants and asked two
questions. The first was about the timing of different menu options ((At)What time do you stop serving breakfast?), and the
second was about the closing time of the restaurant ((At)What time do you close?). Participants were more likely to use a
preposition in their responses (At 7 vs. 7) when experimenters used a preposition in their question. However, the participants’
use of a preposition (or not) in their first response did not prime the use of a preposition in their second response (i.e., no self-
priming). The lack of self-priming in these data provide support for error-based theories of structural priming, and against
activation-based accounts of priming.
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Introduction

Speakers tend to replicate syntactic constructions across utter-
ances. For example, after using a double object dative to de-
scribe a “transfer” event (Kat sent Natt a gift), speakers tend to
use a double object to describe another transfer event (Michael
gave Meghan cookies) rather than using a prepositional object
dative to describe that event (Michael gave cookies to
Meghan). Structural priming is a robust empirical phenome-
non, observable both in naturally occurring interactions (e.g.,
Chia et al., 2020; Gries, 2005; Levelt & Kelter, 1982; Weiner
& Labov, 1983) and in the lab (e.g., Bock, 1986; for reviews,
see Pickering & Ferreira, 2008; Mahowald et al., 2016). Most
demonstrations of structural priming involve comprehension-
to-production priming (e.g., speakers comprehend a sentence
using a particular structure, which affects their syntactic
choices in subsequent productions; Branigan et al., 2000;
Bock, 1986), though a smaller number of studies have dem-
onstrated comprehension-to-comprehension priming (e.g.,

faster processing of a target structure given exposure to
another example of that structure; Kaschak & Glenberg,
2004; Pickering et al., 2013) and production-to-production
priming (e.g., a speaker’s choice of structure primes their
own later use of the same structure, also known as self-
priming; Gries, 2005; Jacobs et al., 2019).

Jacobs et al. (2019) argue that studying differences be-
tween types of priming (comprehension-to-production, com-
prehension-to-comprehension, or production-to-production)
is crucial to understanding the mechanisms underlying struc-
tural priming. Some theories explain structural priming via
activation (e.g., Pickering & Branigan, 1998; Pickering &
Garrod, 2004; Reitter et al., 2011). Encountering a sentence
with a given structure leads to activation of that structure
within the language system. The activation facilitates the later
production or comprehension of the same structure. Because
there are shared representations between production and com-
prehension (e.g., Pickering & Garrod, 2004), any encounter
with a syntactic structure can affect subsequent episodes of
production or comprehension. As such, activation-based ac-
counts predict the occurrence of comprehension-to-compre-
hension, comprehension-to-production, and production-to-
production priming. Other theories explain structural priming
via error-based learning (e.g., Chang et al., 2006). As a sen-
tence unfolds, comprehenders make predictions about the
words and structures coming next. When the prediction is
wrong (e.g., the comprehender expected a double object con-
struction, but got a prepositional object), an error signal is
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generated. The language-processing system is updated based
on the signal. The processing system is subsequently biased
(slightly) toward the unexpected structure, leading to facilitat-
ed comprehension (comprehension-to-comprehension prim-
ing) or production (comprehension-to-production priming).
Because prediction error is rare in a person’s own productions
(for a discussion, see Jacobs et al., 2019), error-based accounts
do not predict production-to-production priming. Note that
this prediction of error-based accounts applies even under
the claim that there is no pure production-to-production prim-
ing because producers comprehend their own utterances.
There should rarely be incorrect predictions in comprehending
one’s own speech.

The relative magnitude of comprehension-to-comprehension,
comprehension-to-production, and production-to-production
priming is also of theoretical import. Both activation-based ac-
counts and error-based accounts assume the sharing of represen-
tations involved in production and comprehension, and therefore
suggest that all types of priming should be equally strong. The
literature is mixed on this point. Tooley and Bock (2014) care-
fully controlled for the demands of comprehension and produc-
tion tasks, and report priming of equal strength in comprehension
and production. Bock et al.’s (2007) experiments point to a sim-
ilar conclusion. Furthermore, Chang et al.’s (2006) model simu-
lations demonstrate that the finding of equally strong
comprehension-to-production and production-to-production
priming (implying that self-productions do not add to the strength
of comprehension-to-production priming) is captured by an
error-based learning mechanism. A different picture emerges in
corpus studies, as Gries (2005) and Fricke and Koostra (2016)
report that production-to-production priming is stronger than
comprehension-to-production priming. The discrepant results
might be explained by differences between corpus studies and
lab-based studies. In corpus studies, target constructions (such as
the dative) are comparatively sparse in the language sample, and
participants are unconstrained in the choices they can make. In
lab-based studies, target constructions occur in heavy doses that
may affect production choices (see Hartsuiker & Westenberg,
2000), participants are constrained in the messages they commu-
nicate, and participants are asked to produce a series of unrelated
utterances. These differences might affect the information that
participants use to adapt their linguistic choices. Given the dearth
of data on this topic, we need more observations to clarify the
empirical picture.

The current study examines comprehension-to-production
and production-to-production priming in question-answer di-
alogues. We conducted an experiment using Levelt and
Kelter’s (1982) phone-call paradigm to elicit structural prim-
ing. Experimenters called restaurants known to have different
types of service throughout the day (e.g., breakfast and lunch
menus). They first asked (At)What time do you stop serving
breakfast? (or something similar). As in previous studies
using this paradigm (Chia et al., 2019, 2020; Levelt &

Kelter, 1982), we expected to observe comprehension-to-
production structural priming: participants would be more
likely to use a preposition in their answer (At 11 am vs. 11
am) when the question contained a preposition. Experimenters
then asked (At)What time do you close? (as in Levelt & Kelter,
1982). We expected to see more prepositional responses when
the preceding question featured a preposition than when it did
not. We also asked whether participants show production-to-
production (self-) priming: does the structure of the partici-
pant’s first response (prepositional or not) affect the structure
of their second response? As a final point of interest, we
assessed whether participants showed an accumulation of
priming across the experiment, such that the odds of their
producing a prepositional response would increase as the
number of prepositional questions they were asked increased
(for examples of this effect, see Hartsuiker & Westenberg,
2000; Kaschak, 2007; Kaschak et al., 2014).

The design of our experiment allowed us to determine
whether our participants show comprehension-to-production
priming, production-to-production priming, or both.
Assessing the presence of comprehension-to-production prim-
ing is relatively straightforward – we can ask whether the
structure of the participant’s answer is predicted by the struc-
ture of the immediately preceding question. Assessing the
presence of production-to-production priming is more compli-
cated (for a discussion, see Jacobs et al., 2019). When partic-
ipants use the same structure across utterances, the repetition
of structure could reflect either self-priming or the partici-
pant’s baseline tendency to use a given structure. For example,
a participant may always use a non-prepositional answer when
replying to questions such as ours. In this case, the repetition
of structure across utterances would not reflect self-priming,
but rather the participant’s overall bias to use non-
prepositional answers. For this reason, we conducted analyses
that controlled for our participants’ baseline tendencies when
assessing for self-priming. Our data therefore provided uswith
the ability to assess the presence of comprehension-to-
production and production-to-production priming in a para-
digm that is naturalistic (as in corpus studies) while also main-
taining a degree of experimental control (as in lab studies).
Activation-based theories of structural priming predict the ex-
istence of both comprehension-to-production and production-
to-production priming, but error-based theories predict only
the presence of comprehension-to-production priming.

Method

Participants

We collected data from 1,485 participants. Because partici-
pants only contributed two data points to the study (their re-
sponses to our first and second questions), they would be
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excluded from the analyses if they produced an “other” re-
sponse to both of our questions (see below for coding of re-
sponses). Five participants were excluded from the analyses
on this basis, leaving a final sample of 1,480 participants.

Procedure

The Institutional Review Board of Florida State University
approved our research. We trained 15 experimenters to collect
data. We asked the experimenters to call 100 restaurants each,
with the constraint that the restaurant have different breakfast,
lunch, and/or dinner menus and serving times (e.g.,
McDonalds has different hours for their breakfast and lunch
menus). Within this constraint, the experimenters were free to
call any restaurants in any location.

Experimenters called restaurants, waited to be greeted,
then asked their first question (e.g., (At)What time do you
stop serving breakfast?). The first question (Question 1) al-
ways had this form, though the specific question asked
depended on the restaurant. For example, some restaurants
have separate breakfast and lunch times, while others have
special dinner times (and so on). The experimenter immedi-
ately transcribed the participant’s response (including
pauses and fillers; Response 1), and moved on to ask the
second question (Question 2): (At)What time do you close?
The experimenter again transcribed the participant’s re-
sponse (Response 2). The experimenter then thanked the
participant and hung up. Each experimenter made 100 calls,
25 in each of the four possible question sequences: preposi-
tional question – prepositional question, prepositional ques-
tion – non-prepositional question, non-prepositional ques-
tion – prepositional question, non-prepositional question –
non-prepositional question. Thus, we asked some partici-
pants two questions with the same structure (prepositional
or non-prepositional), and we asked other participants two
questions with different structures (one prepositional ques-
tion, one non-prepositional question).

Scoring

Participant responses (Response 1 and Response 2) were
scored as prepositional or non-prepositional as follows.
Responses were coded as prepositional if the temporal in-
formation answering our question was part of a preposi-
tional phrase using any preposition (e.g., around 9 or We
close at 7). Responses that provided the temporal informa-
tion without a preposition (e.g., 9 or 9 is our closing time)
were coded as non-prepositional. Responses that did not
answer our question (e.g., We never close or We’re 24
hours) or were otherwise non-directive were coded as
“other.”

Data analysis

We conducted two regression analyses to address our research
questions. The first was a mixed-model logistic regression
predicting the log odds of the participant generating a prepo-
sitional response. The dependent measure was the binary cod-
ing of Response 1 and Response 2 (prepositional responses
coded as 1, non-prepositional responses coded as 0). The pre-
dictors in the analyses were Question Type (prepositional
question = 1, non-prepositional question = -1), Trial (question
1 = -1, question 2 = 1), and Condition. Condition coded
whether the participants were asked one prepositional ques-
tion and one non-prepositional question (50% Bias, coded as -
1) or if they were asked two prepositional or two non-
prepositional questions (100% Bias, coded as 1). The interac-
tions between these predictors were also included in the mod-
el. The analysis allowed us to examine two effects of interest.
The effect of Question Type assessed the structural priming
effect, where we expected more prepositional answers follow-
ing prepositional questions. The Question Type x Trial x
Condition interaction allowed us to assess the cumulative
priming effect. On Trial 1, no bias has been established as
participants have only heard one question. As such, the differ-
ence between the prepositional and non-prepositional ques-
tion conditions should be the same in the 50% Bias and
100% Bias conditions. On Trial 2, some participants have
heard two of the same question types (100% Bias), and others
have heard one of each type of question (50% Bias). If there is
a cumulative priming effect, we should see that the difference
between the prepositional and non-prepositional question con-
ditions is larger in the 100% Bias condition than in the 50%
Bias condition. The model also included Experimenter and
Participants nested in Experimenter as random factors.
Following Barr et al. (2013), we included the fullest possible
set of random slopes that could be included in the model while
still allowing the model to converge. For this analysis, we
included random slopes of Question Type and Condition
across Experimenters.

The residuals from the first analysis were saved and used
in our second analysis. The dependent measure in this anal-
ysis was the model residuals for the participants’ Response
2. These residuals index the variability remaining in the par-
ticipants’ Response 2 once the effects of (a) the experi-
menter’s questions and (b) baseline effects of both the ex-
perimenter and the participant have been removed.
Importantly, the presence of the random intercept for partic-
ipants in the initial mixed-models regression controlled for
participant’s baseline preferences for prepositional versus
non-prepositional answers (as required to find evidence of
self-priming). We conducted a regression analysis in which
the participant’s Response 1 (prepositional response = 1,
non-prepositional response = 0) predicted their residuals
on Response 2. If Response 1 is a significant predictor of
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the residuals on Response 2, it would be strong evidence for
production-to-production priming.

All analyses were conducted in R (R Core Team, 2021)
using the glmertree library (Fokkema et al., 2015).

Data availability

The code for each analysis is presented in the tables reporting
our results. The data used in the analyses are available on the
Open Science Framework (project site: https://osf.io/a27pe;
data file: https://osf.io/v4tem/).

Results

Our first analysis assessed the presence of structural priming
and cumulative priming in dialogue. The results of a mixed-
models regression predicting the log odds of the participant
producing a prepositional response based on Question Type,
Trial, and Condition are presented in Table 1. There was a
significant effect of Question Type (p = .007). Consistent with
prior studies using this paradigm (Chia et al., 2020; Levelt &
Kelter, 1982), participants were more likely to produce a

prepositional response following a prepositional question than
following a non-prepositional question (i.e., a comprehension-
to-production structural priming effect). The cumulative prim-
ing effect, indexed by the Question Type x Trial x Condition
interaction, was not significant. There was a significant effect
of Trial, with participants being more likely to produce a prep-
ositional response on Trial 1 than on Trial 2. We did not
expect this effect and speculate that it may be driven by the
fact that our experimenters asked different questions on Trial 1
and Trial 2.

Our second analysis examined production-to-production
priming between the participants’ Response 1 and Response
2. We saved the residuals from the model presented in
Table 1. The dependent measure in this analysis was the re-
siduals from the Response 2 trials. We conducted a regression
predicting the residuals of the participants’ Response 2 based
on the structure of the participants’ Response 1 (prepositional
or non-prepositional). The results of the regression analysis
are presented in Table 2. Response 1 was not a significant
predictor of the residuals of Response 2, indicating little evi-
dence for production-to-production priming in these
dialogues.

Discussion

We examined structural priming in question-answer dia-
logues. Our experiment produced three main findings. First,
we observed comprehension-to-production structural priming
between questions and answers. Second, priming did not ac-
cumulate across utterances. Third, there was no evidence of
production-to-production (self-) priming effect in our experi-
ment. Each of these findings is discussed in turn.

The comprehension-to-production structural priming ob-
served between questions and answers is consistent with the
results of prior studies using this paradigm (Chia et al., 2019,
2020; Levelt & Kelter, 1982) and the broader literature on
structural priming (Mahowald et al., 2016; Pickering &
Ferreira, 2008). Although we interpret our findings in the

Table 1 Mixed-models logistic regression analyses of participant
responses to Questions 1 and 2

Regression Model

Predictor Estimate SE z-value p-value

Intercept .971 .110 8.85 <.001

Question Type .136 .050 2.72 .007

Trial -.456 .048 -9.55 < .001

Condition .020 .071 .284 .776

Question x Trial -.041 .047 -.874 .382

Question x Cond .034 .047 .723 .470

Trial x Cond .074 .046 1.60 .110

Q x T x C .013 .047 .277 .782

Code: DV ~ Question Type * Trial * Condition + (1 + Question Type +
Condition| Experimenter) + (1 | Experimenter: Participant)

2,647 total observations in the model; 15 experimenters; 1,480
participants

Proportion of Prepositional Responses (with Standard Deviations)

50% Bia 100% Bias

Trial 1 Trial 2 Trial 1 Trial 2

Prepositional Question .82(.38) .61(.49) .82(.39) .67(.47)

Non-prepositional Question .78(.41) .59(.49) .75(.43) .61(.49)

Note: Significant effects marked in boldface. Q x T x C = Question Type
x Trial x Condition interaction

Table 2 Analysis predicting the residuals of participants’ Response 2
based on Response 1

Regression Model

Predictor Estimate SE z-
value

p-
value

Intercept .061 .049 1.24 .216

Response 1 .028 .061 .450 .653

Code: DV ~ Response 1

Significant effects are marked in boldface
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context of structural priming, it is worth noting that there is
debate about whether the priming observed in this paradigm
represents structural priming, lexical priming (i.e., priming
use of the word at), or a combination of both (see the discus-
sion of Levelt & Kelter’s study in Dell & Ferreira, 2016, and
Cleland & Pickering, 2003). We believe that a closer exami-
nation of the effect suggests that the priming observed here is
largely structural. We begin with the observation that full-
sentence responses to the questions in our experiment (We
close at 9) strongly dispose the participant to use a preposi-
tion. In our current experiment, 95% of the full-sentence re-
sponses contain prepositions. These responses show little ev-
idence of priming (95% prepositional responses following a
prepositional question; 94% prepositional responses follow-
ing a non-prepositional question). Fragmentary responses (9
or At 9) allow the participant to use a preposition or not.
Participants produced prepositional responses on 32% of frag-
mentary responses, and these responses show evidence of
priming (35% prepositional responses following prepositional
questions; 29% prepositional responses following non-
prepositional questions).

If the priming effect observed in our experiment is driven
by participants’ fragmentary responses, we can ask what is
being primed. We base our analysis on Merchant (2004, see
also Merchant et al., 2013), who suggests that fragmentary
responses have full-sentence syntactic structures, part of
which are not spoken. In the case of At 9, the full-sentence
reply isWe close at 9. The phrase at 9 is moved to the front of
the sentence (At 9, we close), and the latter part of the sentence
is not spoken. Assuming that fragmentary responses come
from full-sentence responses (We close at 9), the nature of
the fragment depends on whether the participant moves the
whole prepositional phrase to the front of the sentence (At 9,
we close) or whether they only move the noun phrase (9, we
close at). The structural choice is primed by the nature of the
question. When the experimenter moves the whole preposi-
tional phrase to the front of the question (At what time do you
close?), the participant is more likely to move the whole prep-
ositional phrase to the front of the reply. Thus, although we
cannot definitively rule out the influence of lexical priming on
our repetition effect, we argue that the main source of the
effect is structural priming.

Cumulative priming effects are robust in structural priming
paradigms (e.g., Hartsuiker & Westenberg, 2000; Kaschak
et al., 2014; Kutta et al., 2017), but we did not see evidence
for the accumulation of priming in our experiment. Other ex-
aminations of structural priming in naturalistic settings have
also failed to show cumulative priming (e.g., Chia et al., 2019;
Jaeger & Snider, 2013). For example, Jaeger and Snider
(2013) did not see cumulative priming in their examination
of the dative construction in the Switchboard corpus. We do
not have a ready explanation for the lack of cumulative prim-
ing in naturalistic examinations of language. One possibility is

that naturalistic language samples generally examine cumula-
tive priming over a small number (< 5) of trials, whereas lab
studies examine cumulative priming over a larger number of
trials. The smaller number of trials might lead to a weaker,
inconsistent cumulative priming effect.

We observed comprehension-to-production priming in this
experiment, but we did not find evidence of production-to-
production priming. The results are consistent with error-
based learning accounts of structural priming (e.g., Chang
et al., 2006), but not with activation-based accounts (e.g.,
Pickering & Branigan, 1998). The lack of production-to-
production priming in our experiment is inconsistent with oth-
er examinations of naturalistic language use (e.g., Fricke &
Koostra, 2016; Gries, 2005), and with the results of Jacobs
et al.’s (2019) lab-based studies. We do not have a definitive
explanation for the discrepant results, but we can offer two
speculations. First, each of the studies in question examined
priming in different interaction contexts and examined the
priming of different structures (e.g., priming the dative alter-
nation vs. priming particle placement vs. the priming of code
switching). It is possible that these differences may matter to
the appearance (or not) of production-to-production priming.
Second, as discussed earlier, testing for production-to-
production priming requires controlling for baseline estimates
of the participants’ linguistic choices. The control is necessary
to distinguish cases where the participant is engaging in their
normal linguistic behavior from cases where they are priming
themselves (i.e., moving their own behavior away from their
natural baseline). Jacobs et al. (2019) note that the previously
mentioned corpus studies do not adequately control for the
relevant participant baselines. Jacobs et al.’s (2019) own sta-
tistical model does not appear to control for participants’ base-
line preference for the double object versus prepositional ob-
ject constructions; their model contains estimates of a
speaker’s preference for producing “other” responses, and
measures self-priming by contrasting the participants’ prefer-
ence for producing sequential trials with the same construction
(e.g., double object – double object) to their preference for
producing sequential trials involving a switch to an “other”
production (e.g., double object – other). It is possible that
differences in statistical techniques are responsible for the dis-
crepant findings regarding production-to-production priming
in the published studies.
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