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Abstract
Much recent work suggests that language users employ
probabilistic information during online production [3,16] and
comprehension [9,18]. Probabilistic information is acquired
early in life [2], and speakers are able to adapt their
expectations to speakers and environments [14,7]. This
suggests that speakers update probabilistic representations
(cf. connectionist and other probabilistic approaches [17,15]).
We present evidence that speakers are indeed updating
syntactic probability distr ibutions. The evidence comes
from syntactic priming, which has been linked to implicit
learning [6] and to surprisal-sensitive processing [12].

Data: Production pr iming exper iment
(45 participants, 24 items, 72 fillers).

2x2x2 Design: Manipulate pr ime surpr isal

A-priori experience of prime x Pr ime structure

PO: The writer  told   /   passed a story to the publisher

DO: The writer  told   /   passed the publisher a story

     (estimated from norming expt.- 41 subjects)

x Recent experience:

     2 blocks of 12             vs.            24 alternating primes

Study 1: Surprisal-sensitive priming based
on a-priori  and recent distributions

Analysis:  Mixed logit models
Collinearity: no Þxed effect

            correlations > .25

Results:
Prime structure (p > .5)

Prime structure X a-priori experience
                                       (! 2(1)=6.6, p < .05)

Recent experience (! 2(1)=4.2, p < .05)

Prime structure X Recent experience
                                    (! 2(1)=5.4, p < .05)

Study 2:  Modeling probabilistic
cue combination in priming

Conclusions
(1) Syntactic priming is surprisal-sensitive [12,20]

(2) Syntactic priming may be an epiphenomenon of probabilistic maintenance,
consistent with implicit learning accounts [6]

(3) Evidence is consistent with the assumption that language users are constantly
updating their expectations based on recent experience (cf. [7]).
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We investigated how a-priori and recent experience are may be combined to
produce the observed surprisal-sensitivity.

We systematically explored the parameter space of a priming model,
incorporating surprisal-based activation-gain of the prime structure.

We assumed that :

(1) The overall surprisal for a PO structure at each trial i  is a linear
interpolation between a-priori and recent experience:

p(PO)i = !  * p(PO |normi) + 1- !  * p(PO | trials < i )

(2) The activation of a PO structure at trial i is positively correlated with the
overall surprisal of PO:

Act(PO)i =     if i=PO      !  * -log p(PO)i

  if i=DO     -!  * -log p(PO)i

(3) Activation is subject to power-law decay [1], so that the total activation of
the PO structure during a target trial will be:

We varied ! , ! , and "  over mixed logit models including the controls
from Study 1

{ (equivalent to Prime x
Surprisal interaction)

Results

Prime Strength (! 2(1)=7.4, p < .01)

Model Þt by brute-force search and
Quasi-Newton method. In the best
model, recent experience is
weighted twice as strongly as a-
priori expectations.The best model
also showed activation decay (" =0.5,
cf. [19]).

Pr ime Surpr isal
¥We propose that the language processing system is set up in
such a way that, whenever an instance of a structure is
processed, it is seen as a piece of evidence that affects the
structureÕs probability distribution

¥Maintenance of probability distributions is assumed to be
an inherent part of the language processing system.

¥Less probable syntactic structures, if observed, lead to a
bigger change in the probability distribution, which in turn
leads to an increased probability of reusing the same
structure (cf. [10] on perceptual persistence; [11] on skill
maintenance).

! More surprising primes should prime more strongly (i.e
lead to a bigger increase in the probability of repetition)

¥Surprisal-sensitive priming would also explain the well-
known anti-frequency effect (the less frequent structure
primes more, [5,8, i.a.])

PRIME
The writer told a story 

to the publisher.

TARGET the girl handed the frisbee 
to the boy

!  

surprisal(x) =
1

log probability(x)

DO-bias PO-bias

(counterbalanced)

  

!  

TotalAct(PO)target = Act(PO)i "(target# i)#$

i=1K target

%

Control Factors:
Participant intercept (random)
Item intercept (random)
Target verb bias (random)

The more surprising the prime structure
given experience before the experiment,
the more likely it will be repeated. This
effect holds beyond the speciÞc prime
structure (DO vs. PO) and target bias.
!  Evidence for surprisal-sensitive priming
(previous experiments confounded prime
and target surprisal, [4])

The higher the proportion of a prime
structure in the preceding trials (excluding
the most recent prime), the more likely
speakers will produce that structure
! Cumulative priming [13,12]

The more surprising the prime structure
given experience during the experiment
(primes), the more likely it will be repeated.
!  Evidence that speakers update their
probability distributions over syntactic
structures: prime surprisal is affected
by both a-priori and recent experience

DO

= higher
surprisal
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Total activation of PO

Priming model with cue
combination and decay
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Cumulative priming

Cumulative p(PO | primes and targets)
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A-priori surprisal priming
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