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Cue-based retrieval (ACT-R, LV05)
Anderson et al. (2004); Lewis and Vasishth (2005)

The surgeon+masc
+ c-com who treated Jonathan+masc

− c-com had pricked himself{masc
c-com} . . .

TARGET

DISTRACTOR

(3a) (DISTANCE = 1) The administrator who the nurse1
supervised scolded the medic while. . .

(3b) (DISTANCE = 2) The administrator who the nurse1
from the clinic2 supervised scolded the medic
while. . .

(3c) (DISTANCE = 3) The administrator who the nurse1 who
was2 from the clinic3 supervised scolded the medic
while. . .

According to the dependency locality theory, reading
times at the embedded verb ‘supervised’ should be a
function of distance; that is, the fastest times should be
observed in (3a), with progressively slower times in (3b)
and (3c). This is the pattern reported by Grodner and
Gibson [36] in a self-paced reading study involving these
constructions.

This relatively simple complexity metric can account
for a variety of offline and online behavioral data, at least
in English and Japanese [2,8,34]. The basis of the metric
in discourse processing complexity receives support from
a study [37] that manipulated the referential type of
intervening noun phrases while keeping length constant;
reading times were faster at crucial verbs when the
intervening nouns were referentially more accessible.
We suggest that locality effects have their source in both
interference and decay but first we will discuss the
surprising presence of antilocality effects, which place
considerable constraint on any processing explanation of
locality.

Antilocality effects
Recent crosslinguistic studies have indicated that there are
both limits to locality and direct counterexamples to it. For
example, locality effects were not observed at themain verb
as a function of the distance to the head noun of the subject
noun phrase, using the same distance manipulations as
used in example (3) above [36], suggesting that locality
mightbemost evidentatpoints thatarehigher inprocessing
load for independent reasons [22].

Direct evidence against locality comes from cases where
increasing distance speeds processing. Such antilocality
effects have been observed in studies of head-final
languages. For example, in a German self-paced reading
study, Konieczny [9] showed that in (4a) the verb ‘hingelegt’
was read faster than in (4b), despite the longer distance
between the verb and its argument.
(4a) (DISTANCE = 2) Er hat das Buch, das Lisa gestern

gekauft hatte, hingelegt
He has the book, that Lisa yesterday bought had, laid
down
‘He has laid down the book that Lisa had bought
yesterday’.

(4b) (DISTANCE = 0) Er hat das Buch hingelegt, das Lisa
gestern gekauft hatte
He has the book laid down, that Lisa yesterday
bought had
‘He has laid down the book that Lisa had bought
yesterday’.

Figure 2. The activation profiles over time of three items in memory undergoing a series of hypothetical retrievals. These activation profiles are generated by a set of simple
mathematical equations that form the basis of the ACT-R theory of declarative memory, and provide a unified account of interference, locality, antilocality and storage
effects in sentence processing. Locality effects are a consequence of activation decay; antilocality results from repeated activation boosts at retrieval. Similarity-based
retrieval interference arises because the strength of association from a cue is reduced as a function of the number of items associated with the cue, reducing the activation
boost at retrieval.

Opinion TRENDS in Cognitive Sciences Vol.10 No.10 451

www.sciencedirect.com

Decay Retrieval Interference
(Lewis, Vasishth, & Van Dyke, 2006, Fig. 2)
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Cue-based retrieval (ACT-R, LV05)
Anderson et al. (2004); Lewis and Vasishth (2005)

The retrieval time of an item is a function of its activation Ai:

RT = Fe−(f×Ai) (1)

Ai = Bi + Si (2)
Base-level activation:

Bi = ln(
n∑

j=1

t−d
j ) + βi (3)

An item receives spreading activation from all matching cues:

Si =
∑

j

WjSji (4)
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Cue-based retrieval (ACT-R, LV05)
Anderson et al. (2004); Lewis and Vasishth (2005)

The spreading activation depends on the associative strength between each cue
and the item:

Sji = MAS− ln(fanji) (5)
The cue-item association is weakened by competitor items matching the cue:

fanji = 1 + itemsj (6)

This is called the fan effect.
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Inhibitory interference

a. The surgeon+masc
+ c-com who treated Jennifer−masc

− c-com had pricked himself{masc
c-com} . . .

TARGET

b. The surgeon+masc
+ c-com who treated Jonathan+masc

− c-com had pricked himself{masc
c-com} . . .

TARGET

DISTRACTOR

Target Item Distractor Item Retrieval Cues Predictions

+masc

+c-com

masc

c-com

-masc

-c-com

+masc

+c-com -c-com

a.

b.

Inhibitory interference 
(slowdown) in b vs. a
because the retrieval 
cue masc matches both 
items.

TA
RG

ET
-M

AT
C

H

masc

c-com

Full match

Full match

No match

Partial match

+masc

ambiguous cue
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Facilitatory interference

c. The surgeon−fem
+ c-com who treated Jonathan−fem

− c-com had pricked herself{fem
c-com} . . .

TARGET

d. The surgeon−fem
+ c-com who treated Jennifer+fem

− c-com had pricked herself{fem
c-com} . . .

TARGET

DISTRACTOR

Target Item Distractor Item Retrieval Cues Predictions

-fem

+c-com

-fem

-c-com

-fem

+c-com

+fem

-c-com

c.

d.

Facilitatory interference 
(speedup) in d vs. c 
because the retrieval 
cues fem and c-com 
match different items.

TA
RG

ET
-M

IS
M

AT
C

H fem

c-com

fem

c-com

Partial match

Partial match

No match

Partial match
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Retrieval interference - Summary

TARGET-MATCH: inhibitory interference
a. The surgeon+masc

+ c-com who treated Jennifer−masc
− c-com had pricked himself{masc

c-com} . . .
TARGET

b. The surgeon+masc
+ c-com who treated Jonathan+masc

− c-com had pricked himself{masc
c-com} . . .

TARGET

DISTRACTOR

TARGET-MISMATCH: facilitatory interference
c. The surgeon−fem

+ c-com who treated Jonathan−fem
− c-com had pricked herself{fem

c-com} . . .
TARGET

d. The surgeon−fem
+ c-com who treated Jennifer+fem

− c-com had pricked herself{fem
c-com} . . .

TARGET

DISTRACTOR
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Two extensions to the cue-based retrieval model

Principle I: Associative Cues

I A retrieval cue can be associated with multiple feature values in
certain contexts (acquired through associative learning).

I Predicts unexpected slow-down in reciprocals (Kush & Phillips, 2014) and
Mandarin reflexives (Jäger, Engelmann, & Vasishth, 2015) due to cue confusion.

Principle II: Prominence

I The general saliency of items affects the interference effect.
I Predicts unexpected speed-up for experiments with distractors in

subject position and being the discourse topic (Cunnings & Felser, 2013; Sturt,

2003).

Engelmann (PhD Thesis, 2016)
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Principle I: Associative Cues – Cue confusion

Cue-feature associations are acquired through usage-based
associative learning.

The surgeon had pricked himself {masc
c-com} reflexiveHIGH SELECTIVITY himself {masc
c-com} reflexive

herself {fem
c-com}

itself {neut
c-com}

themselves {plur
c-com}

The patients liked each other {plur
c-com} reciprocalLOW SELECTIVITY each other {plur
c-com} reciprocal

ziji {anim
c-com} Mandarin

reflexive

Engelmann (PhD Thesis, 2016)
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Reflexives (HIGH SELECTIVITY)

Target Item Distractor Item Retrieval Cues Predictions

-fem

+c-com

-fem

-c-com

-fem

+c-com

+fem

-c-com

c.

d.

Facilitatory interference 
(speedup) in d vs. c 
because the retrieval 
cues fem and c-com 
match different items.

TA
RG

ET
-M

IS
M

AT
C

H fem

c-com

fem

c-com

Partial match

Partial match

No match

Partial match

Reciprocals (LOW SELECTIVITY)

Target Item Distractor Item Retrieval Cues Predictions

-plural

+c-com

-plural

-c-com

-plural

+c-com

+plural

-c-com

c.

d.

Cue confusion:
Inhibitory interference 
(slowdown) in d vs. c.

TA
RG

ET
-M

IS
M

AT
C

H plural

c-com

plural

c-com

Partial match

Partial match

No match

Partial match ambiguous cues
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Implementation – Associative Cues

The association between cue j and item i reflects the probability of the
item i being needed given cue j (Schneider & Anderson, 2012, Eq. 2a):

Sji = MAS + ln[P (i|j)] (7)

P (i|j) is defined by the match quality of item i with cue j in proportion
to the match quality of all other active memory items v with j:

P (i|j) = Qji∑
v Qjv

(8)

The individual match quality of cue j with item i depends on the
associative strength between j and all features K of i:

Qji =
∑
k∈Ki

Mjk (9)
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Predictions – Associative Cues
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Engelmann, Jäger, and Vasishth (manuscript)
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Predictions – Associative Cues
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Inhibitory interference in
target-mismatch for low cue-feature
selectivity (feature-co-occurrence)

1. Reciprocals
Kush and Phillips (2014) (Hindi)

2. Mandarin reflexives
Jäger et al. (2015)

Engelmann, Jäger, and Vasishth (manuscript)
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Principle II: Prominence

Stronger inhibitory effect in target-match with prominent
distractor.

Subject position
Cunnings and Felser (2013); Patil, Vasishth, and Lewis (2012); Van Dyke and McElree (2011)

(1) The surgeon who treated Jonathan had pricked himself with a used
syringe needle.

(2) The tough soldier that Fred treated in the military hospital introduced
himself to all the nurses.

Discourse topic

(3) James has worked at the army hospital for years.
The soldier that he treated on the ward wounded himself while on duty
in the Far East.
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Implementation – Prominence

The individual match quality of cue j with item i, Qji depends on the
associative strength between j and all features K of i, weighted by the
general saliency of the item:

Qji =
∑
k∈Ki

Mjk × saliencyi (10)

The saliency of an item is defined as:

saliencyi = 1
1 + qe−(Bi+pi−τ) (11)

pi = The prominence of i
q = The quality correction factor QCF
Bi = The base-level activation of i
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Predictions – Prominence
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Predictions – Prominence
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Cunnings and Felser (2013); Patil et
al. (2012); Van Dyke and McElree
(2011)

2. Facilitatory effect in target-match
with subject AND topicalized
distractor.
Cunnings and Felser (2013); Sturt
(2003)

Engelmann, Jäger, and Vasishth (manuscript)
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Simulations
Cue confusion in Hindi reciprocals
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Simulations
Cue confusion in Mandarin reflexives
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Simulations
Distractor prominence
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Simulations
Distractor prominence
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Summary

An extended model of cue-based retrieval accounts for
experimental design and task-specific adaptation:

1. Distractor prominence and associative cues extend models of
cue-based retrieval.

2. Distractor Prominence explains facilitatory interference in
target-match conditions.

3. Cue Confusion explains inhibitory interference in
target-mismatch conditions.

4. Simple mechanisms (associative cues, interruption through
regression) generate adaptive behaviour:
Associative cues × dependency context → speed-up /
slow-down.

30 / 35



Cue-based retrieval Extended Model Simulations Conclusion References

Software

The inter-act model of cue-based retrieval in sentence processing:
https://engelmann.shinyapps.io/inter-act
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Open issues

1. Experimental investigation of distractor prominence and cue
confusion.

2. Acquisition of cue-feature associations.
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Cue Confusion experiment

a. Reflexive; distractor-match
The nurse who cared for the children had pricked themselves . . .

b. Reflexive; distractor-mismatch
The nurse who cared for the child had pricked themselves . . .

c. Reciprocal; distractor-match
The nurse who cared for the children had pricked each other . . .

d. Reciprocal; distractor-mismatch
The nurse who cared for the child had pricked each other . . .
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