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a b s t r a c t

Many studies have shown that attraction effects are consistently found for linguistic
dependencies like subject-verb agreement, e.g., *The key to the cabinets are on the table.
However, not all dependencies are equally susceptible to attraction. A parade case involves
reflexive-antecedent dependencies, which rarely show attraction effects. The contrast
between agreement and reflexives with respect to attraction has motivated various pro-
posals regarding the memory architecture for the parser, including the use of qualitatively
different access mechanisms or the selective use of morphological features as retrieval cues
for different dependencies. In this paper, we show how to systematically induce attraction
effects for reflexives in three eye-tracking experiments. Furthermore, we show based on
computational simulations that it is possible to derive both the presence and absence of
reflexive attraction from the same retrieval mechanism, based on the ACT-R architecture.
We then propose an account of why agreement and reflexives are differentially susceptible
to attraction, based on the predictability of the dependency.

! 2017 Elsevier Inc. All rights reserved.

Introduction

The task of building a sentence structure requires
mechanisms for encoding a structured representation in
memory and accessing specific elements of that represen-
tation to guide further elaboration. The effects of grammat-
ically irrelevant items on real-time linguistic dependency
formation have proven to be a useful tool for understand-
ing these mechanisms. For instance, to determine whether
the reflexive anaphor themselves in (1) is appropriately
licensed, memory access mechanisms must recover the
encoding of the subject noun executive, while avoiding
interference from grammatically irrelevant items that
match the agreement features of the reflexive, such as
the embedded plural noun managers (example (1) is from
Dillon, Mishler, Sloggett, & Phillips, 2013).

(1) ⁄The executive who oversaw the managers
doubted themselves on most decisions.

Previous research has shown that grammatically irrelevant
items rarely interfere during reflexive licensing (e.g.,
Clifton, Frazier, & Deevy, 1999; Cunnings & Sturt, 2014;
Dillon et al., 2013; Nicol & Swinney, 1989; Sturt, 2003;
Xiang, Dillon, & Phillips, 2009; but cf. Cunnings & Felser,
2013; Patil, Vasishth, & Lewis, 2016). However, retrieval
processes do not always avoid grammatically irrelevant
items during dependency formation. For instance, Dillon
and colleagues found that retrieval for subject-verb
agreement licensing in closely matched sentences like (2)
is susceptible to interference (‘attraction’) from the
grammatically irrelevant plural noun managers, giving rise
to an ‘illusion of acceptability’ (Dillon et al., 2013; see also
Clifton et al., 1999; Patson & Husband, 2015; Pearlmutter,
Garnsey, & Bock, 1999; Phillips, Wagers, & Lau, 2011;
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Tanner, Nicol, & Brehm, 2014; Tucker, Idrissi, & Almeida,
2015; Wagers, Lau, & Phillips, 2009).

(2) ⁄The executive who oversaw the managers were
dishonest.

The contrast between agreement and reflexive licensing
with respect to attraction is striking, since subject-verb
agreement and reflective-antecedent dependencies have
superficially identical agreement constraints and retrieval
in both cases targets the same structural position, i.e., the
subject of the current clause. The reasons for this contrast
remain unresolved, and we attempt to address this puzzle
in the current study.

Interference effects in comprehension

Research on memory access in sentence comprehension
has identified two distinct types of interference. The first
type is referred to as ‘inhibitory interference’, and mani-
fests as increased processing difficulty during dependency
formation. For example, Van Dyke and Lewis (2007) tested
sentences like those in (3) and observed processing diffi-
culty reflected in longer reading times at the verb com-
plaining in (3b) relative to (3a). Van Dyke and Lewis
interpreted this effect as a case of inhibitory interference,
where the overlap in animacy between the two subject
noun phrases (NPs) the resident and the neighbor made it
relatively difficult for comprehenders to retrieve the target
subject the resident during subject-verb binding in (3b).
Similar effects have been observed across a number of
other studies (e.g., Fedorenko, Babyonyshev, & Gibson,
2004; Gordon, Hendrick, & Johnson, 2001, 2004; Gordon,
Hendrick, Johnson, & Lee, 2006; Van Dyke, 2007).

(3) a. The worker was surprised that the resident
who was living near the dangerous
warehouse was complaining about the
investigation.

b. The worker was surprised that the resident
who was living near the dangerous neighbor
was complaining about the investigation.

The second type of interference, known as ‘attraction’ (also
called ‘intrusion’ or ‘facilitatory interference’), manifests as
eased processing and increased acceptability during depen-
dency formation, relative to sentences that should be
equally acceptable or unacceptable. Comprehenders fre-
quently experience attraction during subject-verb agree-
ment licensing. For instance, Wagers and colleagues used
self-paced reading and speeded-acceptability judgments
to examine the processing of grammatical and ungrammat-
ical subject-verb agreement dependencies like those in (4).

(4) a. The key to the cabinet(s) unsurprisingly was
rusty. . .

b. ⁄The key to the cabinet(s) unsurprisingly
were rusty. . .

Wagers and colleagues found that in grammatical sen-
tences like (4a), the number marking on the plural distrac-
tor cabinets did not impact acceptability judgments or
reading times after the verb. However, in ungrammatical
sentences like (4b), the presence of the plural distractor
cabinets, which matched the number of the verb were,
increased rates of acceptance and facilitated reading times
after the verb, relative to an ungrammatical condition with
the singular cabinet.

Wagers and colleagues argued that the facilitation
observed in sentences like (4b) was due to incorrect retrie-
val of the plural distractor, e.g., cabinets, which matches the
plural retrieval cue at the verb. Wagers and colleagues
offered two suggestions for how a retrieval-based account
could capture the grammatical asymmetry observed in (4).
One possibility is that retrieval functions as an error-driven
repair mechanism that is triggered by the detection of an
agreement violation. In (4), the subject NP predicts the
number of the verb. When the verb form violates this pre-
diction, as in (4b), the parser engages a cue-based retrieval
at the verb to recover a number matching noun to license
agreement. The distractor cabinets should sometimes be
incorrectly retrieved because it matches the verb in num-
ber, leading to the false impression that agreement is
licensed. In the grammatical condition (4a), the verb fulfills
the number prediction made by the subject NP, and there-
fore retrieval is not engaged, reducing the possibility of
attraction. Another possibility is that retrieval is always
engaged, regardless of grammaticality. On this view, no
attraction is expected in the grammatical condition, since
the presence of a fully matching target NP should strongly
outcompete partial matches. These accounts contrast with
earlier proposals that attraction results from the ‘‘percola-
tion” of plural features from the distractor to the subject
noun (Eberhard, Cutting, & Bock, 2005; Franck, Vigliocco,
& Nicol, 2002; Pearlmutter et al., 1999), which incorrectly
predict grammatically symmetrical attraction effects.

Attraction effects are not limited to subject-verb
agreement and have also been reported for negative
polarity item (NPI) licensing and null subject licensing
(e.g., Drenhaus, Saddy, & Frisch, 2005; Parker, Lago, &
Phillips, 2015; Parker & Phillips, 2016; Vasishth, Brüssow,
Lewis, & Drenhaus, 2008; Xiang et al., 2009). Across most
of these studies, the facilitation effects were interpreted
as the behavioral signature of faulty memory retrieval
mechanisms.1

Inhibitory interference and attraction have different
behavioral signatures and license different conclusions
about memory access in sentence comprehension. Inhibi-
tory interference occurs in multiple match contexts, where
the target and distractor both match some of the retrieval
cues. Inhibitory interference could reflect a number of dif-
ferent underlying mechanisms, such as feature-
overwriting during encoding (Nairne, 1988, 1990) or the
use of degraded cues in retrieval (Anderson, 1974). By con-
trast, attraction arises when the target and distractor are

1 Xiang et al. (2009) argued that the facilitation effect observed for NPI
licensing does not reflect misretrieval, but rather over-application of the
pragmatic licensing mechanisms that are responsible for normal NPI
licensing.
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distinct in feature content, but neither is a perfect match to
the retrieval cues. In the case of attraction, retrieval of a
partially matched distractor can ease processing of an unli-
censed dependency by preventing a total retrieval failure.
Unlike inhibitory interference, attraction has been inter-
preted as clear evidence for the retrieval of grammatically
irrelevant items during dependency formation (see Dillon,
2011, for discussion).

Contrasting attraction profiles

Attraction effects are consistently found for subject-
verb agreement, but not for reflexive licensing. The con-
trast between agreement and reflexives with respect to
attraction is evident in a recent study by Dillon et al.
(2013). Dillon and colleagues used eye-tracking while
reading to compare subject-verb agreement and reflexive
licensing in closely matched sentences like (5), where the
auxiliary verb in (5a) and the reflexive in (5b) must agree
in number with the same subject, i.e., the new executive.

(5) a. The new executive who oversaw the middle
manager(s) apparently was | ⁄were
dishonest about the company’s profits.

b. The new executive who oversaw the middle
manager(s) apparently doubted himself |
⁄themselves on most major decisions.

Dillon and colleagues found that the processing of the
ungrammatical plural verb were in (5a) was susceptible
to attraction from the plural distractor managers, but that
the processing of the ungrammatical plural reflexive them-
selves in (5b) was not. In the reflexive conditions, compre-
henders were sensitive only to the number (mis)match
between the reflexive and the target subject NP the new
executive.

The lack of attraction effects for reflexives is consistent
across experimental measures and structural configura-
tions. It has been replicated using eye-tracking while read-
ing (Cunnings & Sturt, 2014) and event-related potentials
(ERPs) (Xiang et al., 2009). In an early study on reflexive
processing, Sturt (2003) found no attraction effects in con-
texts that involved a manipulation of gender agreement. In
two eye-tracking experiments, Sturt manipulated the
(stereotypical) gender match between two potential licen-
sors and the reflexive in configurations where the distrac-
tor appeared before the target subject (Experiment 1) or
after (Experiment 2). Across both configurations and most
measures, comprehenders showed sensitivity only to the
gender (mis)match of the target subject.2 A small number
of studies have reported interference in reflexive processing
(e.g., Cunnings & Felser, 2013; King, Andrews, & Wagers,
2012; Patil et al., 2016). But the effects reported in these

studies are smaller and less consistent than the effects
reported for agreement, and some reflect inhibitory interfer-
ence effects, or involve reflexives in non-canonical positions,
which may be subject to different licensing conditions than
those that govern direct object reflexives.

The contrasting retrieval profiles for agreement and
reflexives have important consequences for theories of
cue-based memory retrieval. A major question for cue-
based parsing models concerns how grammatical con-
straints relate to retrieval cues. In English, agreement and
reflexive-antecedent dependencies both require
morphological feature concord between elements in the
dependency, so the use of morphological features as retrie-
val cues is motivated. If there is a transparent mapping
from grammatical constraints to retrieval cues, then agree-
ment and reflexives should deploy morphological features
as retrieval cues in the same fashion. However, the con-
trasting retrieval profiles for reflexives and agreement
imply that morphological features play different roles in
retrieval for the two dependencies and that there is not a
uniform mapping from grammatical constraints to retrie-
val cues.

One possibility suggested by Dillon and colleagues is
that agreement and reflexives use distinct sets of retrieval
cues to access a licensor (Dillon et al., 2013). For example,
reflexive licensing might engage the same retrieval mech-
anism as agreement, but might deploy only structural
retrieval cues that target the local subject, implementing
morphological constraints as a post-retrieval check.
Another option suggested by Cunnings and Sturt is that
retrieval for reflexive licensing deploys both structural
and morphological cues during retrieval, but preferentially
weights structural cues over morphological cues (Cunnings
& Sturt, 2014). A third option is that agreement and reflex-
ives could engage qualitatively different retrieval mecha-
nisms: whereas agreement might engage a cue-based
mechanism that deploys a combination of structural and
non-structural cues, reflexives might engage a serial,
structure-guided search that exploits local structural rela-
tions to distinguish grammatically relevant licensors from
grammatically irrelevant ones (see Dillon, 2014).

Existing accounts differ in how they use morphological
cues in retrieval, but they agree that structural informa-
tion is prioritized over morphological information during
retrieval for reflexive licensing, but not for agreement
licensing. This conclusion is non-trivial, as it casts doubt
upon the general assumption that all linguistic dependen-
cies are uniformly resolved using a single, error-prone
retrieval mechanism that deploys a combination of struc-
tural and non-structural retrieval cues to target specific
items in content-addressable memory, as suggested in
previous research (e.g., Lewis & Vasishth, 2005; Lewis,
Vasishth, & Van Dyke, 2006; Martin & McElree, 2008;
McElree, 2000; McElree, Foraker, & Dyer, 2003; Van
Dyke & McElree, 2011; for a review, see McElree, 2006).
If the retrieval cues used to resolve different linguistic
dependencies are not straightforwardly predictable from
the well-formedness constraints on those dependencies,
then it raises the question of how learners might con-
verge on the retrieval strategies to deploy for each
dependency.

2 The only exception to this pattern was observed in second-pass reading
times, where the presence of a gender-matched distractor led to faster
reading times at the reflexive, but only in grammatical conditions.
However, the direction of the effect was reversed in Experiment 2.
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Revisiting previous conclusions about attraction

There are two reasons to revisit previous conclusions
about the contrasting retrieval profiles for reflexives and
agreement. The first reason is based on recent findings
showing that a related class of anaphoric dependencies is
susceptible to attraction. Parker and colleagues recently
found that emphatic reflexives in adjunct control sen-
tences like (6) are susceptible to attraction, but only selec-
tively (Parker et al., 2015). In (6), the reflexive himself must
take the higher subject {the doctor / discovery} as its
antecedent.

(6) The {doctor / discovery} that the researcher
described was certified after debunking the myth
himself.

Results from Experiment 2 of Parker et al. (2015) showed a
clear attraction effect at the reflexive when the target sub-
ject mismatched the reflexive in gender and animacy, e.g.,
discovery. However, in Experiment 3, the attraction effect
disappeared when the reflexive and target subject mis-
matched only in gender, e.g., nurse . . . himself, replicating
previous findings (e.g., Cunnings & Sturt, 2014; Dillon
et al., 2013; Sturt, 2003).

Parker and colleagues suggested that this contrast
might reflect the degree of feature match between the tar-
get subject and the reflexive, i.e., 2-feature mismatch in
Experiment 2 vs. 1-feature mismatch in Experiment 3.
However, the authors did not explicitly test this hypothe-
sis, and it is unclear how representative these cases are
of reflexive licensing more generally. It is important to
determine whether the attraction effects reported by Par-
ker and colleagues generalize to a broader set of structural
environments and a wider range of anaphoric elements,
including direct object reflexives like those tested in previ-
ous studies (e.g., Cunnings & Sturt, 2014; Dillon et al.,
2013; Sturt, 2003).

The second reason to revisit previous conclusions about
attraction effects is inspired by computational simulations.
Building on the findings reported in Parker et al. (2015), we
investigated how the degree of feature match between the
reflexive and target subject might impact reflexive licens-
ing using a computational model of memory access based
on the ACT-R model of sentence comprehension (Lewis &
Vasishth, 2005). We systematically varied the degree of
feature match between the target subject and the non-
structural retrieval cues at the reflexive (perfect match,
1-feature mismatch, 2-feature mismatch, and 3-feature
mismatch) using the sentences from Sturt (2003), e.g.,
{She/he} remembered that the surgeon had pricked herself
and The surgeon who treated {Jennifer/Johnathan} had
pricked herself (the details of the model are provided in
the Supplementary Materials).

Fig. 1 presents the percentage of the trials when the dis-
tractor, rather than the target subject, was retrieved for
reflexive licensing in the model simulations. For current
purposes, we adopted the common assumption that
greater rates of distractor retrieval monotonically corre-

spond to a stronger attraction effect (e.g., Dillon et al.,
2013; Kush and Phillips, 2014; Vasishth et al., 2008). The
model predicts a sharp increase in attraction as the num-
ber of features that match between the target subject
and the reflexive is reduced. This effect is driven by the
non-linear ‘‘fan” function of the model (Eq. (3) in the Sup-
plementary Materials), which reduces the strength of asso-
ciation between a cue and the target as a function of the
number of items associated with that cue (Anderson,
1974; Anderson & Reder, 1999).

These results imply that previous tests for reflexive
attraction may not have used strong enough reflexive-
antecedent mismatches to reliably elicit an effect. Previous
studies tested contexts in which the illicit reflexive-
antecedent dependency involved only a single feature mis-
match, e.g., gender (Cunnings & Sturt, 2014; Sturt, 2003) or
number (Dillon et al., 2013). Based on the computational
simulations and previous studies (e.g., Parker et al.,
2015), we predict that reflexives should be more suscepti-
ble to attraction when the reflexive and target subject mis-
match in multiple features.

The present study

The present study tests the prediction that reflexives
should be more susceptible to attraction when the reflexive
and the correct target subject mismatch in multiple fea-
tures. Across three eye-trackingwhile reading experiments,
we compared contextswhere the target subject and a direct
object reflexive mismatched in one feature, e.g., gender or
number, and in two features, e.g., animacy + gender
(Experiment 1), animacy + number (Experiment 2), and

Fig. 1. Percentage of incorrect retrievals for reflexive licensing as a
function of probe-to-target similarity as predicted by the ACT-R model
(stimuli based on Sturt, 2003).
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gender + number (Experiment 3). We also tested additional
conditions involving agreement in Experiment 2 to com-
pare the strength of attraction effects with agreement and
anaphora.

Experiment 1

Experiment 1 was designed to test whether direct
object reflexives would show attraction effects (i.e., facili-
tatory interference) in contexts with a stronger reflexive-
antecedent feature mismatch than used in most previous
studies. We compared contexts where the reflexive and
the correct target subject mismatched in gender (1-
feature mismatch) and gender and animacy (2-feature
mismatch). We chose this feature combination because it
has been shown to yield attraction for a related class of
anaphors (e.g., Parker et al., 2015).

If attraction effects for reflexives depend on the degree
of feature match between the reflexive and target subject,
we should observe stronger attraction at the reflexive in
the 2-feature mismatch context than in the 1-feature mis-
match context. Alternatively, if reflexive licensing exclu-
sively uses structural cues, e.g., local subject, for retrieving
an antecedent, as previously claimed (e.g., Dillon et al.,
2013), we should not observe attraction, regardless of the
degree of mismatch between the reflexive and the target
subject.

Participants

Thirty members of the University of Maryland commu-
nity participated in Experiment 1. Participants were either
compensated $10 or received credit in an introductory lin-
guistics course. The eye-tracking experiment, including
setup and calibration, lasted approximately 45 min.

Stimuli

We crossed three levels of target match (match/1-
feature mismatch/2-feature mismatch) with two levels of
distractor match (match/mismatch) to result in a 3 ! 2
within-participants design. The factor target match was

manipulated by varying the degree of match between the
target subject and the reflexive, such that they fully
matched (match), mismatched in gender only (1-feature
mismatch), or mismatched in animacy and gender (2-
feature mismatch). The factor distractor match was manip-
ulated by varying the gender of the distractor.

Thirty-six item sets of the form shown in Table 1 were
constructed. The structure of the items followed that
reported in Sturt (2003) Experiment 1. Across all condi-
tions, the distractor appeared in the subject position of
the main clause, and the target appeared in the subject
position of an embedded complement clause that con-
tained the reflexive in direct object position. Target and
distractor NPs used a mix of stereotypical gender, e.g.,
nurse, and definitional gender, e.g., father from previous
studies (e.g., Dillon et al., 2013; Parker et al., 2015; Sturt,
2003). Previous work has shown that stereotypical gender
and definitional gender behave similarly with respect to
retrieval effects (Kreiner, Sturt, & Garrod, 2008). The main
clause verb was immediately followed by the embedded
clause. The embedded verb was always a non-agreeing
past tense verb. The lack of agreement reduced the likeli-
hood that subject-verb agreement would provide indepen-
dent cues for subject retrieval. The verb was followed
immediately by a direct object reflexive. The reflexive
was followed by a 3–7 word spillover region.

The 36 item sets were combined with 72 grammatical
fillers of similar length and complexity, for a total of 108
sentences. Half of the target items and half of the fillers
were followed by a comprehension question, which
addressed various parts of the target or filler sentence to
prevent participants from developing superficial reading
strategies that would allow them to answer the question
without reading the entire sentence. The entire set of stim-
uli can be found in the Supplemental Materials.

Procedure

The 36 item sets were distributed across 6 lists in a
Latin Square design, and 6 participants were assigned to
each list. Each list was randomized along with the filler
sentences. Sentences were presented in 12-point Courier

Table 1
Sample set of items for Experiment 1. Pre-critical, critical, and spillover regions included in the analysis are indicated by slashes.

Target Match

Distractor match
The strict librarian said that/ the studious schoolgirl reminded/ herself/ about the/ overdue book.
Distractor mismatch
The strict father said that/ the studious schoolgirl reminded/ herself/ about the/ overdue book.

Target 1-feature mismatch

Distractor match
The strict librarian said that/ the studious schoolboy reminded/ herself/ about the/ overdue book.
Distractor mismatch
The strict father said that/ the studious schoolboy reminded/ herself/ about the/ overdue book.

Target 2-feature mismatch

Distractor match
The strict librarian said that/ the brief memo reminded/ herself/ about the/ overdue book.
Distractor mismatch
The strict father said that/ the brief memo reminded/ herself/ about the/ overdue book.
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font. All sentences in the experiment fit one line on the
visual display. Eye movements were recorded using an
EyeLink 1000 tower-mount eye-tracker, which sampled
at 1000 Hz. Participants had binocular vision during
recording, but only the right eye was tracked. The tower
was 32 inches from the visual display giving participants
approximately 5 characters per degree of visual angle.

Prior to the experiment, participants were familiarized
with the eye-tracking setup and were given four practice
trials. While seated at the tower-mount, participants’
heads were immobilized using a chin rest and a forehead
restraint that was adjusted by height for comfort. Before
the experiment, and whenever necessary throughout the
experiment, the experimenter calibrated the eye-tracker
using a 9-point display procedure to ensure accurate
recording of eye-movements. Participants began each trial
by fixating on a marker at the beginning of the sentence,
which triggered the display of the entire sentence. Partici-
pants ended the presentation sentences by pressing a but-
ton on a hand-held controller, which triggered the
presentation of a comprehension question on trials that
had a comprehension question or transitioned to the next
trial on trials that did not. Participants were allowed to
take breaks as often as necessary throughout the experi-
ment. The experimenter recalibrated the eye-tracker fol-
lowing each break.

Data analysis

Sentences were divided into five regions following Sturt
(2003), as indicated in Table 1. We report means and statis-
tical analyses from the pre-critical, critical, and spillover
regions. The pre-critical region consisted of the words
between the complementizer that and the reflexive (exclu-
sive). The reflexive region consisted of the reflexive ana-
phor herself. The spillover region consisted of the two
words following the reflexive. The average skipping rate
for the critical regions was 8%.

For each region of interest, we report four measures:
first-pass reading time, right-bound (go-past) reading
time, regression path duration, and second pass reading
time. First pass reading time is the sum of all fixations in
a region before it is exited, either to the left or right.
Right-bound reading time is the sum of all fixations in a
region before it is exited to the right. Regression path dura-
tion is the sum of fixations in a region and all the regions to
the left, starting when the region was entered until it was
exited to the right. Second pass reading time is the sum of
fixations in a region after the first pass.

Statistical analyses were carried out for each measure
and region of interest using linear mixed effects models
provided by the lme4 package (Bates, Maechler, & Bolker,
2014) in the R software environment (R Development
Core Team, 2014). We first ran a model to test for a main
effect of target match (‘grammaticality’), a main effect of
distractor match, and the interaction between the two
main effects. Treatment coding was applied using the level
match of the factor target match as the baseline, and the
level mismatch of the factor distractor match as the base-
line. These baselines were chosen as they correspond to
conditions where there is no effect of grammaticality and

no attraction effect. To maximize the chances of observing
an attraction effect, we also performed pairwise compar-
isons within the ungrammatical 1-feature mismatch and
2-feature mismatch conditions separately (labeled as 1-
feature attraction and 2-feature attraction in the model
coefficient tables). We also report an interaction term that
compares the size of the attraction effect across the 1- vs.
2-feature mismatch conditions. All models were fit with
a full variance-covariance matrix, i.e., a maximal random
effects structure with random intercepts by participants
and items and random slopes for all fixed effects and their
interaction (Baayen, Davidson, & Bates, 2008; Barr, Levy,
Scheepers, & Tily, 2013). If the model failed to converge
or the variance-covariance matrix was degenerate (e.g.,
correlations were close to ±1), random slopes for items or
participants were removed. A fixed effect was considered
significant if its absolute t-value was greater than 2, which
indicates that its 95% confidence interval did not include 0
(Gelman & Hill, 2007). To reduce non-normality, statistical
analyses were carried out over log-transformed reading
times (Box & Cox, 1964). Missing observations contributed
a value of 0 ms to the cell mean, following previous studies
(e.g., Kush, Lidz, & Phillips, 2015; Sturt, 2003).

Results

Table 2 provides the mean raw reading times by mea-
sure and region. Table 3 provides a summary of the statis-
tical analyses. Fig. 2 provides a plot of the mean raw
reading times by measure at the critical reflexive region.

No significant effects or interactions were observed in
first-pass reading times or right-bound reading times in
the pre-critical, critical, or spillover regions. A main effect
of grammaticality was observed in second-pass reading
times at the critical reflexive region for both the 1- and
2-feature mismatch conditions. This effect was driven by
longer reading times in the ungrammatical mismatch con-
ditions relative to the grammatical match conditions. The
effect also reached significance in the pre-critical region
for the 1-feature mismatch condition, indicating that the
processing disruption associated with the target feature
mismatch influenced re-reading of both the reflexive
region and the previous region.

Importantly, for the 1-feature mismatch conditions,
there was no interaction of grammaticality with distractor
match nor an effect of attraction in any region or measure,
replicating previous findings (e.g., Dillon et al., 2013; Sturt,
2003). However, for the 2-feature mismatch conditions,
there was a significant interaction of grammaticality with
distractor match at the reflexive in second-pass reading
times, driven by attraction in second-pass reading times.
This effect manifested as faster reading times for ungram-
matical sentences with a feature matching distractor rela-
tive to ungrammatical sentences with a feature
mismatching distractor. Regression path durations at the
reflexive for the 2-feature mismatch conditions also
showed a significant effect of attraction in raw reading
times (t > 2). However, this effect did not reach significance
with the log-transformed values, suggesting that the dif-
ference in raw reading times is driven by extreme values,
which were normalized by the log-transformation.
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Discussion

Experiment 1 tested the prediction that reflexives
should be more susceptible to attraction in contexts with
a stronger reflexive-antecedent feature mismatch. When
the reflexive mismatched the target in gender, e.g., school-
girl . . . herself, no attraction effects were observed, replicat-
ing previous findings (e.g., Cunnings & Sturt, 2014; Dillon
et al., 2013; Sturt, 2003). By contrast, when the reflexive
mismatched the target subject in both gender and ani-
macy, e.g., memo . . . herself, we observed a clear attraction
effect.

These results demonstrate that reflexives are indeed
susceptible to attraction, but only selectively: by making
a minimal change to the strength of the feature match
between the target subject and reflexive, we were able to
systematically induce reflexive attraction effects. However,
since such effects are rarely observed for reflexives, it is
important to verify that they generalize across licensing
configurations and feature combinations. We address this
issue in Experiment 2.

Experiment 2

Experiment 2 had two goals. The first goal was to test
whether reflexive attraction would extend to other feature
combinations and licensing configurations. To this end, we
tested contexts where the reflexive and target subject mis-
matched in number and animacy, as opposed to gender
and animacy. We manipulated number alongside animacy

because previous research has shown that reflexives resist
attraction in the presence of a number mismatch with the
target (e.g., Dillon et al., 2013). We also reversed the rela-
tive linear positions of the target and distractor following
Sturt (2003), which allowed us to test whether reflexive
attraction would be robust across licensing configurations.
The second goal was to obtain a within-subjects compar-
ison of attraction effects for reflexives and agreement. To
achieve this, we replaced the target vs. 1-feature mismatch
comparison with maximally similar conditions involving
subject verb agreement. As such, Experiment 2 was not
designed to compare 1- vs. 2-feature mismatches for
reflexives.

Participants

Thirty members of the University of Maryland commu-
nity participated in Experiment 2. Participants were either
compensated $10 or received credit in an introductory lin-
guistics course. The eye-tracking experiment, including
setup and calibration, lasted approximately 45 min.

Stimuli

We manipulated target match (match/1-feature
mismatch/2-feature mismatch) and distractor match
(match/mismatch). However, unlike in Experiment 1, the
target match and 1-feature mismatch conditions involved
subject-verb agreement. Across all items, the target subject
was always singular and inanimate. In the target match

Table 2
Table of means in Experiment 1. Standard error by participants is shown in parentheses.

Regions

Pre-critical Critical Spillover

First-pass reading time
Target match, distractor match 1052 (47) 215 (12) 227 (17)
Target match, distractor mismatch 1020 (48) 205 (10) 235 (16)
Target 1-feature mismatch, distractor match 924 (39) 229 (13) 261 (20)
Target 1-feature mismatch, distractor mismatch 960 (37) 243 (14) 274 (23)
Target 2-feature mismatch, distractor match 873 (37) 216 (11) 202 (15)
Target 2-feature mismatch, distractor mismatch 934 (48) 226 (12) 221 (19)

Right-bound reading time
Target match, distractor match 1207 (46) 225 (13) 249 (21)
Target match, distractor mismatch 1180 (47) 218 (11) 262 (19)
Target 1-feature mismatch, distractor match 1132 (37) 256 (15) 327 (28)
Target 1-feature mismatch, distractor mismatch 1088 (35) 276 (17) 337 (30)
Target 2-feature mismatch, distractor match 1020 (38) 228 (12) 242 (18)
Target 2-feature mismatch, distractor mismatch 1091 (44) 258 (16) 284 (26)

Regression path duration
Target match, distractor match 1265 (50) 274 (21) 314 (38)
Target match, distractor mismatch 1250 (53) 260 (17) 403 (55)
Target 1-feature mismatch, distractor match 1211 (43) 318 (27) 486 (59)
Target 1-feature mismatch, distractor mismatch 1139 (39) 373 (37) 539 (65)
Target 2-feature mismatch, distractor match 1081 (42) 273 (18) 329 (34)
Target 2-feature mismatch, distractor mismatch 1189 (51) 365 (44) 453 (60)

Second-pass reading time
Target match, distractor match 761 (78) 193 (22) 223 (26)
Target match, distractor mismatch 750 (66) 196 (21) 254 (25)
Target 1-feature mismatch, distractor match 1027 (93) 338 (30) 368 (33)
Target 1-feature mismatch, distractor mismatch 1005 (80) 314 (27) 336 (34)
Target 2-feature mismatch, distractor match 561 (54) 169 (18) 248 (24)
Target 2-feature mismatch, distractor mismatch 749 (65) 350 (34) 352 (38)
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conditions, the agreeing verb was singular, e.g., was, and
matched the number of the target subject. In the 1-
feature mismatch conditions, the agreeing verb was plural,
e.g., were, and mismatched the target subject only in num-
ber. In the 2-feature mismatch conditions, the reflexive
was plural, e.g., themselves, and mismatched the target
subject in both number and animacy.

The linear positions of the target subject and distractor
were reversed relative to Experiment 1, following Sturt
(2003; Experiment 2). In all conditions, the target subject
was modified by an object relative clause that contained
the distractor in subject position. The relative clause never
overtly expressed agreement to prevent attraction before
the critical region. In the agreement conditions, the main
clause verb phrase consisted of the critical agreeing auxil-
iary verb (was or were) immediately followed by the main
verb. In the reflexive conditions, the main clause verb was
always a non-agreeing past tense verb followed immedi-
ately by a direct object reflexive.

Thirty-six item sets of the form shown in Table 4 were
constructed. The 36 item sets were mixed with 72 gram-

matical fillers of similar length and complexity, for a total
of 108 sentences. Half of the target items and half of the fil-
lers were followed by a comprehension question.

Data analysis

Data analysis proceeded as in Experiment 1. However,
we did not analyze the effect of grammaticality (target
match) for the reflexive 2-feature mismatch conditions.
This effect is not interpretable since it involves comparing
grammatical and ungrammatical sentences at different
critical words for different dependencies (verb vs. reflex-
ive). Regioning for the agreement conditions followed the
same regioning used for the agreement conditions in
Dillon et al. (2013). The average skipping rate for the crit-
ical regions was 2%.

Results

Table 5 provides the mean raw reading times by
measure and region. Table 6 provides a summary of the

Table 3
Summary of statistical analyses by region and measure in Experiment 1. Significant coefficients (jtj > 2) are in bold.

Regions

Pre-critical Critical Spillover

b̂ SE t b̂ SE t b̂ SE t

First pass reading time
1-feature grammaticality "0.00 0.08 "0.11 0.26 0.20 1.25 0.04 0.23 0.17
2-feature grammaticality "0.12 0.08 "1.49 0.33 0.20 1.58 "0.33 0.23 "1.39
Distractor match "0.01 0.08 "0.22 0.02 0.20 0.13 "0.13 0.23 "0.55
1-feature grammaticality ! distractor match "0.03 0.11 "0.30 "0.10 0.29 "0.36 0.19 0.33 0.58
2-feature grammaticality ! distractor match 0.03 0.11 0.32 "0.08 0.29 "0.27 0.26 0.33 0.78
1-feature attraction "0.05 0.06 "0.77 "0.07 0.23 "0.33 0.06 0.23 0.28
2-feature attraction 0.02 0.07 0.37 "0.04 0.20 "0.24 0.14 0.28 0.51
1-feature attraction ! 2-feature attraction "0.07 0.10 "0.76 "0.02 0.29 "0.98 "0.05 0.34 "0.16

Right-bound reading time
1-feature grammaticality "0.05 0.07 "0.70 0.29 0.21 1.41 0.10 0.24 0.45
2-feature grammaticality "0.12 0.09 "1.22 0.36 0.21 1.74 "0.25 0.24 "1.05
Distractor match "0.03 0.07 "0.52 0.00 0.21 0.03 "0.14 0.24 "0.62
1-feature grammaticality ! distractor match 0.09 0.10 0.89 "0.09 0.29 "0.31 0.21 0.34 0.62
2-feature grammaticality ! distractor match 0.04 0.10 0.41 "0.09 0.29 "0.32 0.25 0.34 0.73
1-feature attraction 0.05 0.05 "1.10 "0.08 0.22 "0.38 0.06 0.24 0.27
2-feature attraction 0.00 0.06 0.04 "0.08 0.20 "0.42 0.11 0.29 0.39
1-feature attraction ! 2-feature attraction 0.06 0.08 0.72 0.00 0.30 0.00 0.00 0.36 "0.02

Regression path duration
1-feature grammaticality "0.05 0.06 "0.86 0.33 0.21 1.54 0.17 0.25 0.68
2-feature grammaticality "0.07 0.06 "1.09 0.40 0.22 1.83 "0.22 0.25 "0.88
Distractor match "0.04 0.06 "0.59 0.00 0.21 0.03 "0.18 0.25 "0.72
1-feature grammaticality ! distractor match 0.11 0.09 1.14 "0.13 0.31 "0.43 0.24 0.35 0.67
2-feature grammaticality ! distractor match 0.01 0.09 0.10 "0.12 0.31 0.41 0.26 0.36 0.72
1-feature attraction 0.07 0.05 "1.37 "0.12 0.23 "0.55 0.05 0.25 0.21
2-feature attraction "0.01 0.06 "0.24 "0.11 0.21 "0.54 0.08 0.30 0.29
1-feature attraction ! 2-feature attraction 0.9 0.08 1.11 "0.01 0.31 "0.33 "0.02 0.34 "0.06

Second-pass reading time
1-feature grammaticality 0.59 0.29 2.04 1.05 0.29 3.51 0.43 0.26 1.64
2-feature grammaticality "0.11 0.27 "0.41 0.89 0.31 2.84 0.47 0.26 1.77
Distractor match "0.29 0.31 "0.92 "0.01 0.30 "0.04 "0.05 0.26 "0.18
1-feature grammaticality ! distractor match 0.11 0.40 0.28 "0.02 0.43 "0.05 0.35 0.37 0.93
2-feature grammaticality ! distractor match "0.37 0.48 0.77 "0.92 0.42 "2.16 0.05 0.38 0.15
1-feature attraction "0.17 0.25 "0.69 "0.04 0.26 "0.16 0.30 0.26 1.14
2-feature attraction "0.65 0.37 "1.75 "0.93 0.27 "3.41 0.03 0.33 0.10
1-feature attraction ! 2-feature attraction 0.48 0.38 1.24 0.89 0.38 2.33 0.29 0.38 0.77
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Fig. 2. Mean raw reading times by measure at the critical reflexive region in Experiment 1. Error bars indicate standard error of the mean.

Table 4
Sample set of items for Experiment 2. Pre-critical, critical, and spillover regions included in the analysis are indicated by
slashes.

Agreement
Target Match

Distractor match
The soothing tea that/ the nervous student drank/ was imported/ from India./
Distractor mismatch
The soothing tea that/ the nervous students drank/ was imported/ from India./

Target 1-feature mismatch

Distractor match
The soothing tea that/ the nervous students drank/ were imported/ from India./
Distractor mismatch
The soothing tea that/ the nervous student drank/ were imported/ from India./

Reflexives
Target 2-feature mismatch

Distractor match
The soothing tea that/ the nervous students drank calmed/ themselves/ down after/ the test.
Distractor mismatch
The soothing tea that/ the nervous student drank calmed/ themselves/ down after/ the test.
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Table 5
Table of means in Experiment 2. Standard error by participants is shown in parentheses.

Regions

Pre-critical Critical Spillover

First-pass reading time
Target match, distractor match 1109 (42) 337 (15) 652 (35)
Target match, distractor mismatch 1077 (41) 336 (14) 656 (31)
Target 1-feature mismatch, distractor match 1089 (40) 398 (20) 662 (36)
Target 1-feature mismatch, distractor mismatch 1068 (46) 409 (18) 662 (38)
Target 2-feature mismatch, distractor match 1441 (58) 231 (9) 754 (35)
Target 2-feature mismatch, distractor mismatch 1449 (59) 277 (11) 711 (33)

Right-bound reading time
Target match, distractor match 1257 (45) 375 (17) 938 (44)
Target match, distractor mismatch 1194 (45) 373 (16) 926 (43)
Target 1-feature mismatch, distractor match 1249 (42) 479 (25) 1010 (53)
Target 1-feature mismatch, distractor mismatch 1203 (43) 485 (22) 1040 (53)
Target 2-feature mismatch, distractor match 1728 (76) 254 (12) 1057 (45)
Target 2-feature mismatch, distractor mismatch 1725 (71) 302 (12) 1146 (47)

Regression path duration
Target match, distractor match 1322 (58) 473 (40) 1938 (127)
Target match, distractor mismatch 1272 (57) 419 (22) 1871 (153)
Target 1-feature mismatch, distractor match 1309 (49) 613 (50) 2232 (151)
Target 1-feature mismatch, distractor mismatch 1270 (46) 696 (56) 2369 (166)
Target 2-feature mismatch, distractor match 1853 (106) 357 (32) 2295 (151)
Target 2-feature mismatch, distractor mismatch 1847 (98) 401 (36) 2741 (162)

Second-pass reading time
Target match, distractor match 669 (75) 256 (25) 286 (36)
Target match, distractor mismatch 576 (69) 212 (26) 270 (34)
Target 1-feature mismatch, distractor match 788 (73) 328 (35) 348 (45)
Target 1-feature mismatch, distractor mismatch 843 (82) 395 (35) 378 (43)
Target 2-feature mismatch, distractor match 1021 (110) 147 (19) 304 (39)
Target 2-feature mismatch, distractor mismatch 1182 (113) 261 (22) 438 (44)

Table 6
Summary of statistical analyses by region and measure in Experiment 2. Significant coefficients (jtj > 2) are in bold.

Regions

Pre-critical Critical Spillover

b̂ SE t b̂ SE t b̂ SE t

First pass reading time
Agreement grammaticality "0.05 0.06 "0.92 0.31 0.11 2.80 0.00 0.08 0.10
Distractor match 0.02 0.06 0.43 "0.01 0.11 "0.12 0.01 0.08 0.21
Agreement grammaticality ! distractor match "0.00 0.09 "0.02 "0.09 0.16 "0.60 "0.09 0.12 "0.76
Agreement attraction 0.02 0.09 0.26 "0.11 0.10 "1.03 "0.07 0.08 "0.80
Reflexive attraction 0.00 0.07 0.12 "0.27 0.12 "2.26 0.04 0.09 0.53

Right-bound reading time
Agreement grammaticality 0.00 0.04 0.11 0.38 0.11 3.32 0.14 0.08 1.79
Distractor match 0.05 0.04 1.22 "0.00 0.11 "0.08 0.05 0.08 0.66
Agreement grammaticality ! distractor match "0.03 0.06 "0.51 "0.09 0.16 "0.56 "0.19 0.11 "1.68
Agreement attraction 0.01 0.05 0.30 "0.10 0.11 "0.93 0.13 0.07 "1.81
Reflexive attraction "0.01 0.03 "0.28 "0.29 0.12 "2.36 "0.09 0.08 "1.07

Regression path duration
Agreement grammaticality 0.01 0.04 0.36 0.49 0.12 3.95 0.27 0.09 2.75
Distractor match 0.04 0.04 0.94 0.02 0.12 0.19 0.11 0.09 1.11
Agreement grammaticality ! distractor match "0.04 0.06 "0.64 "0.18 0.17 "1.06 "0.25 0.14 "1.84
Agreement attraction "0.00 0.05 "0.05 "0.17 0.11 "1.47 "0.14 0.09 "1.46
Reflexive attraction "0.00 0.03 "0.15 "0.25 0.13 "1.90 "0.20 0.10 "1.87

Second-pass reading time
Agreement grammaticality 1.03 0.32 3.20 1.23 0.29 4.24 0.55 0.28 1.94
Distractor match 0.36 0.34 1.04 0.44 0.28 1.56 "0.00 0.28 "0.01
Agreement grammaticality ! distractor match "0.57 0.43 "1.30 "1.16 0.43 "2.68 "0.37 0.40 "0.92
Agreement attraction "0.21 0.32 "0.67 "0.73 0.34 "2.13 "0.38 0.33 "1.15
Reflexive attraction "0.45 0.41 "1.08 "1.43 0.33 "4.28 "1.21 0.44 "2.73
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statistical analyses. Fig. 3 provides a plot of the mean raw
reading times by measure at the critical reflexive region.

No significant effects or interactions were observed in
first-pass, right-bound reading times, or regression path
duration in the pre-critical region. Agreement conditions
showed a significant effect of grammaticality across all
measures at the critical region, which was driven by longer
reading times in the 1-feature mismatch conditions rela-
tive to the match conditions. This effect also reached sig-
nificance in second-pass reading times in the pre-critical
region, suggesting that the processing disruption in the
target mismatch conditions influenced re-reading of the
previous region. Crucially, there was a significant interac-
tion of grammaticality with distractor match in second
pass reading times at the critical region. This effect was
driven by attraction in the ungrammatical mismatch

conditions. Reflexive conditions showed a significant effect
of attraction in first-pass, right-bound, and second-pass
reading times at the critical region and spillover region.

Discussion

Experiment 2 was designed to achieve two goals. The
first goal was to test whether reflexive attraction would
extend to other feature combinations and licensing config-
urations. The second goal was to obtain a within-subjects
comparison of attraction effects for reflexives and agree-
ment. The key finding from Experiment 2 is that attraction
effects for reflexives are as strong as those observed for
agreement, and that reflexive attraction does in fact extend
to other feature combinations and licensing configurations.

Fig. 3. Mean raw reading times by measure at the critical region in Experiment 2. Error bars indicate standard error of the mean.
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There are two concerns about the results of Experiment
2. First, agreement attraction and reflexive attraction
showed different timing profiles: reflexives showed attrac-
tion across both early and late measures, e.g., first-pass and
second-pass reading times, whereas agreement showed
attraction only in late measures, e.g., second-pass reading
times. However, it is unclear what to make of this contrast,
since reflexive attraction was observed only in late mea-
sures in Experiment 1. We return to this issue in the Gen-
eral Discussion.

The second concern is that reflexive attraction might be
driven by animacy, rather than by the more general prop-
erty of reflexive-antecedent match. So far, both demonstra-
tions of the reflexive attraction effect in Experiments 1 and
2 have used animacy in combination with other features.
These findings are consistent with the view that animacy
information has a privileged role in encoding and accessing
linguistic items in memory (e.g., Nairne, Van Arsdall,
Pandeirada, Cogdill, & LeBreton, 2013; Van Arsdall,
Nairne, Pandeirada, & Blunt, 2013). If reflexive attraction
is truly a consequence of the strength of the reflexive-
antecedent feature match as hypothesized, then we should
observe a similar modulation of the effect using a feature
combination that does not rely on animacy. We test this
possibility in Experiment 3.

Experiment 3

Experiment 3 was designed to test whether reflexive
attraction is driven by the use of animacy features in
retrieval or the more general property of reflexive-
antecedent match. To achieve this, we held constant the
animacy match between the potential licensors and the
reflexive, and tested whether a feature combination
involving gender and number would trigger the same
modulation of the attraction effect seen in Experiment 1.
If reflexive attraction is driven by animacy, we expect to
see no difference between 1- and 2-feature mismatch con-
texts. However, if reflective attraction reflects the strength
of the reflexive-antecedent match, then we expect to

observe the same modulation of attraction effects seen in
Experiment 1.

Participants

Twenty-four members of the University of Maryland
community participated in Experiment 3 Participants were
either compensated $10 or received credit in an introduc-
tory linguistics course. The eye-tracking experiment,
including setup and calibration, lasted approximately
45 min.

Stimuli

Thirty-six item sets of the form shown in Table 7 were
constructed. The experimental stimuli and fillers followed
the same design as in Experiment 1, with the exception
that in the 2-feature mismatch context, the target subject
and reflexive mismatched in gender and number.

Data analysis

Data analysis proceeded as in Experiments 1 and 2. The
average skipping rate for the critical regions was 5%.

Results

Table 8 provides the mean raw reading times by mea-
sure and region. Table 9 provides a summary of the statis-
tical analyses. Fig. 4 provides a plot of the mean raw
reading times by measure at the critical reflexive region.

No significant effects or interactions were observed in
the pre-critical region in first-pass reading times, right-
bound reading times, or regression path durations. A main
effect of grammaticality was observed in second-pass
reading times at the critical region for both the 1- and 2-
feature mismatch conditions. This effect was carried by
longer reading times in the mismatch conditions relative
to the match conditions. The effect of grammaticality for
the 2-feature comparison also reached significance in the

Table 7
Sample set of items for Experiment 3. Pre-critical, critical, and spillover regions included in the analysis are indicated by
slashes.

Target Match

Distractor match
The talented actress mentioned that/ the attractive spokesman praised/ himself/ for a/ great job.
Distractor mismatch
The talented actress mentioned that/ the attractive spokeswoman praised/ himself/ for a/ great job.

Target 1-feature mismatch

Distractor match
The talented actor mentioned that/ the attractive spokesman praised/ himself/ for a/ great job.
Distractor mismatch
The talented actress mentioned that/ the attractive spokeswoman praised/ himself/ for a/ great job.

Target 2-feature mismatch

Distractor match
The talented actor mentioned that/ the attractive spokeswomen praised/ himself/ for a/ great job.
Distractor mismatch
The talented actress mentioned that/ the attractive spokeswomen praised/ himself/ for a/ great job.
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pre-critical region. A significant effect of attraction was
observed across all measures at the critical region for the
2-feature mismatch conditions. There was a significant
interaction of grammaticality with distractor match in
the 2-feature mismatch conditions in regression path dura-
tions and second-pass reading times at the critical region.
This effect was driven by attraction in the ungrammatical
mismatch conditions. The interaction also reached signifi-
cance in the pre-critical region. Crucially, for the 1-
feature mismatch conditions, there was no interaction of
grammaticality with distractor match nor an effect of
attraction in any region or measure, replicating previous
findings (e.g., Cunnings & Sturt, 2014; Dillon et al., 2013;
Sturt, 2003).

Discussion

Experiment 3 was designed to test whether reflexive
attraction is driven by the use of animacy features in
retrieval or more generally by the strength of the
reflexive-antecedent match. To achieve this, we held con-
stant the animacy match between the potential licensors
and reflexive, and deployed a feature combination involv-
ing gender and number. Results showed the same modula-
tion of the attraction effect seen in Experiment 1: when the
reflexive mismatched the target subject in just one feature,
there was no attraction, but when it mismatched in two
features, clear attraction effects were found. These findings
demonstrate that the presence or absence of reflexive
attraction does not rely on animacy features in retrieval,

favoring an account based on the strength of the
reflexive-antecedent match. We develop this proposal fur-
ther in the General Discussion.

General discussion

Summary of findings

In this paper, we tested the prediction that reflexives
should be more susceptible to attraction when the reflex-
ive and target subject mismatch in multiple features. This
prediction was motivated by previous empirical contrasts
(e.g., Parker et al., 2015) and computational simulations
(reported in the Introduction). Across three eye-tracking
experiments, we compared contexts where the target sub-
ject and a direct object reflexive mismatched in one fea-
ture, e.g., gender or number, and in two features, e.g.,
animacy + gender (Experiment 1), animacy + number
(Experiment 2), and gender + number (Experiment 3).
Results showed that reflexives are indeed susceptible to
attraction, but only selectively. When the reflexive mis-
matched the true subject in just one feature, we consis-
tently observed no attraction, but when it mismatched in
more features, strong attraction effects were found. These
results suggest the following generalization: when the tar-
get subject is an especially poor match to the retrieval cues
at the reflexive, retrieval is sensitive to items that are
grammatically irrelevant for the purpose of dependency
formation.

Table 8
Table of means in Experiment 3. Standard error by participants is shown in parentheses.

Regions

Pre-critical Critical Spillover

First-pass reading time
Target match, distractor match 947 (50) 197 (11) 166 (13)
Target match, distractor mismatch 928 (43) 223 (12) 155 (15)
Target 1-feature mismatch, distractor match 805 (34) 225 (13) 166 (23)
Target 1-feature mismatch, distractor mismatch 903 (40) 223 (12) 165 (16)
Target 2-feature mismatch, distractor match 913 (36) 185 (12) 156 (14)
Target 2-feature mismatch, distractor mismatch 882 (37) 290 (18) 129 (14)

Right-bound reading time
Target match, distractor match 1162 (54) 200 (11) 196 (17)
Target match, distractor mismatch 1108 (41) 228 (12) 185 (23)
Target 1-feature mismatch, distractor match 1025 (36) 245 (14) 215 (31)
Target 1-feature mismatch, distractor mismatch 1088 (39) 234 (13) 195 (20)
Target 2-feature mismatch, distractor match 1117 (39) 191 (13) 191 (20)
Target 2-feature mismatch, distractor mismatch 1062 (40) 329 (21) 178 (23)

Regression path duration
Target match, distractor match 1295 (79) 221 (16) 312 (43)
Target match, distractor mismatch 1203 (57) 251 (14) 282 (44)
Target 1-feature mismatch, distractor match 1199 (65) 304 (29) 339 (54)
Target 1-feature mismatch, distractor mismatch 1206 (58) 317 (40) 342 (67)
Target 2-feature mismatch, distractor match 1188 (47) 229 (24) 318 (53)
Target 2-feature mismatch, distractor mismatch 1199 (64) 456 (65) 405 (91)

Second-pass reading time
Target match, distractor match 873 (97) 223 (30) 265 (36)
Target match, distractor mismatch 799 (93) 224 (27) 253 (36)
Target 1-feature mismatch, distractor match 881 (98) 318 (34) 266 (38)
Target 1-feature mismatch, distractor mismatch 1044 (106) 339 (34) 234 (26)
Target 2-feature mismatch, distractor match 925 (99) 212 (25) 287 (36)
Target 2-feature mismatch, distractor mismatch 1210 (119) 445 (55) 288 (37)
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Survey of empirical contrasts

Previous studies have shown that attraction effects are
consistently found for agreement, but not for reflexives
(see Dillon, 2014, for a review). We showed that reflexives
are in fact susceptible to attraction by making a minimal
change to the number of feature mismatches between
the target subject and reflexive. To illustrate how our
results diverge from previous studies, Fig. 5 compares the
findings from Experiments 1–3 of the current study to
the effects reported in previous studies, e.g., Sturt (2003;
labeled ‘S’), Cunnings and Sturt (2014; labeled ‘C&S’), and
Dillon et al. (2013; labeled ‘D et al.’).3 The results from
our 1-feature mismatch conditions are closely aligned with
the results of previous studies that manipulated only one
feature, showing a lack of attraction. By contrast, the results
from our 2-feature mismatch conditions diverge sharply
from those studies, revealing attraction effects for reflexives

that are as strong as those observed for agreement, if not
stronger.

A few studies have reported interference in reflexive
processing, but the effects reported in those studies are
not representative of typical attraction effects found with
agreement. Cunnings and Felser (2013) manipulated the
gender match with direct object reflexives, and observed
an attraction effect. However, this effect obtained only in
early eye-tracking measures after a partitioning of the par-
ticipants based on working memory span. King et al.
(2012) also manipulated gender and showed that attrac-
tion obtains specifically for reflexives embedded in a
post-verbal prepositional phrase (PP). However, reflexives
in this position may be associated with different licensing
conditions than those that govern direct object reflexives.
Patil et al. (2016) manipulated the gender match with
direct object reflexives, and observed a marginal effect of
attraction in late eye-tracking measures. The effects
reported in these studies are smaller and less consistent
than the effects reported in the present study. For instance,
Cunnings and Felser (2013) reported a facilitation effect of
19 ms in early eye-tracking measures, whereas in the

Table 9
Summary of statistical analyses by region and measure in Experiment 3. Significant coefficients (jtj > 2) are in bold.

Regions

Pre-critical Critical Spillover

b̂ SE t b̂ SE t b̂ SE t

First pass reading time
1-feature grammaticality "0.01 0.06 "0.21 "0.09 0.23 "0.40 0.29 0.27 1.08
2-feature grammaticality "0.02 0.06 "0.30 0.27 0.23 1.15 "0.26 0.27 1.08
Distractor match 0.00 0.06 0.03 "0.39 0.23 "1.67 0.38 0.27 1.40
1-feature grammaticality ! distractor match "0.11 0.09 "1.17 0.45 0.33 1.37 "0.51 0.38 "1.33
2-feature grammaticality ! distractor match 0.03 0.09 0.35 "0.57 0.33 "1.74 0.13 0.38 0.34
1-feature attraction "0.10 0.06 "1.60 0.06 0.22 0.28 "0.11 0.28 "0.42
2-feature attraction 0.03 0.06 0.53 "0.97 0.26 "3.71 0.53 0.33 1.61
1-feature attraction ! 2-feature attraction "0.14 0.09 "1.57 1.03 0.33 3.12 "0.65 0.39 "1.60

Right-bound reading time
1-feature grammaticality "0.02 0.03 "0.54 "0.07 0.23 "0.33 0.30 0.30 1.01
2-feature grammaticality "0.04 0.04 "1.20 0.35 0.23 1.52 "0.22 0.30 "0.73
Distractor match 0.01 0.03 0.39 "0.39 0.23 "1.70 0.40 0.31 1.28
1-feature grammaticality ! distractor match "0.06 0.05 "1.16 0.48 0.33 1.47 "0.49 0.41 "1.18
2-feature grammaticality ! distractor match 0.04 0.05 0.80 "0.66 0.33 "1.98 0.10 0.47 0.22
1-feature attraction "0.05 0.04 "1.20 0.08 0.22 0.39 "0.07 0.29 "0.26
2-feature attraction 0.05 0.04 1.43 "1.06 0.27 "3.92 0.51 0.34 1.50
1-feature attraction ! 2-feature attraction "0.10 0.05 "1.90 1.15 0.33 3.45 "0.59 0.40 "1.48

Regression path duration
1-feature grammaticality "0.01 0.04 "0.24 "0.03 0.24 "0.16 0.30 0.32 0.94
2-feature grammaticality "0.02 0.04 "0.51 0.42 0.24 1.73 "0.19 0.33 "0.57
Distractor match 0.03 0.04 0.66 "0.41 0.24 "1.73 0.41 0.33 1.23
1-feature grammaticality ! distractor match "0.04 0.06 "0.73 0.49 0.34 1.43 "0.47 0.44 "1.06
2-feature grammaticality ! distractor match "0.00 0.06 "0.05 "0.70 0.34 "2.04 0.09 0.51 0.19
1-feature attraction "0.01 0.05 "0.31 "0.41 0.23 "1.76 "0.04 0.31 "0.12
2-feature attraction 0.02 0.04 0.55 "1.12 0.28 "3.99 0.51 0.37 1.40
1-feature attraction ! 2-feature attraction "0.04 0.06 "0.64 1.19 0.34 3.45 "0.56 0.43 "1.37

Second-pass reading time
1-feature grammaticality 0.52 0.31 1.66 0.93 0.29 3.15 0.12 0.30 0.40
2-feature grammaticality 1.15 0.31 3.60 1.28 0.29 4.32 0.31 0.30 1.01
Distractor match 0.20 0.31 0.64 "0.19 0.29 "0.64 0.35 0.30 1.16
1-feature grammaticality ! distractor match "0.44 0.44 "0.99 0.03 0.41 0.07 "0.65 0.43 "1.49
2-feature grammaticality ! distractor match "0.97 0.45 "2.17 "0.89 0.42 "2.13 "0.01 0.43 "0.02
1-feature attraction "0.25 0.38 "0.65 "0.20 0.28 "0.71 "0.29 0.31 "0.95
2-feature attraction "0.79 0.31 "2.52 "1.08 0.31 "3.49 0.32 0.31 1.02
1-feature attraction ! 2-feature attraction 0.53 0.44 1.19 0.92 0.42 2.19 "0.62 0.44 "1.40

3 Fig. 5 reports late eye-tracking measures, e.g., second-pass, total time,
since these measures consistently show attraction for both agreement and
reflexives.
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present study, the facilitation effects in early measures
ranged from 46 ms to 105 ms.

The current results have several consequences for theo-
ries of memory access in sentence comprehension. Most
importantly, our findings are consistent with the claim that
there is a direct relation between grammatical constraints
and their implementation as retrieval cues. Previous
empirical contrasts between agreement and reflexive
licensing (e.g., Dillon et al., 2013) motivated the claim that
morphological cues play a different role in retrieval for the
two dependencies, despite similar agreement constraints.
However, the finding that reflexives and agreement are
both susceptible to attraction suggests that they both
recruit morphological agreement features as retrieval cues,
as expected if there is a uniform mapping from grammat-
ical constraints to retrieval cues. Of course, this does not

explain why agreement attraction effects are routinely
found in 1-feature mismatch contexts, whereas a stronger
mismatch is required to reliably elicit reflexive attraction
effects. We return to this issue below.

We argue that the current results are best captured in a
cue-based parsing architecture where agreement and
reflexives deploy the same memory access mechanism.
Specifically, we suggest that agreement and reflexives both
engage a cue-based retrieval mechanism that uses a com-
bination of structural and non-structural (e.g., morpholog-
ical) cues to access a licensor in content-addressable
memory. This account is consistent with the general
assumption that all linguistic dependencies are uniformly
resolved using an error-prone, cue-based retrieval mecha-
nism, as suggested in previous research (e.g., Lewis &
Vasishth, 2005; McElree, 2000; McElree et al., 2003).

Fig. 4. Mean raw reading times by measure at the critical region in Experiment 3. Error bars indicate standard error of the mean.
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Why do subject-verb agreement and reflexive-antecedent
dependencies differ?

We suggested that agreement and reflexives deploy the
same memory access mechanism and that there is a uni-
form mapping from grammatical constraints to retrieval
cues. On this view, both agreement and reflexives should
show identical attraction profiles. However, they are differ-
entially susceptible to attraction: environments that exhi-
bit strong agreement attraction effects, e.g., 1-feature
mismatch contexts, do not exhibit reflexive attraction.

The varying strength of distractor effects in subject-
verb and reflexive-antecedent dependencies could reflect
baseline activation differences of the subject noun for the
two dependencies. It is assumed in cue-based models
(e.g., ACT-R; Lewis & Vasishth, 2005) that retrieval targets
heads of arguments, rather than entire arguments. In the
sentences that we tested, the subject head noun is
retrieved at the main verb for subject-verb integration
immediately before the critical retrieval at the reflexive.
This gives the subject head noun an activation boost that
could reduce interference from the distractor during retrie-
val for reflexive licensing. No such difference is expected
for subject-verb agreement, since the critical retrieval for
agreement licensing occurs before subject-verb integration
(see Dillon et al., 2013, for discussion).

We argue that fluctuations of activations cannot cap-
ture the observed contrasts. First, previous work using
computational simulations has shown that baseline activa-
tion differences are insufficient to account for the lack of
attraction with reflexives (Dillon et al., 2013). Second, the
assumption that only the head of the subject NP is reacti-
vated at the verb, rather than the entire argument, is nei-
ther obvious nor well-motivated. It is more likely that
retrieval for subject-verb integration targets the entire
argument, which would reactivate both the head and dis-
tractor contained inside.

We suggest instead that the contrast between subject-
verb agreement and reflexive-antecedent dependencies
with respect to attraction reflects differences in cue
weightings for the two dependencies, based on the pre-

dictability of the dependency. Specifically, we suggest that
the selectivity of reflexive attraction may reflect a
weighted cue-combinatorics scheme in which structural
cues are weighted more strongly than morphological cues.
Weighting structural cues over morphological cues maxi-
mizes the probability of retrieving the structurally accessi-
ble target and minimizes attraction from structurally
irrelevant items, even when the target is not a perfect
match, e.g., 1-feature mismatch. However, the finding that
reflexives are susceptible to attraction with stronger
reflexive-antecedent mismatches, e.g., 2-feature mismatch,
implies that the weighting for structural cues is not so
strong that they serve a gating function (cf. Van Dyke &
McElree, 2011), so that only the target is considered.

To make this account explicit, we simulated cue
weighting for reflexive licensing. Using the same computa-
tional model described in the Introduction, we systemati-
cally manipulated the weight assigned to structural cues
relative to non-structural cues. Specifically, we imple-
mented an agreement-based retrieval model for reflexive
processing which used a mixture of syntactic and agree-
ment features as cues to retrieve the subject. The simula-
tions included weighted structural cues for local subject,
which targeted the subject position of the current clause,
and agreement cues for person, number, gender, and ani-
macy (following Dillon et al., 2013).

Fig. 6 provides a plot of the predicted retrieval error rates
as a function of structural cue weighting. When structural
cues are weighted equally to non-structural cues, wide-
spread attraction effects are predicted for both the 1- and
2-feature mismatch conditions. By contrast, when the
weighting for structural cues is at its strongest, no attraction
effects are predicted for either the 1- or 2-featuremismatch
conditions. Interestingly, we find that at intermediate val-
ues, the model accurately predicts the absence of an attrac-
tion effect in the 1-feature mismatch condition and the
presence of an attraction effect in the 2-feature mismatch
condition. These results demonstrate that it is possible to
capture both the presence and absence of reflexive attrac-
tion from the same retrieval mechanism by preferentially
weighting structural cues over morphological cues.

Fig. 5. Comparison of the interference effects across Experiments 1–3 (labeled as P&P) with the effects reported in Sturt (2003; labeled ‘S’), Cunnings and
Sturt (2014; labeled ‘C&S’), and Dillon et al. (2013; labeled as ‘D et al.’).
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The modeling results raise two concerns about the nat-
ure of retrieval for dependency formation. First, we found
that it is possible to model the distribution of attraction
effects for reflexives using the same retrieval architecture
and the same retrieval cues, but by varying the weighting
of structural cues. However, we have not offered any way
of guaranteeing that comprehenders should choose the
specific weightings that capture the observed experimen-
tal contrasts. Further research is necessary to determine
how learners converge on the correct weighting scheme.
Second, it remains unclear how the parser determines
when it should prioritize syntactic cues over morphologi-
cal cues. The finding that agreement shows strong attrac-
tion effects, even in a 1-feature mismatch context,
implies that structural cues are not weighted more
strongly for agreement.

We suggest that the priority for structural cues is deter-
mined by the predictability of the dependency. Specifically,
we argue that structural cues are prioritized when retrieval
is triggered as part of normal resolution for unpredictable
dependencies, such as those involving reflexives, but they
are not prioritized when retrieval is triggered by a predic-
tion error, such as in the case of subject-verb agreement.
Previous work has argued that retrieval for subject-verb
agreement functions as a repair mechanism triggered by
the detection of a number prediction error (e.g., Lago,
Shalom, Sigman, Lau, & Phillips, 2015; Wagers et al.,
2009). On this view, the subject NP predicts the number
of the verb, but when the verb form violates that predic-
tion, the parser engages a cue-based retrieval process to
recover a number matching noun to license agreement.
The prediction error could lead the parser to be uncertain
about the accuracy of the existing structural encoding
and, hence, less reliant on syntactic cues during retrieval.
Relying less on syntactic cues should increase the opportu-
nity for attraction errors from number matching items in
locations that are syntactically irrelevant for dependency
formation. Reflexive anaphors, by contrast, cannot be

anticipated as reliably as subject-verb agreement, and are
less likely to violate expectations in a way that would
impact priority for structural cues. Retrieval is required
as part of normal resolution, and syntactic cues should
remain prioritized over morphological cues. On this view,
structural cues are weighted more strongly than morpho-
logical cues by default as part of normal resolution for
dependencies that define their licensors in structural
terms. This includes both reflexive licensing and subject-
verb agreement. But the priority for structural cues can
be neutralized when retrieval is triggered by a prediction
error that impacts the parser’s confidence about the accu-
racy of the existing structural encoding.

Our proposal is supported by the timing profiles
observed in Experiments 2 and 3, which show that detec-
tion of grammaticality violations precedes attraction
effects for agreement, and that attraction effects are simul-
taneous with the grammaticality effects for reflexives. For
agreement, we observed a main effect of grammaticality
in early measures, e.g., first-pass reading times, followed
by attraction in later measures. This timing profile is pre-
dicted under accounts that posit that retrieval is triggered
by the initial detection of a violated agreement prediction,
and replicates previous studies showing that grammatical-
ity effects show an earlier onset than attraction effects
(e.g., Lago et al., 2015; Tucker et al., 2015). Under this
account, the grammaticality effect in early measures
reflects detection of an agreement prediction error, trigger-
ing the error-driven retrieval processes that gave rise to
the attraction effects observed in later measures.
Reflexives, by contrast generally showed attraction from
the earliest stages of processing, e.g., first-pass reading
times, since they must engage retrieval from the start as
part of normal resolution. The exception to this pattern
was Experiment 1, where all effects for reflexives were
observed in later measures.

The current proposal raises the question of whether
similar effects of cue-weighting would be observed in lan-
guages other than English. Would we see such effects in
languages with a rich morphology system? Lago et al.
(2015) conducted a distributional analysis of agreement
attraction effects in Spanish, a language which has richer
agreement morphology than English, and showed that
these effects are similar in their magnitude and distribu-
tion to those previously observed in English. Based on
these findings, we find no reason to assume that our pro-
posal should be implemented differently in other lan-
guages.4 But, we leave this issue to future research.

Fig. 6. Predicted retrieval error rates for 1-feature (solid) and 2-feature
(dashed) mismatch conditions as a function of structural cue weighting.

4 Martin and colleagues tested anaphoric dependencies involving ellipsis
in Spanish, and reported that the gender of a grammatically irrelevant
attractor modulated ERP responses associated with ellipsis resolution, even
in grammatical sentences (Martin, Nieuwland, & Carrieras, 2012, 2013).
These findings do not challenge our proposal for several reasons. First,
ellipsis is less structurally constrained than the reflexive-antecedent
dependencies that we tested. In fact, many formal theories assume that
ellipsis is semantically licensed, which could impact real-time processing
(see Phillips & Parker, 2014, for a review). Second, the effects differ in
important ways from previous demonstrations of attraction. Martin and
colleagues showed a sustained negativity and increased P600, rather than
the reduced P600 shown in previous tests (e.g., Tanner et al., 2014; Tanner,
Grey, & van Hell, 2016; see also, Xiang et al., 2009).
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The different timing profiles for attraction reported in
the current study, taken together with previous empirical
contrasts (e.g., Parker et al., 2015), provide two insights
into the nature of retrieval for dependency formation. First,
they suggest that retrieval prioritizes structural cues over
non-structural cues, and that susceptibility to attraction
might be based on the predictability of the dependency.
Second, the current results provide further evidence for
the proposal that retrieval for agreement licensing func-
tions as a repair mechanism triggered by the detection of
an agreement prediction error (Lago et al., 2015; Wagers
et al., 2009). The finding that grammaticality violations
precede attraction effects for agreement is unexpected
under accounts that retrieval is always engaged at the
verb, and also under percolation accounts (e.g., Eberhard
et al., 2005; Franck et al., 2002; Pearlmutter et al., 1999;
see Introduction for discussion). These accounts posit that
agreement can be computed only after retrieval has taken
place, and incorrectly predict simultaneous effects of
grammaticality violations and attraction.

Conclusion

In this paper, we tested the prediction that reflexive
attraction reflects the strength of the reflexive-
antecedent feature match. Across three eye-tracking
experiments, we showed that it is possible to systemati-
cally control where attraction effects do and do not occur
for reflexive licensing. Furthermore, we showed based on
computational simulations that it is possible to derive both
the presence and absence of reflexive attraction from the
same retrieval mechanism using a cue-combinatorics
scheme that preferentially weights structural cues over
morphological cues. Finally, we proposed an account of
why agreement and reflexives differ with respect to attrac-
tion, based on the predictability of the dependency. Ulti-
mately, these results provide further support for the
claim that there is a direct relation between grammatical
constraints and their implementation as retrieval cues
(see Dillon et al., 2013; Phillips et al., 2011, for discussion)
and that all linguistic dependencies are uniformly resolved
using an error-prone, cue-based retrieval mechanism (e.g.,
Lewis & Vasishth, 2005; McElree, 2000; McElree et al.,
2003).
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