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ABSTRACT

This dissertation investigates the working memory mechanism subserving human sentence processing
and its relative contribution to processing difficulty as compared to syntactic prediction. Within the
last decades, evidence for a content-addressable memory system underlying human cognition in general
has accumulated (e.g., Anderson et al., 2004). In sentence processing research, it has been proposed
that this general content-addressable architecture is also used for language processing (e.g., McElree,
2000). Although there is a growing body of evidence from various kinds of linguistic dependencies that
is consistent with a general content-addressable memory subserving sentence processing (e.g., McElree
et al., 2003; Van Dyke and McElree, 2006), the case of reflexive-antecedent dependencies has challenged
this view. It has been proposed that in the processing of reflexive-antecedent dependencies, a syntactic-
structure based memory access is used rather than cue-based retrieval within a content-addressable
framework (e.g., Sturt, 2003). Two eye-tracking experiments on Chinese reflexives were designed to
tease apart accounts assuming a syntactic-structure based memory access mechanism from cue-based
retrieval (implemented in ACT-R as proposed by Lewis and Vasishth, 2005). In both experiments, in-
terference effects were observed from noun phrases which syntactically do not qualify as the reflexive’s
antecedent but match the animacy requirement the reflexive imposes on its antecedent. These results
are interpreted as evidence against a purely syntactic-structure based memory access. However, the
exact pattern of effects observed in the data is only partially compatible with the Lewis and Vasishth
cue-based parsing model. Therefore, an extension of the Lewis and Vasishth model is proposed. Two
principles are added to the original model, namely cue confusion and distractor prominence.

Although interference effects are generally interpreted in favor of a content-addressable memory architec-
ture, an alternative explanation for interference effects in reflexive processing has been proposed which,
crucially, might reconcile interference effects with a structure-based account. It has been argued that
interference effects do not necessarily reflect cue-based retrieval interference in a content-addressable
memory but might equally well be accounted for by interference effects which have already occurred at
the moment of encoding the antecedent in memory (Dillon, 2011). Three experiments (eye-tracking and
self-paced reading) on German reflexives and Swedish possessives were designed to tease apart cue-based
retrieval interference from encoding interference. The results of all three experiments suggest that there
is no evidence that encoding interference affects the retrieval of a reflexive’s antecedent. Taken together,
these findings suggest that the processing of reflexives can be explained with the same cue-based retrieval
mechanism that has been invoked to explain syntactic dependency resolution in a range of other struc-
tures. This supports the view that the language processing system is located within a general cognitive
architecture, with a general-purpose content-addressable working memory system operating on linguistic
expressions.

Finally, two experiments (self-paced reading and eye-tracking) using Chinese relative clauses were
conducted to determine the relative contribution to sentence processing difficulty of working-memory
processes as compared to syntactic prediction during incremental parsing. Chinese has the cross-
linguistically rare property of being a language with subject-verb-object word order and pre-nominal
relative clauses. This property leads to opposing predictions of expectation-based accounts and memory-
based accounts with respect to the relative processing difficulty of subject vs. object relatives. Previous
studies showed contradictory results, which has been attributed to different kinds local ambiguities con-
founding the materials (Lin and Bever, 2011). The two experiments presented are the first to compare
Chinese relatives clauses in syntactically unambiguous contexts. The results of both experiments were
consistent with the predictions of the expectation-based account of sentence processing but not with the
memory-based account. From these findings, I conclude that any theory of human sentence processing

needs to take into account the power of predictive processes unfolding in the human mind.
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CHAPTER 1

INTRODUCTION

Human sentence parsing refers to the psychological process of creating a syntactic rep-
resentation from a linear stream of words. In order to assign a meaning to a sentence
that goes beyond the mere lexical semantics of its individual words, we have to identify
the syntactic relations between the words, for example, we need to identify the subject
and the object of a verb. This finally allows us to assign the corresponding thematic
roles, that is to decide who did what to whom. The aim of psycholinguistic research is
to develop a general theory of human sentence processing which captures the general
mechanisms underlying human language processing and thus goes beyond the specific
characteristics of a particular language. Even very prominent theories of sentence pro-
cessing which had been developed mainly based on evidence from English (e.g., the
Garden Path theory proposed by Frazier, 1987) had to be revised when they were faced
with broader cross-linguistic evidence (Pickering and Van Gompel, 2006). Thus, it is
crucial for psycholinguistic research to develop and test theories focussing on evidence
from different languages. Therefore, I adopt a cross-linguistic perspective in this thesis
by presenting evidence from different languages and discussing the implications of the

results in the light of previous literature from a broad range of languages.

One critical cognitive component involved in human sentence parsing is working memory.
When creating the syntactic representation of a sentence, we often have to link together
two elements which are not adjacent to each other, so-called unbounded dependencies.
Indeed, in many syntactic dependencies, such as subject-verb or anaphor-antecedent
dependencies, the amount of material linearly intervening between the first and the
second element of the dependency is (theoretically) unlimited. For the incremental
human parser (e.g., Marslen-Wilson, 1973, 1975), this means that when encountering
the second part of a dependency, a memory process needs to be triggered to retrieve

its previously parsed counterpart. Already early psycholinguistic research indicated
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that working memory constraints pose central limitations to what kind of sentences
humans are actually able to comprehend as compared to what sentences are theoretically

grammatical in a language (Miller and Chomsky, 1963).

With respect to the working memory system subserving sentence processing, two major
issues are to be addressed. The first issue concerns the architecture of the memory
system. Here, the central questions are i) what the defining properties of this system
are, and ii) whether this system is shared with other cognitive tasks, or whether it is a
language-specific system with mechanisms that are qualitatively different from the ones
used for other tasks. The second issue concerns the relative contribution of working

memory constraints to sentence processing difficulty as compared to other factors.

The first question has resulted in a great deal of controversy in the history of psycholin-
guistic research. On the one hand, it has been proposed that the working memory system
used for inherently automatic linguistic processes such as sentence parsing is detached
from the working memory system used for other language related cognitive tasks such
as more consciously controlled verbal tasks (Caplan and Waters, 1996, 1999). On the
other hand, Just and Carpenter (1992) (see also King and Just, 1991) have proposed
a shared memory system serving all kinds of linguistic and verbal tasks. More recent
research has proposed that not only all kinds of verbal tasks make use of the same mem-
ory system, but that language draws on the same memory system as any other cognitive
processes. Within the last decades, evidence for a content-addressable memory system
underlying human cognition in general has accumulated (e.g., Watkins and Watkins,
1975; Anderson and Lebiere, 1998; Anderson et al., 2004; McElree, 2006). In sentence
processing research, it has been proposed that this general content-addressable archi-
tecture also subserves language processing (e.g., McElree, 2000; Van Dyke and Lewis,
2003; Lewis and Vasishth, 2005; Van Dyke and McElree, 2011). In particular, Lewis
and Vasishth (2005) developed a model of human sentence processing which is based
on the general content-addressable cognitive architecture Adaptive Control of Thought—
Rational (ACT-R) (Anderson and Lebiere, 1998; Anderson et al., 2004). Indeed, there
is a growing body of evidence from various kinds of linguistic dependencies that is
consistent with a general, i.e., independently motivated, content-addressable memory
subserving sentence processing (e.g., Van Dyke and Lewis, 2003; Van Dyke and McEl-
ree, 2006; Van Dyke, 2007; Wagers et al., 2009; Van Dyke and McElree, 2011; Dillon
et al., 2013; McElree et al., 2003; Martin and McElree, 2008; Vasishth et al., 2008).
However, the case of reflexive-antecedent dependencies has challenged the view of one
general-purpose content-addressable memory being used for syntactic parsing. One cen-
tral prediction of a content-addressable memory architecture is that in the assumedly
cue-based retrieval process interference effects from non-target items which match some

of the retrieval relevant features (the so-called retrieval cues) should be observed. The
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absence of such interference effects in the processing of reflexive-antecedent dependencies
has been taken as evidence against cue-based retrieval as implemented in the Lewis and
Vasishth (2005) model (e.g., Nicol and Swinney, 1989; Sturt, 2003; Phillips et al., 2011)
and has been interpreted favoring a structure-based account in which syntax has some
kind of priority over other information available in the input. Note that this view is
tightly related to the question of modularity of language in general. Modular accounts
of language processing assume that i) the language system as a whole is a cognitive
subsystem which is largely detached from other cognitive subsystems and ii) within the
language system, the different components (syntax, semantics etc.) are informationally
encapsulated, i.e., operate independently from each other (usually in a serial fashion
with syntax having temporal priority over semantics in sentence comprehension) (e.g.,
Frazier, 1979; Rayner et al., 1983; Ferreira and Clifton, 1986; Frazier, 1987; Abney, 1989;
Crocker, 1995; Pritchett, 1992). Against this background, experimental evidence on the
processing of reflexives has wide-ranging implications for theories of sentence process-
ing. However, there are several concerns with the evidence which has been presented
favoring a structure-based account of reflexive-antecedent processing. First, evidence
for the structure-based account comes from the absence of interference effects, which
statistically is a null result and hence inconclusive. In particular in the light of the
low statistical power of psycholinguistic experiments in general, these findings should
be interpreted with caution. Second, most of the evidence presented so far focusses on
English reflexives and interference effects induced by a noun which matches the number
or gender feature of the reflexive. As mentioned above, it is crucial for any general
theory of sentence processing to be exposed to cross-linguistic tests from a wide range
of typologically varying languages. In this thesis, the processing of reflexives is inves-
tigated from a more cross-linguistic perspective. Evidence from experiments with very
large sample sizes to overcome the statistical power issue on the processing of reflexives
in Mandarin Chinese, German and Swedish are presented. Based on the experimental
results, an extension of the content-addressable ACT-R model of sentence processing
(Lewis and Vasishth, 2005) is proposed and evaluated by comparing its predictions with

previous experimental evidence on reflexives.

The second major question about working memory in sentence processing, namely the
relative contribution of working memory constraints to processing difficulty, is important
to answer because the predictions of any theory of sentence processing are formulated
in terms of (some operational definition of) processing difficulty associated with one
linguistic constellation as compared to another. Thus, any comprehensive theory of
sentence processing needs to make explicit statements about the sources of processing

difficulty. Hence, it is a central endeavor in psycholinguistic research to disentangle
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the various factors which contribute to processing difficulty. Indeed, the different the-
ories of human sentence processing attribute processing difficulty to different factors.
The most prominent factors proposed in the literature are working memory constraints
and top-down predictions about upcoming material. Although it is a well-established
fact that the human parser heavily involves into predictions about upcoming material
(e.g., Ehrlich and Rayner, 1981; Altmann and Kamide, 1999; Federmeier and Kutas,
1999; Kamide et al., 2003; McDonald and Shillcock, 2003; Kaiser and Trueswell, 2004;
Van Berkum et al., 2005; DeLong et al., 2005; Staub and Clifton, 2006; for a recent
review see Huettig, 2015), their relative contribution to sentence processing difficulty, in
particular as compared to working memory limitations, is not entirely clear yet. Among
the theories which assume that working memory processes are the main source of rela-
tive sentence processing difficulty, different concrete memory demands during sentence
processing have been proposed to be responsible for the processing difficulty. On the one
hand, it has been proposed that processing difficulty arises as a result of memory decay
and/or interference at the moment of memory retrievals as a function of the distance
between the currently parsed element and the target of the retrieval, that is, the first
part of the dependency (e.g., Stevenson, 1994; Gibson, 1998, 2000; Gordon et al., 2001,
2004; McElree, 2000; Lewis and Vasishth, 2005; Van Dyke and McElree, 2011). T will
refer to these accounts as retrieval metrics. However, note that there are substantial
differences between these theories concerning the exact mechanisms underlying memory
interference. On the other hand, it has been proposed that tracking (syntactic) predic-
tions about upcoming material consumes working memory resources and hence leads to
increased processing difficulty as a function of the number of the currently maintained
predictions. The most well-known representative of this metric is the storage cost com-
ponent of the Dependency Locality Theory (DLT) (Gibson, 1998, 2000). I will refer to
this as storage metrics. Although storage metrics take into account prediction as an
important source of processing difficulty, it is theoretically orthogonal to the proposal
made by a wide range of theories which I will refer to as ezpectation-based accounts. This
class of accounts attributes the main source of processing ease or difficulty to predictions
about the incoming material which are either met or dashed (e.g., Mitchell and Holmes,
1985; Trueswell et al., 1993; Mitchell et al., 1995; Trueswell, 1996; Jurafsky, 1996; McRae
et al., 1998; Tabor and Tanenhaus, 1999; Hale, 2001; Levy, 2008). In contrast to storage
metrics, expectation-based theories assume that predictions about upcoming material
facilitate processing. Note, however, that the locus of the predicted effect differs: storage
metrics predict increased processing difficulty as long as a prediction has to be main-
tained, i.e., has not been confirmed or dashed yet, whereas expectation-based theories
predict processing facilitation at the moment when the incoming material is in agreement
with a prediction. This thesis presents reading experiments investigating the processing

of Chinese relative clauses that were designed to tease apart the relative contribution
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to processing difficulty of the different working memory metrics (retrieval and storage
metrics) on the one hand and syntactic prediction on the other hand. Evidence for
one very influential theory attributing sentence processing difficulty to working memory
constraints largely came from English relative clauses (Gibson, 1998, 2000). However,
due to the syntactic properties of English relative clauses, expectation-based accounts
make similar predictions as Gibson (2000)’s Dependency Locality Theory. Chinese is an
important test case for disentangling prediction and working memory constraints in the
processing of relative clauses since, due to the syntactic properties peculiar to Chinese

relative clauses, both accounts make opposing predictions.

This thesis is composed of three journal articles. The first and the second article concern
the first question raised in the introduction, i.e., the architectural properties of the
working memory system subserving human sentence parsing. The third article concerns
the second question raised above, i.e., the relative contribution of working memory and

prediction to sentence processing difficulty.

The first article, which is presented in Chapter 2, investigates the processing of the
Chinese reflexive ziji in order to tease apart structure-based accounts of reflexive pro-
cessing (Nicol and Swinney, 1989; Sturt, 2003; Phillips et al., 2011; Dillon et al., 2013,
2014) from content-addressable accounts of memory retrieval which, in addition to syn-
tactic features, also use non-structural features as retrieval cues (Lewis and Vasishth,
2005). In contrast to English reflexives, Chinese ziji is neither marked for gender nor
for number but requires its antecedent to be animate. Two eye-tracking-while-reading
experiments show that retrieval ease of the reflexive’s antecedent is affected by the pres-
ence of a syntactically illicit distractor noun that matches the animacy feature, which
the reflexive arguable uses as a retrieval cue. The results are interpreted as evidence
against a structure-based account of reflexive processing and are modeled in the ACT-R
framework as proposed by Lewis and Vasishth (2005). As the current implementation
of the Lewis and Vasishth (2005) model was not able to account for the interference
pattern observed in the data, an extension of this model is proposed and is discussed
against the background of previous literature on reflexive processing. In Chapter 2, only
those properties of Chinese reflexives which are critical for the experimental design are
presented. As the syntactic and discourse constraints of Chinese reflexives are highly
complex, a chapter dedicated to the properties of Chinese reflexives has been added to

the appendix of this dissertation (see Appendix D).

Although the interference effects presented in the first article are interpreted as evidence
against structure-based memory access and in favor of a content-addressable memory

architecture, an alternative explanation for interference effects in reflexives has been
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proposed which, crucially, might reconcile interference effects with a structure-based ac-
count. Dillon (2011) has argued that interference effects observed when a reflexive trig-
gers the retrieval of its antecedent do not necessarily reflect cue-based retrieval interfer-
ence as predicted by a content-addressable memory but might equally well be accounted
for by interference effects which have already occurred at the moment of encoding the
antecedent in memory (Nairne, 1988, 1990; Lewandowsky et al., 2008; Oberauer and
Kliegl, 2006). The idea is that the presence of a similar distractor leads to a decreased
memory trace (e.g., in terms of distinctiveness or in terms of activation level; Oberauer
and Kliegl, 2006) of the antecedent and, as a consequence, to increased latencies at later
retrievals. Hence, both cue-based retrieval and structure-based memory access with the
additional assumption of encoding interference predict increased retrieval latencies at the
reflexive due to the presence of a feature-matching distractor. The second publication
included in this thesis (see Chapter 3) presents three experiments on German reflexives
and Swedish possessives which were designed to tease apart cue-based retrieval inter-
ference from encoding interference. Despite high statistical power, in neither of these
three experiments, evidence for encoding interference affecting the retrieval of a reflex-
ive’s antecedent could be observed. Together with the results of the first article of this
thesis and previous literature on reflexives, these results are interpreted in favor of a

content-addressable memory architecture in sentence processing.

The third publication included in this thesis (see Chapter 4) investigates the process-
ing of Chinese relative clauses. As mentioned above, Chinese relative clauses are an
important test case to tease apart theories of sentence processing which assume that
the major determinant of processing ease or difficulty is prediction from those theories
which attribute it to memory processes. Chinese has the cross-linguistically rare prop-
erty of being a language with subject-verb-object word order and pre-nominal relative
clauses. This property leads to opposing predictions of expectation-based accounts and
memory-based accounts. Expectation-based accounts such as the surprisal metric pro-
posed by Hale (2001) and Levy (2008) predict subject-extracted relative clauses to be
easier to process than object-extracted relative clauses. In contrast, working-memory
based theories of sentence processing (e.g., Gibson, 1998, 2000; Lewis and Vasishth,
2005) predict object-extracted relative clauses to be easier to process. The experiments
on Chinese relative clauses presented in this thesis, are designed to pit the predictions
of expectation-based accounts against those of the different working memory-based pro-

cessing metrics.
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FRONTIERS IN PSYCHOLOGY
Volume 6, Issue 617, 2015

RETRIEVAL INTERFERENCE IN REFLEXIVE

PROCESSING: EXPERIMENTAL EVIDENCE

FROM MANDARIN, AND COMPUTATIONAL
MODELING

Lena Jager, Felix Engelmann, and Shravan Vasishth
Dept. of Linguistics, University of Potsdam

ABSTRACT

We conducted two eye-tracking experiments investigating the processing of the Man-
darin reflexive ziji in order to tease apart structurally constrained accounts from stan-
dard cue-based accounts of memory retrieval. In both experiments, we tested whether
structurally inaccessible distractors that fulfill the animacy requirement of ziji influence
processing times at the reflexive. In Experiment 1, we manipulated animacy of the an-
tecedent and a structurally inaccessible distractor intervening between the antecedent
and the reflexive. In conditions where the accessible antecedent mismatched the ani-
macy cue, we found inhibitory interference whereas in antecedent-match conditions, no
effect of the distractor was observed. In Experiment 2, we tested only antecedent-match
configurations and manipulated locality of the reflexive-antecedent binding (Mandarin
allows non-local binding). Participants were asked to hold three distractors (animate
vs. inanimate nouns) in memory while reading the target sentence. We found slower
reading times when animate distractors were held in memory (inhibitory interference).

Moreover, we replicated the locality effect reported in previous studies. These results

7



Retrieval interference in reflexive processing 8

are incompatible with structure-based accounts. However, the cue-based ACT-R model
of Lewis and Vasishth (2005) cannot explain the observed pattern either. We therefore
extend the original ACT-R model and show how this model not only explains the data
presented in this article, but is also able to account for previously unexplained patterns

in the literature on reflexive processing.

Keywords: ACT-R; Reflexive processing; Cognitive Modeling; Eye-tracking; Interference; Cue-
based retrieval; Chinese; Ziji; Content-addressable memory; Sentence processing; Working mem-

ory

2.1 INTRODUCTION

One major task the human parser has to accomplish is to syntactically link together two or
more linguistic elements that are not adjacent to each other. For example, when a reflexive
is being processed, it has to be somehow linked to its antecedent even if there is intervening
material. Therefore, one central question in psycholinguistics is what mechanisms the human
parser uses to identify and retrieve the previously processed part of a dependency. Theoretically,
there are different options how this identification and retrieval of a linguistic constituent from
working memory might be accomplished: different kinds of search mechanisms on the one hand
(Sternberg, 1966, 1969) and cue-based, i.e., content-addressable, retrieval on the other hand
(McElree and Dosher, 1989; Anderson et al., 2004)!. In general, a search mechanism checks
certain items in memory based on their location in order to find the target. Cue-based retrieval,
in contrast, assumes that retrieval targets are content-addressable and can be accessed directly by
the use of certain features as retrieval cues. Over the last decade, evidence favoring a content-
addressable memory underlying human sentence processing has accumulated (McElree, 2000,
2003; McElree et al., 2003; Van Dyke and McElree, 2006; Martin and McElree, 2008).

In the case of English reflexives, retrieval cues used in a content-addressable memory might
be non-structural cues like gender or number along with structural cues like local c-command.
Note that a reflexive’s binding domain varies between languages (Biiring, 2005; Reuland, 2011).
Whereas in English it can be approximated by the local clause, in Chinese the reflexive ziji
can be bound across clause boundaries (non-local binding; for a brief overview of the syntactic
properties of Chinese ziji see below). For the sake of simplicity, we will refer to the structural
feature of c-commanding the reflexive and being contained in its binding domain briefly as the

c-command feature.

However, within the framework of cue-based retrieval, it is still an open question which features
the parser uses as retrieval cues. On the one hand, it has been proposed that all available cues

are used for retrieval with equal weights being applied to all cues (Lewis and Vasishth, 2005).

!Note that the different models of content-addressable memory differ with respect to their assump-
tions about the exact nature of similarity-based retrieval interference. While the model proposed by
Anderson et al. (2004) predicts similarity-based retrieval interference to be observed in retrieval proba-
bilities as well as in retrieval latencies, the model proposed by McElree (2000) predicts that similarity-
based retrieval interference only affects retrieval probabilities and not retrieval latencies. In this article,
we will focus on cue-based retrieval in the sense of Anderson et al. (2004).
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We will refer to this account as the standard cue-based retrieval account. On the other hand,
Van Dyke (2007); Van Dyke and McElree (2011) and others argue that syntactic cues (being in
a certain tree-configurational position) have some kind of priority over non-syntactic cues. In
particular, it has been proposed that for the processing of reflexive-antecedent dependencies, the
set of features used for retrieving a reflexive’s antecedent is limited to syntactic cues such as
c-command within the reflexive’s binding domain (Nicol and Swinney, 1989; Sturt, 2003; Xiang
et al., 2009; Phillips et al., 2011; Dillon et al., 2013; Kush and Phillips, 2014). We will refer to

this proposal as structure-based account.

If a structure-based retrieval is applied, a noun phrase that is in a structural position that
disqualifies it from being the reflexive’s antecedent should not have any effect on the processing
of the reflexive-antecedent dependency, no matter whether it matches non-structural features of
the reflexive such as gender or number. Thus, in a sentences like (2.1), the gender of Jonathan
or Jennifer should not affect processing times of the reflexive since they do not c-command it

and hence cannot syntactically bind the reflexive.

(2.1)  a. Antecedent-match; distractor-match

The surgeon who treated Jonathan had pricked himself ...

b. Antecedent-match; distractor-mismatch

The surgeon who treated Jennifer had pricked himself ...

c. Antecedent-mismatch; distractor-match

The surgeon who treated Jennifer had pricked herself ...

d. Antecedent-mismatch; distractor-mismatch

The surgeon who treated Jonathan had pricked herself ...

The parsing architecture developed by Lewis and Vasishth (2005), which is based on Anderson
and Lebiere (1998)’s cognitive architecture ACT-R (Adaptive Control of Thought-Rational)
assumes a cue-based retrieval mechanism without syntactic constraints. This model has been
used to explain interference effects in sentence processing and in reflexives in particular (e.g.,
Dillon et al., 2013; Parker and Phillips, 2014; Patil, Vasishth & Lewis, “Retrieval interference
in syntactic processing: The case of reflexive binding in English”, unpublished manuscript).
According to the ACT-R model, both latency and probability of retrieving a certain target item
are determined by i) the quality of the match between retrieval cues and target features and
ii) similarity-based mutual inhibition between the target and other matching items. Retrieval
speed and probability increase with the number of cues matching the target. If, however, certain
cues match the features of multiple memory items, similarity-based interference leads to a higher
retrieval latency, i.e., inhibitory interference effects. The latter is the case in (2.1a) as compared
to (2.1b), because in (2.1a) both the target surgeon and the distractor Jonathan share the feature
+masculine. In the antecedent-mismatch conditions (2.1c) vs. (2.1d), in contrast, the target
surgeon and the cue-matching distractor Jennifer in (2.1c) do not share the feature + feminine,

hence, no similarity-based interference arises. Consequently, no inhibition is predicted in (2.1c)
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vs. (2.1d). On the contrary, because both target and distractor only partially match the retrieval
cues in (2.1¢), they are equally likely to be retrieved. Compared to (2.1d), this predicts a higher
proportion of incorrect retrievals and a lower average retrieval latency, which is usually referred

to as facilitatory interference or intrusion.

In sum, a major prediction that distinguishes standard cue-based retrieval from models assuming
a limitation of the retrieval cues to structural features is that the former entails interference effects

from non-target items that match (some of) the cues used for retrieval.?

In order to tease apart structure-based from standard cue-based retrieval, interference effects
from feature-matching but syntactically illicit antecedents in the processing of reflexive-antecedent
dependencies have drawn considerable attention in recent years. Several studies used a feature-
match/mismatch design, where a non-syntactic feature (e.g., gender or number) was manipulated
at the antecedent and at a structurally inaccessible distractor (see Example 2.1 for typical sen-
tence material). In Table 2.1, we provide an overview of the studies examining interference
effects in reflexives (including reflexives inside a prepositional phrase and possessive reflexives)
and reciprocals using a feature-match/mismatch design. Studies on the processing of reflexives in
so-called picture noun phrases have not been included in our review since their binding properties
differ from other reflexives (Biiring, 2005; Reuland, 2011). Moreover, experiments investigating
specific populations such as children or L2 learners are not considered in the review. Table 2.1
summarizes whether or not inhibitory (i.e., a slowdown due to the presence of a cue-matching
inaccessible distractor) or facilitatory (i.e., a speed-up due to the presence of a cue-matching
inaccessible distractor) interference was observed in i) conditions with an accessible antecedent
that matched the feature under examination and ii) conditions with an accessible antecedent that
mismatched the feature under examination (i.e., sentences that are either ungrammatical or at
least violating the stereotypical gender of the accessible antecedent). Some studies manipulated
other factors in addition to the feature-match/mismatch manipulation. In these cases, we split
the respective experiments into two entries in Table 2.1, with one entry for each level of the
additional factor. In particular, for Felser et al. (2009), who manipulated feature type (gender
vs. c-command) as additional within-participants factor and language proficiency (native speaker
vs. L2 learner) as between-participants factor, one row in Table 2.1 refers to the manipulation of
the c-command feature in native speakers and another row refers to the gender manipulation in
native speakers. The results of the non-native group are not included in the table because this
review concerns adult native speaker populations. For Chen et al. (2012b), who manipulated
whether the Chinese reflexive ziji was locally or non-locally bound, one row in Table 2.1 refers
to the interference effects observed in conditions with a local antecedent and a second row refers

to the conditions with a non-local antecedent. Similarly, in the case of King et al. (2012), who

2 It should be noted that cueing for a c-command feature is a simplification since it actually is a tree-
configurational relation between items. There is no straightforward way of how to attribute a feature
like that in an incremental parsing mechanism in content-addressable memory. In this paper, we do not
provide a detailed account of how the attribution of a c-command feature could be implemented. As an
example, Patil, Vasishth and Lewis, “Retrieval interference in syntactic processing: The case of reflexive
binding in English” (unpublished manuscript) in their ACT-R model for English reflexives approximated
a c-command relation by cueing for a subject in the local clause. For a discussion of possible ways to
encode tree-configurational information such as c-command in content-addressable memory see Alcocer
and Phillips, “Using relational syntactic constraints in content-addressable memory architectures for
sentence processing” (unpublished manuscript).
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manipulated whether the reflexive directly followed the verb or a preposition intervened, one
table entry refers to the former configuration (labeled as adjacent) and another entry refers to
the latter configuration (labeled as non-adjacent). In the review of Clackson et al. (2011), who
primarily investigated the processing of reflexives in children, we only report the results of the
adult control group. For the reviewed experiments, we report effects observed at the region
containing the reflexive (labeled as crit) and the following regions (labeled as crit+z). Although
the size of the interest areas in terms of number of words contained in one region differs between
studies, which reduces the comparability of the time course of the observed effects to a certain

extent, we keep the sectioning of the interest areas as in the respective publication.

In accessible antecedent-match conditions, previous studies found inhibitory interference in six
cases (Badecker and Straub, 2002, Experiments 1 and 2; Felser et al., 2009, c-command manip-
ulation in native speakers; Chen et al., 2012b, non-local reflexives; Clackson and Heyer, 2014;
Patil, Vasishth and Lewis, “Retrieval interference in syntactic processing: The case of reflexive
binding in English”, unpublished manuscript). Statistically significant facilitatory interference
in antecedent-match conditions was found in two experiments (Sturt, 2003, Experiment 1; Cun-
nings and Felser, 2013, Experiment 2). However, Sturt found the effect only in re-reading time
two words after the reflexive and this effect could not be replicated by Cunnings and Sturt
(2014), who used the same stimuli. Cunnings and Felser found the effect for readers with low
working memory span ({WM), but not for high-span readers. In the majority of the experi-
ments, in contrast, no interference effect was observed in antecedent-match conditions (Nicol
and Swinney, 1989; Clifton et al., 1999; Badecker and Straub, 2002, Experiments 5 and 6; Sturt,
2003, Experiment 2; Felser et al., 2009, gender manipulation in native speakers; Clackson et al.,
2011, adult control group of Experiment 2; King et al., 2012; Chen et al., 2012b, conditions with
local reflexive binding; Cunnings and Felser, 2013, Experiment 1; Dillon et al., 2013; Kush and
Phillips, 2014; Parker and Phillips, 2014; Cunnings and Sturt, 2014, Experiment 1).3

For conditions with a feature-mismatching accessible antecedent, two studies report significant
effects of facilitatory interference (King et al., 2012; Parker and Phillips, 2014) and two studies
report a marginal facilitatory effect (Cunnings and Felser, 2013, Experiment 1; Patil, Vasishth &
Lewis, “Retrieval interference in syntactic processing: The case of reflexive binding in English”,
unpublished manuscript) — however, the latter effect was only found in a post-hoc analysis
of regression-contingent first-fixation durations, and thus might be spurious. Marginal effects
of inhibitory interference have been reported for participants with low working memory span
(Cunnings and Felser, 2013, Experiment 2), in the processing of reciprocals (Kush and Phillips,
2014), and in Experiment 1 of Cunnings and Sturt (2014). The latter only report a marginal
main effect of the distractor, but their reported means suggest that the effect was driven by
the antecedent-mismatch conditions. This does, however, not seem very reliable because they
used the same stimuli as Sturt (2003), Experiment 1, who, in contrast, had not found an effect
in antecedent-mismatch conditions but a facilitation in antecedent match conditions. A general
pattern is that interference effects in antecedent-match conditions are less frequently observed

than effects in antecedent-mismatch conditions.

3King et al. (2012) report different results in their CUNY 2012 abstract and their final conference
poster. We refer here to the results presented on the poster.
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To summarize, the literature on reflexive interference contains a mixture of results, not favoring
one particular of the retrieval models in question. Studies showing a general absence of interfer-
ence support structure-based accounts (Nicol and Swinney, 1989; Sturt, 2003; Xiang et al., 2009;
Phillips et al., 2011; Dillon, 2011; Dillon et al., 2013; Kush and Phillips, 2014). On the other
hand, observations of significant interference effects have been interpreted as evidence against
purely structure-based retrieval (Badecker and Straub, 2002; Chen et al., 2012b; Parker and
Phillips, 2014; Clackson and Heyer, 2014). Crucially, however, taking into account the direction
of the effects, there are patterns that cannot be explained by either account without employing
additional assumptions: The cue-based retrieval account as implemented by Lewis and Vasishth
(2005) and employed by Dillon (2011), Dillon et al. (2013), Kush and Phillips (2014), Parker and
Phillips (2014) and Patil, Vasishth and Lewis, “Retrieval interference in syntactic processing: The
case of reflexive binding in English” (unpublished manuscript) is unable to explain facilitatory
interference in antecedent-match conditions or inhibitory interference in antecedent-mismatch

conditions.

The present article i) provides further experimental evidence relating to the current debate
about the use of non-structural retrieval cues and ii) proposes two extensions to the standard
cue-based retrieval architecture in order to account for the seemingly contradictory patterns of

experimental results observed across studies.

We first present two eye-tracking experiments examining interference effects in the processing of
the Mandarin Chinese reflexive ziji. There is a wide range of competing syntactic or pragmatic
approaches of how to analyze ziji (for formal accounts see Yang, 1983; Manzini and Wexler,
1987; Pica, 1987; Kang, 1988; Tang, 1989; Huang and Tang, 1989, 1991; Cole et al., 1990, 1993;
Cole and Sung, 1994; Cole and Wang, 1996; for pragmatic and non-uniform accounts see Huang
et al., 1984; Yu, 1992; Xue et al., 1994; Yu, 1996; Pan, 1997; Pollard and Xue, 1998; Huang and
Liu, 2001; Liu, 2010). We will restrict the following summary of the syntactic behavior of ziji
to its properties that are relevant for the present experimental design. In contrast to English
reflexives, ziji does not have any gender or number marking, but requires its antecedent to be
animate (Tang, 1989).* Thus, animacy might be used as a non-structural cue to retrieve ziji’s
antecedent. Similar to reflexives of many other languages including English, ziji needs to be
c-commanded by its antecedent.® Moreover, the antecedent is required to be a subject (Huang,
1984). In contrast to English, the antecedent does not have to be contained in the local clause
of the reflexive, but can also be contained in a superordinate clause (non-local binding). The
processing of locally vs. non-locally bound ziji has been investigated by Gao et al. (2005), Liu
(2009), Li and Zhou (2010), Dillon (2011), Chen et al. (2012b), and Dillon et al. (2014).

4There are some exceptions under which the animacy constraint can be violated, see Tang (1989) and
Pan (1995) for a discussion. Crucially for our experimental design, in the syntactic literature, there is
no example of non-emphatic, mono-morphemic ziji in argument position bound by a clearly inanimate
NP.

5The c-command constraint might be violated in case of animate sub-commanding antecedents (Tang,
1989; Xue et al., 1994; Pollard and Xue, 1998), psychological verbs (Huang and Tang, 1991), passives
and ba-constructions (Yu, 1992, but cf. Cole and Wang, 1996), and in case of cataphoric binding by the
subject of a matrix clause that is preceded by an adjunct clause containing ziji (Huang and Liu, 2001).
Moreover, ziji can refer to the speaker of the utterance (Li, 1991), the addressee, or even a third person
salient in the discourse (Pan, 2000).
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The present experiments examine whether animate nouns that are in a structurally inaccessible
position (i.e., not c-commanding the reflexive) induce interference effects on the processing of
ziji. So far, the literature on interference effects in reflexives has focused on morphologically
marked phi-features (gender, number). Thus, the examination of animacy in the processing of
Mandarin ziji does not only add cross-linguistic evidence to the debate that, so far, has been
centered on English, but also extends the range of investigated retrieval cues to a purely semantic

feature.

Both experiments have relatively large sample sizes in order to increase statistical power. Given
that the prediction of the structure-based account is that no effect should be seen (i.e., a null

result), it is particularly important to conduct high power studies.

2.2 EXPERIMENT 1

In Experiment 1, we tested whether locally bound ziji is subject to interference from a struc-
turally inaccessible distractor that fulfills the animacy requirement of ziji. In a 2x2 design we
manipulated animacy of the structurally accessible antecedent (henceforth labeled as antecedent-
match vs. antecedent-mismatch) and of a structurally inaccessible distractor noun that intervened
between the accessible antecedent and the reflexive (henceforth labeled as distractor-match vs.
distractor-mismatch). This design extends the study reported by (Chen et al., 2012b), who were
the first to test interference effects in Mandarin ziji, in several respects. In contrast to Chen
and colleagues, in the present experiment, ziji was in object position rather than being a posses-
sive modifier and we included antecedent-mismatch conditions which Chen et al. did not test.

Moreover, we used the more time-sensitive eye-tracking method rather than self-paced reading.

The ACT-R model as implemented by Lewis and Vasishth (2005) predicts an inhibitory inter-
ference effect in antecedent-match conditions and a facilitatory interference effect in antecedent-
mismatch conditions at the reflexive. The structure-based account (Nicol and Swinney, 1989;
Sturt, 2003; Phillips et al., 2011; Dillon, 2011; Dillon et al., 2013; Kush and Phillips, 2014), in
contrast, predicts the absence of an interference effect in both antecedent-match and antecedent-
mismatch conditions. Moreover, the Lewis and Vasishth ACT-R model predicts incorrect re-
trievals of the animate distractor (misretrievals) in both antecedent-match and antecedent-
mismatch conditions, but the proportion of misretrievals is predicted to be higher in antecedent-
mismatch conditions. The structure-based account predicts no misretrievals of the animate

inaccessible distractor.

2.2.1 Materials and method

2.2.1.1 Materials

We tested 48 experimental sentences which contained an either animate (antecedent-match) or
inanimate (antecedent-mismatch) accessible antecedent in subject position (yundongyuan ‘ath-
lete’ vs. pihuating ‘kayak’ in 2.2) and the reflexive as direct object. Due to the animacy re-

quirement of ziji, the conditions with an inanimate accessible antecedent were ungrammatical.
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Between the main clause subject and the main clause verb, an adverbial clause intervened that
contained an either animate (distractor-match) or inanimate (distractor-mismatch) inaccessible
distractor (lingdui ‘team leader’ vs. meiti ‘media’ in 2.2). This distractor was also a subject,
but did not c-command the reflexive and was therefore not a legal antecedent. The reflexive was

followed by a frequency phrase or a durational phrase which was analyzed as a spillover region.

(2.2) Animate/Inanimate antecedent; Animate/Inanimate distractor
BB /BRI, e AR AR wiin EXR
Yundongyuan,;/*Pihuating; [pp zai lingdui; /meiti;  shijia juda
athlete /kayak when team leader/media exert great
FE77 R U T R T BT, —H% =
yali de gingkuang xial chaoyue-le ziji;-;  yigong san
pressure MOD circumstance under outperform-Asp self in total three
ci...
times. . .

When the team leader/media exerted great pressure, the athlete/kayak outperformed
himself/itself three times in total. . .

The experimental items were complemented with 72 filler sentences (48 grammatical, 24 un-
grammatical) with varying syntactic structures including sentences containing the bare reflexive

ziji as well as the bi-morphemic reflexive ta-ziji and pronouns in different syntactic positions.

Each sentence was followed by a multiple choice comprehension question that probed for the
correct retrieval of the antecedent. Participants could choose between the antecedent, the dis-
tractor, an unrelated noun taken from a previous trial and the option “I am not sure”. This
design allowed us to examine not only whether the antecedent was retrieved correctly, but also
to assess the proportion of misretrievals of the distractor. To ensure that participants also fully
parsed the intervening adverbial clause containing the distractor, a second multiple-choice ques-
tion targeted the adverbial clause. The same options were provided as in the first question. The

questions following the filler sentences targeted various syntactic positions in the sentence.

Pretest. Since the exact binding properties of ziji are still subject to discussion in the syntactic
literature, we conducted a paper-based questionnaire study to test our assumption that the main
clause subject in the experimental items binds the reflexive. 40 native speakers of Mandarin
recruited at Beijing Normal University participated in this study against payment of 25 RMB
(approx. 3 EUR). None of them would participate in either of the eye-tracking experiments.
Participants were presented with the antecedent-match conditions of the experimental items
together with 90 filler sentences containing ziji in various syntactic positions and were instructed
to circle the word in the given sentence ziji referred to or to explicitly write down the referent

in case of an unbound interpretation of ziji.

Results. In 97.2% of all trials, participants selected the main clause subject as antecedent for the
reflexive (97.0% and 97.3% when the distractor was animate or inanimate, respectively). This
shows that in the experimental materials, Mandarin speakers indeed choose the main clause

subject as antecedent for the reflexive.
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2.2.1.2 Participants and procedure

The experiment was conducted in the eye-tracking lab of the State Key Laboratory of Cognitive
Neuroscience and Learning at Beijing Normal University. 150 students from different universities
located in Beijing participated in the experiment against payment of 40 RMB (approx. 5 EUR).

All participants were native speakers of Mandarin and had normal or corrected to normal vision.

Eye movements (right eye monocular) were recorded using an SR Research Eyelink 1000 eye-
tracker at a sampling rate of 1000 Hz. Participants’ head was stabilized using a forehead- and
chin-rest. The screen-to-eye-distance was 82 cm, the camera-to-eye-distance 75 cm. Stimuli
were presented in Simplified Chinese characters (font type SimSun, black font, font size 25) on
a 22 inch monitor with light gray background using SR Research Experiment Builder software.
Re-calibrations were performed between trials if necessary. Each experimental session began
with 6 practice trials in which feedback to the comprehension questions was provided. In the ex-
perimental trials, no feedback was given. Short breaks were given according to the participants’
individual needs. The sentences were presented according to a standard Latin Square. Items
were pseudo-randomized such that at least one filler sentence intervened between two experi-
mental sentences. Each sentence was followed by two multiple choice comprehension questions

as described above.

2.2.2 Results

All statistical analyses were carried out in R using linear mixed effects models provided by the
lmed4 package version 1.0-6 (Bates et al., 2014). Binary dependent variables were analyzed using a
logistic link function. For both, the analysis of response accuracies and eye movements, two sets
of contrasts were applied. We first ran a model testing for a main effect of antecedent (animate
antecedents coded as +0.5; inanimate antecedents coded as —0.5), a main effect of interference
(animate distractors coded as +0.5; inanimate distractors coded as —0.5) and the interaction
between the two main effects. Second, we applied nested contrasts testing for an interference
effect within antecedent-match and antecedent-mismatch conditions separately. All models were
fit with a full variance-covariance matrix for participants and items (Gelman and Hill, 2007);
in case the model failed to converge or the variance-covariance matrix was degenerate, random

slopes for items or participants were removed.

2.2.2.1 Comprehension questions

Comprehension questions targeting the reflexive-antecedent dependency were analyzed. We an-
alyzed response accuracies and the proportion of incorrect selection of the inaccessible distrac-
tor. An overview of participants’ answers is provided in Table 2.2. In the statistical analysis
of response accuracies, only the main effect of antecedent reached marginal significance (esti-
mate=0.34, SE=0.18, z=1.84, p=0.07). The antecedent (i.e., the correct option) was chosen
more often in antecedent-match conditions. This effect was expected since in the antecedent-
mismatch conditions, no fully grammatically correct answer to the comprehension question was

available (the antecedent was coded as ‘correct’ answer, but the option ‘not sure’ was provided
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as one response option in order to account for the ungrammaticality of the sentence). The
analysis of the proportions of incorrect selection of the distractor revealed a main effect of an-
tecedent: participants chose the distractor more often in antecedent-mismatch conditions than in
antecedent-match conditions (estimate=-0.45, SE=0.18, z=-2.48, p<0.05). However, the size of
this main effect was very small. We will therefore not base any conclusions on this effect. More-
over, the interaction between antecedent and distractor was significant (estimate=0.56, SE=0.15,
z=3.61, p<0.001). Pairwise comparisons revealed that, within antecedent-match conditions, the
distractor was chosen more often erroneously as answer to the comprehension question in case
the distractor was animate (estimate=0.83, SE=0.31, z=2.70, p<0.01). But, as can be seen
from Table 2.2, the animate distractor did not cause a decrease in selection probability of the
antecedent but rather attracted selections from the unrelated noun. In antecedent-mismatch

conditions, no interference effect was observed.

Antecedent Distractor Chosen Answer
antecedent distractor unrelated ‘not sure’
match match 82.3 5.1 0.9 11.7
mismatch 81.6 3.6 2.4 124
mismatch match 75.9 4.8 1.1 18.2
mismatch 75.7 4.9 0.8 18.5

TABLE 2.2: Experiment 1. Chosen answer to the comprehension question by condition
in percentages.

2.2.2.2 Eye movements

Eye movements were analyzed at the reflexive, the pre-critical region (verb) and the spillover
material consisting of the frequency/durational phrase (post-critical). In order to provide a
comprehensive picture of our data, and to make our results comparable to other studies we
report the whole range of eye-tracking measures common in psycholinguistic research, although
some of these measures are correlated by definition. As first-pass measures, we report first-
fixation duration (FFD), i.e., the duration of the first fixation in first-pass reading, and first-pass
reading time (FPRT, also called gaze duration), i.e., the sum of all first-pass fixations on a word
before leaving it. As regression-related measures, we report regression-path duration (RPD,
also called go-past time), i.e., the sum of all fixation durations starting from the first first-pass
fixation on a word including regressive fixations to previous material until a region to the right of
this word is fixated, right-bounded reading time (RBRT), i.e., the sum of all fixations on a word
before another region to the right of this region is fixated, and first-pass regression probability
(FPRP), i.e., the proportion first-pass regressions initiated from a word. As a later-pass measure,
we analyzed re-reading time (RRT), i.e., the sum of all fixations on a word that are not contained
in first-pass reading time. In addition, we analyzed total-fixation time (TFT), which is defined
as the sum of FPRT and RRT. In order to achieve close to normally distributed model residuals,
we log-transformed reading times (Box and Cox, 1964) and excluded all trials in which the
respective continuous dependent variable was zero. First-fixation probability of the pre-critical
region, the reflexive and the spillover region was 90%, 62%, and 87%, respectively. Re-readings

occurred in 60%, 33%, and 45% of the trials at pre-critical region, the reflexive and the spillover
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region, respectively. In all models, centered log-frequencies of the antecedent and the distractor
taken from the SUBLETEX-CH database (Cai and Brysbaert, 2010) were included as covariates
because items had not been matched for frequencies of the antecedents and distractors. Mean
raw reading times with standard errors for the pre-critical, critical and post-critical regions are
provided in Table 2.3. The results of the statistical analyses of participants’ eye movements are

summarized in Tables 2.4 and 2.5.

Pre-critical Reflexive Post-critical

Antecedent match mismatch match mismatch match mismatch

Distractor match mism. match mism. match mism. match mism. match mism. match mism.
FFD 279 (3) 277 (3) 285 (3) 279 (3) 258 (3) 259 (3) 264 (4) 251 (3) 270 (4) 274 (4) 274 (3) 268 (4)
FPRT 366 (6) 370 (6) 386 (6) 375 (6) 269 (4) 270 (4) 282 (5) 263 (4) 376 (8) 370 (8) 384 (7) 364 (7)
RBRT 397 (6) 407 (7) 425 (7) 413 (7) 286 (4) 284 (4) 302 (5) 284 (4) 436 (9) 430 (9) 448 (9) 432 (9)
RPD 484 (13) 508 (14) 537 (15) 533 (15) | 430 (16) 410 (15) 484 (18) 494 (25) | 688 (25) 662 (23) 759 (27) 755 (30)
FPRP 13 (1) 14 (1) 14 (1) 16 (1) 17 (1) 15 (1) 19 (1) 17 (1) 24 (1) 24 (1) 26 (1) 26 (1)
TFT 725 (14) 696 (14) 761 (15) 716 (14) | 439 (10) 428 (9) 455 (10) 433 (9) | 628 (14) 614 (15) 628 (15) 605 (13)
RRT 577 (17) 537 (16) 604 (17) 565 (16) | 418 (15) 396 (14) 411 (14) 397 (13) | 507 (18) 503 (20) 509 (21) 493 (17)

TABLE 2.3: Experiment 1. Means and standard errors of raw first-fixation duration,
first-pass reading time, right-bounded reading time, regression-path duration, total
fixation time, re-reading time in ms and first-pass regression probability in percentages
at the pre-critical region, the reflexive and the post critical region. In the calculation of
standard errors of continuous dependent variables, between-participants variance has
been removed using the Cousineau (2005) normalization with Morey (2008)’s correction.

The main effect of antecedent (longer reading times or a higher proportion of regressions in
antecedent-mismatch conditions) was significant across regression-related measures (RPD, RBRT,
FPRP) and late measures (TFT, RRT). In RPD and RBRT, the effect of antecedent started al-
ready at the pre-critical region and remained significant at the reflexive and the post-critical
region. In FPRP, the effect was significant at the reflexive only. In TFT, the effect also started
at the pre-critical region and continued to be significant at the reflexive. In RRT, the effect

reached significance only at the pre-critical region.

The main effect of interference (longer reading times or higher proportion of regressions in
distractor-match conditions) reached significance across first-pass, regression-related and late
measures. In RPD and FPRP, the effect reached significance at the reflexive itself, in FPRT and
RBRT at the post-critical region and in TFT at the pre-critical region.

The interaction between antecedent and interference reached significance at the reflexive across
first-pass and regression-related measures (FFD, FPRT, RBRT). In RBRT, this interaction was
already present at the pre-critical region. Pairwise comparisons revealed that the interference
effect was driven by the antecedent-mismatch conditions: Within antecedent-mismatch con-
ditions, an inhibitory interference effect was observed across first-pass, regression-related and
late measures (FFD, FPRT, RBRT, RPD, TFT).% In FFD, FPRT, RBRT and RPD, the effect

5In RPD, the effect predicted by the linear-mixed model is also an inhibitory one, although the
opposite pattern is present in the raw means (cf. Table 2.3). This discrepancy is driven by a few very long
(i.e., > 6000 ms) regression-path durations in the antecedent-mismatch/distractor-mismatch condition
of one particular item. Because of the concave nature of the log-function, the log-transformation of the
data reduces the impact of these extremely high values. As all of these extreme values stem from the same
experimental condition, the difference in means of the log-transformed RPDs even switches the sign in
antecedent-mismatch conditions (log-transformed means in antecedent-mismatch conditions: distractor-
match = 5.85 log-ms; distractor-mismatch = 5.80 log-ms). This explains why the linear-mixed model
estimates an inhibitory rather than a facilitatory interference effect. Removing the item which caused
the extreme values yields similar results as log-transforming the data, i.e., the sign of the interference
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reached significance at the reflexive itself and, in FPRT, continued to be significant at the post-
critical region. In TFT, the effect reached significance at the pre-critical region only. Within
antecedent-match conditions, the interference effect did not reach significance in any measure or

region.

Moreover, the models revealed that the higher frequency of the antecedent led to a significant
slowdown at the reflexive in regression-based measures (RPD: estimate=0.03, SE=0.01, t=2.12;
RBRT: estimate=0.02, SE=0.01, t=2.00) and RRT (estimate=0.05, SE=0.02, t=2.76). Fre-

quency of the distractor, in contrast, did not affect reading times at the reflexive in any measure.

DV Predictor Pre-critical Reflexive Post-critical
coef SE torz coef SE torz coef SE torz
FFD Antecedent | -0.02 0.01 -1.72 0.00 0.01 -0.27 0.00 0.01 -0.10
Interference 0.01 0.01 0.84 0.02 0.01 1.42 0.01 0.01 0.45
Ant x Int -0.01 0.01 -0.61 | -0.02 0.01 -2.06 * | -0.02 0.01 -1.77
FPRT Antecedent | -0.03 0.01 -1.93 | -0.02 0.01 -1.02 | -0.02 0.02 -0.96
Interference 0.01 0.01 0.71 0.03 0.02 1.94 | 0.04 0.01 2.69 *
Ant x Int -0.02 0.01 -1.71 | -0.04 0.01 -2.92 * | -0.02 0.01 -1.24

RBRT Antecedent | -0.04 0.01 -2.78 * | -0.04 0.02 -2.23 * | -0.04 0.02 -2.65 *
Interference 0.00 0.01 -0.20 0.02 0.02 1.59 | 0.03 0.01 2.12*
Ant x Int -0.03 0.01 -2.02 *|-0.03 0.01 -2.14 *| -0.01 0.01 -0.56

RPD Antecedent | -0.06 0.02 -2.57 * | -0.09 0.02 -3.98 * | -0.09 0.03 -3.14 *

Interference | -0.02  0.02 -1.11 | 0.04 0.02 2.25°* 0.03 0.02 1.11
Ant x Int -0.02 0.02 -1.30 | -0.01 0.02 -0.73 | -0.01 0.02 -0.32
FPRP Antecedent | -0.08 0.10 -0.79 | -0.18 0.08 -2.17 * | -0.12 0.09 -1.41
Interference | -0.14 0.10 -1.46 | 0.16 0.07 2.14 * 0.03 0.07 0.42
Ant x Int 0.03 0.09 0.35 0.01 0.07 0.19 0.03 0.06 0.43
TFT Antecedent | -0.04 0.02 -2.20 * | -0.04 0.02 -2.29 * | -0.01 0.02 -0.64
Interference | 0.04 0.01 2.76 * 0.02 0.02 1.48 0.03 0.02 1.93
Ant x Int -0.01  0.01 -0.83 | -0.02 0.02 -1.12 0.01 0.02 0.57
RRT Antecedent | -0.06 0.03 -2.22 *| -0.05 0.03 -1.47 | -0.02 0.03 -0.68
Interference 0.04 0.02 1.74 0.02 0.03 0.87 | -0.01 0.03 -0.46
Ant x Int 0.02 0.02 0.72 | -0.01 0.03 -0.42 0.03 0.03 1.06

TABLE 2.4: Experiment 1. Main effects of antecedent and interference and their in-

teraction at the pre-critical (ziji-1), critical (ziji) and post-critical (ziji+1) regions for

the dependent variables (DVs) first-fixation duration, first-pass reading time, right-

bounded reading time, regression-path duration, first-pass regression probability, total
fixation time and re-reading time.

One potential issue with the data analysis reported here is the so-called multiple-testing prob-
lem, that is, testing more than one dependent variable but keeping the significance threshold «
unchanged at 0.05. Although in the field of psycholinguistics it is uncommon to apply an a-level
correction when multiple eye-tracking measures are analyzed, we applied a Bonferroni correction
to the a-level (Bonferroni, 1936; Dunn, 1959, 1961) and checked whether the effects reported

effect also switches from negative to positive (raw means in antecedent-mismatch conditions with the
item causing extremely long RPDs being removed: distractor-match = 476 ms; distractor-mismatch
= 469 ms).
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DV Predictor Pre-critical Reflexive Post-critical
coef SE  torz| coef SE  torz| coef SE  torz
FFD  Interference [ant. match] 0.00 0.02 0.26 | 0.00 0.02 -0.23|-0.01 0.02 -0.93

Interference [ant. mismatch] | 0.02  0.02 1.09 | 0.04 0.02 2.3 *| 0.02 0.02 1.55

FPRT Interference [ant. match] -0.01  0.02 -0.71 | -0.01  0.02 -0.40 | 0.02 0.02 1.05
Interference [ant. mismatch] | 0.03  0.02 1.68 | 0.07 0.02 3.16 * | 0.06 0.02 2.79 *

RBRT Interference [ant. match] -0.03 0.02 -1.46 | -0.01 0.02  -0.52| 0.02 0.02 1.13
Interference [ant. mismatch] | 0.02  0.02 1.24 | 0.05 0.02 2.07 * | 0.04 0.02 1.89

RPD  Interference [ant. match] -0.04  0.03 -1.59 | 0.03 0.03 1.11 | 0.02 0.03 0.61
Interference [ant. mismatch] | 0.00 0.02 0.03 | 0.06 0.03 2.07 * | 0.03 0.03 1.04

FPRP Interference [ant. match] -0.11 0.13 -0.84 | 0.17 0.10 1.64 | 0.03 0.09 0.33
Interference [ant. mismatch] | -0.17  0.13 -1.36 | 0.14 0.10 1.40 | 0.00 0.09 0.00

TFT  Interference [ant. match] 0.03  0.02 1.40 | 0.01 0.02 0.26 | 0.04 0.02 1.72
Interference [ant. mismatch] | 0.05 0.02 2.52 * | 0.04 0.02 1.80 | 0.02 0.02 1.04

RRT Interference [ant. match] 0.06 0.03 1.84 | 0.01 0.04 0.33 | 0.02 0.04 0.41
Interference [ant. mismatch] | 0.03  0.03 0.77 | 0.04 0.04 0.90 | -0.04 0.04 -1.06

TABLE 2.5: Experiment 1. Pairwise comparisons of animacy of the distractor (inter-

ference) nested within animate/inanimate antecedent (antecedent match/mismatch) at

the pre-critical (ziji-1), critical (ziji) and post-critical (ziji+1) regions for the dependent

variables (DVs) first-fixation duration, first-pass reading time, right-bounded reading

time, regression-path duration, first-pass regression probability, total fixation time and
re-reading time.

above remained significant under this more conservative analysis. This is important in order to
reduce the Type I error probability because, as has been noted for example by Ioannidis (2005),
false positives are serious issues in empirical science and in psychological science in particular
(Simmons et al., 2011). With respect to reading studies, von der Malsburg and Angele, “The
elephant in the room: False positive rates in standard analyses of eye movements in reading”
(unpublished manuscript) recently showed by means of Monte Carlo simulations that testing
multiple eye-tracking measures leads to a more dramatic increase of Type I errors as compared
to what had been generally believed in the field. Von der Malsburg and Angele therefore rec-
ommend to apply a Bonferroni correction to the a-level. Given that we have analyzed seven
dependent variables, the Bonferroni correction yields a corrected a-level of 0.007, which cor-
responds to an approximate t-value of +2.69.7 With this adjusted a-level, the main effect of
antecedent remained significant in RBRT at the pre-critical region and in RPD at the reflexive
and at the post-critical region. The main effect of interference reached significance in FPRT at
the post-critical region and in TF'T at the pre-critical region. The interaction between antecedent
and interference was significant in FPRT at the reflexive. In pairwise comparisons, the interfer-
ence effect in antecedent-mismatch conditions in FPRT at the reflexive and at the post-critical
region remained significant. The antecedent-frequency effect reached the Bonferroni-corrected
significance threshold in RRT, but not in RPD and RBRT. In sum, although the Bonferroni

correction and the considerable loss in statistical power that goes along with it makes some

"This t-value was approximated by using a normal distribution.
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effects lose statistical significance, the overall pattern of results remains unchanged: An early
interference effect at the reflexive present only within antecedent-mismatch conditions, an effect
of antecedent in regression-related dependent variables starting already at the verb preceding

the reflexive and an effect of antecedent-frequency at the reflexive.

2.2.3 Discussion

Comprehension questions required participants to correctly identify the reflexive’s antecedent
and to select it from four response options. Although participants could choose the option ‘not
sure’, they were highly likely to choose the antecedent even if it was inanimate and hence a
semantically illicit antecedent. This shows that in their final interpretation of the reflexive they
gave structural information a higher priority than semantic information. In antecedent-match
conditions only, the distractor was chosen more often in case it was animate. But, crucially,
this higher proportion of distractor choices was at the cost of choices of the unrelated noun,
not of the antecedent. From this pattern we conclude that the observed effect reflects offline
interference, i.e., an effect driven by meta-linguistic considerations at the moment of answering
the comprehension question. If, in contrast, the effect reflected retrieval interference during
the actual sentence reading, i.e., online effects, it would be expected to manifest itself in a
higher proportion of misretrievals of the distractor leading to a lower proportion of choosing the

antecedent, not the unrelated noun, because the latter is only introduced in the question.

The analyses of eye movements firstly showed that the presence of an animate distractor led
to a processing slowdown (i.e., inhibitory interference) in antecedent-mismatch conditions. This
slowdown was observed across first-pass, regression-related and late measures. In the more
conservative analysis with Bonferroni-corrected significance threshold, this slowdown remained
reliable in first-pass reading time. In antecedent-match conditions, this interference effect did
not reach significance. This pattern cannot be explained by either of the two accounts under
discussion: The parser’s sensitivity to the presence of an animate distractor cannot be accounted
for by a structure-based retrieval mechanism. ACT-R cannot explain the results either since,
in its current implementation, ACT-R predicts facilitatory rather than inhibitory interference
in antecedent-mismatch conditions caused by a higher proportion of misretrievals of an animate
distractor. Kush and Phillips (2014) also found inhibitory interference in antecedent-mismatch
conditions in a self-paced reading experiment on Hindi reciprocals. They explain this effect in
terms of interference that occurs during a later repair process of the ungrammatical sentence
rather than at the moment of retrieval. Crucially, in Kush and Phillips (2014)’s experiment,
the interference effect reached marginal significance only two words after the reciprocal. For
the present experiment, their explanation seems implausible since the interfere effect reaches

significance already in first-pass measures at the reflexive.

Second, we did not find any interference effects in the antecedent-match conditions. Although
these results are statistically inconclusive, it is worth mentioning that this is consistent with the
findings of Chen et al. (2012b), who found interference effects in non-locally bound ziji but failed
to find effects in locally-bound ziji.
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Third, we observed a slowdown due to an inanimate antecedent in regression-related and late
measures. This grammaticality effect is in line with both structure-based retrieval and the
ACT-R model. In contrast to the interference effect, this effect is most pronounced at the pre-
critical region. We will discuss possible explanations for this early appearance of the effect in

the Discussion of Experiment 2.

Fourth, we found that lower frequency of the antecedent led to faster reading times at the
reflexive. This effect might be explained by a low-frequency encoding advantage. It has been
shown that the lower frequency of a word leads to a better memory encoding which results
in a faster retrieval at a later point in time (Diana and Reder, 2006). Thus, low frequency
antecedents might be better encoded in memory leading to a facilitated retrieval when reaching
the reflexive, which shows the more prominent role of the antecedent in the retrieval process.
Indeed, this facilitation due to infrequent antecedents replicates findings from English pronouns.
In an eye-tracking-while-reading experiment, Van Gompel and Majid (2004) found faster first-
fixation durations and first-pass reading times at the region following the reflexive as a function

of lower frequency of the antecedent.

One potential concern with the present results might be that task-related influences on interfer-
ence cannot be ruled out. One of the two comprehension questions following the experimental
sentences targeted the reflexive-antecedent dependency, which — in particular in the ungram-
matical conditions — might have caused readers to spend some additional reading time to rule
out the animate distractor. This would explain the observed inhibitory interference in the target-
mismatch conditions. In the design of the experiment, we had addressed this potential issue by
including ungrammatical fillers containing ziji with questions that did not target the reflexive-
antecedent dependency. Moreover, participants had the option to answer “not sure”, which
allowed them not to assign any meaning to an ungrammatical sentence. Most importantly, the
interference effect reached significance already in first-fixation duration and first-pass reading
time. Based on a large-scale review of eye movements in reading, Clifton et al. (2007) have
suggested that early measures like first-fixation duration or first-pass reading time are unlikely
to reflect repair processes since across studies, repair or reanalysis effects are typically observed
in regression-related or later-pass reading measures. To the extent that Clifton et al. (2007)’s
claim is correct, we can conclude that repair processes caused by the task-demands are unlikely

to explain the observed results.

2.3 EXPERIMENT 2

This experiment extended Experiment 1 in several aspects. First, it examined proactive rather
than retroactive interference; second it examined the influence of distractor items that are not a
syntactic part of the sentence itself but presented as memory load; third, we tested the influence
of syntactic locality on the retrieval and its interaction with interference. Previous studies report
a processing slowdown in case zéji is non-locally bound compared to locally bound ziji (Gao et al.,
2005; Li and Zhou, 2010; Dillon, 2011; Chen et al., 2012b; Dillon et al., 2014). In the present
experiment, we aimed at replicating this locality effect and investigating whether interference

effects are modulated by locality of the reflexive binding.
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In a dual-task paradigm, similar to Van Dyke and McElree (2006), participants were asked to
remember three animate or three inanimate distractor nouns while reading a sentence containing
an either locally or non-locally bound reflexive. This resulted in a 2x2 design, with locality (local
vs. non-local) and the distractors’ animacy (animate vs. inanimate) as factors. Conditions with
animate distractors are labeled as distractors-match and conditions with inanimate distractors

as distractors-mismatch.

The structure-based account predicts no effect of animacy of the distractor nouns held in memory.
In contrast, the standard ACT-R cue-based retrieval model predicts an inhibitory interference
effect due to animacy of the distractors: retrieval times at the reflexive are predicted to be longer
in distractors-match conditions. Moreover, ACT-R predicts a main effect of locality with non-
local conditions being read slower. This prediction does not follow from the cue-based nature of
the retrieval mechanism but rather from the ACT-R assumption of decay: The more recent, i.e.,
the local, antecedent has a higher level of activation than the non-local antecedent when reaching
the reflexive. This difference in activation is predicted to be reflected in both, retrieval times and
comprehension accuracies. Since this predicted locality effect is unrelated to the set of cues used
for retrieval, the structure-based cue-based retrieval account (i.e., the ACT-R model with only
structural features used as retrieval cues) makes the same prediction. Moreover, a structure-
based serial search mechanism that first checks the local subject position and subsequently the
non-local subject as proposed by Dillon (2011) and Dillon et al. (2014) for the processing of

Mandarin ziji also predicts a processing slowdown in non-local conditions.

2.3.1 Materials and method

2.3.1.1 Materials

We tested 36 experimental sentences® which consisted of a superordinate clause and an embedded
clause containing the reflexive ziji as direct object. The locality factor of the antecedent-reflexive
dependency was achieved by manipulating animacy of the local subject (i.e., the subject of the
embedded clause) and the non-local subject (i.e., the subject of the superordinate clause): in
the local conditions, the local subject was animate and the non-local subject was inanimate (see
2.3a) while in the non-local conditions, the local subject was inanimate and the non-local subject
was animate (see 2.3b). Since ziji requires its antecedent to be animate, this design ensured that
in the local conditions, ziji was bound by the local subject whereas in the non-local conditions it
was bound by the subject of the superordinate clause. Similar to Experiment 1, the reflexive was
followed by a spillover region consisting of four characters that formed a frequency phrase or a
durational phrase. Each sentence was followed by a yes/no-comprehension question that probed
for the correct binding of the reflexive. 72 filler sentences containing reflexives and pronouns in

varying syntactic positions were presented with memory load words of varying part-of-speech.

8Originally, we had 48 items, but 12 of these were excluded based on low acceptability judgements
of native speakers.
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(2.3)  a. Local binding

X HdE &Y XA D Bz 1 HT
Zhe-xie shuju; biaoming [zhe-ge shaonian; danwu-le  ziji-;/;
this-cL.  data demonstrate this-CL youngster  hinder-Asp self
EiLE S = ...

zhengzheng san  nian]. ..

wholly three years. ..

These data demonstrate that this youngster hindered himself three whole years. ..

b. Non-local binding

XA D, xH X B, BORT HTi)-
Zhe-ge shaonian; biaoming [zhe-xie shuju; danwu-le  ziji;/«;
this-CL.  youngster demonstrate this-CL. data hinder-Asp self
ELg s .

zhengzheng san  nian]. ..

wholly three years...

This youngster demonstrates that these data hindered him three whole years. . .

Pretest. In order to verify that speakers of Mandarin indeed bind the reflexive to the local
subject/the superordinate subject in the local/non-local condition, respectively, we presented
40 native speakers of Mandarin recruited at Beijing Normal University with the experimental
sentences in form of a paper-based questionnaire against payment of 25 RMB (approx. 3 EUR).
90 filler sentences containing ziji in various syntactic positions were included. Participants were
instructed to circle the word in the sentence ziji referred to, or, in case they found that no

antecedent was available in the sentence, to write down which entity ziji referred to.

Results. Overall, 90.4% of all trials were answered as we had expected: In the local conditions,
the animate local subject was chosen as antecedent and in the non-local conditions the animate
matrix subject was selected. In the local conditions, accuracy was lower (85.1%) than in the
non-local conditions (95.6%). A syntactic classification of the incorrect answers is provided in

the appendix.

2.3.1.2 Participants and procedure

This experiment was conducted in the same laboratory as Experiment 1. 130 native speakers
of Mandarin with normal or corrected-to-normal vision participated in the experiment against
payment of 60 RMB (approx. 7 EUR). The general experimental set-up was the same as in
Experiment 1. The experiment was split into two experimental sessions (40-70 minutes per
session) conducted on two subsequent days. At the beginning of each trial, the three distractors
were shown on the screen one below another for three seconds. When the words disappeared,
the test sentence was displayed. After having finished reading the sentence, the comprehension
question was presented. After having answered the comprehension question, participants were
asked to serially recall the distractors: The three distractors together with three unrelated
items (similarly animate or inanimate nouns) were displayed simultaneously on the screen as a
numbered list in randomized order. Participants were asked to choose the distractors in their

correct order from this list.
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2.3.2 Results

For all dependent variables, we fit two sets of contrasts; the first tested for main effects of
locality (local conditions coded as —0.5; non-local conditions coded as +0.5) and interference
(animate distractors coded as +0.5; inanimate distractors coded as —0.5) and their interaction;
in the second model pairwise comparisons of memory load nested within each level of locality
were applied. In addition, experimental session (first vs. second session) was coded with sum-
contrasts and its interaction with the other effects were included as predictors. All models were
fit with random intercepts for items and participants, no random slopes were fit since they led

to convergence failure in most of the models.

2.3.2.1 Comprehension questions

Mean accuracy scores by experimental condition are shown in Table 2.6. None of the comparisons

reached statistical significance.”

Locality Distractors Accuracy

local match 67.1
oca maismatch 68.7
non-local match 71.8
mismatch 71.9

TABLE 2.6: Experiment 2. Comprehension question response accuracy in percentage
by experimental condition.

2.3.2.2 Memory recall

Mean serial and non-serial recall accuracies for each of the three distractors and total serial and
non-serial recall accuracy (i.e., all distractors recalled correctly) are presented in Table 2.7. In the
statistical analyses of total serial recall accuracy none of the comparisons reached significance.
In the analyses of total non-serial accuracies, the interaction between animacy of the distractors
and locality was significant (estimate=-0.22, SE=0.10, z=-2.21, p<0.05). Pairwise comparisons

revealed that this interaction was driven by a significant effect of distractors (lower recall accuracy

9In response accuracies the proportion of correctly answered yes-questions was strikingly higher than
the proportion of correctly answered no-questions. We can exclude the possibility that this pattern
can be explained by a general tendency of the participants to answer ‘yes’ since no such difference was
observed in filler sentences. We also excluded the hypothesis that this pattern might be related to
the difficult nature of the dual-task paradigm by running a follow-up eye-tracking experiment (N=14)
with the same experimental set-up but without memory load that yielded a similar response pattern.
As the pre-test on the materials had shown that native speakers indeed do the correct binding of
the reflexive, we hypothesized that the response pattern was intrinsically related to the nature of the
comprehension questions rather than to the experimental sentences themselves. We therefore ran another
experiment (N=52) in which the experimental and filler sentences appeared on the computer screen
together with the respective comprehension question. Again, we observed a similar response pattern
as in the online experiments. We thus conclude that the observed tendency to answer ‘yes’ on the
experimental comprehension questions reflects an offline effect, i.e., an effect which occurs at the moment
when participants meta-linguistically think about how to answer the question, rather than an effect of
online reflexive binding.
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of animate distractors) that was present only in local conditions (estimate=-0.30, SE=0.14,
7z=-2.25, p<0.05).

Serial Accuracy Non-serial Accuracy
Locality local non-local local non-local
Distractors match  mism. match mism. | match mism. match mism.
1st word correct 85 83 85 85 92 94 94 94

2nd word correct 79 75 81 79 93 94 94 93
3rd word correct 82 78 83 82 90 91 92 91
total correct 68 67 71 69 77 81 82 80

TABLE 2.7: Experiment 2. Mean serial and non-serial recall accuracy in percentage of
the three memory load words separately and total accuracy in percentage presented by
experimental condition.

2.3.2.3 Eye movements

The same log-transformed dependent variables as in Experiment 1 were analyzed at the reflexive,
the verb preceding it (pre-critical), and the spillover material (post-critical). As in the analysis
of Experiment 1, trials were excluded when the continuous variable on which the analysis was
carried out was zero. First-pass fixations occurred at the pre-critical region, the reflexive, and
the spillover region in 86%, 50%, and 85% of the trials, respectively. Re-readings were recorded
in 55%, 25%, and 36% of the trials at pre-critical region, the reflexive, and the spillover region,
respectively. Mean reading times with standard errors for each dependent variable are provided
in Table 2.8.

Pre-critical Reflexive Post-critical

Locality local non-local local non-local local non-local

Distractors match mism. match mism. match mism. match mism. match mism. match mism.
FFD 267 (5) 268 (5) 267 (5) 270 (5) 251 (6) 239 (5) 240 (5) 244 (6) 257 (6) 255 (5) 253 (5) 258 (6)
FPRT 342 (9) 341 (9) 351 (9) 343 (9) 260 (7) 245 (6) 250 (6) 254 (7) | 325 (10) 320 (10) 322 (9) 320 (9)
RBRT 398 (11) 409 (11) 433 (12) 447 (13) 278 (7) 259 (6) 263 (7) 277 (8) | 378 (11) 375 (12) 383 (12) 375 (11)
RPD 570 ( 5) 573 (26) 596 (24) 638 (28) | 486 (28) 419 (27) 448 (29) 484 (32) 636 (35) 628 (36) 667 (41) 710 (47)
FPRP 23 (2) 20 (2) 25 (2) 28 (2) 18 (1) 14 (1) 16 (1) 16 (1) 24 (2) 24 (2) 25 (2) 25 (2)
TFT 683 (25) 666 (22) 737 (26) 763 (28) | 396 (14) 354 (13) 377 (14) 379 (14) | 501 (19) 491 (18) 508 (19) 479 (17)
RRT 626 (33) 592 (28) 645 (33) 704 (34) | 352 (22) 365 (26) 360 (24) 345 (22) | 432 (29) 414 (30) 468 (32) 413 (26)

TABLE 2.8: Experiment 2. Means and standard errors of raw first-fixation duration,
first-pass reading time, right-bounded reading time, regression-path duration, total
fixation time, re-reading time in ms and first-pass regression probability in percentages
at the pre-critical region, the reflexive and the post critical region. In the calculation of
standard errors of continuous dependent variables, between-participants variance has
been removed using the Cousineau (2005) normalization with Morey (2008)’s correction.

The output of the linear-mixed models is summarized in Tables 2.9 and 2.10. The effect of ex-
perimental session was significant across regions and measures: Participants read faster in their
second experimental session.!? The main effect of locality reached significance across regression-
based and later-pass measures (RBRT, RPD, FPRP, RRT, TFT) at the pre-critical region only.
The main effect of interference was significant only in RRT at the post-critical region (longer

RRTs when distractors were animate, i.e., inhibitory interference). The interaction between

10The effect of experimental session is not of theoretical interest to our research question, therefore it
is not presented in the results tables and will not be discussed further.
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locality and interference was significant across first-pass, regression-based, and later-pass mea-
sures (FFD, FPRT, RBRT, RPD, TFT) at the reflexive. The pairwise comparisons revealed
that the interaction was driven by a slowdown for animate distractors at the reflexive that was
present only in local conditions. This inhibitory interference reached significance across first-pass,
regression-based, and later-pass measures (FPRT, RBRT, RPD, TFT). For non-local conditions,

a similar slowdown was observed only in RRT at the post-critical region.

DV Predictor Pre-critical Reflexive Post-critical
coef SE  torz| coef SE  torz| coef SE  torz
FFD Locality 0.00 0.01 -0.06 | -0.01 0.01 -0.92 | 0.00 0.01 -0.19
Interference -0.01  0.01 -0.98 | 0.01 0.02 0.35 | -0.01  0.02 -0.58

Locality x Interference | 0.00 0.02 0.00 | 0.04 0.02 2.20 * | 0.02 0.02 1.21

FPRT Locality 0.01 0.02 0.52 | -0.01  0.02 -0.83 | 0.00 0.02 0.24
Interference 0.00 0.02 0.26 | 0.01 0.02 0.63 | 0.00 0.02 -0.23
Locality x Interference | 0.00 0.02 -0.23 | 0.04 0.02 2.33 * | 0.02 0.02 0.85

RBRT Locality 0.08 0.02 5.37 *|-0.01 0.02 -0.34 | 0.01 0.02 0.36
Interference -0.01  0.02 -0.49 | 0.01 0.02 0.61 | 0.00 0.02 0.01
Locality x Interference | 0.00 0.02 0.03 | 0.06 0.02 3.21 *| 0.02 0.02 0.79

RPD  Locality 0.11 0.02 5.15* | 0.03 0.03 1.10 | 0.02 0.03 0.78
Interference 0.00 0.03 -0.08 | 0.04 0.03 1.36 | -0.01  0.03 -0.30
Locality x Interference | 0.02 0.03 0.71 | 0.07 0.03 2.16 * | 0.03 0.03 0.95

FPRP Locality 0.46 0.08 5.80 * | 0.11 0.09 1.19 | 0.05 0.08 0.62
Interference 0.04 0.10 043 | 0.15 0.11 1.34 | 0.00 0.09 0.02
Locality x Interference | 0.14 0.10 141 | 0.09 0.11 0.83 | -0.01 0.09 -0.12

TFT Locality 0.10 0.02 5.55 * | -0.01 0.02 -0.31 | 0.00 0.02 -0.15
Interference 0.01 0.02 0.57 | 0.05 0.02 1.92 | 0.02 0.02 1.01
Locality x Interference | 0.01  0.02 0.34 | 0.08 0.02 3.10 *| 0.00 0.02 -0.16

RRT  Locality 0.10 0.03 3.71 *|-0.01 0.04 -0.23 | 0.06 0.04 1.73
Interference -0.02  0.03 -0.55 | 0.00 0.05 0.04 | 0.09 0.04 2.10 *
Locality x Interference | 0.07 0.03 1.92 1 -0.03 0.05 -0.64 | -0.04 0.04 -0.89

TABLE 2.9: Experiment 2. Main effects of locality and interference and their inter-

action at the pre-critical (ziji-1), critical (ziji), and post-critical (ziji+1) regions for

the dependent variables (DVs) first-fixation duration, first-pass reading time, right-

bounded reading time, regression-path duration, first-pass regression probability, total
fixation time and re-reading time.

As we did for Experiment 1, we checked which of the observed effects remained significant with
a Bonferroni-corrected significance threshold. Given seven dependent variables, the corrected
a-level is 0.007, which corresponds to an approximate t-value of +2.69.11 The significance of
the main effect of locality was not affected by this correction in any dependent variable, it
remained significant at the pre-critical region in RBRT, RPD, FPRP, TFT, and RRT. The main
effect of interference at the post-critical region in RRT did not reach the adjusted significance
threshold. The interaction between locality and interference remained significant at the reflexive
in RBRT and TFT, but did not reach significance anymore in FFD, FPRT, and RPD. In pairwise
comparisons, the interference effect in local conditions at the reflexive remained significant in
RBRT and TFT, but did not reach the significance threshold anymore in FPRT and RPD. The

"This ¢t-value was approximated by using a normal distribution.
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DV Predictor Pre-critical Reflexive Post-critical
coef SE torz| coef SE  torz| coef SE  torz
FFD  Interference [local] -0.01 0.02 -0.69| 0.04 0.03 1.79 | 0.01 0.02 0.45

Interference [non-local] | -0.01 0.02  -0.69 | -0.03  0.02 -1.31 | -0.03  0.02 -1.26

FPRT Interference [local] 0.00 0.03 0.02| 0.06 0.03 2.09*| 0.01 0.03 0.44
Interference [non-local] | 0.01 0.03 0.35 | -0.03 0.03 -1.21 | -0.02 0.03 -0.76

RBRT Interference [local] -0.01 0.03 -0.33| 0.07 0.03 2.70 * | 0.02 0.03 0.57
Interference [non-local] | -0.01 0.03 -0.37 | -0.05 0.03 -1.83 | -0.02  0.03 -0.55

RPD  Interference [local] 0.02 0.04 044 ] 0.11 0.05 2.49 *| 0.02 0.04 0.46
Interference [non-local] | -0.02 0.04 -0.56 | -0.03  0.05 -0.57 | -0.04 0.04 -0.89

FPRP Interference [local] 0.18 0.14 1.23| 024 0.15 1.52 | -0.01 0.13 -0.07
Interference [non-local] | -0.09 0.13 -0.74 | 0.06 0.15 0.36 | 0.01 0.13 0.10

TFT  Interference [local] 0.02 0.03 0.64 | 0.12 0.03 3.56 * | 0.02 0.03 0.60
Interference [non-local] | 0.00 0.03  0.16 | -0.03 0.03 -0.83 | 0.03 0.03 0.82

RRT  Interference [local] 0.05 0.05 0.94 | -0.03 0.07 -0.42 | 0.05 0.06 0.87
Interference [non-local] | -0.08 0.05 -1.79 | 0.03 0.06 0.49 | 0.13 0.06 2.09 *

TABLE 2.10: Experiment 2. Interference effect nested within each level of locality (local

vs. non-local) at the pre-critical (ziji-1), critical (ziji) and post-critical (ziji+1) regions

for the dependent variables (DVs) first-fixation duration, first-pass reading time, right-

bounded reading time, regression-path duration, first-pass regression probability, total
fixation time and re-reading time.

interference effect in non-local conditions that was observed at the post-critical region did not
reach the adjusted significance threshold. In sum, the main effect of locality as well as the
interference effect in locally bound ziji remained significant in various dependent variables even
with an adjusted a-level. The interference effect in non-local conditions, in contrast, was not

reliable under the corrected a-level.

2.3.3 Discussion

In the comprehension questions, no evidence for an interference effect was found. In the memory
recall task, in contrast, we found that, in local conditions only, animate words were more difficult

to recall than inanimate words.

First, we found evidence for a processing slowdown associated with the non-local binding of the
reflexive. This locality effect replicates findings from SAT (Dillon, 2011; Dillon et al., 2014),
ERP (Li and Zhou, 2010; Dillon, 2011), cross-modal priming (Liu, 2009), and self-paced reading
(Chen et al., 2012b), and is accounted for by the ACT-R model, no matter whether the set of
retrieval cues is unconstrained or limited to structural cues. The structure-based serial search as
proposed by Dillon (2011) and Dillon et al. (2014) is also in line with the observed locality effect.
However, it is not fully clear why this locality effect appears at the verb preceding the reflexive

rather than at the reflexive itself. One explanation would be a preview effect. Alternatively, it



Retrieval interference in reflexive processing 29

might be the case that the observed effect does not reflect locality of the reflexive binding but
rather the verb’s preference for an animate subject since the locality manipulation is achieved
by having the local subject either animate or inanimate. Along the same lines, one could explain
why in Experiment 1, the effect of animacy of the antecedent becomes significant already at the
verb preceding the reflexive. A strong indication that the observed effect at the verb indeed
reflects the verb’s preference for an animate subject comes from a re-analysis of the self-paced
reading data reported by Chen et al. (2012b), where the locality manipulation was also achieved
by varying the animacy of the local and non-local subjects, and the main clause verb also directly
preceded the reflexive ziji. Chen et al. (2012b) analyzed only the region containing the reflexive
and the regions following the reflexive, but not the verb preceding the reflexive. Re-analyzing
their data at the verb region revealed that the locality effect in their data was already significant
at the verb (t=2.5). As preview effects are ruled out as an explanation in self-paced reading, and
given the high structural similarity of our experimental materials to the ones used by Chen et al.
(2012b), we conclude that the effect observed at the verb in Experiment 2 is most likely due to
an animacy preference of the verb. Given this — admittedly unforeseen — confounding animacy
preference of the verb, we cannot draw any conclusions about the actual locality manipulation.
A potential locality effect might have been masked by the stronger effect of animacy preference:
when reaching the verb in the non-local conditions, readers are highly likely to re-read the
previous material to overcome the difficulty associated with the verb’s inanimate subject, as
indicated by the highly significant effects in first-pass regression probability, regression-path
duration, and right-bounded reading time. This leads to activation of the preceding materials in
the non-local conditions directly before reaching the reflexive, which, in turn, might have canceled
out a locality effect at the reflexive. Therefore, we conclude that our data is inconclusive with

respect to the locality manipulation.

Second, we found clear evidence for inhibitory interference, but the time-course of this effect
was different for local and non-local conditions. In local conditions, animate distractors led to
a slowdown across first-pass, regression-based, and late eye-tracking measures at the reflexive
itself. Even with a Bonferroni corrected significance threshold of a=0.007, this effect remained
significant in right-bounded reading time and total-fixation duration. In first-pass reading time
and regression-path duration, the inhibitory interference effect did not survive Bonferroni correc-
tion. However, since these measures numerically pattern with other measures — especially with
right-bounded reading time, which is closely related — it could reflect a real effect. In non-local
conditions, the interference effect appeared only later in processing (in re-reading times at the
post-critical region). However, with Bonferroni adjusted significance threshold, this effect was
not reliable. In sum, the observed interference pattern extends the findings of Experiment 1
in two respects. First, Experiment 2 shows that locally bound ziji is subject to early interfer-
ence even in case a fully cue-matching antecedent is available. The difference to Experiment 1,
where the interference effect did not reach significance in antecedent-match conditions, might be
explained by the different experimental paradigms: rehearsal of the distractors during reading
might cause stronger interference than the sentence-internal manipulation of Experiment 1. Sec-
ond, the interference profile in non-locally bound ziji differs from the one in locally bound ziji in
the sense that in non-local conditions no early effect was found, but there is weak evidence for a

late effect. Although the late effect in non-local conditions was not significant under Bonferroni
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correction, there is reason to believe in this effect when viewed against the background of pre-
vious findings by Chen et al. (2012b), who found an inhibitory interference effect in non-local

Ziji.

The observed interference effects are not compatible with a structure-based retrieval mechanism
since no effect of the distractors is predicted. The ACT-R model, in contrast, can account for
the inhibitory interference effect. However, ACT-R is unable to explain the delayed appearance

of the effect in non-local conditions.

A possible explanation for the different interference patterns in local vs. non-local conditions
could be that qualitatively different mechanisms are involved in the processing of locally and
non-locally bound ziji. In the syntactic literature, it has been proposed that only the locally
bound ziji should be regarded as a reflexive pronoun whereas non-locally bound ziji should
be regarded as a logophoric pronoun which is subject to pragmatic and discourse constraints
rather than to purely syntactic binding principles (Huang and Liu, 2001; Huang, 2002). One
prominent argument favoring this idea of two lexically different instances of ziji are blocking
effects observed in long-distance ziji but not in local ziji (Huang, 1984; Tang, 1989; Huang and
Tang, 1991; Xue et al., 1994; Pan, 2000; Huang, 2002). A qualitative distinction between locally
bound ziji and non-local ziji has also been proposed in the psycholinguistic literature. Based
on previous work by Gao et al. (2005), Liu (2009) conducted a cross-modal priming experiment
using sentences in which both a local and a non-local animate antecedent were present (i.e.,
globally ambiguous sentences in terms of binding) and manipulated stimulus-onset asynchrony
(0 ms, 160 ms, 370 ms). When the probe was presented directly after the offset of the reflexive
(SOA = 0 ms), a semantic priming effect for probes related to the local antecedent but not for
probes related to the non-local antecedent was observed. At an SOA of 160 ms, in contrast, the
pattern was reversed: There was a priming effect for probes that were semantically related to
the non-local antecedent, but no priming effect for probes related to the local antecedent. At
an SOA of 370 ms, both the local and non-local antecedent elicited a semantic priming effect.
Liu (2009) interpreted these results as evidence for ziji being bound by the local subject in a
first stage of processing and by the non-local subject in a second stage of processing, whereas in
the final stage, both bindings are possible. Along the same lines, Dillon (2011) and Dillon et al.
(2014) suggested that the parser tries to first access the local subject and only at a later stage
accesses non-local antecedent positions. Such a temporal delay for the triggering of the retrieval
of a non-local antecedent would indeed predict the pattern observed in Experiment 2: In the
local conditions, the retrieval is triggered immediately at the moment when the reflexive is first
encountered. The interference effects associated with this retrieval therefore appear already in
early measures at the reflexive. In non-local conditions, in contrast, the retrieval of the non-local
antecedent is triggered only after a certain delay, which causes the interference effects to occur

only in re-reading times at the spillover region.

2.4 AN EXTENDED CUE-BASED RETRIEVAL MODEL

As has been pointed out in the experimental discussions, the interference effects observed in

the experiments presented here are not compatible with structure-based accounts. The current
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implementation of the standard cue-based retrieval model in ACT-R (Lewis and Vasishth, 2005)
cannot explain the observed patterns either. In particular, standard cue-based retrieval is unable
to explain i) why there is an effect in antecedent-match conditions in Experiment 2 but not in
Experiment 1, and ii) why there is inhibitory interference observed in antecedent-mismatch
conditions in Experiment 1. We propose an explanation of the observed patterns by adding
two independently motivated assumptions to standard cue-based retrieval: that i) similarity-
based interference is modulated by distractor prominence and that ii) cue confusion can lead
to similarity-based interference between non-similar items. As discussed earlier, the difference
in the interference profiles of local and non-local ziji might be due to a qualitative difference in

processing mechanisms and was therefore not included in our modeling.

2.4.1 Principle 1: Prominence

In Experiment 1, we found an interference effect in antecedent-mismatch conditions but not in
antecedent-match conditions. According to Wagers et al. (2009), this is an expected prediction of
cue-based retrieval and, in the context of subject-verb number attraction phenomena, the authors
named it “grammatical asymmetry”. Their intuitively plausible explanation was that a perfectly
matching antecedent (as is the case in antecedent-match conditions) must clearly outcompete
a partially matching distractor, while more interference is caused when both antecedent and

distractor are only partially matching candidates.

Simulations with the current ACT-R implementation (Lewis and Vasishth, 2005) revealed that
the latter does not predict such asymmetry (for details, see Engelmann et al., 2015, and our
forthcoming paper Engelmann, Jager & Vasishth, “Confusability of retrieval cues in dependency
resolution: A computational model”, manuscript in preparation) — at least not in a principled
way: It is possible to adjust ACT-R’s parameters to permanently reduce similarity-based inter-
ference. However, this would leave unexplained why in some cases effects in antecedent-match
conditions do appear (see the General Discussion for details). Standardly, ACT-R predicts in-
terference effects in match and mismatch conditions. We therefore extended the ACT-R model
with a prominence principle, that scales similarity-based interference in relation to the difference

in activation between antecedent and distractor.

In standard ACT-R, a memory item ¢ receives an amount of spreading activation Sj; for each
retrieval cue j it matches. This activation is reduced relative to the number of distractors that

match the same retrieval cue j (this number is called the fan;;):
Sji = 8 — In(fan,;) (2.4)

where S is the mazimum associative strength parameter (MAS), which defaults to 1.

In our model, the fan;; is transformed into fan;i by a prominence correction, that takes into

account the distractors’ relative activation:

1 .
m X fanji, if C>0 (25)

/ —
fanji = '
fanj;, otherwise
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where Diff is the difference A; — ACompetitors between the target activation A; and the mean
activation of all competitor items associated with cue j. The prominence correction factor C
scales the steepness of the logistic prominence correction function and should not vary within
the same model. In our simulations, we set it to 5. The function’s offset xq is fixed at 1.3, which

means that fan;-i is 0.5 X fan;; at an activation difference between target and distractor of 1.3.

0.75 -

Highly active competitor(s)

R e e il

Highly active target

Prominence correction

0.25 -

0.00 -

1
Activation difference

FIGURE 2.1: Prominence correction by activation difference Diff (target — distractors)
with C' =5 and xz¢ = 1.3.

Figure 2.1 shows the change in the multiplicative term (the prominence correction), that deter-
mines the relation between fan and its transformation fan’. When the target has lower activation
than the mean activation of its competitors, Diff is negative and the prominence correction ap-
proaches 1, which implies that the fan will correspond to the standard calculation in ACT-R,
and the activation of the target will be reduced by some amount. This is the case when there
are highly activated distractors present: similarity-based interference occurs in this case. Diff
will be positive when the mean activation of the competitors is relatively low. In this case,
the prominence correction will be a value less than 1, and as a consequence the second term in
Equation (2.4) will approach 0, leading to a relatively larger amount of spreading activation to

the target. In other words, there will be less interference.

This implementation of a prominence principle adds two predictions to the standard cue-based
retrieval model: First, there is generally less interference in antecedent-match conditions due
to the presence of a highly activated fully matching antecedent; Second, similarity-based (in-
hibitory) interference in antecedent-match conditions is increased for distractors that are highly
activated or when there are multiple distractors as in our Experiment 2.'2 Distractor base-level
activation could be influenced by its grammatical role (subjects are more salient or accessible
than objects, Chafe, 1976; Keenan and Comrie, 1977; Grosz et al., 1995; Brennan, 1995) and by

12Note that, for the case of multiple distractors, the original model, too, predicts increased interference.
This, however, only explains the difference in effect size between Experiment 1 and 2, but neither the
discrepancy between antecedent-match and antecedent-mismatch conditions in Experiment 1 nor the
differences between other experiments that did not use multiple distractors.
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its discourse topicality (Chafe, 1976; Givén, 1983; Du Bois, 1987; Grosz et al., 1995; Ariel, 1990;
Gundel et al., 1993; Du Bois, 2003). Other factors contributing to the salience of the distrac-
tor and hence to its base-level activation might be first mention (Gernsbacher and Hargreaves,
1988), thematic role (Arnold, 2001), contrastive focus (Cowles et al., 2007) or animacy (Fuku-
mura and van Gompel, 2011). In effect, the prominence principle accounts for both the absence
of an effect in antecedent-match conditions of Experiment 1 and the presence of an inhibitory
effect in Experiment 2. Furthermore, the prominence principle predicts greater interference ef-
fects in antecedent-match conditions for distractors in more salient positions. We will relate this

prediction to the literature in the General Discussion.

2.4.2 Principle 2: Cue confusion

As explained in the introduction and resulting from Equation (2.4), similarity-based (inhibitory)
interference (or the fan effect) in ACT-R only arises when multiple memory items match the same
retrieval cues. Since this is not the case in the antecedent-mismatch conditions of Experiment
1, the observed inhibitory interference is incompatible with ACT-R theory. At least this seems
to be the case. We argue that this assumption of incompatibility might not be justified.

In the application of cue-based retrieval to sentence comprehension, it is generally assumed that
retrieval cues perfectly distinguish matching features from non-matching ones. For instance, a
+plural cue always activates plural items and not singular items. For our first experiment, this
means that +animate is perfectly different from + c-com and no similarity-based interference
is predicted in antecedent-mismatch conditions where the antecedent only matches + c-com and
the distractor only matches +-animate. However, the language processor might not differentiate
between features categorically but rather on a continuous scale of similarity. In fact, in the
general ACT-R framework, features are memory items just like the items they belong to and,
therefore, could be confused with each other if they have a sufficient degree of similarity. If
we assume that cue-feature associations have to be learned from language experience, it follows
that these associations would somehow reflect co-occurrence statistics in the language input.
Consequently, cues in a retrieval specification could, depending on the retrieval-relevant context,

be associated with several features to different degrees.

A co-occurrence-based account would predict differences between English reflexives and Man-
darin ziji in the following way: Ziji invariably requires its antecedent to match {4 c-com, +animate},
meaning that these two features frequently co-occur in the specific task of processing the Man-
darin reflexive. English reflexives, on the other hand, have several alternative forms like himself,
herself, itself, and themselves. All of these forms have the same structural requirement towards
their antecedent but their non-structural retrieval cues vary in gender and number. The benefit
of distinguishing features for number, gender, and structural relation in English reflexives results
in a stronger one-to-one association between a cue and the corresponding feature. In the case of
Mandarin ziji, however, there is no benefit from distinguishing + c-com and +animate for the
task of finding the appropriate antecedent. In consequence, retrieval cues might in this case be
associated with both features to some degree in a kind of crossed association. In relation to the

retrieval specification, antecedent and distractor would appear similar in this case, although they
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theoretically do not share any features. This confusion-induced similarity can cause similarity-
based interference as of Equation (2.4), predicting inhibitory effects in conditions where they

would not be expected in terms of standard cue-based retrieval assumptions.

We implemented cue confusion by further adjusting the measure of similarity-based interference
(the fan) from Equation (2.4) to take into account all features and their strength of association

with a certain cue:

fangi =1+ (1+ Q;x) (2.6)
k

where Qi is the associative strength between cue value j and feature value £ on a scale of
[-1,0], with —1 meaning no association and 0 representing maximum association. We assume
that this association is dynamically adaptive to individual dependency environments. Equation
(2.6) predicts that the stronger a cue-feature association the more this feature will contribute to
similarity-based interference related to that cue. For example, if Qc-com;:anim for ziji is —0.5, the
resulting fan for the + c-com cue would be 1.5 instead of 1 as original ACT-R would predict. This
increases similarity-based interference in comparison to English reflexives, where, say, Qc-com;gend

would be standardly assumed —1, hence having a fan of 1 for each cue.

Another example of increased feature-co-occurrence are reciprocals like each other. In this case,
the feature combination {+ c-com, +plural} is invariably required. Hence, our account predicts
an increased cue-confusion level in the case of English reciprocals just like in Mandarin reflexives,

possibly leading to inhibitory interference in antecedent-mismatch conditions.

With the cue confusion account, we propose that task requirements (frequent co-occurrence
of certain features in similar retrieval contexts) dynamically influence how cues are treated
during a retrieval request. Cue confusion therefore predicts that inhibitory interference effects
in antecedent-mismatch conditions should preferably be observed in constructions where cues
frequently co-occur. An evaluation of these predictions beyond our own experimental results

will be provided in the General Discussion.

2.4.3 Simulation results

We report model predictions for the full range of cue confusion values. ACT-R parameters were
fixed to their defaults or to values used in previous simulations (Lewis and Vasishth, 2005):
latency factor LF = 1.5, activation noise value ANS = 1.5, mismatch penalty M P = 1.5. We
compare the model predictions with empirical first-pass reading times on ziji of Experiments 1
and 2. We refer to first-pass reading time in Experiment 2 although it was not significant under
Bonferroni correction. It however patterned with an effect in right-bounded reading time, which
had a similar magnitude. Figure 2.2 plots the prediction space of a cue-based retrieval model
that implements cue confusion and prominence (values represent the means of 2000 simulations
each). For comparison, the predictions of a model without prominence are plotted in gray. The
cue confusion level is plotted on a percentage scale, with 100% confusion meaning that both
features, + c-com and +animate, are maximally associated with both the c-com and animate
cues (Qc-comianim = 0 and Qanim;c-com = 0). With prominence correction factor at 0 and cue

confusion level at —1, the current model is equivalent to the original ACT-R model. The original
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FIGURE 2.2: Predicted interference effect (distractor-match — distractor-mismatch)
by cue confusion level for the default model (gray lines) and the prominence model
(black lines). The left panel shows the predicted interference for a single distractor
(Exp. 1); the right panel for three distractors (Exp. 2). Solid lines represent the
conditions where the antecedent matches the semantic cue, mismatch conditions are
represented by dashed lines. The gray horizontal lines indicate the observed effect size
in antecedent-mismatch conditions in Exp. 1 (left panel) and local antecedent-match
conditions in Exp. 2 (right panel) — both in first pass reading time FPRT. The gray
dotted vertical line intersects the x-axis at the estimated cue confusion value (55%) in
both panels.

model’s predictions are therefore represented by the left-most points of the gray lines. The left
panel shows the predictions for Experiment 1. With increasing cue confusion, the interference
effect for the antecedent-mismatch conditions increases. At a confusion level of about 55%
(indicated by the dotted vertical line), the model predicts an effect of the observed size in
local conditions (19 ms in first-pass reading time, indicated by the dashed horizontal line). In
contrast to the original model, the prominence model predicts an interference effect close to zero
for antecedent-match conditions in Experiment 1 for all cue confusion levels. This is in line with

the absence of an effect in the data.

The right panel of Figure 2.2 shows the predictions for a similar model as the left panel, but
with three distractors instead of one, simulating the conditions of Experiment 2. The inhibitory
effect for antecedent-match conditions increases with cue confusion in this scenario. An effect of
about the observed size (15 ms in first-pass reading time) is predicted at the same cue-confusion

level as for Experiment 1.

To summarize, the extended model with cue confusion and prominence predicts the observed

data of both experiments with fixed parameters at a cue-confusion level of about 55%. More
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specifically, the model predicts two patterns that the original ACT-R model does not predict:
i) the absence (or near absence) of an inhibitory interference effect in the antecedent-match
conditions of Experiment 1 in spite of an effect present in Experiment 2 and ii) an inhibitory

interference effect in antecedent-mismatch conditions in Experiment 1.

2.5 GENERAL DISCUSSION

We conducted two eye-tracking experiments in which we investigated whether the reflexive ziji
is subject to interference effects from structurally inaccessible distractor nouns that fulfill the
animacy requirement of ziji. In Experiment 1, where only a single distractor was present in
the sentence, we found inhibitory interference in antecedent-mismatch conditions but no effect
in antecedent-match conditions. In Experiment 2, where three distractors were presented as

memory load, we found interference effects also in antecedent-match configurations.

These results are clear evidence against a structure-based mechanism underlying memory re-
trieval in human sentence parsing. The interference effects observed in Experiments 1 and 2
are incompatible with a purely structure-based retrieval mechanism. However, Sturt (2003) and
Kush and Phillips (2014) have proposed a potential explanation for interference effects within the
structure-based account. These authors hypothesize that, in the case of retrieval failure, a later
repair process might employ a retrieval with relaxed structural restrictions, giving rise to late in-
terference effects. This late-interference account is a plausible explanation for the effect observed
in the non-local conditions of Experiment 2, where the effect occurred only in re-reading times
at the post-critical region. However, for the effects observed in locally bound ziji (Experiments
1 and 2), the late-interference account appears implausible given that the effects occur already
in first-pass eye-tracking measures and at the critical region. Also note that the effect reported
in Kush and Phillips (2014) does not necessarily reflect late processes, since in self-paced reading
experiments, it is very common that effects triggered at the critical region appear several words

downstream.

The standard ACT-R model of cue-based retrieval (Lewis and Vasishth, 2005) does predict
immediate interference effects but is not fully compatible with our results either. First, it predicts
facilitatory rather than inhibitory interference in antecedent-mismatch conditions and, second, it
cannot explain the absence of an effect in the antecedent-match conditions of Experiment 1. In
fact, in the literature on reflexive processing, hardly any study can be found that reports the exact
pattern predicted by the standard ACT-R model, namely inhibitory interference in antecedent-
match conditions and facilitatory interference in antecedent-mismatch conditions.'® An approach
of extending the ACT-R model in favor of a structure-based mechanism has been taken by Parker

and Phillips (2014). They have proposed that structural cues are weighted higher than semantic

3Tt should be noted that the (marginal) facilitatory interference in antecedent-match conditions re-
ported by three studies presented in Table 2.1 (Sturt, 2003; Cunnings and Felser, 2013) is compatible
with the ACT-R model although this may not be intuitively obvious. An exceptionally highly activated
distractor (in all three of these experiments, the distractor is a discourse prominent subject) can lead
to facilitatory interference (see Engelmann et al., 2015, and our forthcoming publication Engelmann,
Jager & Vasishth, “Confusability of retrieval cues in dependency resolution: A computational model”,
manuscript in preparation).
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or morphological cues, so that interference effects occur only in case of an abnormally poor match
of the accessible antecedent. This is a plausible explanation for their data and offers an account
for the fact that interference is hard to find in reflexives. However, with respect to our results,
it neither explains the inhibitory interference in antecedent-match conditions nor the difference

in effect sizes in antecedent-match vs. antecedent-mismatch conditions.

In order to account for our results and the diverse patterns in the literature, we have introduced
two concepts as an extension of the standard cue-based retrieval model. The prominence prin-
ciple implements the idea that a perfectly matching or otherwise highly activated antecedent
is only marginally affected by similarity-based interference from comparably poorly matching
distractors. This explains the discrepancy between Experiment 1 and 2 (absence of an effect in
antecedent-match conditions in Experiment 1 vs. an inhibitory interference effect in Experiment
2). With the concept of cue confusion, we proposed that the retrieval cues can be associated
with several features of memory items and that the strength of these associations depends on
experience with a specific linguistic context. For special cases, this can cause similarity-based
interference between items that do not match the same retrieval cues. We argued that ziji is such
a special case, which would explain the observed inhibitory interference in antecedent-mismatch

conditions of Experiment 1.

In the following, we compare the predictions of the extended ACT-R model with the literature
on reflexives. Prominence predicts that interference in antecedent-match conditions is gener-
ally low compared to antecedent-mismatch conditions but increases as a function of distractor
activation. If we assume that distractor position (grammatical role and discourse topicality)
affects its base-level activation in memory, the literature summary in Table 2.1 seems to conform
with these predictions: Among the studies which tested both antecedent-match and antecedent-
mismatch conditions, about 75% report an interference effect (including marginal effects) in
antecedent-mismatch conditions while only 50% of the studies found an effect in antecedent-
match conditions. All studies that did report an effect in antecedent-match conditions had the
distractor either in subject position (Badecker and Straub, 2002; Chen et al., 2012b; Patil, Va-
sishth & Lewis, “Retrieval interference in syntactic processing: The case of reflexive binding in
English”, unpublished manuscript), in topicalized subject position (Felser et al., 2009; Cunnings
and Felser, 2013; Clackson and Heyer, 2014), or had multiple distractors (Experiment 2 reported
here). On the other hand, only half of the studies reporting no interference effect in antecedent-
match conditions had the distractor in subject position. Obviously, not all studies that have
the distractor in subject position report an effect, but the literature review suggests that sub-
ject position increases the probability of finding one. For the absence of an antecedent-match
interference effect in our Experiment 1, there might be a specific reason: Dillon et al. (2015)
have shown that items within restrictive relative clauses cause more interference as compared to
items in appositive relative clauses. They attribute this difference to the idea that in contrast
to restrictive relative clauses, appositive relative clauses constitute a speech act separate from
the one of the main utterance (Potts, 2005; Arnold, 2007). More generally, their results suggest
that the embedding environment containing a distractor influences the strength of interference
caused by this distractor. In terms of ACT-R, one might think of this as different base-level
activations as a function of the type of embedding environment. It might be possible that the

interposed adverbial structures which contain the distractor in our materials belong to those
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embedding environments which cause a relatively low degree of interference. This seems a plau-
sible assumption since in our materials, the adverbial clause can simply be ignored by the parser

without affecting the grammaticality or plausibility of the whole sentence.

For antecedent-mismatch conditions, cue confusion predicts stronger inhibition the higher the
crossed association between cues and features is assumed to be, that is, in contexts with fre-
quently co-occurring cue combinations. However, note that cue confusion is compatible with
both facilitatory and inhibitory effects, and even with the absence of an effect, as all this is
part of the effect continuum that is illustrated in Figure 2.2. This raises the concern of how to
determine a sensible confusion level in each case, since a model allowing arbitrary predictions
is not useful. Currently, the model prediction can only be treated as a predicted difference be-
tween two conditions in one or the other direction along the effect continuum. In other words, a
prediction should be stated in terms of whether the antecedent-mismatch interference effect of
one dependency tends more towards inhibition or towards facilitation in comparison to another
dependency like, e.g., English reflexives. In the reasoning we apply here, we refer to English
reflexives as a baseline with zero cue confusion and spot special cases where a different feature-
co-occurrence rate can be assumed that would motivate a higher confusion level. We have argued
that inhibitory interference was observed in antecedent-mismatch conditions in our Experiment
1 because ziji is a special case in the sense that the feature combination {4 c-com, +-animate} is
constant compared to the variable combinations in the different forms of English reflexives. The
same logic with respect to {+ c-com, +plural} would apply to reciprocals. In the literature there
is one study by Kush and Phillips (2014) that tested the Hindi equivalent of the reciprocal each

other and indeed found the predicted inhibitory interference in antecedent-mismatch conditions.

Although the post-hoc nature of our proposals here is an important limitation that needs to
be addressed with new empirical tests, theory development necessarily is data-driven, and the
existing data suggest that our proposal constitutes one possible explanation. Indeed, currently
it is the only computational account of the patterns of findings discussed here. In order to
empirically test the predictions of cue confusion, it is necessary to experimentally manipulate
feature-co-occurrence within a minimal pair. A potential experiment could use stimuli like in
Example (2.7) to compare the interference effect in antecedent-mismatch conditions for them-
selves and each other. Cue confusion predicts a smaller facilitation or even an inhibition for
each other. Furthermore, it should be possible to derive a numerical metric of cue confusion
for a range of dependencies by computing co-occurrence frequencies in a treebank that contains
dependency information as well as information about retrieval relevant features such as gender,

number, and animacy.

(2.7)  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...
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d. Reciprocal; distractor-mismatch

The nurse who cared for the child had pricked each other. ..

A more thorough test of the extended model’s predictions will be presented in a forthcoming
publication (Engelmann et al., “Confusability of retrieval cues in dependency resolution: A
computational model”, manuscript in preparation) that includes quantitative simulations of a

range of previous studies on reflexive processing and subject-verb dependencies.

As a rather speculative point we want to add that the cue confusion level of a certain dependency
might not only be influenced by feature-co-occurrence but also by task demands and individual
differences. If cue-feature associations are subject to an adaptive learning process, they might
also be affected by resource-preserving strategies. An example where strategic adaptation of
comprehension processes has been found are relative clause attachment ambiguities. Swets et al.
(2008) and Logacev and Vasishth (2015) have found that processing effort in ambiguity resolu-
tion was adapted to the type of comprehension questions. Also, effects of individual differences
in working memory span have been found by Traxler (2007) and von der Malsburg and Vasishth
(2012) for the processing of attachment ambiguities. If analogously to task- and resource-related
underspecification in attachment ambiguities, cue-feature associations are affected by resource-
preserving strategies in the sense of good-enough processing (Ferreira et al., 2002), we would
expect that low-span readers tend to have greater cue confusion and, thus, exhibit interfer-
ence effects further towards inhibition in the continuum than high-span readers. The marginal
inhibitory effect for low-span readers in antecedent-mismatch conditions of Experiment 2 by
Cunnings and Felser (2013) would fit with this expectation. However, more experimental data
is needed in order to evaluate effects of individual differences and task-demands on cue-feature

associations.

2.6 CONCLUSION

We have presented experimental evidence that is incompatible with structure-based accounts of
reflexive processing and also inconsistent with the original cue-based ACT-R model of sentence
processing. In order to account for the observed pattern, we have proposed to add two new
principles, prominence and cue confusion, to the ACT-R model. This extension to the ACT-R
model is not only able to explain the pattern observed in the data presented in this article,
but can also account for a range of previously unexplained patterns reported in the literature
on reflexive processing. Naturally, this proposal needs to be evaluated with novel experimental
data.
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ABSTRACT

Two classes of account have been proposed to explain the memory processes subserving the pro-
cessing of reflexive-antecedent dependencies. Structure-based accounts assume that the retrieval
of the antecedent is guided by syntactic tree-configurational information without considering
other kinds of information such as gender marking in the case of English reflexives. By contrast,
unconstrained cue-based retrieval assumes that all available information is used for retrieving the
antecedent. Similarity-based interference effects from structurally illicit distractors which match
a non-structural retrieval cue have been interpreted as evidence favoring the unconstrained cue-
based retrieval account since cue-based retrieval interference from structurally illicit distractors is
incompatible with the structure-based account. However, it has been argued that the observed
effects do not necessarily reflect interference occurring at the moment of retrieval but might
equally well be accounted for by interference occurring already at the stage of encoding or main-
taining the antecedent in memory, in which case they cannot be taken as evidence against the

structure-based account. We present three experiments (self-paced reading and eye-tracking) on

41
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German reflexives and Swedish reflexive and pronominal possessives in which we pit the predic-
tions of encoding interference and cue-based retrieval interference against each other. We could
not find any indication that encoding interference affects the processing ease of the reflexive-
antecedent dependency formation. Thus, there is no evidence that encoding interference might
be the explanation for the interference effects observed in previous work. We therefore conclude
that invoking encoding interference may not be a plausible way to reconcile interference effects

with a structure-based account of reflexive processing.

Keywords: Anaphors; Reflexives; Possessives; Eye-tracking; German; Swedish; Working-memory;

Interference

3.1 INTRODUCTION

A central task the human sentence processing mechanism has to accomplish is to link two parts
of a syntactic dependency, irrespective of how much linguistic material separates the two de-
pendents. Many theories of sentence processing therefore assume that upon encountering the
second dependent, the parser triggers a memory retrieval to access the first dependent in order
to integrate it with the current node (Gibson, 2000; Lewis and Vasishth, 2005). Interference
effects have recently come into focus in sentence processing research because they are taken to
be informative about the more precise nature of the retrieval mechanisms that subserve sentence
processing. However, the relationship between empirically observed similarity-based interference
effects and theories of retrieval is somewhat indirect, because there are multiple distinct mech-
anisms that could give rise to similarity-based interference effects in online processing. Indeed,
whether or not the observation of interference effects can be interpreted as evidence favoring one
or another account of sentence processing depends on the exact mechanisms causing the inter-
ference effects. In this article, we will present different mechanisms that have been proposed to
account for interference effects in sentence comprehension and present three experiments with
different methodologies and languages to tease them apart. We will first give an overview of two
kinds of mechanisms, cue-based retrieval interference and encoding interference, which in the
working memory literature have been proposed to underly similarity-based interference. Subse-
quently, we will turn to the implications for sentence processing and antecedent-retrieval in the

processing of reflexives in particular.

Similarity-based interference has long been known to be a major cause of forgetting (Anderson
and Neely, 1996). In memory models which represent items as bundles or vectors of features,
similarity-based interference is assumed to arise as a function of the degree of overlap between
an item’s features with the features of other items in memory (Nairne, 1988, 1990; Anderson
and Neely, 1996; Anderson and Lebiere, 1998; Anderson et al., 2004; Oberauer and Kliegl, 2006;
Lewandowsky et al., 2008). However, the various memory models differ with respect to the
mechanisms which they assume to underlie similarity-based interference. Generally speaking, one
can distinguish between two kinds of similarity-based interference. On the one hand, similarity-
based interference is assumed to affect the encoding or maintenance of an item (Nairne, 1988,
1990; Lewandowsky et al., 2008; Oberauer and Kliegl, 2006). We will refer to this proposal as

encoding interference. On the other hand, similarity-based interference is assumed to arise during
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the retrieval of an item (Anderson and Neely, 1996; Anderson and Lebiere, 1998; Anderson et al.,
1998, 2004; McElree, 2006; Oberauer and Kliegl, 2006). We will refer to this second proposal as

cue-based retrieval interference.

Encoding interference is assumed to arise from the competition between the features of similar
items that occurs at the moment of encoding or maintaining items in memory. Nairne (1990),
for instance, proposed that whenever two items share a feature, they compete for this feature.
In a certain proportion of cases, the memory representation of one of these items therefore loses
this feature.! Hence, this item’s memory representation becomes less distinct from other items
and, as a result, retrieval probability decreases. An important, but subtle, point here is that
even though encoding interference arises at the stage of encoding or maintaining an item in
memory, it has an impact on the ease of this item’s later retrieval. Oberauer and Kliegl (2006),
who adopted Nairne (1990) ’s concept of feature-overwriting, implemented the idea of an item’s
memory representation being degraded by decreasing this item’s activation level. At the moment
of later retrieval, this lower activation level leads to lower retrieval probability and a slow-down in
processing times. In their model, the retrieval of an item from working memory is implemented
as its gradual activation into the focus layer of the memory system. The processing speed of this
gradual activation is defined as a function of this item’s activation level prior to retrieval. Thus,
if an item’s activation level is decreased due to encoding interference from competitor items, a
slow-down in the retrieval process is predicted. Note that Oberauer and Kliegl (2006) do not
make any predictions about retrieval latencies. Their model is designed to explain data collected
in speed-accuracy tradeoff experiments, where they experimentally controlled the time point
when retrieval was supposed to happen. In their model, the slow-down in the retrieval process
therefore is reflected in a higher proportion of retrieval failures rather than in increased retrieval
latencies because participants are forced to interrupt the retrieval process after an experimentally
defined time lag. Translating the Oberauer and Kliegl (2006) model to sentence processing, where
the participant has more time to carry out retrieval, leads us to the assumption that the slow-
down in the retrieval process is reflected in longer retrieval latencies. For the predictions of the
experiments reported in this article, we will refer to encoding interference as implemented in
the Oberauer and Kliegl (2006) model, with the additional assumption that a slow-down in the
retrieval process leads to increased retrieval latencies. In sum, although encoding interference
acts at the moment of encoding and maintenance rather than at retrieval, it indirectly affects
the success and the speed of the retrieval process because it results in a representation that is

more difficult to access.

Cue-based retrieval interference, in contrast, is assumed to arise due to cue-overload at the mo-
ment of retrieval. In a content-addressable memory architecture, cue-overload refers to a scenario
when the cues used for retrieval do not point to a unique target, but rather match multiple items
(Watkins and Watkins, 1975). This is assumed to lead to misretrievals of partially matching
distractor items (Anderson and Lebiere, 1998; Anderson et al., 2004; McElree, 2006) and mutual
inhibition between the distractors and the target resulting in a higher retrieval latency in case

the target and the distractor have one or more retrieval relevant features in common (Anderson

!Nairne (1990) did not use the term encoding interference but rather feature-overwriting to refer to
his conception of interference.
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and Lebiere, 1998; Anderson et al., 2004).2 To summarize, encoding interference is predicted
to occur whenever items share features, no matter whether these features are used for retrieval
or not. Cue-based retrieval interference, in contrast, is predicted to occur when more than
one item matches the retrieval features. Inhibition between these items occurs only when they
match the same retrieval features, otherwise cue-based retrieval interference is reflected only in
misretrievals (Anderson et al., 2004). Note that encoding interference and cue-based retrieval
interference are not mutually exclusive concepts. Indeed, in Oberauer and Kliegl (2006)’s work-
ing memory model, both retrieval and encoding interference are assumed and the authors show

that their interference model is indeed able to account for a large range of data.

In sentence processing research, early studies investigating interference effects point rather to-
wards encoding than cue-based retrieval interference, but they were not designed to disentangle
the two. For example, Gordon et al. (2002) conducted a self-paced reading experiment where
participants held a set of nouns in memory while reading the target sentence. The authors re-
port a slow-down in reading times when the noun type (common noun /proper name) of the
memory load words matched the nouns in the sentence compared to when the memory load
nouns and the nouns in the sentence were of different types. These results are further supported
by Fedorenko et al. (2006), who also observed similarity-based interference in a memory-load
paradigm. Gordon and colleagues report similar results for studies that manipulated similarity
between sentence internal nouns rather than memory load (Gordon et al., 2001, 2004, 2006). An

example item taken from Gordon et al. (2006) is shown in (3.1).

(3.1) Interference/No interference
The banker that the barber/Sophie praised climbed the mountain ...

Since in all of these studies, similarity of the nouns was manipulated while the efficiency of the
retrieval cues (i.e., the degree to which the retrieval cues uniquely identify the target) remained
constant across experimental conditions, the data reported by Gordon and colleagues favor rather
encoding than cue-based retrieval interference as an explanation. However, as Van Dyke and
McElree (2006) noted, the above cited studies found interference effects only in the region where
the critical noun phrase was retrieved (i.e., at the region containing the verb). This might
indicate that the observed effect should rather be attributed to cue-based retrieval interference
since encoding interference should also affect processing ease at the moment of encoding, i.e.,
at the moment when the second of the similar nouns is first being encountered. Van Dyke and
McElree (2006) conducted a memory load experiment where, in contrast to the memory load
experiments reported by Gordon et al. (2002) and Fedorenko et al. (2006), the memory load
words were held constant across experimental conditions, but the retrieval cues at the verb were
manipulated. The experimental items consisted of object-cleft sentences in which the main clause
object preceded the main clause verb (the critical region where retrieval was triggered); for an
example taken from Van Dyke and McElree (2006) see (3.2).

2Note that the model proposed by McElree (2006) predicts that cue-based retrieval interference is
reflected only in retrieval probability, not in retrieval latency. In contrast, the ACT-R architecture
developed by Anderson and Lebiere (1998); Anderson et al. (2004), on which the Lewis and Vasishth
(2005) model of sentence processing is based, predicts retrieval interference to be reflected in both,
retrieval probability and retrieval latency.
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(3.2) Interference/No interference
It was the boat that the guy who lived by the sea sailed/fixed in two sunny days.
Memory load: table, sink, truck

When the memory load words fit the semantic constraints of the verb, a slow-down in self-
paced reading times was observed. These results cannot be attributed to encoding interference
since the degree of similarity between the memory load words and the verb’s object NP is
constant across conditions. Van Dyke and McElree (2006)’s data are thus clear evidence for
cue-based retrieval interference playing a role in sentence processing. However, note that the
possibility that both retrieval and encoding interference affect sentence processing ease cannot be
excluded by Van Dyke and McElree (2006)’s study since their data is clear evidence for cue-based
retrieval interference but no evidence against encoding interference affecting sentence processing

in general.

In recent years, interference effects in the processing of reflexive-antecedent dependencies have
drawn considerable attention. The underlying research question was whether unconstrained
cue-based retrieval, as proposed by Badecker and Straub (2002) and Patil, Vasishth and Lewis,
“Retrieval interference in syntactic processing: The case of reflexive binding in English” (unpub-
lished manuscript), or a structure-based access mechanism, as proposed by Nicol and Swinney
(1989) and Sturt (2003), subserves the processing of reflexive-antecedent dependencies. Un-
constrained cue-based retrieval assumes that all available cues are used to retrieve a reflexive’s
antecedent. Structure-based accounts, in contrast, assume that structural, i.e., syntactic tree-
configurational, information guides the retrieval process. Interference effects in reflexive pro-
cessing have been generally interpreted in terms of cue-based retrieval interference and taken
as evidence for a cue-based retrieval mechanism since retrieval interference from syntactically
inaccessible constituents is incompatible with the structure-based account. However, as pointed
out by Dillon (2011) and Dillon et al. (2013), many of the observed effects — which we will
describe more in detail below — can equally well be accounted for by encoding interference and
hence are not necessarily incompatible with the structure-based account. Indeed, for the kind
of materials commonly used to investigate the processing of reflexives (see 3.3; example taken
from Sturt, 2003), encoding interference makes the same predictions for all experimental condi-
tions as the unconstrained cue-based retrieval account implemented in the Lewis and Vasishth
(2005) sentence processing model, which is based on the general cue-based architecture Adaptive
Control of Thought-Rational (ACT-R) (Anderson and Lebiere, 1998; Anderson et al., 2004) and
has been widely used for modeling the processing of reflexives (Dillon, 2011; Dillon et al., 2013;
Parker and Phillips, 2014; Kush and Phillips, 2014; Jager et al., 2015; Patil, Vasishth and Lewis,
“Retrieval interference in syntactic processing: The case of reflexive binding in English”, un-
published manuscript).? Thus, for the question of structure-based vs. unconstrained cue-based
retrieval in reflexives, it is crucial to disentangle encoding from cue-based retrieval interference.
If evidence can be found showing that encoding interference plays a role in the type of materials

generally used to investigate the processing of reflexives, this implies that the interference effects

3The Lewis and Vasishth (2005) model per se does not make any commitments with respect to the
question which features are used as retrieval cues. Hence it is also possible to implement the structure-
based account in this framework by restricting the set of retrieval cues to structural features.
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that have been interpreted as evidence favoring unconstrained cue-based retrieval are equally

well compatible with a structure-based account.

(3.3)  a. Antecedent-match; distractor-match

The surgeon; who treated Jonathan; had pricked himself; . ..

b. Antecedent-match; distractor-mismatch

The surgeon; who treated Jennifer; had pricked himself; /- ;. ..

c. Antecedent-mismatch; distractor-match

The surgeon; who treated Jennifer; had pricked herself; - ;. ..

d. Antecedent-mismatch; distractor-mismatch

The surgeon; who treated Jonathan; had pricked herself; ;...

Studies investigating interference effects in the processing of reflexives mostly tested sentences in
which the reflexive was bound by the local subject which c-commanded the reflexive (surgeon in
example 3.3; henceforth referred to as antecedent). We will express the antecedent’s conformance
to the structural requirements for binding the reflexive by attributing the feature ¢ — com :
+ to it.* The interference manipulation was achieved by inserting another noun phrase in a
structurally inaccessible position, i.e., not c-commanding the reflexive (¢ — com : —) and hence
not qualifying as a binder for the reflexive (Jonathan/Jennifer in example 3.3; henceforth referred
to as distractor). A non-structural feature (e.g., gender or number in English reflexives) of this
distractor was manipulated. Crucially, the feature which was manipulated might theoretically
be used as a retrieval cue. For example, in the processing of English reflexives, the gender
feature (gender : masc/fem) marked at the reflexive himself or herself might be used as a
cue to retrieve the antecedent. Thus, if gender is used as a retrieval cue, a gender-matching
distractor is predicted to cause cue-based retrieval interference as compared to a distractor
which does not match the gender of the reflexive. Therefore, interference effects caused by
a cue-matching distractor can be interpreted as evidence favoring an unconstrained cue-based
retrieval account. If, in contrast, no effect of a cue-matching distractor is observed, this can
be taken as evidence for a structure-based account. This experimental design (or a variation
thereof) was used by a large number of studies which aimed to decide whether an unconstrained
cue-based retrieval or a structure-based access underlies the processing of reflexive antecedent-
dependencies (Nicol and Swinney, 1989; Badecker and Straub, 2002; Sturt, 2003; Xiang et al.,
2009; Chen et al., 2012b; King et al., 2012; Cunnings and Felser, 2013; Dillon et al., 2013; Kush
and Phillips, 2014; Parker and Phillips, 2014; Clackson and Heyer, 2014; Jéger et al., 2015; Patil,
Vasishth and Lewis, “Retrieval interference in syntactic processing: The case of reflexive binding

in English”, unpublished manuscript). Some of the cited studies also manipulated feature-match

41t should be noted that using ¢ — com : + as a feature is a simplification since a tree-configurational
relation is not as straightforward to code as a feature of an item as, e.g., gender or number. For a discus-
sion of how tree-configurational information such as c-command could be encoded as an item’s feature
see Alcocer and Phillips, “Using relational syntactic constraints in content-addressable memory archi-
tectures for sentence processing” (unpublished manuscript). On a theoretical basis, Kush (2013) argues
against the representation of c-command as a feature and discusses how, in online sentence processing,
the human parser might distinguish between c-commanding and non-c-commanding antecedents.
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of the structurally accessible antecedent (surgeon in example 3.3).> An effect of antecedent
match/mismatch can be accounted for by both unconstrained cue-based retrieval and structure-

based accounts.

The results of the above cited studies are mixed. In antecedent-match conditions, increased pro-
cessing difficulty due to the presence of a cue-matching distractor has been reported by Badecker
and Straub (2002, Exp. 3, 4), Chen et al. (2012b), Clackson and Heyer (2014), Jéger et al. (2015,
Exp. 2) and Patil, Vasishth and Lewis, “Retrieval interference in syntactic processing: The case
of reflexive binding in English” (unpublished manuscript). By contrast, Sturt (2003, Exp. 1)
and Cunnings and Felser (2013, Exp. 2) found a facilitation due to a cue-matching distractor.
It should be noted that in Sturt (2003)’s experiment, the effect appeared only delayed and in
Cunnings and Felser (2013)’s study, the interference effect was only observed in participants
with low working-memory span. Importantly, in a large number of studies, no interference effect
in antecedent-match conditions was observed (Nicol and Swinney, 1989; Badecker and Straub,
2002, Exp. 5, 6; Sturt, 2003, Exp. 2; King et al., 2012; Dillon et al., 2013; Kush and Phillips,
2014; Parker and Phillips, 2014; Jager et al., 2015, Exp. 1). In antecedent-mismatch conditions,
a significant processing speed-up due to a cue-matching distractor is reported by King et al.
(2012) and Parker and Phillips (2014). The opposite direction of the effect was only observed
in Jéger et al. (2015, Exp. 1). The absence of an effect in antecedent-mismatch conditions is
reported by Sturt (2003), Xiang et al. (2009) and Dillon et al. (2013). For an overview and a

discussion of the literature on interference effects in reflexives, see Jéger et al. (2015).

As mentioned above, unconstrained cue-based retrieval as implemented in the Lewis and Vasishth
(2005) ACT-R model of sentence processing makes precisely the same predictions as encoding
interference for sentences like the ones shown in (3.3). For conditions with a feature-matching
antecedent (see 3.3a, b), the Lewis and Vasishth (2005) model predicts cue-based retrieval inter-
ference when the distractor matches the gender of the reflexive (3.3a in the example sentence).
This retrieval interference is predicted to be reflected in inhibition between the antecedent and
the distractor because in (3.3a), but not in (3.3b), the antecedent (surgeon) and the distractor
(Jonathan) share the gender cue gender : masc. Thus, longer retrieval latencies (and hence
longer reading times at the reflexive) are predicted in (3.3a) compared to (3.3b). Moreover, mis-
retrievals of the partially feature-matching distractor (Jonathan in 3.3a) are predicted. These
misretrievals are predicted to be reflected in response-accuracies if the comprehension questions
target the reflexive-antecedent dependency. For conditions with a mismatching antecedent (see
3.3c, d), the unconstrained cue-based retrieval model (Lewis and Vasishth, 2005) also predicts
cue-based retrieval interference due to a matching distractor (3.3c). As in antecedent-match
conditions, this retrieval interference is predicted to be reflected in a higher proportion of misre-
trievals of the matching distractor. But, in contrast to antecedent-match conditions, no inhibi-
tion between the antecedent and the distractor is predicted because they do not share any of the
experimentally manipulated retrieval relevant features (in 3.3c and d, the antecedent and the
distractor neither share the gender cue gender : fem nor the structural cue ¢ — com : +). Since

ACT-R predicts faster retrieval latencies in the case of misretrievals as a result of a race-like

°In some experiments, only the stereotypical gender of the accessible antecedent was violated (as in
3.3c, d), whereas in other studies, real feature violations were used resulting in ungrammatical sentences
in the antecedent-mismatch conditions.
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configuration, the trials with misretrievals are predicted to lead to a decreased mean retrieval
latency. Therefore, in the absence of inhibition between the distractor and the antecedent in
antecedent-mismatch conditions, faster processing times are predicted when a feature-matching

distractor is present.

Encoding interference predicts increased retrieval latencies and a higher proportion of misre-
trievals as a function of the number of features the target (here the antecedent) shares with other
items in memory (Oberauer and Kliegl, 2006). Thus, in conditions with a feature-matching
antecedent (see 3.3a, b), a slow-down and a higher proportion of misretrievals due to a feature-
matching distractor (3.3a) is expected. By contrast, in conditions with a mismatching antecedent
(see 3.3c, d), a slow-down and a higher proportion of misretrievals due to a feature-mismatching
distractor (3.3d) is predicted since the mismatching antecedent and the mismatching distractor

have the same gender feature gender : masc.”

To summarize, for materials as the ones presented in (3.3), both encoding interference and cue-
based retrieval interference predict that a matching distractor leads to a processing slow-down in
antecedent match conditions and to a speed-up in antecedent mismatch conditions. For online
reading time measures, both accounts thus make precisely the same predictions and can account
for the inhibitory effects in antecedent-match conditions reported by Badecker and Straub (2002),
Chen et al. (2012b), Clackson and Heyer (2014), Jager et al. (2015) and Patil, Vasishth and
Lewis, “Retrieval interference in syntactic processing: The case of reflexive binding in English”
(unpublished manuscript) as well as for the facilitatory effects in antecedent-mismatch conditions
reported by King et al. (2012) and Parker and Phillips (2014). For retrieval probabilities (to
be reflected in response accuracies of adequate comprehension questions), both accounts also
make the same predictions for antecedent-match conditions but differ in their predictions for
antecedent-mismatch conditions. Hence, if online evidence for encoding interference in reflexives
can be found, we need to reconsider the theoretical implications of interference effects in reflexives
with respect to the debate about structurally-guided vs. unconstrained cue-based retrieval. In
the following, we present two experiments on German and one experiment on Swedish designed

to disentangle encoding from cue-based retrieval interference.

5To be precise, the number of distractors sharing a certain feature with the target also affects retrieval
latencies and retrieval probability because the more distractors share this feature with the target, the
higher the probability that one of these distractors “robs” this feature from the memory representation
of the target.

"Because we set out to determine whether invoking encoding interference is a way to reconcile inter-
ference effects with structure-based retrieval, for the predictions of encoding interference we are assuming
that only structural retrieval cues are used. If, by contrast, one assumes that gender is used as a retrieval
cue, the feature matching distractor (3.3c) is predicted to be misretrieved more often than the feature
mismatching distractor (3.3d). This prediction is orthogonal to the question of encoding interference,
but follows from the basic assumption that an item’s retrieval probability depends on its features’ match
with the retrieval cues. This basic assumption is shared by models of encoding interference (Nairne,
1990; Oberauer and Kliegl, 2006). (Note that this point is unrelated to the cue-based retrieval interfer-
ence component in the Oberauer and Kliegl, 2006 model which is assumed to cause inhibition between
items sharing the same retrieval cues.)
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3.2 EXPERIMENT 1: GERMAN REFLEXIVES (SELF-PACED READING )

The German reflexive sich ‘himself’/‘herself’ is an interesting test case for teasing apart encoding
from cue-based retrieval interference. The third-person singular reflexive sich is gender neutral
and, roughly speaking, requires its antecedent to be a c-commanding noun phrase contained in
the reflexive’s local clause. For more details about the syntactic properties of German reflex-
ives see Everaert (1986), Reinhart and Reuland (1993), Reuland and Reinhart (1995), Reuland
(2001), Gast and Haas (2008) and Reuland (2011). Since sich is gender neutral and thus gender
can be assumed to not be used as a retrieval cue, we do not expect any cue-based retrieval in-
terference from a structurally inaccessible distractor that shares its gender with the antecedent.
Encoding interference, in contrast, predicts that a distractor of the same gender as the antecedent
leads to a degradation of the antecedent’s memory representation resulting in longer processing
times when retrieving the antecedent upon encountering the reflexive. Moreover, encoding inter-
ference predicts a lower retrieval probability of the antecedent when a gender-sharing distractor
is present. We will use the term gender-overlap to refer to the situation where the antecedent
and the distractor share their gender in order to reserve the term gender-match for the match

of an item’s feature with a retrieval cue as in example (3.3) discussed above.

3.2.1 Materials and method

3.2.1.1 Materials

The experimental items consist of a matrix clause whose subject is the antecedent of the third
person singular reflexive sich (see 3.4 for an example). The reflexive is the first constituent of a
conjoint determiner phrase (sich und die Kollegen in 3.4) which as a whole is the direct object of
the matrix verb. The antecedent (der Dieb/die Diebin in 3.4) is modified by an object-extracted
relative clause that intervenes between the antecedent and the reflexive. The subject of this
relative clause (der Hehler/die Hehlerin in 3.4) does not c-command the reflexive and hence
syntactically disqualifies as antecedent. We will refer to this noun phrase as distractor. Both
the antecedent and the distractor were always animate common nouns with a definite article.
King et al. (2012) have shown that interference effects in reflexives are more likely to be detected
when the verb, which triggers the retrieval of its subject — which, in turn, is also the reflexive’s
antecedent — does not directly precede the reflexive. In order to increase the chances of detecting
an effect, we chose perfective tense for our materials, because, as opposed to present tense or
simple past, the reflexive precedes the main verb in perfective sentences (for another study
on interference effects using pre-verbal reflexives see Kush and Phillips, 2014). Moreover, we
inserted a relatively long adverb between the perfective auxiliary hat and the reflexive. As in the
classical gender-match/mismatch design, we manipulated the antecedent’s and the distractor’s
gender. This resulted in a fully crossed 2 x 2 design with gender of the antecedent (masculine vs.
feminine) and interference (gender-overlap vs. no gender-overlap between the distractor and the
antecedent) as factors. For our research question, the gender manipulation of the antecedent was

not of interest per se. It was included in order to experimentally control for lexical properties such
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as word length or frequency which, due to the nature of the German language, are inseparable

from the gender manipulation. We will discuss this issue more in detail in the Results section.

(3.4) Masc/Fem antecedent; Masc/Fem distractor

Der Dieb;/Die Diebin,, dem/der der Hehler;/die Hehlerin;
the thief-mAsc/the thief-FEM whom the dealer-MAsC/the dealer-FEM

befohlen hat zu stehlen, hat iiberraschenderweise sich;/-; und die
obliged has to steal has surprisingly self and the

Kollegen  angezeigt, berichtete das Hochglanzmagazin.
colleagues denounced reported the magazine

The thief whom the dealer obliged to steal surprisingly denounced himself/herself
and the colleagues, reported the magazine.

Each sentence was followed by a yes/no comprehension question targeting the reflexive-antecedent
dependency. One half of the comprehension questions tested whether the antecedent was re-
trieved successfully (to be answered with yes) and the other half tested whether the distractor
was misretrieved instead (to be answered with no). Question types were balanced across items

and held constant within the four conditions of each item.

3.2.1.2 Participants and procedure

144 undergraduate students from the University of Potsdam who were all native speakers of
German participated in the study for credit or payment of 5 EUR. We chose a relatively large
sample size in order to increase statistical power, i.e., reduce Type II error probability. For our
research question, high statistical power is particularly important since if encoding interference
in the processing of reflexives is absent, a null result is predicted. The number of participants
was determined based on a statistical power test assuming an effect of 20 ms and a standard
deviation of 75 ms. In order to achieve power of 90%, 149 participants would be needed. Due to
the restricted nature of our participant pool, the actual sample size was slightly smaller, which
yielded a statistical power of 0.89%. 16 test items and 32 filler sentences were presented in a
moving-window self-paced reading paradigm (Just et al., 1982). Items were arranged according
to a Latin Square with a different randomization for each participant. Each trial was followed

by a yes/no comprehension question.

3.2.2 Results

Statistical analyses were carried out in GNU-R (R Development Core Team, 2009) using linear
mixed effects models provided by the lme4 package version 1.0-6 (Bates et al., 2014). Binary
dependent variables were modeled using generalized linear mixed models with a logistic link
function. For the analyses of comprehension questions and reading times, we fit models testing

for a main effect of gender of the antecedent, a main effect of interference (i.e., effect of whether
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or not the distractor overlapped in gender with the antecedent) and an interaction between the
two. All models were fit with random intercepts and slopes for participants and items (Baayen
et al., 2008). No correlations between random effects were estimated since in many of the models

the correlation matrix of random effects was degenerate.

Length antecedent Frequency antecedent Length distractor Frequency distractor

Main effect interference 0 0 0 0
Main effect gender antecedent -0.44 0.63 0 0
Interference x gender antecedent 0 0 -0.24 0.39

TABLE 3.1: Experiments 1 and 2. Correlations of word length and log lemma frequen-
cies of the antecedent and distractor with the experimental manipulations (Pearson cor-
relation coefficient). Word length and log lemma frequencies were centered (z-scores).

In German, the feminine form of a noun is usually generated by adding the suffix -in and in
many nouns, the masculine form is more frequent than the feminine one. Therefore, a correla-
tion between gender and word length and word frequency could not be avoided in the stimuli.
More precisely, correlations between the main effect of gender and frequency/length of the an-
tecedent as well as correlations between the interaction antecedent genderxinterference and fre-
quency/length of the distractor are expected. Crucially, including the gender manipulation of the
antecedent as a fully crossed within-items factor in our design ensured a zero correlation between
frequency/length of the antecedent or the distractor with the critical main effect of interference.
Along the same lines, correlations between frequency /length of the antecedent and the interaction
antecedent gender xinterference as well as correlations between length /frequency of the distrac-
tor and the main effect of gender of the antecedent cancel out due to the fully-crossed factorial
design. To test these assumptions and to obtain estimates for the expected correlations, we com-
puted Pearson-correlations of each of the contrasts to be tested in the linear-mixed model with
centered word lengths measured in number of characters and centered log-transformed lemma
frequencies taken from dlexDB® (Heister et al., 2011) of the antecedent and the distractor (see
Table 3.1). As expected, there was a positive correlation (r=0.63) between the main effect of
gender of the antecedent and frequency of the antecedent and a negative correlation (r=-0.44)
between the main effect of gender of the antecedent and word length of the antecedent. Similarly,
there was a positive correlation (r=0.39) between the frequency of the distractor and the interac-
tion interferencexgender of antecedent and a small negative correlation between word length of
the distractor and the interaction interference xantecedent gender. Thus, a main effect of gender
of the antecedent and the interaction between the two main effects should not be interpreted

since they might be confounded with the effects of antecedent/distractor length and frequency.

3.2.2.1 Comprehension questions

Comprehension question response accuracies were analyzed using a linear mixed model with a
logistic link function. Mean accuracy scores of question responses are provided in Table 3.2.
Statistical analyses revealed a main effect of interference: accuracy was lower in conditions with
a gender-sharing distractor (estimate=-0.25, SE=0.12, z=-2.02, p<0.05). Neither the main effect

of gender nor the interaction were significant.

8www.dlexdb.de
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Condition Accuracy
gender-overlap; masculine antecedent 71
gender-overlap; feminine antecedent 73
no gender-overlap; masculine antecedent 75
no gender-overlap; feminine antecedent 77

TABLE 3.2: Experiment 1. Mean accuracy scores of question responses in percentage
by experimental condition.

3.2.2.2 Reading times

An overview of raw reading times for each region of the sentence is provided in Table B.1 in
the appendix. Reading times were analyzed at the reflexive, the following NP together with
the preceding conjunction und ‘and’ (n+1), the main clause verb (n+2) as well as at the word
preceding the reflexive as a sanity test of the baseline reading times. In order to achieve a close
to normal distribution of the model residuals, we analyzed negative reciprocal reading times
(Box and Cox, 1964). None of the comparisons reached significance at any region. Modeling log-
transformed RTs instead of reciprocal RT's yielded similar results. The output of the linear-mixed

models is provided in Table 3.3.

Predictor n-1 REFL n+1 n+2
coef SE t coef SE t coef SE t coef SE t
Interference 4e-05 3e-05 1.39 | 2e-05 2e-05 0.67 0.00 1le-05 0.18 | -1e-05 3e-05 -0.58

Gender antecedent 0.00 2e-05 -0.08 | 1e-05 3e-05 0.29 0.00 1le-05 -0.42 | -4e-05 3e-05 -1.25
Gender ant.xInterf. | -4e-05 3e-05 -1.49 | -3e-05 2e-05 -1.49 | -1e-05 1e-05 -0.96 | -1e-05 3e-05 -0.45

TABLE 3.3: Experiment 1. Main effects of interference and gender of the antecedent

and their interaction on negative reciprocal RTs as dependent variable measured at the

adverb preceding the reflexive (n-1), the reflexive (REFL), the coordinate NP following
the reflexive (n+1) and the main clause verb (n+2).

3.2.3 Discussion

In reading times, we did not find any effect of gender-overlap between the antecedent and the
distractor. However, in comprehension questions, we observed lower response accuracies when
the distractor overlapped in gender with the antecedent. This effect might be explained by
misretrievals due to encoding interference during online processing which, critically, did not affect
processing times. Alternatively, the lower response accuracies in the gender-overlap conditions
might reflect an offline effect that arises at the moment of answering the comprehension question.
Crucially for our research question, we could not find any evidence supporting the idea that
encoding interference affects online processing times at the reflexive. With respect to previous
studies on reflexives, we can therefore conclude that there is no indication that the interference

effects observed in previous studies reflect encoding rather than cue-based retrieval interference.
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3.3 EXPERIMENT 2: GERMAN REFLEXIVES (EYE-TRACKING)

Experiment 2 is a cross-methodological replication of Experiment 1. Already Ronald Fisher, the
father of frequentist statistics, emphasized the importance of replication (Fisher, 1937, page 16).
Indeed, non-replicable findings are a major problem in experimental psychology and psycholin-
guistics (Asendorpf et al., 2013; Simmons et al., 2011). Moreover, a potential concern about
Experiment 1 is that our conclusions are based on a null result. Although we have addressed
this issue by testing a large sample and thus gaining high statistical power, one could still argue
that the self-paced reading method is not sensitive enough to detect a potential effect. We there-
fore tested the same materials as in Experiment 1 in an eye-tracking while reading paradigm,
which presumably is a more sensitive method compared to self-paced reading (Staub and Rayner,
2007).

3.3.1 Materials and method

3.3.1.1 Materials

The same stimuli (including fillers) were used as in Experiment 1.

3.3.1.2 Participants and procedure

151 undergraduate students from the University of Potsdam with normal or corrected-to-normal
vision who were all native speakers of German participated in the experiment against credit or

payment of 7 EUR. None of the participants had participated in Experiment 1.

Participants’ eye movements (right eye monocular tracking) were recorded with an SR Research
Eyelink 1000 eyetracker at a sampling rate of 1000 Hz using a Desktop mount camera system
with a 35 mm lens. The participant was seated at a height-adjustable table with his/her head
stabilized using a forehead/chin-rest. Stimuli were presented on a 22 inch monitor (resolution
of 1680x 1050 pixels) with an eye-to-screen distance of 62 cm and an eye-to-camera distance of
60 cm. As a response pad, a Microsoft Button Box was used. Stimuli were presented using
Experiment Builder software provided by SR Research. The experimental items were presented
on a light gray background in black font, font type Times New Roman, font size 14. They
were arranged according to a Latin Square and were pseudo-randomized for each participant
separately such that every experimental trial was preceded by at least one filler sentence. A
nine-point calibration was carried out at the beginning of the experiment and repeated during
the experiment, if needed. Each experimental session started with 6 practice trials. At the
beginning of each trial, participants had to fixate a drift correction point at the left center of the

screen where the first word of the sentence was to appear.
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3.3.2 Results

Linear mixed-effects models were fit with same predictors as for Experiment 1. As in the analysis
of Experiment 1, all models were fit with varying intercepts and slopes for participants and items.
No correlations between random effects were estimated since, as in the data of Experiment 1,

the correlation matrix of random effects was degenerate in many of the models.

3.3.2.1 Comprehension questions

Mean accuracy scores by experimental condition are provided in Table 3.4. We observed a
marginal main effect of interference with lower accuracies in conditions where antecedent and
distractor had the same gender (estimate=-0.20, SE=0.10, z=-1.95, p=0.05). This replicates the

pattern found in Experiment 1. None of the other effects was significant.

Condition Accuracy
gender-overlap; masculine antecedent 74
gender-overlap; feminine antecedent 69
no gender-overlap; masculine antecedent 75
no gender-overlap; feminine antecedent 75

TABLE 3.4: Experiment 2. Mean accuracy scores of question responses in percentage
by experimental condition.

3.3.2.2 Eye movements

An overview of raw reading times at each word of the sentence is provided in Table B.2 in the
appendix. The same regions were analyzed as in Experiment 1. Raw fixation durations shorter
than 20 ms or longer than 1000 ms (0.25% of the data) were excluded from all analyses. In
eye-tracking data, the dependent measures can be partitioned into first-pass, regression-related
(proportions of regressions and duration of regressive events) and later-pass measures. Since the
exact mapping between syntactic effects and eye-tracking measures is still unclear (Clifton et al.,
2007), we analyzed one representative measure from each group. As a first-pass measure, we
analyzed first-pass reading time (FPRT, also referred to as gaze duration), which is defined as
the sum of all first-pass fixations on a region. As regression related measures, we analyzed first-
pass regression-probability (FPRP), i.e., a binary variable coded as 1 if a first-pass regression was
initiated from a region, and regression-path duration (RPD), i.e., the sum of all fixation durations
starting from the first fixation on a region until leaving this region to the right including all
regressive fixations that fall into this time window. As a later-pass measure, we analyzed total-
fixation time (TFT), i.e., the sum of all fixations on a region. Strictly speaking, TFT is not
a pure late measure but rather the sum of FPRT and re-reading time. However, we chose to
report TFT as a representative late measure since TFT is one of the most commonly reported
measures in psycholinguistics; we do not analyze re-reading time because the critical region
was re-read in only about 20% of the trials leading to very low statistical power. In order to
achieve approximately normally distributed residuals, the continuous dependent variables were
log-transformed (Box and Cox, 1964).
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DV Predictor n-1 REFL n+1 n+2
coef SE torz| coef SE torz| coef SE torz| coef SE torz
FPRT Interference -0.01 0.02 -0.25|-0.01 0.02 -0.31|-0.01 0.03 -0.38|-0.02 0.01 -1.14

Gender antecedent 0.01 0.02 0.61 | -0.03 0.02 -1.35|-0.03 0.03 -1.03| 0.01 0.01 0.64
Gender ant.xInterf. | -0.02 0.02 -1.06 | -0.01 0.02 -0.64 | -0.04 0.02 -1.91| 0.00 0.02 0.25

RPD  Interference 0.04 0.03 1.59 | 0.01 0.02 0.44 | -0.02 0.03 -0.67 | 0.00 0.03 -0.06
Gender antecedent 0.02 0.02 0.86 | -0.02 0.02 -0.76 | -0.02 0.02 -1.01| 0.01 0.02 0.55
Gender ant.xInterf. | -0.03 0.02 -1.14 | 0.03 0.02 1.10 | -0.02 0.02 -1.01 | 0.00 0.02 -0.22

FPRP Interference 0.19 0.11 1.64 | 0.12 0.14 0.83 | -0.05 0.11 -0.44 | 0.13 0.17 0.77
Gender antecedent 0.09 0.12 0.72 | -0.10 0.14 -0.7 | -0.05 0.14 -0.34|-0.01 0.13 -0.05
Gender ant.xInterf. | 0.03 0.11 0.22 | 0.18 0.18 0.98 | 0.10 0.11 0.85 | -0.01 0.14 -0.09

TFT  Interference 0.03 0.02 1.4 |-0.01 0.02 -0.36| 0.01 0.02 0.37 0 0.02 0.12
Gender antecedent 0.03 0.02 1.54 | 0.02 0.02 0.68 0 0.02 0.13 | 0.04 0.02 222*
Gender ant.xInterf. | 0.01 0.02 0.29 | 0.01 0.02 0.46 | -0.04 0.02 -1.93 | -0.01 0.02 -0.72

TABLE 3.5: Experiment 2. Main effects of interference and gender of the antecedent and

their interaction on the dependent variables log-first-pass reading time, log-regression-

path duration, first-pass regression probability and log-total fixation time measured

at the adverb preceding the reflexive (n-1), the reflexive (REFL), the coordinate NP
following the reflexive (n+1) and the main clause verb (n+2).

An overview of the output of the linear mixed-effects models is provided in Table 3.5. At the
reflexive, the word preceding it and the region following the reflexive none of the comparisons
reached significance in any of the dependent variables. At region n+2 (i.e., the main clause
verb), a significant effect of gender of the antecedent was observed in TFT (longer fixation times
in conditions with a feminine antecedent). However, as we have argued in the Results section of
Experiment 1, this effect should not be interpreted since it correlates with frequency and length

of the antecedent. For our research question, only the main effect of interference is relevant.

Moreover, a post-hoc analysis of the region containing the relative clause verb (zu stehlen in
example 3.4) revealed a significant main effect of interference in TFT with longer fixation dura-
tions when the antecedent and the distractor overlapped in gender (estimate=0.047, SE=0.02,
£=2.28).

3.3.3 Discussion

Experiment 2 replicated the findings of Experiment 1. As in Experiment 1, no evidence for
encoding interference due to gender-overlap between the reflexive’s antecedent and a structurally
inaccessible distractor was observed neither at the reflexive, nor at the pre- or post-critical

regions.

At the relative clause verb, however, gender-overlap between the main clause subject, i.e., the
antecedent, and the relative clause subject, i.e., the distractor, led to significantly longer total-
fixation times. At this region, the relative clause subject needs to be retrieved. Hence, the
observed effect, which appears in a similar region as the effects reported by Gordon et al. (2001),

might reflect encoding interference. However, it is disconcerting that this effect was observed
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only in total-fixation time and was not present in Experiment 1, as a post-hoc analysis of the self-
paced reading data showed. Thus, one might discount this effect as a possible Type I error. If one
does not discount the effect, it raises the question why encoding interference affects argument-
head dependency completion, but not reflexive-antecedent dependency formation. A possible
explanation might be that the encoding interference effect (to the extent that it is not a Type I
error) dies out by the time the reflexive is processed.” In any case, further replication attempts
of this configuration are needed. In sum, it is possible that we are seeing encoding interference
at the distractor, but, which is crucial for our research question, this encoding interference does

not seem to have any effect at the reflexive.

Taken together, the results of Experiments 1 and 2 are a strong indication that in reflexive-
antecedent dependency formation, the sharing of a non-structural feature such as gender does
not lead to encoding interference reflected in a processing slow-down. More precisely, it indi-
cates that in materials of the type used in this experiment, encoding interference does not affect
retrieval latencies of the antecedent when processing the reflexive. However, the marginal inter-
ference effect in offline comprehension accuracies, which had been significant in Experiment 1,
indicates that the antecedent was retrieved less often correctly when it shared its gender with the
distractor. This can be interpreted as evidence for encoding interference affecting retrieval prob-
ability of the antecedent. In sum, neither experiment provides any evidence for the claim that
encoding interference affects reading time at the reflexive. However, our offline results suggest
that encoding interference might affect retrieval probability of the antecedent. Crucially, even if
encoding interference affected retrieval probability of the antecedent or the offline interpretation
of the sentence, there is no evidence that it affects the participants’ online behavior at the re-
flexive measured in self-paced reading times or eye-movements. Hence, encoding interference is
not a plausible explanation for the online effects previous studies have observed in eye-tracking

or self-paced reading measures.

3.4 EXPERIMENT 3: SWEDISH POSSESSIVES (EYE-TRACKING)

Experiments 1 and 2 yielded converging results: we found no evidence for encoding interference
affecting the online processing speed of German reflexives. However, there are still two potential
concerns with these results: i) Our conclusion is based on two null-results, and ii) we need
to cross-linguistically validate our conclusions. In Experiment 3, we addressed these issues by
examining the processing of Swedish possessives in an eye-tracking experiment. In Swedish, there
are two kinds of possessives: reflexive possessives that are not gender marked and pronominal
possessives that need to agree in gender with their antecedent. The reflexive possessive sin
‘his’/‘her’ can only be bound by a c-commanding antecedent inside its local clause. In contrast,

the pronominal possessive hans ‘his’ must not be bound within its local clause, but requires an

9 A reviewer noticed that the effect at the relative clause verb occurs in total-fixation time, a measure
which can reflect processing difficulty encountered further downstream in the sentence, and therefore
might actually reflect processing difficulties at the reflexive which triggers re-readings of the previous
materials. However, if this were the case, one would expect an increase in the proportion of regressions
or increased regression-path durations at the reflexive. As this is not the case, it is difficult to conclude
that the effect observed at the verb reflects processing difficulty associated with the reflexive.
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antecedent outside its clause domain (see Holmes and Hinchliffe, 1994 and Kaiser, 2003, p. 209).
In a 2x2 factorial design, we manipulated anaphor type (pronominal possessive vs. reflexive
possessive) and interference, i.e., whether or not a structurally inaccessible distractor shared the
gender of the antecedent. For this design, encoding interference predicts increased processing
difficulty in the interference conditions compared to the non-interference conditions, regardless
of anaphor type. Cue-based retrieval interference, in contrast, predicts an interaction between
anaphor type and interference: increased processing difficulty due to a gender-sharing distractor
is predicted for the gender-marked pronominal possessives but not for the gender-unmarked
reflexive possessives. This is because only in pronominal possessives, the gender-marked anaphor
can trigger a retrieval process where gender is used as a retrieval cue. When both the antecedent
and the distractor match the gender cue, cue-based retrieval interference predicts inhibition
between the antecedent and distractor and a higher proportion of misretrievals of the distractor
(Lewis and Vasishth, 2005). Thus, the present experiment allows us to directly pit encoding
and cue-based retrieval interference against each other. In contrast to Experiments 1 and 2,

cue-based retrieval interference predicts an interaction rather than a null-result.

3.4.1 Materials and method

3.4.1.1 Materials

The conditions with pronominal possessives (see 3.5a for an example item) consist of a superordi-
nate clause whose subject is the antecedent (Ake in 3.5a) and a subordinate clause containing the
distractor (Alf or Ann in 3.5a) which either matches or mismatches the gender of the antecedent
and the gender-marked pronominal possessive (hans ‘his’ in 3.5a). The conditions with reflexive
possessives (see 3.5b for an example item) consist of a main clause containing the antecedent
(Ake in 3.5b) and the gender-unmarked reflexive possessive (sina ‘his’/‘her’ in 3.5b). The dis-
tractor (Alf or Ann in 3.5b) is the subject of an appositive relative clause intervening between
the antecedent and the reflexive possessive. As Swedish does not code masculine and feminine
as grammatical gender, and the number of nouns with inherent gender such as boy or girl is very
limited, both the antecedent and the distractor were proper names in all experimental sentences.
Indeed, it is crucial for our research question to extend the findings of Experiments 1 and 2
to proper names, which differ from common nouns with respect to their referential properties
(Longobardi, 1994; Elbourne, 2005), since several of the studies reporting interference effects in

reflexives actually employed proper names (e.g., Badecker and Straub, 2002).

(3.5) a. Pronominal possessives; gender-overlap/no gender-overlap

Ake; sdger att Alf;/Ann; jobbade med hans;-;
Ake-masc says that Alf-masc/Ann-fem worked with his

sysslingar pa helgerna.
cousins at  the weekend

Ake says that Alf/Ann worked with his cousins at the weekend.
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b. Reflexive possessives; gender-overlap/no gender-overlap

Ake; som  Alf;/Ann; tackade ringer sina;;.; sysslingar
Ake-masc whom Alf-masc/Ann-fem thanked calls his cousins

pa  kvillen.
in  the evening

Ake, whom Alf/Ann thanked, calls his cousins in the evening.

The nouns used as antecedents and distractors are all highly frequent, gender unambiguous
Swedish first names taken from Statistics Sweden, a database which contains the 100 most
frequently given and used male and female first names in Sweden.'® Antecedents and distractors
are all matched for word length (numbers of characters) within each item. Half of the items have
a feminine antecedent and the other half a masculine antecedent. The possessed noun phrase

(sysslingar in 3.5) is always a plural noun.

Two types of comprehension questions were designed. The first type probes for the correct
interpretation of the anaphor-antecedent dependency, 50% of which were to be answered with
yes. The second question type targeted various parts of the sentence, but not the interpretation

of the anaphor. Again, 50% of these questions were to be answered with yes.

3.4.1.2 Participants and procedure

35 native speakers of Swedish currently living in Berlin or Potsdam with normal or corrected-to-
normal vision participated in the experiment against payment of 5 EUR (plus 6.20 EUR to cover
travel expenses). The sample size was smaller compared to Experiments 1 and 2 due to logistic
limitations, but we tested a larger number of experimental items compared to Experiments 1
and 2. Participants’ eye movements (right eye monocular tracking) were recorded while reading
48 experimental sentences and 70 filler sentences. The general technical set-up was the same as
in Experiment 2. Stimuli were arranged in a Latin Square and pseudo-randomized such that
each experimental trial was preceded by at least one filler sentence. Each trial was followed
by a comprehension question. Two thirds of the comprehension questions targeted the correct
interpretation of the anaphor and one third targeted other parts of the sentence. The experiment

started with 5 practice trials to familiarize participants with the procedure.

3.4.2 Results

On all dependent variables, we fit linear mixed-effects models with main effects of anaphor type
(pronominal vs. reflexive possessive), interference (whether or not the distractor had the same
gender as the antecedent) and their interaction as predictors. When the interaction reached
significance, nested contrasts testing for an interference effect within each anaphor type were

fit. All models were fit with varying intercepts for participants and items. No varying slopes

Ohttp://www.scb.se/BE0001-EN; we used the data of 2012.
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were fit because the generalized likelihood-ratio test showed that they did not improve the model
fit. The pattern of results was not affected by whether or not varying slopes were fit. For the
interpretation of results, it should be kept in mind that the effect of anaphor type is not of
theoretical relevance to our research question. As the two levels of anaphor type differ lexically
at the pre-critical and the critical region, a main effect of anaphor type does not have any useful

interpretation.

3.4.2.1 Comprehension questions

Mean accuracies by experimental condition and question type (i.e., whether or not the com-
prehension question targeted the anaphor) are provided in Table 3.6. We ran a linear-mixed
effects model with a logistic link function with main effects of anaphor type, interference and
question type and their interactions including the three-way interaction between all main effects
as predictors. The model output is summarized in Table 3.7. The main effect of interference
and the interaction between interference and question type reached significance. Moreover, a
marginal three-way interaction between interference, anaphor type and question type was ob-
served. A second model in which we applied nested contrasts testing for an interference effect
within each level of anaphor type and question type'! showed that the interactions were caused
by a highly significant interference effect that was present only in questions targeting the anaphor
in pronominal possessives (estimate=-1.16, SE=0.25, z=-4.62, p<0.0001). In sum, in questions
targeting the anaphor-antecedent dependency, the presence of a gender matching distractor led
to lower response accuracies in sentences with pronominal possessives but not in sentences with
reflexive possessives. In questions not targeting the anaphor-antecedent dependency, no effects

were observed.

Condition Accuracy
anaphor  other
pronominal; gender-overlap 75 82
pronominal; no gender-overlap 90 82
reflexive; gender-overlap 85 80
reflexive; no gender-overlap 86 81

TABLE 3.6: Experiment 3. Mean accuracy scores of comprehension questions in per-
centage by experimental condition and question type, i.e., whether the question targeted
the anaphor-antecedent dependency or another element of the sentence.

3.4.2.2 Eye movements

An overview of raw reading times at each region of the sentence is provided in Table B.3 in the
appendix. We analyzed the pre-critical region containing the verb (plus postposition), the critical
region containing the pronominal or reflexive possessive and the post-critical region containing

the possessed noun. The same dependent variables were analyzed as in Experiment 2. Continuous

1 The model predictors were main effects of anaphor and question type, interaction between anaphor
type and question type and the four pairwise comparisons (interference effects in pronominal and reflexive
possessives in question targeting the anaphor and questions not targeting the anaphor.)
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Predictor coef SE z
Interference -0.17  0.07 -2.42%*
Anaphor type -0.01 0.07 -0.17
Question type 0.12 0.10 1.11
Interference x Anaphor type -0.12 0.07 -1.61
Interference x Question type -0.15  0.07 -2.04*
Anaphor typex Question type -0.06 0.07 -0.86

Interference x Anaphor typex Question type -0.14 0.07 -1.95

TABLE 3.7: Experiment 3. Analysis of comprehension questions: Main effects of inter-
ference, anaphor type and question type together with their interactions.

DV Predictor n-1 REFL/PRON n+1
coef SE torz| coef SE torz coef SE torz
FPRT Interference 0.02 0.02 0.75| 0.01 0.02 0.57 | -0.03 0.02 -1.29
Anaphor type 0.03 0.02 143 1 -0.04 0.02 -1.97| 0.05 0.02 1.99

Anaph. typexInterf. | 0.03 0.02 1.28 | -0.01 0.02 -0.41 0.02 0.02 0.71

RPD  Interference -0.01 0.03 -0.18|-0.02 0.03 -0.67| 0.00 0.04 -0.05
Anaphor type -0.25 0.03 -8.11* | -0.13 0.03 -4.04* | -0.07 0.04 -1.94
Anaph. typexInterf. | 0.01 0.03 0.29 | 0.01 0.03 0.17 | -0.02 0.04 -0.53

FPRP Interference -0.08 0.13 -0.62 | -0.11  0.13 -0.85 | -0.19 0.12 -1.56
Anaphor type 126 013 -9.4* [-0.32 013 -245% | -04 0.12 -3.36*
Anaph. typexInterf. | -0.08 0.13 -0.63 | 0.09 0.13 0.70 | -0.25 0.12 -2.1*

TFT  Interference 0.04 0.03 1.46 | 0.02 0.03 0.64 | 0.01 0.03 0.50
Anaphor type -0.07 0.03 -2.44* | 0.09 0.03 3.15*| 0.03 0.03 0.89
Anaph. typexInterf. | 0.05 0.03 1.70 | -0.01 0.03 -0.40| 0.02 0.03 0.65

TABLE 3.8: Experiment 3. Main effects of interference and anaphor type and their

interaction at the pre-critcal region n-1, the reflexive/pronominal possessive (RE-

FL/PRON) and the post-critical region n+1. The dependent measures are log-first-

pass reading time, log-regression-path duration, first-pass regression probability and
log-total fixation time.

dependent variables were log-transformed in order to achieve approximately normally distributed

residuals.

The effect of anaphor type reached significance across regions and dependent variables. How-
ever, as mentioned above, this effect was not of interest to our research question: conditions
with pronominal and reflexive possessive differ from each other in syntactic structure, distractor
position, lexicon, word length and number of words contained in the pre-critical region. At the
pre-critical and the critical region, no other effect reached significance in any dependent variable.
At the post-critical region, a significant interaction between anaphor type and interference was
observed in first-pass regression probability. Pairwise comparisons revealed that this interaction
was driven by a significant interference effect in pronominal possessives. When the distractor
shared the gender of the antecedent and hence matched the gender-cue, less first-pass regressions
were observed (estimate=-0.44, SE=0.18, z=-2.47, p<0.05). In order to test whether this facil-

itation due to a gender-matching distractor reflected misretrievals of the latter, we re-ran the
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models on comprehension question response accuracies for trials with and without a first-pass

regression from the post-critical region separately.

In trials without a first-pass regression from n+1, the interference effect in pronominal possessives
in questions targeting the critical dependency (i.e., the effect observed in the overall data) was
highly significant (estimate=-1.19, SE=0.28, z=-4.21, p< 0.0001). By contrast, in trials with
a first-pass regression initiated at n+1, this effect did not reach significance (estimate=-0.94,
SE=0.57, z=-1.66, p=0.09). This post-hoc analysis clearly shows that the interference effect
in response accuracies in pronominal possessives was driven by trials in which no first-pass

regression was initiated, i.e., by the trials responsible for the facilitation observed in FPRP.

3.4.3 Discussion

We did not find any evidence for encoding interference affecting processing times of Swedish
anaphor-antecedent dependencies. Together with the results of Experiments 1 and 2, this sug-
gests that in materials with a classical gender-match/mismatch manipulation, encoding interfer-
ence does not affect retrieval latencies of the antecedent. In comprehension questions, we did
not see evidence for encoding interference affecting retrieval probability of the antecedent either.

This is in contrast to the pattern observed in response accuracies of Experiments 1 and 2.

Evidence for interference occurring at the moment of retrieval was observed in online and of-
fline measures. The lower proportion of first-pass regressions initiated at the region directly
after the gender-marked pronominal possessive in conditions with a gender-matching distractor
indicates a processing facilitation due to a cue-matching distractor. Such a facilitation can be
explained in terms of misretrievals of the gender-matching distractor under the assumption that
misretrievals go along with shorter retrieval latencies. The lower response accuracies in com-
prehension questions targeting the retrieval of the antecedent support this explanation. Indeed,
the post-hoc analysis of response accuracies for trials with and without a first-pass regression
from the post-critical region clearly shows that the facilitation observed in first-pass regressions

is directly connected to misretrievals of the gender-matching distractor.

The cue-based ACT-R model of sentence processing (Lewis and Vasishth, 2005) predicts misre-
trievals of the gender-matching distractor. These misretrievals are predicted to lead to shorter
retrieval latencies, i.e., a processing facilitation, in the respective trials. However, the ACT-R
model also predicts inhibition between the gender-matching distractor and the antecedent leading
to longer retrieval latencies of the antecedent. Overall, the predicted direction of the interfer-
ence effect therefore depends on the concrete parameter setting of the model. With the default
parameter setting, inhibitory interference (i.e., the opposite effect than the one in the data) is
predicted. If one assumes a particularly high activation of the distractor, ACT-R predicts the
observed pattern because the highly activated distractor is misretrieved in a considerable pro-
portion of the trials, which leads to a speed-up in the observed mean retrieval latencies (Jager
et al., 2015). Indeed, facilitation in a configuration similar to our materials has been observed
in previous studies (Sturt, 2003; Cunnings and Felser, 2013; Laurinavichyute et al., 2015; Patil,

Vasishth and Lewis, “Retrieval interference in syntactic processing: The case of reflexive binding
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in English”, unpublished manuscript). An argument favoring the assumption that the distractor
is highly activated in our materials is that, similar to the other experiments reporting facilitation,
the distractor is in subject position. Moreover, the distractor has a recency advantage over the
antecedent as it is linearly closer to the retrieval site. Indeed, ACT-R predicts a recency advan-
tage which follows from the assumption that an item’s activation level decreases as a function of
the passage of time (decay) and intervening material (interference). In sum, under the plausible
assumption that the distractor is highly activated in our materials, cue-based retrieval interfer-
ence as implemented in the ACT-R model can account for the observed pattern. Hence, the
interference effect in pronominal possessives can be interpreted as evidence favoring a cue-based
retrieval mechanism. However, it should be kept in mind that pronominal possessives are not
subject to Binding Principle A. Hence, the observed effects cannot be interpreted as evidence
against theories of sentence processing claiming that Principle A is immune to interference from
structurally illicit antecedents (Nicol and Swinney, 1989; Dillon et al., 2013; Phillips et al., 2011).

An alternative explanation that can account for the facilitation leading to misretrievals of the
gender-matching distractor in pronominal possessives but not in reflexive possessives builds on
the fact that we are comparing reflexive possessives which are subject to Binding Principle
A with pronominal possessives which are subject to Binding Principle B. As mentioned above,
pronominal possessives must not be bound in their local domain (Binding Principle B, see Chom-
sky, 1981). In the syntax-semantic literature about the interpretation of pronouns, it has been
proposed that in the presence of a local c-commanding noun phrase which matches the gender
feature of the anaphor (as the gender-matching distractor in the pronominal possessives condi-
tions of Experiment 3), local binding is preferred over a non-local antecedent (Fox, 1998; Heim
and Kratzer, 1998). This leads to a temporary violation of Binding Principle B. Only after the
local binder has successfully been inhibited, the actual search for the structurally licit antecedent
is initiated (Grodzinsky and Reinhart, 1993; Reinhart, 2000; Reuland, 2011). If in our materi-
als, the syntactically local binder of the pronominal possessive (i.e., the distractor) is accessed
in a first stage of the retrieval process, in a certain proportion of the trials, this local binder
might be misretrieved in case it matches the gender of the pronominal possessive and the search
for the antecedent terminates already after this first stage. Such a scenario would explain the
misretrievals reflected in response accuracies and also the speed-up in trials where misretrievals
occurred. This model correctly predicts that facilitatory interference should be observed only
with Principle B pronouns, not with Principle A reflexives since in reflexives, the local binder is
the licit antecedent. Crucially, the absence of an effect in our reflexive possessive conditions is not

explained by them being unmarked for gender but rather by their syntactic binding properties.

To summarize, we found no evidence for encoding interference affecting the processing of Swedish
possessives. We did observe evidence for retrieval interference in gender-marked pronominal pos-
sessives. The presence of a gender-matching distractor led to facilitated processing, presumably
as a consequence of misretrievals of the latter in a certain proportion of trials. Although this
pattern can be explained in terms of unconstrained cue-based retrieval, it is also consistent with
the view that comprehending a pronoun constrained by Principle B requires comprehenders to
temporarily consider and inhibit coreference with the local subject (the distractor in our ma-
terials). However, it should be noted that recent evidence from English pronouns reported by

Chow et al. (2014) is inconsistent with the idea of first accessing and subsequently inhibiting a



Teasing apart retrieval and encoding interference 63

local antecedent. In none of their five reading experiments did they observe a facilitatory effect

on pronoun resolution from a feature-matching local antecedent.

3.5 GENERAL DISCUSSION

We set out to find evidence for encoding interference in the processing of reflexives. With respect
to the current debate about structure-based vs. unconstrained cue-based retrieval subserving the
processing of reflexives, the question whether encoding interference can be observed in reflexives
is crucial because, as has been argued by Dillon (2011), encoding interference provides an al-
ternative explanation for interference effects in reflexives which originally have been attributed
to cue-based retrieval interference and hence taken as evidence for unconstrained cue-based re-
trieval (Badecker and Straub, 2002; Chen et al., 2012b; Jéger et al., 2015; Patil, Vasishth and
Lewis, “Retrieval interference in syntactic processing: The case of reflexive binding in English”,

unpublished manuscript).

In order to decide whether encoding interference is present in the processing of reflexives, we
conducted two experiments on the German reflexive sich. In contrast to previous studies, where
encoding and cue-based retrieval interference made the same predictions, the gender-unmarked
sich allowed us to pit against each other the predictions of retrieval and encoding interference.
Cue-based retrieval interference predicts no effect of gender of a structurally inaccessible distrac-
tor whereas encoding interference predicts a slow-down when the gender of the distractor matches
the gender of the antecedent. Neither with self-paced reading nor with eye-tracking did we find
any indication for an online interference effect caused by a gender-sharing distractor, although
the statistical power of our experiments was considerably higher than the one of previous exper-
iments reporting interference effects in reflexives. We conducted a third experiment on Swedish
possessives to cross-linguistically validate our finding. The interaction between interference and
anaphor type provided further support for the conclusion that sharing the gender feature with a
distractor does not lead to encoding interference in the processing of reflexives. Although we did
not find any evidence that encoding interference affected online processing ease, response accu-
racies in the comprehension questions of Experiment 1 indicate that encoding interference might
have caused misretrievals of the gender-sharing distractor. However, this effect was only marginal
in Experiment 2 and could not be replicated in Experiment 3. Critically, these supposed misre-
trievals observed in Experiment 1 are not reflected in online processing measures. In sum, there
is no evidence for encoding interference affecting online processing measures. Therefore, there is
no evidence for the proposal that interference effects reported in previous studies on reflexives
arise from encoding interference. This finding therefore provides support for the assumption
that interference effects observed in reflexive processing arise at the moment of retrieval rather
than at the encoding stage. In other words, encoding interference is not a plausible explanation
for reconciling interference effects with a structure-based account of reflexive processing. Thus,
taken together with the interference effects reported in previous studies on reflexive processing,

our findings favor an unconstrained cue-based retrieval architecture.

Lastly, we want to emphasize that our results should not be interpreted as evidence for the

absence of encoding interference in sentence processing per se. Indeed, the effect at the relative
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clause verb in Experiment 2 might reflect encoding interference. The presence of encoding
interference as such is in principle not incompatible with a content-addressable architecture
since content-addressability is an architectural mechanism concerning the retrieval, but not the

encoding or the maintenance of an item in working memory.

More generally, our findings provide support for a content-addressable memory architecture sub-
serving language comprehension. This adds to a growing body of evidence from various kinds
of syntactic dependencies such as filler-gap (McElree et al., 2003) and subject-verb dependen-
cies (Van Dyke and Lewis, 2003; Van Dyke and McElree, 2006; Van Dyke, 2007; Wagers et al.,
2009; Van Dyke and McElree, 2011; Dillon et al., 2013), the licensing of negative-polarity items
(Vasishth et al., 2008) and verb-phrase ellipsis (Martin and McElree, 2008), suggesting that the
parser uses a cue-based retrieval mechanism to process these dependencies. One fundamental
question in sentence processing research is whether the human parser uses qualitatively different
retrieval mechanisms in the processing of different kinds of dependencies. Indeed, proponents
of the structure-based account of reflexive processing have argued that the retrieval mechanisms
mediating the processing of reflexives differ qualitatively from the ones used, e.g., in the pro-
cessing of subject-verb dependencies (Phillips et al., 2011; Dillon et al., 2013). Hence, evidence
for cue-based retrieval subserving the processing of reflexives is one important piece of evidence
towards a content-addressable model of working memory underlying sentence processing in gen-
eral, which not only invokes qualitatively similar working memory mechanisms to explain the
processing of different kinds of linguistic dependencies, but, even beyond that, locates the lan-
guage processing system within a general cognitive architecture where independently motivated

working memory mechanisms operate on linguistic representations.
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ABSTRACT

Chinese relative clauses are an important test case for pitting the predictions of expectation-
based accounts against those of memory-based theories. The memory-based accounts predict
that object relatives should be easier to process than subject relatives because, in object rela-
tives, less linguistic material intervenes between the head noun and the gap (or verb) that it
associates with. By contrast, expectation-based accounts such as surprisal predict that the less
frequently occurring object relative should be harder to process than the subject relative, be-
cause building a rarer structure is computationally more expensive. Previous studies on Chinese
relative clauses have the problem that local ambiguities in subject and object relatives could
be confounding the comparison. We compared reading difficulty in subject and object relatives

(in both subject- and object-modifications) in which the left context leads the reader to predict
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a relative clause structure as the most likely continuation; we validate this assumption about
what is predicted using production data (a sentence completion study and a corpus analysis).
Two reading studies (self-paced reading and eye-tracking) show that the Chinese relative clause
evidence is consistent with the predictions of expectation-based accounts but not with those of
memory-based theories. We present new evidence that the prediction of upcoming structure,
generated through the probabilistic syntactic knowledge of the comprehender, is an important

determiner of processing cost.

Keywords: Sentence comprehension; Relative clauses; Structural expectation; Working-memory;

Eye-tracking; Surprisal; Chinese

4.1 INTRODUCTION

Tracking expectations is of central importance in language comprehension: as we read or hear a
sentence, we constantly generate predictions about upcoming material at every linguistic level.
According to one view, these predictions are a result of our production system being deployed
as an “emulator” during language comprehension (Pickering and Garrod, 2007); a related as-
sumption is that the comprehender maintains and uses linguistic knowledge probabilistically to
incrementally parse a sentence (Hale, 2001; Levy, 2008). Common to these views is the idea
that the frequency of the structures we produce in a language at least partly determines what

we incrementally predict while engaged in a comprehension task.

Once an expectation has been generated, it is either met or not met. When an expectation is
met, generally no disruptions occur; but when the expectation is dashed, we often experience
processing difficulty. Although the role of predictive processing is well-established in the psy-
cholinguistic literature, in sentence comprehension research, the work of Hale (2001) and Levy
(2008) has considerably sharpened our understanding of what it means to have a syntactic ex-
pectation, and, more importantly, how to quantify the effect of a dashed expectation. The key
idea here is that building a rarer syntactic structure, with which comprehenders have less expe-
rience, is more difficult than building a relatively more frequent structure. As a simple example,
in English, reading the relative pronoun in a sentence like The man who ... raises an expecta-
tion for a subject relative because it is more frequent; if the sentence continues with an object
relative (e.g., The man who the woman .. .), a slowdown is predicted (relative to an appropriate
baseline sentence). Staub (2010) has shown that this prediction is correct. The surprisal met-
ric introduced by Hale (2001) thus formalizes the well-established idea of reanalysis that dates
back to the early days of psycholinguistics (Frazier, 1979). Surprisal assumes a ranked-parallel
parser that ranks the available parses by their conditional probabilities. When the input favors
a parse that has not been ranked highest, a re-ranking occurs. This re-ranking due to dashed

expectations is computationally costly and formalizes the idea of reanalysis.

Over the last few years, evidence has started to accumulate in favor of such an expectation-based
account of sentence comprehension. For example, Levy et al. (2013) have recently shown, using
Russian relative clauses, that dashed expectations lead to slowdowns in reading; in other words,

building a rarer structure is more difficult than building a more frequent structure. However, it is
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currently unknown how generally applicable the expectation-based account is cross-linguistically;
as Pickering and Van Gompel (2006) have documented, even robust theories of sentence process-
ing have floundered in the face of a cross-linguistic investigation. It is particularly important to
stress-test the expectation-based account given that its predictions sometimes go directly against
another, well-established class of explanation, the memory-based accounts of sentence compre-
hension. Such models attribute processing difficulty to limitations of memory resources (Miller
and Chomsky, 1963; Frazier and Fodor, 1978; Frazier, 1979; Clifton and Frazier, 1989; Just and
Carpenter, 1992; Gibson, 1998, 2000; Lewis and Vasishth, 2005; Lewis et al., 2006). A promi-
nent example for this class of account is the Dependency Locality Theory (DLT) (Gibson, 1998,
2000). DLT assumes that processing difficulty depends on so-called integration cost and storage
cost. Structural integration cost is defined as a linearly increasing function of the number of new
discourse referents that intervene between the constituent that is currently being processed and
the constituent(s) with which a syntactic dependency has to be built. Storage cost assumes that

processing difficulty linearly increases as a function of the number of predicted heads.

Chinese relative clauses (RCs) are a critical test of the opposing predictions of the expectation-
based account and memory-based accounts like the DLT. Due to the syntactic properties of
Chinese, memory-based accounts and expectation-based accounts make diametrically opposed
predictions about the processing difficulty associated with subject relative clauses (SRs) com-
pared to object relative clauses (ORs). Because of the great importance of Chinese relative
clauses in unpacking the relative contributions of expectations and memory cost (among other
theoretical explanations), they have drawn considerable attention in recent psycholinguistic re-
search. In contrast to other languages such as Japanese and Korean with pre-nominal relative
clauses, which display a consistent SR advantage in all published studies (Japanese: Miyamoto
and Nakamura, 2003; Ueno and Garnsey, 2008; Korean: Kwon et al., 2006, 2010; Yun et al.,
2010; Kwon et al., 2013), the evidence from Chinese relatives is not conclusive. As discussed

below, the conflicting results are likely due to local ambiguities in the experimental materials.

(4.1) a. Subject-modifying SR
BiH B B % R .

[rRe ti Yaoqing nanhai de ] nithai; renshi laoshi.
invite boy REL girl know teacher
The girl who invites the boy knows the teacher.

b. Subject-modifying OR

Bz #E 0] Z% AR .
[rRc Nanhai yaoqing ¢; de | niithai; renshi laoshi.
boy invite REL girl know teacher

The girl who the boy invites knows the teacher.

c. Object-modifying SR

2 R MIE BE W Ltz -
Laoshi renshi [grec t; yaoqing nanhai de ] niihai,.
teacher know invite  boy REL girl

The teacher knows the girl who invites the boy.
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d. Object-modifying OR

2 AR B #E 0] Lt
Laoshi renshi [gec nanhai yaoqing ¢; de ] niihai,.
teacher know boy invite REL girl

The teacher knows the girl who the boy invites.

Chinese relative clauses (4.1) are pre-nominal, i.e., the head noun (here, nihai, ‘girl’) appears
after the relative clause. This has the interesting consequence that the distance between head
noun and the gap inside the relative clause (or, equivalently, the relative clause verb) is greater
in SRs than in ORs. By contrast, in English, the distance between the gap (or verb) and head
noun is greater in ORs than SRs. As a result of this reversal in gap-head distance in Chinese,
memory-based accounts like the DLT, which index processing cost in terms of the distance
between co-dependent elements, predict longer reading times at the head noun in SRs than ORs.

In other words, memory-based accounts predict an object relative advantage.!

By contrast, the expectation-based account outlined above, which assumes that rare structures
are harder to process, predicts that in ORs, longer reading times should be seen compared to
SRs (i.e., a subject relative advantage); this is because, similar to English, SRs are more frequent
than object relatives in Chinese (Hsiao and Gibson, 2003; Wu, 2009; Wu et al., 2010; Wu, 2011;
Chen et al., 2012a; Vasishth et al., 2013). The expectation-based account would predict an SR
advantage as soon as the relative clause is built; and this SR advantage could plausibly spill over
to the head noun and beyond as well. But, crucially, the predicted onset of the SR advantage
depends on the point at which the structural properties of the experimental materials allow the
comprehender to predict a relative clause. In the materials used in previous experiments, several
local ambiguities might have confounded the results (for a discussion of local ambiguities in
Chinese RCs also see Lin and Bever, 2006, 2011; Qiao et al., 2012; Vasishth et al., 2013). Indeed,
Hsiao and MacDonald (2013) and Hsiao et al. (2014) have argued that the results of previous
studies on Chinese RCs can be largely explained by the local ambiguities in the stimuli. Thus,
although the theoretically interesting aspect of Chinese relative clauses lies in the diametrically
opposed predictions of the expectation-based account versus the memory-based accounts, it is
vital to bring the local ambiguities under experimental control before we can investigate these
opposing predictions. In the present paper, we investigate the predictions of these two classes of
account using an experiment design where we strongly constrain the local ambiguities that have

confounded previous studies.

We will first give an overview of the various ambiguities present in Chinese RCs and then describe
how they might have confounded previous studies and how we deal with these ambiguities in

our experimental materials.

Note that these predictions do not depend on whether we assume the psychological reality of empty
categories (the gap inside the relative clause) or not (Pickering and Barry, 1991; Traxler and Pickering,
1996). For Chinese relative clauses the same predictions hold if we assume that the head noun is directly
associated with the verb — not via a two-step mechanism involving a gap — because the distance between
the head noun and the relative clause verb is shorter in object relatives compared to subject relatives.
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4.1.1 Local ambiguities in Chinese relative clauses

Figure 4.1 provides an overview of how the various local ambiguities differently affect subject-
and object-modifying SRs and ORs.?

Local ambiguity 1 in Figure 4.1 shows an alternative parse that is due to the lexical ambiguity
of the relativizer de: when de directly follows a noun phrase, it can also be read as a possessive
marker. In this case, the NP preceding de is interpreted as a possessor of a following NP.
Therefore, in SRs, when reading the RC object followed by the RC head noun, the reader can
interpret them as a complex NP (resulting in ‘the boy’s girl’ in Example 4.1a and 4.1¢). This
parse becomes impossible at the main clause verb in subject-modifying SRs and at the end of

the clause in object-modifying SRs.

Local ambiguity 2 in Figure 4.1 shows alternative parses that involve null subjects (for a discus-
sion of null subjects in Chinese see Huang, 1989). In SRs, a dropped subject (pro) whose reference
is determined by the context of the utterance is postulated before the RC verb. Thus, the RC
verb together with the RC object can be read as a main clause in subject-modifications (result-
ing in ‘pro invites the boy’ in Example 4.1a) and as sentential object in object-modifications
(resulting in ‘The teacher knows that pro invites the boy’ in Example 4.1c¢).3 These parses be-
come impossible upon reaching the relativizer de. (If the relativizer is interpreted as a possessive
marker, the parse becomes impossible at the main clause verb in subject-modifications and the
end of the clause in object-modifications.) Note that in object-modifications, Local ambiguity 2

is only present if the main clause verb allows a sentential object.

Local ambiguity 3 in Figure 4.1 shows an alternative possible parse in ORs. The RC subject is
interpreted as the main clause subject (in subject-modifications) or the main clause object (in
object-modifications). In object-modifying ORs, this main clause reading becomes impossible
already at the following word, the RC verb. In subject-modifying ORs, the RC verb can still be

integrated into this parse as main clause verb. This parse becomes impossible at the relativizer.

Local ambiguity 4 in Figure 4.1 shows how, in object-modifying ORs, the RC subject together
with the RC verb can be interpreted as a sentential object (in case the main clause verb allows

a sentential object). This parse becomes impossible at the relativizer.

Thus, it is clear that in order to fairly compare SRs and ORs, we need a syntactic configuration
that allows us to eliminate the local ambiguities described above such that they cannot confound

the comparison.

2Note that the list of ambiguities in Chinese RCs can never be exhaustive due to the recursive nature
of syntax. E.g., all sentential nodes could be embedded below another sentential node as sentential
subject or sentential object. The local ambiguities which result from the recursive application of a
production rule on a sub-tree where the same local ambiguity is already present are therefore not
discussed here. Crucially for the experimental design described below, the elimination of an alternative
parse automatically eliminates all alternative parses that result from this parse via recursion.

3In the concrete Example given in 4.1c, this parse is not possible since the verb renshi (‘know’ or
‘recognize’) does not take sentential complements. If renshi is replaced by a verb like zhidao (‘know’ or
‘acknowledge’), which allows sentential complements, this local ambiguity is present.
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Subj-mod SR Subj-mod OR Obj-mod SR Obj-mod OR
RC parse
S S S S
NP vp NP vp NP VP NP VP
/\ /\ z teu(‘h,m/\ t(ja()h@r/\
RC Np Y NP RC Np oV NP v Np 7 N
_ —_ _ —_ °
know N 7. know ! i
g girl; teacher < gurl teacher know !
§  REL I § REL MM RC NS know RC/\NP
N I NP VP g L girl; irl,
L~ — S REL §  REL 9
ti V. NP boy VNP & ‘
‘ p A NP ovp R
invite  boy invite  t; | — o~
ti VNP boy vV NP
L~
invite  boy im‘/it@ f,‘,
Local ambiguity 1: Relativizer 'de’ interpreted as possessive marker
> s
\[,/\\p NA disamb.:
VP end of clause
N —~
RC NP tﬁachcr/\
v NP
S REL know /\
RC NP
/\ disamb.:
NP VP / o S REL -
—_ " ' ambiguity not present ambiguity not present
t; /\ now /\
\G NP pig Ve
. ti /\
invite
NPpss NP v P
_ inuvite
NP poss girl invite Npmp
boy d‘e NP/%SS girl
L =
boy  de
Local ambiguity 2: Postulation of a null subject before RC verb
S
disamb.:
5 T REIL
NP VP “
'
NP VP disamb.: o eacher /\ de o
i REI ambiguity not present e V S ambiguity not present
. - 5L )
e \‘ NP (1‘ know /\
L, == e NP VP
invite  boy l
pro vy NP
|~
invite  boy
Local ambiguity 3: RC subject interpreted as main clause subject/object
R S
NP VP — o
ambiguity not present - SO ambiguity not present NP VP
boy v Np REL disamb.:
L ! teacher — V NP .
invite de L [ \‘
now  boy invite
Local ambiguity 4: RC subject + RC verb interpreted as sentential object
/S\ disamb.:
NP VP REL
de
ambiguity not present ambiguity not present ambiguity not present teacher \/\S ¢
.
now NP VP
_ PN
boy vV NP
|
invite

FIGURE 4.1: Local syntactic ambiguities in Chinese relative clauses. The first line
shows the relative clause parses for the subject- and object-modifying SRs/ORs pre-
sented in Example 4.1. Lines 2-5 show the alternative parses up to the disambiguating
word labeled as ‘disamb’. The mis-analysed part of the tree that differs from the correct
RC parse is highlighted with gray shading. Predicted nodes whose head has not been
encountered yet are depicted in gray color. For the Chinese wording see Example (4.1).
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4.1.2 Previous work on Chinese relative clauses

Research on Chinese relative clause processing has dealt with the local ambiguities discussed in
the last section in different ways. Earlier studies of Chinese relative clause processing (e.g., Hsiao
and Gibson, 2003; Lin and Bever, 2006) directly presented Chinese relative clauses such as those
in (4.1) in isolated sentences without taking confounding ambiguities into account. Hsiao and
Gibson (2003) conducted a 2x2 self-paced reading study in which they manipulated RC type
(SR vs. OR) and number of embeddings (single vs. double). In single embeddings, the authors
found faster reading times in ORs compared to SRs at the relative clause region, namely the
region containing the RC verb and the RC object in SRs, and the region containing the RC
subject and the RC verb in ORs. At the head noun, no effect was found. In double embeddings,
the summed up reading time of the region containing the two relative clauses up to the second
relativizer de was shorter in ORs than in SRs. The authors interpreted this OR advantage as
evidence for a memory-based account and explained their results in terms of the Dependency
Locality Theory (Gibson, 1998, 2000). Note that, as pointed out by Lin and Bever (2006), the
differences between SRs and ORs found in the pre-relativizer regions can be explained by the
fact that the NP4V sequence of an OR, but not the V4NP sequence of an SR, is actually the
canonical order of a main clause (Chinese is an SVO language). In other words, Local ambiguity

3 presented in column 2 of Figure 4.1 might have confounded Hsiao and Gibson (2003)’s results.

Lin and Bever (2006) carried out two studies which suggest that SRs are processed faster than
ORs; however, the SR advantage was only found in cases where the object of the main clause
was modified by a relative clause. Subject-modifying relative clauses did not show any difference
between RC types. Gibson and Wu (2013) pointed out that the Lin and Bever (2006) finding
can be explained by another local ambiguity confounding the materials, namely that the initial
NP of an OR may have been mistaken as the object of the matrix clause, as can be seen in (4.1d)

(Local ambiguity 3, column 4 of Figure 4.1).

Subsequent studies report processing facilitation for ORs whereas others report an SR advantage.
An SR advantage has been reported by Wu (2009), Vasishth et al. (2013) and Liu et al. (2011).
By contrast, several self-paced reading studies (e.g., Chen and Ning, 2008; Chen et al., 2008; Lin
and Garnsey, 2011) as well as experiments using Maze tasks (e.g., Qiao et al., 2012) report an
OR advantage. Wu et al. (2012) show that the subject relative advantage is further modulated
by the animacy configuration of the head noun and the embedded noun. They found an SR
advantage only in case the subject was inanimate and the object was animate. In the reverse
animacy configuration, the SR advantage disappeared. Contrary to these results, Zhang and
Jiang (2010) report an ERP study in which they found that SRs were harder to process than ORs
in subject-modifying relatives while in object-modifying relative clauses, a processing facilitation
was observed in SRs. In none of the studies mentioned so far has the issue of local ambiguity

been taken into account.

One attempt to overcome the local ambiguity issue was undertaken by Gibson and Wu (2013),
who examined SRs vs. ORs with disambiguating preceding context; they investigated only
subject-modifying RCs. In their design, sentences similar to the materials of Hsiao and Gibson

(2003) were preceded by a context that introduced the action described in the relative clause.
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The target sentence itself was the answer to a question that required the reader to identify either
the agent or the patient of the RC action. The assumption was that the presence of such a
context ensures that the reader expects either an SR or an OR and therefore will not be garden
pathed. At the relativizer de, Gibson and Wu (2013) found slower self-paced reading times in
SRs than in ORs. This comparison reached significance in the by-participant analysis but not in
the by-item analysis. At the head noun, SRs were read significantly slower than ORs. No other
comparisons reached significance. In contrast to Hsiao and Gibson (2003), who did not find an
effect at the head noun in single embeddings, Gibson and Wu (2013)’s results are consistent
with the predictions of DLT’s structural integration cost. Moreover, at the relative clause region
preceding the relativizer, Gibson and Wu (2013) did not find any statistically significant effects.
This absence of an effect is consistent with the DLT storage cost metric under the assumption
that the reader is aware of an upcoming relative clause from the very outset due to the preceding

context, so that the number of predicted heads is identical in SRs vs. ORs.

Vasishth et al. (2013) also replicated the OR advantage at the head noun that Gibson and Wu
found. However, the effect was already significant at the relativizer preceding the head noun,
which is not predicted by either DLT integration or storage cost metrics. In recent work, Lin
(2014) has argued that the OR advantage observed in Gibson and Wu (2013)’s materials might
reflect a syntactic priming from the context rather than a lower DLT integration cost in ORs.
Using materials similar to Gibson and Wu (2013)’s, Lin (2014) additionally manipulated the
different thematic orders in the context and found a stronger OR advantage when the thematic
order in the preceding context was similar to the one of an OR.* Thus, the Gibson and Wu (2013)
context manipulation may have introduced a new confound, thematic order of the context and

target sentences, that rendered ORs easier to process than SRs.

As the above summary shows, the evidence about the processing of Chinese RCs is inconsistent
across studies, and this is due at least in part to various confounds introduced by local syntactic
ambiguities in the stimuli. Importantly, these ambiguities differ between SRs and ORs, as well

as between subject-modifications and object-modifications.

“There is also an inconsistency in the predictions of the DLT as presented in Gibson (2000) and the
DLT predictions derived for the experimental materials used in Gibson and Wu (2013). The structural
integration cost metrics of DLT are defined as a function of the number of new discourse referents
intervening between the two elements of the dependency that is being built. The following is the
definition in (Gibson, 2000, p. 125) (the emphasis is ours):

The structural integration cost associated with connecting the syntactic structure for a
newly input head hy to a projection of a head h; that is part of the current structure for
the input is dependent on the complexity of the computations that took place between
he and h;. For simplicity, it is assumed that one EU is consumed for each new discourse
referent in the intervening region.

However, in Gibson and Wu (2013)’s materials, the discourse referents in question are already introduced
in the context sentence and hence are no new discourse referents anymore when processing the relative
clause. Thus, in fact, for the Gibson and Wu materials the DLT should predict no processing difference
at the head noun in SRs vs. ORs.
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4.1.3 Using syntactic context to eliminate local ambiguities in Chinese relative

clauses

We present an experimental design which leads the reader to strongly predict that a relative
clause is coming up. Unlike Gibson and Wu (2013), we eliminate the local ambiguities not
by providing a biasing context but rather by creating a syntactic configuration in which the
comprehender is highly likely to predict a relative clause. Several previous studies have used
structural cues to generate a prediction for an upcoming RC parse in Chinese. For instance, Hsu
et al. (2005) showed that the presence of the OR marker suo led to a higher proportion of OR
continuations in a sentence completion task and to shorter reading times at the relativizer and
the head noun in self-paced reading. Other studies have used the semantic clash caused by local
classifier-noun mismatches as an indicator of embedded clauses (Yoshida et al., 2004; Hsu et al.,
2005, 2006; Wu et al., 2014). Note, however, that while a classifier-noun mismatch indicates
RC boundaries in Japanese and Korean (Yoshida and Yoon, 2014), it alone may not be strong
enough to predict an RC in Mandarin (Hsu et al., 2005; cf. Wu et al., 2014). Wu and colleagues
also used the passive marker be: at the onset of the relative clause to lead comprehenders to
expect an upcoming passive SR. Participants indeed showed faster self-paced reading times in the
presence of this passive marker (Wu, 2013; Wu et al., 2014). Crucially, the above-cited studies
differ from the present study in that they did not examine the processing asymmetry between
SRs and ORs but the predictive strength of certain syntactic markers. Note also that the use of
suo and the classifier-noun mismatch only indicated the existence of an OR, not an SR (see Lin
and Bever, 2011 for a comprehensive review); by contrast, the passive marker bei can only mark
a passivized SR. Thus, the syntactic markers suo and be: allow us to predict either an SR or an

OR but not an RC in general and hence are not sufficient for our purposes.

We created a 2x2 factorial design that, across experimental conditions, leads readers to strongly
predict a relative clause from the first word of the relative clause on. In addition to the manipu-
lation of RC type, we included the manipulation of modification type for two reasons. First, the
conflicting pattern reported in the literature might reflect different RC type preferences depend-
ing on modification type. For example, Hsiao and Gibson (2003) and Gibson and Wu (2013),
who both report an OR advantage, only tested subject-modifications. Lin and Bever (2006) re-
port an SR advantage, but this effect reached significance only in object-modifications. Second,
for our materials, the different accounts not only differ in their predictions with respect to RC

type but also with respect to modification type, as will be discussed below.

The experimental sentences consisted of a main clause whose subject or object was modified by
an SR or an OR. This main clause was followed by another coordinate main clause as the spillover

material; see (4.2) for example items and Figure 4.2 for the underlying syntactic structures.
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(4.2)

a. Subject-modifying SR

A EMA g T Bz LK i} 2%
Na-ge [rc t; shanggeyue yaoqing-le nanhai ji-ci de | nihai;
DET-CL last month invite-AsP boy several-CL REL girl
R EZIW ESp) Esu Wy R

renshi Wang laoshi  yinwei shang-guo ta-de ke.
know teacher Wang because attend-Asp her  class

The girl who invited the boy several times last month knows teacher Wang because
[she] has attended her class.

. Subject-modifying OR

A E4A Bz EET JLIR 3] 2%
Na-ge [rc shanggeyue nanhai yaoqing-le ¢; ji-ci de ] nihai;
DET-CL last month  boy invite-ASpP several-CL REL girl
IR EZIW K b mEy R

renshi Wang laoshi  yinwei shang-guo ta-de ke.
know teacher Wang because attend-ASP her  class

The girl who the boy invited several times last month knows teacher Wang because
[she] has attended her class.

. Object-modifying SR

FZIH AR AR 1A WIF T SR
Wang laoshi  renshi na-ge [rRc t; shanggeyue yaoqing-le nanhai
teacher Wang know DET-CL last month invite-ASP boy
JLIK i) “%  BEh Hodt Wy 5.

ji-ci de | niihai; yinwei jiao-guo  ta-de ke.

several-CL. REL girl because teach-ASP her  class

Teacher Wang knows the girl who invited the boy several times last month because
[she] has taught her class.

. Object-modifying OR

F2ZIH UNGE: (S EMA B #BET

Wang laoshi  renshi na-ge [rc shanggeyue nanhai yaoqging-le ¢;
teacher Wang know DET-CL last month  boy invite-ASP
JLIR i) w# WA #Hod iy e

ji-ci de | ntihai; yinwei jiao-guo  ta-de ke.

several-CLL REL girl because teach-ASP her  class

Teacher Wang knows the girl who the boy invited several times last month because
[she] has taught her class.

First, we ensured that the relativizer de cannot be interpreted as a genitive marker (Local

ambiguity 1 in Figure 4.1); this was done by inserting a frequency phrase (FreqP, ji-ci ‘several

times’ in 4.2) consisting of a numeral adjective and a verbal classifier (Cl) before the relativizer.

This FreqP attaches to the relative clause VP (see Figure 4.2).
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FIGURE 4.2: Syntactic structure of the experimental materials. For the Chinese word-
ing see Example 4.2.

Second, we inserted a determiner (Det) (zhe ‘this’ or na ‘that’) followed by a nominal classifier

5 In Chinese, a Det+Cl sequence predicts an NP. ©

(Cl) at the onset of the relative clause.
Therefore, the head noun is already predicted before the onset of the RC. This predicted NP,
which will become the RC head, eliminates Local ambiguity 2 (see Figure 4.1): it ensures that
in subject- and object-modifying SRs, a pro subject is impossible since the subject position of

the clause is already occupied by Det+Cl and the predicted NP.

Third, we inserted an adverbial phrase at the onset of the relative clause, i.e., between the

Det+Cl sequence and the RC verb (in SRs) or the RC subject (in ORs). Together with the

5Note that the disambiguating character of the Det+Cl sequence in our materials only makes use of
the general syntactic prediction that a classifier attaches to an NP; unlike Hsu et al. (2006) or Wu et al.
(2014), our reasoning does not depend on any semantic match/mismatch of the classifier and a following
noun.

In case this NP is modified by a relative clause, the Det+Cl can be either located between the
relative clause and the NP that is modified (i.e., the head of the RC), or it can precede the relative
clause. In our materials, the Det+Cl sequence always precedes the relative clause.
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inserted Det+Cl, the AdvP ensures that in ORs, the RC subject cannot be interpreted as a
main clause subject/object (Local ambiguity & in Figure 4.1). Moreover, it ensures that in
object-modifying ORs, the RC subject and RC verb cannot be interpreted as a sentential object
(Local ambiguity 4 in Figure 4.1). This is because the AdvP predicts a clausal node to which
it can attach (see Figure 4.2). It cannot directly attach to the main clause because it appears
between the Det+Cl and the NP predicted by the Det+Cl combination. Hence, the only possible
phrase for the adverb to attach to is an RC that modifies the predicted NP.

Although the local ambiguities presented in Figure 4.1 are eliminated in the present design,
one new ambiguity has been introduced by the insertion of Det+Cl. The NP predicted by
Det+Cl could be covertly realized as an elided NP, given a suitable context. In SRs, a parse
structurally similar to Local ambiguity 2 where the [xp pro] constituent is replaced by [pp Det
Cl [xp NP] | is still possible (Na-ge NP shanggeyue yaoging-le nanhai ji-ci ‘That one invited the
boy several times last month’). This parse becomes impossible at the relativizer. In contrast to
pro, Det+CI4+NPR is also allowed in object positions. Therefore, in object-modifications, a parse
like Wang laoshi renshi na-ge NP ‘Teacher Wang knows that one.’ is possible until encountering
the AdvP. However, the interpretation of Det+Cl as Det+Cl+NP needs a highly constraining
discourse context. Indeed, such a reading is highly infrequent, as we will show with a corpus

search and a sentence completion task reported below.

In sum, the present design ensures that, in both object and subject-modifications, the most
frequent structure that comprehenders expect is a relative clause. This avoids the potential

garden path effects that might have confounded the results of earlier studies on Chinese RCs.

In order to empirically validate our assumptions about the experimental materials and derive
quantitative predictions of the expectation-based account, we conducted two pre-tests: a corpus

analysis and a sentence completion study. These are described next.

4.2 PRE-TESTS

4.2.1 Corpus analyses

We conducted corpus analyses in order to (i) empirically validate the assumption that the local
ambiguities presented in Figure 4.1 are eliminated in the experimental materials and that the
most frequent structure that occurs after a determiner+classifier+-adverb sequence is a relative
clause; and (ii) derive empirically grounded region-by-region predictions of the expectation-based
account for the present materials. Predictions of the modification type and RC type factors can
be derived from the probabilities of the respective structure at the point in the sentence, where
this structure is built given the left context of the sentence. We carried out four corpus searches
on the Chinese Treebank 7.0 (Xue et al., 2005), which consists of 51,447 fully parsed sentences
(1,196,329 words) using the pattern matching tool Tregex (Levy and Andrew, 2006).

In order to verify that the local ambiguities presented in Figure 4.1 are eliminated, we extracted

all tokens containing Det+Cl+Adv sequences to obtain counts for the different structural types
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that follow this structure. Since the experimental items only used the determiner ‘zhe’ or ‘na’
(this or that, respectively), we restricted the determiner to these lexical items. The raw corpus
counts are provided in Table C.1 in the appendix. The results suggest that the zhe/na+Cl+Adv
combination in Chinese indeed predicts a relative clause: 98.6% of all tokens of zhe/na+Cl+Adv
are followed by a relative clause. Only a single token of a Det+Cl+Adv chunk (1.4% of all
tokens) is not followed by a relative clause. In this sentence, an elided NP is postulated between
the Det+Cl and the adverb (i.e., the newly introduced ambiguity in the present materials).
These results confirm our syntactic analysis that the insertion of the Det4+Cl4+Adv sequence
indeed eliminates all the local ambiguities presented in Figure 4.1 and that the possibility of a
configuration involving an elided NP is highly infrequent and thus unlikely to lead to a garden
path later in the sentence. Here, we make the assumption, uncontroversial in psycholinguistics,
that incremental parsing consists of a ranking of alternative parses using their relative frequencies,
with a preference to predict the structure that has the highest frequency (Gibson, 2000; Pickering
and Garrod, 2007). Thus, no non-RC parses leading to garden paths confound the comparison
between SRs and ORs.

Next, in order to assess the region-by-region conditional probabilities associated with each ex-

perimental condition of the present materials, we conducted three more corpus analyses.

First, to estimate the conditional probability of a subject-modifying vs. an object-modifying
relative clause given that the subject/object NP (i.e., the RC head) has been predicted by a
preceding Det+Cl, we carried out a corpus search on structures following a Det+Cl chunk that
either attached to a subject NP or to an object NP. When the Det+Cl modified a subject, it was
followed by an RC (i.e., a subject-modifying RC) in 13.9% of the tokens. When Det+Cl modified
an object, it was succeeded by an RC (i.e., an object-modifying RC) in 12.3% of the tokens (see
Table C.3 in the appendix). Thus, after having read a Det+Cl, an RC parse is similarly likely

to follow in subject- and object-modifying contexts.

Second, in order to estimate conditional probabilities of an SR or OR appearing after Det+Cl4+Adv
for subject and object-modifications separately, we further categorized all tokens of the very first
corpus search according to whether Det+Cl modified the subject NP or the object NP (or another
constituent) of the sentence (see Table C.2 in the appendix). In subject-modifications, 77.5% of
the Det+Cl4Adv-tokens are followed by an SR and 20% by an OR.” In object-modifications,
the Det+Cl+Adv chunk is followed by an SR in 85% of the tokens and by an OR in 15% of the
tokens.® This analysis shows that SRs are predicted overwhelmingly more frequently than ORs

in the present materials.

Third, we conducted a corpus analysis to derive the conditional probability of an overt RC
head noun given the Det+Cl+Adv+OR/SR prefix. We therefore checked all tokens of SRs/ORs
preceded by a Det+Cl+Adv sequence (i.e., the tokens obtained in the first corpus search) for
whether they are headed or headless RCs. In all tokens, the RC head was overtly realized (headed
RC).

In sum, the corpus analyses show that:

"In all of these ORs, the RC subject is covertly realized as a pro.
85% of these ORs have an overt RC subject and 10% are ORs with a pro as RC subject.
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(i) The Det+Cl4+Adv sequence in the experimental items leads readers to strongly predict
an RC parse. This ensures that readers do not follow a non-RC parse leading them into
garden path, i.e., the present design rules out that non-RC parses confound the comparison
between SRs and ORs.

(ii) The conditional probability of an RC appearing in subject-modifying position is similar to
the conditional probability of an RC appearing in object-modifying position.

(iii) The conditional probability of an SR appearing after Det+Cl+Adv is higher than the
conditional probability of an OR.

(iv) The conditional probability of an overt RC head noun appearing after an RC that is
preceded by a Det+Cl sequence and starts with an adverbial phrase is very high (1.0)

across all conditions.

Mod. Type Prefix Target Prob(Target | Prefix)
subj-mod Det+Cl RC 0.14
Det+Cl4+Adv SR 0.78
Det+Cl4+Adv OR 0.20
Det+Cl4+Adv+SR+de overt RC head 1.00
Det+Cl4+Adv+OR-+de overt RC head 1.00
obj-mod NP+V+Det+Cl RC 0.12
NP+V+Det+Cl+Adv SR 0.85
NP+V+Det+Cl+Adv OR 0.15
NP+V+Det+Cl+Adv+SR+de  overt RC head 1.00
NP+V+Det+Cl+Adv+OR+de overt RC head 1.00

TABLE 4.1: Summary of the corpus analyses based on the Chinese Treebank 7.0

(see Tables C.2-C.3 for the underlying corpus counts). Conditional probabilities

(Target|Prefix) associated with the upcoming structure (Target) at the various regions
(Prefix) of the experimental materials grouped by modification type.

4.2.2 Sentence completion task

Despite the clear evidence in the corpus investigation that the local ambiguities discussed earlier
have been eliminated, it is nevertheless possible that the relatively small size of the corpus may
have yielded incomplete information. We carried out a direct test of the possible completions at
the critical regions in the sentence by conducting a sentence completion study. The main aim of
the sentence completion study was to cross-methodologically validate the corpus findings with
the exact materials to be used in the reading experiments. In particular, we wanted to further
validate the experimental design by testing whether participants indeed predict a relative clause
when reading the Det+CI+Adv sequence in the experimental materials and are not garden
pathed by other non-RC-parses. Moreover, we wanted to obtain sentence continuations from
participants so that we could derive region-by-region predictions of the expectation-based account

for the factors RC type and modification type.

In contrast to the corpus counts, these predictions will be based on the exact materials to be used
in the reading experiments. We therefore conducted a sentence completion task with all experi-

mental items. The 32 experimental items to be used in Experiment 2 (i.e., a superset of the items
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used in Experiment 1) were presented with a truncation either after Det+Cl or after the adverb.
This resulted in sentence fragments consisting of Det+Cl or Det+Cl4+Adv in subject-modifying
conditions and NP4+VP+Det+Cl or NP+V+Det+Cl4+Adv in object-modifying conditions. We
included 78 filler sentences (the same sentences as in Experiment 2) that were pseudo-randomly
truncated at different points. Twenty Mandarin speakers from Taiwan currently living in the US
(12 participants) or in Germany (8 participants) participated in this experiment against payment
of 18 USD or 13 EUR respectively. The sentence completion task was implemented as an online
questionnaire, with the items being presented in Traditional Chinese characters and arranged
according to a Latin Square in pseudo-randomized order, such that each experimental item was

preceded by at least one filler sentence.

The sentence completion data provide us with a quantitative estimate of the conditional prob-
ability of an RC parse being adopted given the left context of the experimental items up to
Det+Cl (i.e., the conditional probability of an RC parse modulated by modification type) and
the conditional probability of an SR or OR parse being adopted given the left context of the
experimental items up to Det+Cl4+Adv. Moreover, participants’ productions were analysed for
whether the RC head noun was overtly or covertly produced. This provided us with an estimate
of the conditional probability of an overt head noun appearing given a Det+Cl+Adv+SR/OR

sequence.

We can compute the conditional probability at each region by taking all alternative parse com-
pletions into account. Thus, in our estimation procedure, we make the independently motivated
assumption (Pickering and Garrod, 2007, p. 108) that the parser predicts a range of syntac-
tic alternatives, each associated with a probability conditional on its prefix. For example, the
conditional probability of an SR given left context Det+Cl+Adv is then the number of SRs
produced divided by the total count of all constructions produced given the same left context.
The sentence completion task therefore allows us to empirically estimate surprisal (Hale, 2001).

An overview of the results of the sentence completion study is provided in Table 4.2.

4.2.2.1 Sentence completions after Det+Cl and NP+V+Det+Cl

A classification of all sentence completions produced when the sentence was truncated after the
sequence Det+Cl (subject-modification) or NP+V+Det-+Cl (object-modification) is provided in
the appendix (see Table C.4). Participants continued the Det+Cl sequence with an RC modify-
ing an upcoming subject in 23% of the trials. In object-modifying contexts, the NP+V-+Det+Cl
fragment was continued with an RC modifying an upcoming object in 43% of the trials. Thus,
the conditional probability of an RC appearing is higher in an object-modifying syntactic envi-

ronment compared to a subject-modifying environment.

4.2.2.2  Sentence completions after Det+Cl+Adv and NP+V+Det+Cl+Adv

A classification of all sentence completions produced when the sentence was truncated after the
sequence Det+Cl+Adv (subject-modification) or NP+V+Det+Cl+Adv (object-modification) is

provided in the appendix (see Table C.5). Participants completed the sentence fragment with an
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RC that started with the Adv and that modified an upcoming NP attaching to the Det+Cl in 88%
of all trials in subject-modifications, and in 98% of the trials in object-modifying conditions. In
the trials in which no RC continuation was produced, participants either postulated an elided NP
between the Det+Cl and the Adv (i.e., the newly introduced ambiguity in the present design)
(10% in subject-modifications, none in object-modifications)? or assigned a different part-of-
speech to the adverb: In three trials of each modification type, they interpreted the adverb
as an NP. (In Chinese, the mapping between lexical items and the part-of-speech categories
is not always one-to-one; Kwong and Tsou, 2003. The temporal adverbs in our materials can
function as genitive NPs in case they modify a second NP to their right, similar to today’s+NP
in English). In sum, the sentence completion study replicated the corpus finding that all the
local ambiguities presented in Figure 4.1 are indeed eliminated in the present materials. Low-
probability continuations are a parse with an elided NP interposed between Det+Cl and Adv
(the newly introduced ambiguity) or a parse with the adverb being read as a genitive NP. Thus,
the most probable structure predicted upon encountering the Det+Cl4+Adv sequence is a relative
clause and the local ambiguities that might have confounded previous studies have been brought

under experimental control.

In order to derive conditional probabilities associated with each RC type modulated by modifi-
cation type, the RCs produced after the Det+Cl+Adv and the NP+V+Det+Cl4+Adv sequence
were classified manually into SRs (72% of all trials in subject-modifications, and 86% in object-
modifications), ORs (14% in subject-modifications and 11% in object-modifications), possessive
RCs (1% in subject-modifications and 1% in object-modifications) and adjunct RCs!® (1% in
subject-modifications and 0 tokens in object-modifications). Since the SR/OR structures used
in the experimental items are canonical SRs/ORs, i.e., RCs with the canonical SVO word order
and, in the case of ORs, with an overt RC subject, the SRs and ORs observed in participants’
sentence completions were further categorized into canonical SRs/ORs, passive RCs, topicalized
RCs, RCs with an adjectival predicate and RCs with a dropped RC subject.

Canonical SRs were produced in 68% and 82% of the trials in subject- and object-modifications,
respectively. Canonical ORs were produced in 2% and 5% of the trials in subject- and object-
modifications, respectively. This pattern confirms the main finding of the corpus analyses: The
probability of an SR continuation after Det4+Cl4+Adv is higher than the probability of an OR
continuation. Note that in this highly constraining context, the difference in conditional prob-
abilities of SRs vs. ORs is even bigger than the general frequency difference between SRs and

ORs reported in other studies.

In order to derive estimates for the probability of an overt RC head, as opposed to a covert NP,
noun being produced after a subject/object-modifying Det+Cl+Adv+SR or Det+Cl+Adv+OR,

9The higher proportion of productions with an elided NP compared to the corpus counts (one token)
might be explained by the fact that truncating the experimental sentences after Det+Cl+Adv (three
open clause boundaries) might have introduced a bias towards an elided NP reading. The reason for this
is that the insertion of a covert NP before the adverb leaves the reader with only one open clause (only
the main clause VP to be produced in order to complete the sentence) in contrast to three predicted
heads in case no elided NP is postulated (the RC, the main clause subject and the main clause VP). This
bias towards a reduction of open clauses by postulating an elided NP might have been even strengthened
by the fact that the filler items in the sentence completion task were all cut between clause boundaries.

10 Adjunct RCs are also called gap-less RCs.
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we further categorized the SR and OR productions by whether their head noun was overtly

produced or realized as a covert NP (headless RC). This estimation procedure is necessary to

compute the conditional probability associated with the head noun in the experimental items,

because the headless NP constitutes an alternative parse to the one in the experimental materials.

In subject-modifications, one headless SR (canonical SR) (1% of all subject-modifying SRs) and
one headless OR (OR with dropped subject) (5% of all subject-modifying ORs) were produced.

In object-modifying contexts, no headless RCs were produced.

Mod. Type Prefix Target Prob(Target | Prefix)
subj-mod Det+Cl RC 0.23
Det+Cl+Adv SR 0.72
Det+Cl+Adv canonical SR 0.68
Det+Cl+Adv OR 0.14
Det+Cl+Adv canonical OR 0.02
Det+Cl+Adv+SR+de overt RC head 0.99
Det+Cl+Adv+ canonical SR+de overt RC head 0.99
Det+Cl+Adv+OR+de overt RC head 0.95
Det+Cl+Adv+ canonical OR+de overt RC head 1.00
obj-mod NP+V+Det+Cl RC 0.43
NP-+V+Det+Cl+Adv SR 0.86
NP+V+Det+Cl+Adv canonical SR 0.82
NP+V+Det+Cl+Adv OR 0.11
NP+V+Det+Cl+Adv canonical OR 0.05
NP+V+Det+Cl+Adv+SR+de overt RC head 1.00
NP+V+Det+Cl+Adv+ canonical SR+de overt RC head 1.00
NP+V+Det+Cl4+Adv+OR+de overt RC head 1.00
NP+V+Det+Cl4+Adv+canonical OR+de  overt RC head 1.00

TABLE 4.2: Summary of the results of the sentence completion experiment (see Ta-

bles C.5-C.4 in the appendix for the underlying raw counts). Conditional probabilities

(Target|Prefix) associated with the upcoming structure (Target) at the various regions

(Prefix) of the experimental materials grouped by modification type. Canonical RCs

are RCs with the canonical SVO word order and an overt RC subject in ORs. The
experimental items are canonical SRs/ORs.

In sum, the sentence completion data show that:

(i)

Consistent with the corpus findings, the Det+CIl+Adv sequence strongly predicts an RC.
This effectively eliminates the possibility that non-RC continuations are predicted. In
other words, the present design eliminates the confound present in previous experimental

comparisons between ORs and SRs.

The conditional probability of an SR continuation after Det+Cl4+Adv is higher than the

conditional probability of an OR. This is also consistent with the corpus analyses.

The conditional probability of an RC appearing in object-modifying position is higher than
the conditional probability of an RC appearing in subject-modifying position. This finding
differs from the results of the corpus analyses where subject- and object-modifications did

not differ in their conditional probability.

The conditional probability of an RC-head being overtly produced was close to 1.0 across

conditions. This replicates the pattern observed in the corpus.
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In summary, the corpus analyses and the sentence completion data allow us to derive predictions
of the expectation-based account for the relative processing ease associated with subject- and
object-modifying SRs and ORs for each regions of the sentence. Corpus counts and sentence
completion data provide similar estimates of the conditional probability associated with RC type
for all regions but differ with respect to the conditional probability of modification type and its
interaction with RC type.

4.3 EXPERIMENT 1 (SELF-PACED READING )

Before discussing the experiment, we present the predictions of the two competing accounts
by region of interest: the adverb at the onset of the relative clause, the relative clause region

containing the V4+N/N+V sequence, and the head noun.

4.3.1 Predictions

4.3.1.1 The expectation-based account

The expectation-based account assumes that the relative frequency of a certain structure influ-
ences processing time. Specifically, surprisal (Hale, 2001; Levy, 2008) predicts that the difficulty
associated with the integration of a certain word is proportional to its negative log-probability
given the preceding context. Higher surprisal values are thus predicted to be reflected in increased

processing difficulty, i.e., longer self-paced reading times.

Table 4.3 gives an overview of the surprisal values associated with each experimental condition
at the adverb, the RC region (the V4N sequence yaoging-le nanhai, ‘invited the boy’ and N+V
sequence nanhai yaoging-le, ‘the boy invited’ in SRs and ORs respectively) and the RC head
noun. These surprisal values are calculated from the conditional probabilities based on the
sentence completion data presented in Table 4.2. We used the counts reflecting the probabilities
of the subtypes of SRs and ORs that exactly match the structure of our experimental materials

(canonical SRs and ORs) as a basis for the calculation of the surprisal values.

Adv V+N/N+V RC head

SRSubjmod 147 0.39 0.01
ORguhimod 147 3.91 0.00
SRObjmod 084 0.20 0.00
ORQObimod  0-84 3.00 0.00

TABLE 4.3: Predicted surprisal values derived from sentence completion data associated

with each experimental condition by region of interest. Surprisal is calculated as the

negative natural logarithm of the conditional probabilities presented in Table 4.2. The

estimates are based on those numbers that take into account only the exact syntactic
structure of the experimental materials (canonical SRs/ORs).

From these surprisal values associated with each experimental condition, we derived predictions

for the experimental factors (main effects of modification type and RC type, their interaction and
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pairwise effects of RC type nested within modification type). The surprisal value associated with
the main effect of modification type was calculated by subtracting the mean surprisal value of the
subject-modifying conditions from the mean surprisal value of the object-modifying conditions.
The surprisal value associated with the main effect of RC type was calculated in a similar man-
ner. The predicted interaction was calculated by subtracting the mean of the surprisal value of
subject-modifying ORs and object-modifying SRs from the mean surprisal of subject-modifying
SRs and object-modifying ORs. The predicted effects of RC type in subject-modification and
object-modification were calculated by subtracting the surprisal value associated with ORs from
the surprisal value associated with SRs within each modification type separately. The same
contrasts are applied in the statistical analyses of the reading times. A summary of the surprisal

values associated with each of these effects is provided in Table 4.4.

Adv V4+N/N+V RC head
Main effect RC Type not applicable 3.16 -0.01
Main effect Mod. Type -0.63 -0.55 -0.01
RC Typex Mod. Type mnot applicable -0.36 0.01
RC Type [Subj-mod] not applicable 3.52 -0.01
RC Type [Obj-mod| not applicable 2.80 0.00

TABLE 4.4: Effects predicted by surprisal at the adverb, the RC-region (V4+N/N+V)

and the RC head noun. The predicted effects are calculated from the sentence

completion-based surprisal values presented in Table 4.3. A positive sign associated

with an effect of modification type or RC type means that subject-modifications or SRs
are easier to process than object-modifications or ORs, respectively.

At the adverb, it becomes clear to the reader that an RC is being read. The sentence completion
data show that conditional probability of an RC appearing in this position (i.e., after a Det+Cl)
is higher in object-modifying contexts. This leads to a lower surprisal value in object-modifying
conditions. Therefore, a main effect of modification type with faster reading times in object-

modifications is predicted.

At the RC-region (V4+N/N+V), the conditional probability of an SR is much higher than the con-
ditional probability of an OR, i.e., surprisal is higher in ORs than in SRs. Thus, the expectation-
based account predicts a relatively strong main effect of RC type with faster reading times in
SRs. This SR advantage is predicted to be stronger in subject-modifications, i.e., a small interac-
tion between RC type and modification type is predicted. Moreover, the higher surprisal values
in subject-modifications compared to object-modifications predict a main effect of modification

type (faster reading times in object-modifications).

At the RC head noun, no effect is predicted since across all conditions the head noun is highly

expected leading to no difference in surprisal between RC types and between modification types.

Calculating surprisal based on the conditional probabilities from corpus counts rather than on the
sentence-completion data would result in similar, but not completely identical predictions.!' No

effect of modification type at any region and no interaction between RC type and modification

'1See Chen et al. (2012a) for an earlier attempt of using corpus frequency derived surprisal to account
for the subject relative advantage in Chinese.
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type would be predicted. We will focus on the surprisal predictions derived from sentence
completion data because (i) they more closely match the experimental materials, (ii) they allow us
to directly link data from the production experiment to comprehension data, and (iii) the absence
of an effect of modification type and its interaction with RC type in the corpus is inconclusive
given the relatively small size of the corpus. We believe that, due to its experimental setting,

the sentence completion study is likely to have higher sensitivity than the corpus analyses.

4.3.1.2 The working-memory based account

We turn next to the predictions of the DLT memory cost metrics (Gibson, 2000), beginning with
the DLT’s storage cost metric. In the pre-head region, DLT’s storage cost predicts that ORs and
SRs are equally hard to process; this is because in the experimental materials it is clear that the
sentences are relative clauses, and therefore an equal number of incomplete dependencies remain
when the V4+N/N+V region is processed (see page 6 of Hsiao and Gibson 2003). When reading
the Det+Cl sequence one nominal head is predicted in both SRs and ORs. When reading the
subsequent adverb, a relative clause, i.e., a VP and the relativizer de are predicted. When reading
the next word (the RC verb in SRs and the RC subject in ORs) the RC object is predicted in
SRs, while in ORs the RC verb (that was already predicted from the adverb on) is still predicted.
In sum, at every word of the relative clause, an equal number of heads is predicted resulting in
the same DLT storage cost predicted for SRs and ORs. The predictions of DLT storage cost are

summarized in Table 4.5.

The storage cost metric also predicts that at the adverb, in the relative clause region and at the
head noun, object-modifications should be easier to process than subject-modifications. This
is because in object-modifications the main clause verb precedes the relative clause, whereas in
subject-modifications the main clause verb follows the RC head, which leads to higher storage
costs in the object-modifying conditions; see Table 4.5 for a detailed presentation of the storage

cost for each region.

In terms of the DLT’s integration cost metric (Gibson, 2000), at the head noun and possibly
beyond (due to spillover), an OR advantage is predicted, because of the greater gap-head (or
RC verb-head) distance in SRs compared to ORs. Integration cost is predicted to be higher in
SRs due to a higher number of intervening discourse referents (the RC object and possibly the
RC verb, depending on whether the verb or the gap preceding it is assumed to be retrieved).
Similarly, the ACT-R based model of parsing (Lewis and Vasishth, 2005) predicts lower activation
of the constituent that has to be retrieved (the gap or the relative clause verb) in SRs compared

to ORs because the increased dependency length is predicted to lead to decay and interference.

Regarding the effect of modification type at the head noun, the integration cost metric predicts
the opposite of the prediction of the storage cost account. Integration cost predicts that object-
modification should be harder than subject-modification at the head noun, since in object-
modifications there is one additional dependency to be built when reading the head noun: the
dependency between the main clause verb and the main clause object (see Table 4.6). Similar to
DLT integration cost, the ACT-R based model (Lewis and Vasishth, 2005) predicts a slowdown
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GAP (Vic) Det-Cl Vo total

SRSubjmod 2 (1) 3 _ 5(4)
ORgubj-mod Y 3 - 3
SRObjmod 2 (1) 3 3 8(7)

3 3 6

ORObj—mod 0

TABLE 4.6: Predicted DLT structural integration cost at the RC head noun with

respect to each constituent that needs to be retrieved. The numbers in parenthesis

refer to the structural integration cost under the assumption that not the gap site
inside the relative clause but rather the RC verb itself is retrieved.

in object-modifications. An overview of the constituents retrieved at the head noun and their

predicted DLT structural integration cost is provided in Table 4.6.

4.3.2 Participants

49 college students at the Dalian University of Technology, China participated in the experiment

as volunteers. All participants were native speakers of Mandarin Chinese.

4.3.3 Stimuli

The stimuli were as described above (see Example 4.2); there were 16 target items, which were
adapted from the items in the Gibson and Wu (2013) study. In addition, 78 fillers consisting of
various different syntactic structures (including eight relative clauses taken from Gibson and Wu
(2013)’s filler items that were structurally different from the experimental sentences, which the

authors generously provided to us). All stimuli and fillers are available from the first author.

4.3.4 Procedure

The experiment used the non-cumulative self-paced moving window method (Just et al., 1982).
We presented stimulus items using Douglas Rohde’s Linger software, version 2.88 (http://
tedlab.mit.edu/~dr/Linger/). The target items were presented in Simplified Chinese char-
acters (font size 18) using the standard Latin square design. The target items and fillers were
pseudo-randomized for each subject such that each item was succeeded by at least one filler
sentence. Each trial was followed by a yes/no-comprehension question designed to probe the

correct understanding of both the relative clause and the main clause.

Each experimental session started with six practice trials which allowed participants to get used
to the procedure. At the beginning of each trial, the participant saw a mask of hyphens that
covered the upcoming sentence. Each hyphen represented the space-delimited words shown in

Example 4.2. Participants were instructed to press the f-key in order to read the sentence;


http://tedlab.mit.edu/~dr/Linger/
http://tedlab.mit.edu/~dr/Linger/
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successive presses of this key displayed the next word of a sentence and masked the preceding
word. In order to respond to the comprehension questions, the k-key was used for a ‘yes’ response,
and the 1-key for a ‘no’ response. Reading times or RTs (in milliseconds) were taken as a measure

of relative momentary processing difficulty.

4.3.5 Results

All analyses were carried out using linear mixed models using the 1me4 package version 1.0-6
in R (Bates et al., 2014). The analyses of reading times were carried out on log-transformed
values in order to stabilize variance and to achieve approximately normal residuals (Box and
Cox, 1964). Question-accuracies were analysed using generalized linear mixed models with a
binomial link function. We defined two sets of contrasts. First, we tested for main effects of
RC type (SRs coded as —0.5 and ORs as +0.5) and modification type (subject-modifications
coded as —0.5 and object-modifications as +0.5) and an interaction between the two. Second,
two sum contrasts nested within modification type (coded as in the first model) were defined so
that SRs vs. ORs were each compared separately in the subject-modifying and object-modifying
case. SRs were coded as —0.5 and ORs as 4+0.5. Residuals of linear mixed models were always
checked to ensure that there were no serious deviations from the normality assumption. For linear
mixed models, we took an absolute t-value equal to or above 2 to reach statistical significance
at a = 0.05. Throughout this paper, a full variance-covariance matrix was fit for participants
and items (Gelman and Hill, 2007); whenever the model failed to converge or if the variance-
covariance matrix of random effects was degenerate, we removed the relevant varying slopes for

items or participants.

4.3.5.1 Comprehension questions

In the analyses of accuracy, no differences were found between SRs and ORs in either the
subject-modifying or the object-modifying cases, and no difference was found between subject
and object-modification. In subject-modifying cases, SRs had accuracy 85%, and ORs 85%; for

object-modifying cases, the corresponding accuracies were 84% and 86%.

4.3.5.2 Reading times

The regions of interest were the adverb at the onset of the relative clause, the pre-head region
following the Det+Cl+Adv sequence, the head noun, and the regions following it. We therefore
analysed the adverb (Adv) (only testing for a main effect of modification type since conditions
are identical across RC type), the V4+N/N+V-region (SRs and ORs respectively), the region of
the frequency phrase (FreqP) that followed the V4+N/N+V region, the relativizer de before the
head noun, the head noun, and the two regions following the head noun. The regions following
the head noun differ lexically and syntactically across modification type (but not across RC
type), therefore we only report models with pairwise comparisons of RC type nested within each

level of modification type for the post-head regions.
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Region Predictor coef. SE t-value
Adv Modification Type 0.01 0.04 0.34
V+N/N+V  Modification Type 0.04 0.05 0.84
RC Type 0.11 0.04 2.51*
Mod. Type x RC Type  0.00 0.03 -0.08
FreqP Modification Type 0.03 0.04 0.74
RC Type -0.06  0.04 -1.57
Mod. Type x RC Type -0.01 0.04 -0.17
de Modification Type 0.00 0.03 -0.05
RC Type 0.02 0.02 0.97
Mod. Type x RC Type  0.00 0.03 0.17
RC head Modification Type 0.01 0.04 0.38
RC Type 0.06 0.05 1.34
Mod. Type x RC Type -0.03 0.04 -0.87

TABLE 4.7: Experiment 1. Main effects of modification and RC type and their inter-
action by region of interest. The dependent variable is log-transformed reading time.

Region Predictor coef. SE t-value
V+N/N+V  RC Type [Subject mod] 0.11 0.05 2.23%
RC Type [Object mod] 0.11 0.06 1.83
FreqP RC Type [Subject mod] -0.06 0.06 -0.94
RC Type [Object mod]  -0.07 0.05  -1.42
DE RC Type [Subject mod]  0.02  0.03 0.52
RC Type [Object mod] 0.03  0.03 0.76
RC head RC Type [Subject mod]  0.10  0.06 1.56
RC Type [Object mod] 0.03  0.06 0.45
head+1 RC Type [Subject mod]  0.09  0.05 1.56
RC Type [Object mod] ~ 0.04  0.05 0.86
head+2 RC Type [Subject mod] 0.13 0.04 3.05*
RC Type [Object mod] 0.03 0.04 0.89

TABLE 4.8: Experiment 1. The results of the RC type comparisons nested within
each level of modification type by region of interest. The dependent variable is log-
transformed reading time.
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Subject-modifying relative clauses
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FIGURE 4.3: Experiment 1. Mean reading times of each region of interest in subject-
modifying relatives, along with 95% confidence intervals.

The reading times for the different regions are summarized in Figures 4.3 and 4.4, and the results

of the statistical analyses are shown in Tables 4.7 and 4.8.

At the adverb, no effect of modification type was observed. In the RC-region (V+N/N+V), a
main effect of RC type with SRs being read faster than ORs was observed. In nested comparisons,
this SR advantage reached significance in subject-modifications and was marginal in object-
modifications. No effect of modification type and no interaction between modification and RC
type were observed. No effects were observed at the frequency phrase following the (V4+N/N+V)
region, the relativizer, the RC head noun, and one word after the RC head. Two words after
the head noun, we found faster reading times in SRs compared to ORs in subject-modifications,

but not in object-modifications. No other effect reached significance in this region.

4.3.6 Discussion

The faster reading time in SRs in the pre-head region (V4+N/N+V) is consistent with a sharpened

expectation for the more frequently occurring SR. The data are consistent with the predicted
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Object-modifying relative clauses
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FIGURE 4.4: Experiment 1. Mean reading times of each region of interest in object-
modifying relatives, along with 95% confidence intervals.

higher surprisal (Hale, 2001; Levy, 2008) cost in ORs compared to SRs in both subject and
object-modifications. Surprisal can also explain the stronger SR advantage observed in subject-
modifications compared to object-modifications since the difference in surprisal associated with
SRs vs. ORs is smaller in object-modifications than in subject-modifications. Indeed, surprisal
predicts a small interaction between RC type and modification type. In the reading data, how-
ever, this interaction is not significant. Surprisal might account for the absence of a significant
interaction by the very small size of the predicted interaction compared to the size of the effect
of RC type. The predictions of DLT storage cost (Gibson, 1998, 2000) (i.e., no effect of RC
type), in contrast, are not consistent with the SR advantage observed at the V4+N/N+V region.

At the head noun, we do not see evidence for a difference between processing difficulty associated
with SRs vs. ORs. This absence of an effect is statistically inconclusive, but as predicted by
surprisal and the DLT storage cost component. However, the observed null result cannot rule
out retrieval-based memory accounts such as the DLT integration cost component (Gibson, 1998,
2000) or the ACT-R based model proposed by Lewis and Vasishth (2005), both of which predict

an OR advantage at the head noun.
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The SR advantage in subject-modifications in the spillover region after the head noun cannot
be explained by either account under discussion. It is inconsistent with memory-based retrieval
metrics like DLT integration cost (Gibson, 2000) and the ACT-R-based retrieval model by Lewis
and Vasishth (2005), since they predict an effect in the opposite direction. It is also inconsistent
with the storage cost component of DLT (Gibson, 2000) and surprisal (Hale, 2001; Levy, 2008)
since both of them predict no effect of RC type at the head noun. Although one might interpret
this effect as spillover from the RC region, in which case the effect would be consistent with
surprisal, this explanation appears to be rather implausible given that the SR advantage had
disappeared at the head noun and the following word. We suggest an explanation for this effect

consistent with surprisal in the Discussion of Experiment 2.

The absence of an effect of modification type is inconclusive. We therefore do not discuss it any

further here.

In sum, the evidence in Experiment 1 points in favor of the expectation-based account. How-
ever, given the conflicting results in the literature together with the SR advantage in subject-
modifications two words after the head noun that cannot be explained by either account, and
the null result with respect to the factor modification type, it is vital to attempt to replicate this
result. Indeed, one of the biggest worries in psychology and linguistics today is the problem of
non-replicable findings. Already Ronald Fisher, the founder of frequentist statistics, has advo-
cated replication from the outset as the gold standard for science (Fisher, 1937, p. 16). Today, a
growing number of methodologically and statistically concerned researchers emphasize the need

for replication in experimental psychology (e.g., Asendorpf et al., 2013; Simmons et al., 2011).

4.4 EXPERIMENT 2 (EYE-TRACKING)

This experiment extends Experiment 1 in two respects: first, the use of the eye-tracking method
provides cross-methodological validation of the results in Experiment 1 and second, we doubled
the number of items in order to increase statistical power. The same predictions hold as for

Experiment 1.

4.4.1 Participants

This study was conducted at the eye-tracking lab of the Department of English at National Tai-
wan Normal University, Taipei. 49 students from that university participated in the experiment,
each receiving payment of 250 NTD. All participants were native speakers of Mandarin and had

normal or corrected-to-normal vision.

4.4.2 Design and materials

The experimental items, including comprehension questions, had the same design as in Experi-

ment 1. We used all of the previous items and additionally created 16 new sets of items that had
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the same structure. A minor difference between the old and the new items was that in the origi-
nal items the sentence final materials sometimes varied across modification type, whereas in the
new items they were identical across all four conditions. In addition, we made very minor lexical
changes to the self-paced reading items to adapt them to the cultural environment of Taiwan,
where this experiment was conducted. In contrast to the first experiment, all items were written
in Traditional Chinese characters, the script officially used in Taiwan. In order to ensure that
any difference in processing difficulty associated with the experimental manipulations is not due
to a difference in acceptability between ORs and SRs that is particular to the present materials
(i.e., due to the insertion of the Det+Cl+AdvP), we conducted a web-based acceptability rating
study on the experimental materials to be used in the eye-tracking experiment with twenty na-
tive speakers of Mandarin. We did not find any evidence for a difference in acceptability between

SRs and ORs induced by the present stimulus design.

4.4.3 Procedure

Eye movements were recorded with an SR Research Eyelink 1000 eyetracker at a sampling rate of
1000 Hz using a desktop-mount camera system (leveled, illuminator on the right) with a 35 mm
lens to track participants’ right eye. The participants’ head was stabilized with a chin-rest. The
camera and the presentation screen were installed on a table of 74 cm height, the chair on which
participants were seated as well as the chin rest were adjustable in height. The camera-to-eye
distance measured 52 cm, the eye-to-screen distance 62 cm. Stimuli were presented on an 19”
monitor with a resolution of 1440x900 pixels; the stimuli were written in Traditional Chinese

characters (font type SimSum, font size 20) in a black font on a light gray background.

The experiment was run using Experiment Builder software provided by SR Research. 32 ex-
perimental items, each with four conditions were presented in a Latin square. The same filler
items as in Experiment 1 were used. Items were pseudo-randomized such that each relative
clause item was preceded by at least one filler or one adverb item. Each trial was followed by a

comprehension question to be answered with yes or no pressing a key on a response pad.

4.4.4 Results

Similar to Experiment 1, we used linear mixed effects models with a full variance-covariance
matrix structure for participants and items when possible, applying two sets of contrasts: main
effects and interaction and pairwise comparisons of RC type nested within modification type.
Binomial dependent variables were analysed using generalized linear mixed effects models with

a binomial link function.

4.4.4.1 Comprehension questions

The mean accuracy for subject-modifying SRs was 79%, for subject-modifying ORs 80%, object-
modifying SRs 77%, and object-modifying ORs 79%. As in Experiment 1, none of the compar-

isons showed any statistically significant differences.
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4.4.4.2 Eye movements

In eye-tracking data, the dependent measures can be partitioned into three broad classes: those
that provide information about: (i) first-pass events; (ii) regression-related events (proportions
of regressions and duration of regressive events); and (iii) second- and later pass events. Clifton
et al. (2007) have shown in a large scale review on experiments relying on eye-tracking to measure
sentence processing difficulty that it is still unclear in which eye-tracking measure to expect effects
of syntactic processing. It is therefore common practice to report a wide range of dependent
variables. However, since many of the eye-tracking measures are by definition correlated, this
is statistically problematic since it increases the probability of a Type I error. We try to strike
a balance between this statistical concern and the aim of providing a comprehensive picture
of the data by selecting the most commonly reported dependent variable from each class of
eye-tracking measures. As a representative first-pass measure, we report first-pass reading time
(FPRT) (often also referred to as gaze duration), i.e., the sum of all fixations on a region before
leaving it if and only if this region is entered progressively. As a measure for proportions of
regressions, we analysed first-pass regression probability (FPRP), i.e., the proportion of trials
in which a regression was initiated from a region when first entering this region, and regression-
path duration (RPD), i.e., the sum of the time of all fixations starting from the first fixation on
this region until leaving this region to the right including all fixations to the left of this region
that fall into this time window, as a representative measure for regressive reading events. As
a later-pass measure, we report total fixation times (TFT) which is defined as the sum of all
fixations on a region. For all dependent variables, trials in which the region under consideration
was skipped (i.e., in case the dependent fixation measure was 0) were excluded from analyses.
Figures 4.5 and 4.6 provide a visual summary of relevant comparisons in TFT across all regions
of the sentences up to two words after the head noun, along with 95% confidence intervals. The
estimates, standard errors, and t-values of all linear mixed models for all regions of interest are
shown in Tables 4.9 and 4.10.

At the adverb-region, a significant main effect of modification type was observed in both regression-

based dependent variables (RPD and FPRP) with facilitated processing in object-modifications.

At the V4N/N+V region, we observed a significant main effect of RC type in FPRP, RPD,
and TFT with faster reading times and less first-pass regressions in SRs compared to ORs.
The pairwise comparisons nested within modification type showed that this main effect was
driven by both, subject-modifying and object-modifying conditions, but the effect was stronger
in subject-modifications: In subject-modifications, the SR advantage was significant in FPRP,
RPD, and TFT. In object-modifications, the effect reached significance only in FPRP and was
marginal in RPD. The main effect of modification type and the interaction between RC type

and modification type did not reach significance in any measure.

At the frequency phrase (FreqP) that was inserted between the V4+N/N+V region, none of the

comparisons reached significance.

At the relativizer de, we found a marginal SR advantage in FPRP within subject-modifying con-

ditions and a main effect of modification type in TFT (shorter fixations in object-modifications).
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Region DV Modification Type RC Type Mod. TypexRC Type
coef. SE  torz coef. SE torz coef. SE torz
Adv FPRT 0.02 0.03 0.67 not applicable not applicable
FPRP -0.73 0.18 -3.95% not applicable not applicable
RPD -0.24 0.05 -4.99% not applicable not applicable
TFT -0.02  0.04 -0.60 not applicable not applicable
V+N/N+V  FPRT -0.07  0.04 -1.79 -0.05 0.04 -1.39 0.04 0.04 0.97
FPRP 0.01 0.14 0.05 0.76 0.22 3.51% -0.15  0.15 -1.02
RPD -0.10 0.04 -2.73* 0.11 0.04 2.81* -0.02 0.04 -0.51
TFT 0.03 0.04 -0.91 0.08 0.03 2.82* -0.03 0.03 -0.92
FreqP FPRT -0.03  0.02 -1.12 -0.03 0.03 -1.13 0.00 0.02 0.03
FPRP 0.27 0.16 1.67 0.01 0.18 0.06 0.12 0.16 0.75
RPD 0.03 0.04 0.67 -0.02 0.04 -0.58 -0.01  0.04 -0.25
TFT -0.06  0.04 -1.32 -0.02 0.04 -0.53 -0.07  0.04 -1.74
de FPRT -0.03  0.03 -0.98 -0.01  0.03 -0.43 0.01 0.03 0.56
FPRP -0.04 0.20 -0.22 0.25 0.16 1.56 -0.29 0.22 -1.32
RPD 0.04 0.05 0.81 0.01 0.05 0.22 -0.04 0.05 -0.87
TFT -0.1 0.04 -2.34%* 0.06 0.04 1.58 -0.04 0.04 -0.91
RC head FPRT -0.04 0.03 -1.63 0.01  0.02 0.23 0.06 0.02 2.57*
FPRP -0.14 0.15 -0.95 0.20 0.16 1.28 -0.17  0.14 -1.23
RPD -0.07  0.04 -1.55 0.04 0.04 1.00 -0.01  0.04 -0.18
TFT -0.18 0.03 -5.5% 0.07  0.04 1.81 -0.01  0.04 -0.22

TABLE 4.9: Experiment 2. Main effects of RC type and modification type and their
interaction by region of interest for the dependent measures log-first-pass reading time,
first-pass regression probability, log-regression path duration and log-total fixation time.

At the RC head noun, in FPRT, the interaction between modification type and RC type was
significant. The pairwise comparisons revealed that this interaction was driven by a marginal
SR advantage in object-modifications that was not present in subject-modifications. In TFT, we

observed a main effect of modification type with shorter fixation times in object-modifications.

One word after the head noun, in subject-modifications only, a significant SR advantage was
observed in TFT.

4.4.5 Discussion

The results of Experiment 2 confirmed the key findings of Experiment 1. We replicated the SR
advantage at the RC region in both subject and object-modifications as well as the SR advantage
in subject-modifications in the spillover region following the head noun. Moreover, we observed
a main effect of modification type starting at the onset of the relative clause that was not present

in Experiment 1.

The main effect of RC type (SR advantage) at the RC region (V4+N/N+V) reached significance
across all eye-tracking measures except for FPRT. This SR advantage is predicted by expectation-

based accounts of parsing such as surprisal (Hale, 2001; Levy, 2008). As in the self-paced
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Region DV RC Type [subj-mod] RC Type [obj-mod]
coef. SE torz coef. SE torz

V+N/N+V  FPRT | -0.08 0.05 -1.80 -0.01  0.04 -0.31
FPRP | 0.91 0.28 3.27% 0.61 0.24 2.51%

RPD 0.13 0.06 2.29% 0.09 0.05 1.81

TFT 0.10 0.04 2.62* 0.05 0.04 1.28

FreqP FPRT | -0.03 0.04 -0.89 -0.03 0.03 -0.98
FPRP | -0.11 0.26 -0.42 0.13 0.22 0.62

RPD -0.02 0.05 -0.29 -0.03 0.06 -0.57

TFT 0.05 0.06 0.82 -0.09 0.06 -1.54

de FPRT | -0.03 0.04 -0.72 0.00 0.04 0.09
FPRP | 0.55 0.28 1.96 -0.04 0.27 -0.15

RPD 0.06 0.06 0.87 -0.03  0.08 -0.42

TFT 0.10 0.05 1.81 0.02 0.06 0.42

RC head FPRT | -0.05 0.03 -1.60 0.06 0.03 1.97
FPRP | 0.37 0.22 1.71 0.03 0.20 0.14

RPD 0.05 0.06 0.91 0.04 0.06 0.64

TFT 0.08 0.05 1.47 0.06 0.05 1.22

head+1 FPRT | 0.04 0.03 1.22 0.02 0.03 0.47
FPRP | 0.15 0.22 0.69 0.17 0.21 0.83

RPD 0.09 0.06 1.64 0.04 0.07 0.56

TFT 0.13 0.05 2.88% 0.07 0.05 1.39

head+2 FPRT | 0.04 0.04 1.05 -0.01  0.04 -0.17
FPRP | 0.24 0.19 1.22 -0.06 0.17 -0.35

RPD 0.10 0.07 1.41 -0.10 0.07 -1.31

TFT 0.07 0.05 1.26 -0.06  0.06 -1.08

TABLE 4.10: Experiment 2. The results of the RC type comparisons nested within

each level of modification type by region of interest for the dependent measures log-

first-pass reading time, first-pass regression probability, log-regression path duration
and log-total fixation time.

reading experiment, the effect was more pronounced in subject-modifications than in object-
modifications. This can also be explained by surprisal, which predicts a bigger effect size in
subject-modifications. Also similar to Experiment 1, the interaction between RC type and
modification type did not reach significance in any dependent variable. Rather, the difference
between the two modification types with respect to the effect of RC type manifested itself in
the SR advantage reaching significance across more dependent variables in subject-modifications
than in object-modifications. Note that although surprisal predicts an interaction driven by the
stronger effect predicted for subject-modifications, the predicted size of this interaction is very
small compared to the predicted size of the effect of RC type. Storage metrics (Gibson, 1998,
2000) which assume that processing difficulty depends on the number of predicted heads are
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Subject-modifying relative clauses
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FIGURE 4.5: Experiment 2. Mean total fixation time of each region of interest in
subject-modifying relatives, along with 95% confidence intervals.

inconsistent with the SR advantage in the relative clause region V4+N/N+V since they predict
the absence of an effect of RC type.

At the head noun, similar to Experiment 1, no main effect of RC type was observed. This
is predicted by surprisal and DLT storage cost but statistically inconclusive. Although the
integration cost component of DLT (Gibson, 2000) as well as the ACT-R based parsing model
(Lewis and Vasishth, 2005) predict an OR advantage at the head noun, the observed null result
cannot be interpreted as evidence against these theories. In contrast to Experiment 1, the
interaction between RC type and modification type reached significance at the head noun (in
FPRT only). This interaction was driven by a marginal SR advantage present only in object-
modifications. None of the accounts under discussion can account for this interaction. It is
inconsistent with retrieval-based memory accounts (DLT integration cost and the ACT-R based
model of sentence processing) as they predict the absence of an interaction (they predict an OR
advantage that is not modulated by modification type). The expectation-based account and
DLT storage cost also predict the absence of an interaction since they predict an SR advantage

that is not modulated by modification type either. However, it should be noted that this effect
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Object-modifying relative clauses
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FIGURE 4.6: Experiment 2. Mean total fixation time of each region of interest in
object-modifying relatives, along with 95% confidence intervals.

might not be reliable since it was only observed in a single eye-tracking measure (in which no
other effects were observed in the experiment), it did not reach statistical significance in pairwise
comparisons and it was not observed in Experiment 1. We will therefore not discuss this effect

more in detail.

The SR advantage seen in subject-modifications one word after the head noun replicates the
effect observed in the spillover region in Experiment 1. Compared to Experiment 1, the effect
appeared one word earlier in the sentence. This earlier appearance of the effect is likely to be
due to the higher temporal sensitivity of eye-tracking compared to self-paced reading. This effect
cannot be accounted for by either of the accounts under discussion. It is inconsistent with the
predictions made by retrieval-based accounts, e.g., the structural integration cost metrics of the
DLT (Gibson, 1998, 2000) or the ACT-R based model (Lewis and Vasishth, 2005) as both predict
an effect in the opposite direction. DLT storage cost (Gibson, 1998, 2000) is also incompatible
with the SR advantage one word after the head noun since it predicts no effect at the head noun.
Expectation-based accounts cannot explain this effect either since the sentence completion data

and the corpus counts incorrectly predict no difference in surprisal at the head noun. However,
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one plausible explanation in line with surprisal might be worth considering: The SR advantage
in the spillover region might reflect a higher conditional probability of an overtly produced RC
head noun (i.e., a headed RC) in SRs compared to ORs within subject-modifications. Our pre-
tests might have failed to detect this difference in conditional probabilities due to some reason,
e.g., low statistical power. The corpus analyses were restricted to RC tokens preceded by a
Det+Cl+Adv sequence, which resulted in a total of 72 tokens considered in the estimation of
the conditional probabilities of headless vs. headed RCs. A larger corpus search in which all
tokens of subject- and object-modifying SRs/ORs were taken into account and not only RCs
preceded by a Det+Cl+Adv sequence showed that in subject-modifications, 18% of the SR
tokens (221 of 1244 tokens) and 38% of the OR tokens (220 of 582 tokens) are headless RCs. In
object-modifications, in contrast, headless RCs are very rare independently of RC type, 2% in
SRs (15 of 845 tokens) and 3% in ORs (8 of 281 tokens). Crucially, these numbers are based on a
much larger amount of data (2952 RC tokens in total) compared to the original corpus analyses
presented in the Pre-tests section. Thus, it might be related to the low statistical power that in

the original corpus analyses and the sentence completion test, we did not find any headless RCs.

In contrast to Experiment 1, the effect of modification type reached significance at various
regions. This can be attributed to the higher sensitivity of the eye-tracking method compared to
SPR. The processing facilitation in object-modifications starting at the adverb and continuing
up to the head noun is in line with the predictions of DLT storage cost. For the adverb and
the V4N/N+V region, surprisal also explains this effect. At the head noun, surprisal predicts
no effect, and therefore can account for the observed pattern only under the assumption that
the effect is due to spillover from the previous regions. An alternative explanation in line with
surprisal would be that in object-modifications, the conditional probability of the head noun
being overtly realized is indeed higher compared to subject-modifications but the corpus search
restricted to the RC tokens following a Det+Cl+Adv sequence and the sentence completion task
did not have enough statistical power to detect this difference. This argument is supported
by the more general corpus counts on headless vs. headed RCs that are not restricted to RC
tokens preceded by Det+Cl+Adv (see above), where headless RCs occur more frequently in

subject-modifications than in object-modifications.

Retrieval-based metrics for processing difficulty such as DLT integration cost (Gibson, 1998,
2000) or ACT-R (Lewis and Vasishth, 2005) are incompatible with the faster reading times in

object-modifications at the head noun since they predict the opposite direction of the effect.

4.5 GENERAL DISCUSSION

We investigated whether subject relatives or object relatives (subject- and object-modifications)
are easier to process in Chinese by creating experimental stimuli in which the left context strongly
constrains the predicted structure to be a relative clause. Importantly, in the experimental mate-
rials, we eliminated several local ambiguities present in Chinese relative clauses that might have
confounded previous studies. In Mandarin Chinese, SRs occur more frequently than ORs (Hsiao
and Gibson, 2003; Vasishth et al., 2013). Therefore, if the left context leads the comprehender to

posit a relative clause as the most likely continuation, expectation-based parsing accounts such
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as surprisal (Hale, 2001; Levy, 2008) predict an SR advantage at the RC region (the verb and
the object within SRs and the subject and the verb within ORs respectively) in both subject-

and object-modifications.

In order to derive precise predictions of the expectation-based account for the materials to
be used in the reading experiments, we assessed the conditional probability of SRs vs. ORs
and subject- vs. object-modifications in a sentence completion experiment. The sentence com-
pletion data showed that in the experimental materials, the conditional probability of an SR
continuation is higher than that of an OR continuation and this difference is larger in subject-
modifications. Moreover, the conditional probability of a subject-modifying RC is lower than
the conditional probability of an object-modifying RC. (The sentence completion-based higher
conditional probability of SRs over ORs replicated corpus findings, whereas the differences with
respect to modification type were not observed in corpus data.) Thus, the expectation-based
account, and surprisal in particular, predicts an SR advantage at the relative clause region
which is slightly stronger in subject-modifications. Moreover, it predicts faster reading times
in object-modifications compared to subject-modifications starting at the onset of the relative

clause.

In contrast to expectation-based accounts, storage-based working-memory accounts such as DLT
storage cost (Gibson, 2000, 1998) assume that processing cost increases as a function of predic-
tions to be kept track of. For the experimental materials tested here, storage cost predicts no
difference between SRs and ORs in the relative clause region and at the head noun because an
equal number of upcoming heads is predicted (Hsiao and Gibson, 2003, p. 6). Moreover, storage
cost predicts processing facilitation in object-modifications since a smaller number of predicted

syntactic heads have to be kept in memory.

Retrieval-based working memory accounts such as DLT integration cost (Gibson, 2000, 1998)
or the ACT-R based model of sentence processing (Lewis and Vasishth, 2005) assume that
processing difficulty is a function of the distance between the currently processed item and the
item that needs to be retrieved for the successful integration of the current item into the parse
constructed so far. For the experimental materials, retrieval-based working memory accounts
predict an OR advantage at the head noun because of the greater gap-head distance in ORs
compared to SRs. Moreover, they predict faster reading times in subject-modifications at the
head noun since in object-modifications, an additional retrieval, namely the retrieval of the main

clause verb, is triggered.

We conducted two experiments with similar materials but different methods (self-paced reading
and eye-tracking). The evidence from both experiments was unequivocal: in both self-paced
reading times and across eye-tracking measures, we found an SR advantage at the RC region
V+N/N+V preceding the head noun. Nested comparisons showed that this effect was present in
both subject- and object-modifications, but more pronounced in subject-modifications. Also in
both experiments, in subject-modifications only, we found faster reading times in the materials
following the head noun. As for the factor modification type, while no effect was found in
the self-paced reading experiment, the eye-tracking data showed clear evidence for a processing
facilitation in object-modifications. This facilitation was strongest at the very onset of the

relative clause (the adverb) and continued to the head noun.
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The predictions of expectation-based accounts of parsing are mostly in line with these results.
The SR advantage at the RC region and the fact that this SR advantage was stronger in subject-
modifications compared to object-modifications is predicted by surprisal. Moreover, surprisal can
also account for the faster reading times in object-modifications starting at the very onset of the
relative clause and continuing up to the head noun if we assume that the effect at the head noun
is driven by spillover from the previous regions. In contrast, the SR advantage in the spillover
region in subject-modifications is not in line with the surprisal predictions derived from sentence
completion data or the corpus analyses restricted to relative clauses that have a similar structure
as the experimental items. However, more general corpus counts that are not restricted to relative
clauses appearing after a Det+Cl+Adv sequence indicate that the conditional probability of an
overt head noun appearing after a relative clause is higher in subject-modifying SRs than in
subject-modifying ORs while there is no such difference in object-modifications, where the RC
head is almost always overtly produced. (This difference in conditional probabilities would also

account for the effect of modification type at the RC head).

Memory-based accounts are not compatible with our results. Storage-based memory accounts
such as the DLT storage cost metrics are compatible with the faster reading times in object-
modifications but are inconsistent with the SR advantage observed at the RC region and, in
subject-modifications, in the materials after the head noun. Our results are also inconsistent
with the retrieval component of memory-based accounts. The faster reading times in object-
modifications at the head noun are incompatible with both DLT integration cost (Gibson, 2000)
and Lewis and Vasishth (2005)’s memory-based retrieval architecture as both predict an effect
into the opposite direction. The SR advantage in the materials following the head noun is also
inconsistent with DLT integration cost or the Lewis and Vasishth (2005) model since they predict

an OR advantage at the head noun.

Note that although the effect of modification type and the modulation of the effect of RC type by
modification type, i.e., the stronger SR advantage in subject-modifications, can be accounted for
by surprisal, it might also reflect an underlying difference in the processing of the relative clause
depending on which syntactic part of the sentence is being modified. The present experimental
design does not allow us to draw any conclusions in this respect, but we believe that this issue

deserves investigation in future research.

The SR advantage in Chinese adds to the growing body of cross-linguistic evidence showing
that expectations for upcoming structure play a crucial role in determining processing difficulty.
We have already mentioned the recent evidence from English (Staub, 2010) and Russian (Levy
et al., 2013). In earlier work, Konieczny (2000) tested German verb-argument dependencies in
verb-final structures and found evidence for processing facilitation as a function of increasing dis-
tance between the verb and its arguments. Similar results are reported for English (Jaeger et al.,
2008), German (Vasishth and Drenhaus, 2011; Levy and Keller, 2013), and for Hindi (Vasishth
and Lewis, 2006; Husain et al., 2014). Such anti-locality effects have been explained by Levy
(2008) in terms of an increasing conditional probability (which effectively translates to higher
predictability) of the verb given preceding context. Related work by Vasishth et al. (2010) has

shown that English native speakers exhibit a counter-intuitive grammaticality illusion in reading
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times but that Germans do not show this illusion; English speakers find double center embed-
dings with the middle verb missing easier to process than the grammatical counterpart, whereas
German speakers find the ungrammatical version harder to process. This English grammati-
cality illusion effect has been argued to reflect the statistical infrequency of double embeddings
in English; in German, double center embeddings occur relatively more often because all rela-
tive clauses are verb-final. In a follow-up study, Frank et al. (2015) showed that German and
Dutch native speakers reading English double center embeddings track the structural probabili-
ties of upcoming material, and that more proficient non-native English speakers show a greater
grammaticality illusion effect in English, suggesting that they are more closely approximating
the native-speaker knowledge of structural probabilities of upcoming structure. Finally, several
large scale eye-tracking corpora developed for English and German have also been analysed using
surprisal as a predictor (Boston et al., 2008, 2011; Demberg and Keller, 2008); in all cases sur-
prisal has been shown to be a statistically significant predictor of various eye-tracking measures.
The present study adds to this broad range of evidence, and provides new support for the idea
that we generate and track predictions based on our knowledge of grammar, and that the degree
of difficulty that we experience during sentence comprehension is determined, at least in part,

by the extent to which our expectations for upcoming structure are met.

At the same time, a large number of studies have shown that increased distance between the
two elements of a dependency leads to an increase in processing difficulty. For example, Grodner
and Gibson (2005) and Bartek et al. (2011) present evidence that in English argument-verb
dependencies, increasing the distance between the verb and the argument leads to slower reading
times. A similar pattern is observed in argument-verb dependencies in Russian RCs (Levy
et al., 2013), and this has been replicated in Hungarian (Kovécs and Vasishth, 2013). These
locality effects have been presented as evidence for decay or interference supporting memory-
based accounts of sentence processing. In the light of this large body of evidence for memory-
based accounts of sentence processing, it would be unreasonable to conclude that expectation
rather than memory restrictions determine processing ease in general. However, it is possible
that there is cross-linguistic variation in the extent to which one or the other factor dominates.
Our data suggest that, at least in the case of Chinese relative clauses, it is expectation rather

than memory cost that determines the relative processing ease of SRs vs. ORs.

It is worth noting that our findings are partially consistent with accounts based on the acces-
sibility hierarchy (Keenan and Comrie, 1977) and accounts based on phrase-structure distance
(O’Grady, 2007), which have been previously adopted to account for the SR advantage in East
Asian languages (Kwon et al., 2006, 2010, 2013; Lin and Bever, 2006; Lin, 2008; Miyamoto
and Nakamura, 2003; Ueno and Garnsey, 2008). According to the accessibility hierarchy, noun
phrases of certain grammatical functions are easier to access (or extract) than noun phrases of
other grammatical functions. The claim is that subject noun phrases, being highest on the hier-
archy, are easier to process than object noun phrases. Regarding the phrase-structure distance of
SRs and ORs, it has been proposed that processing SRs is less costly because a smaller number
of phrasal nodes intervene between the head noun and a subject gap. Both accounts predict
processing differences between SRs and ORs on and after the head noun rather than inside the
RC regions. These accounts are therefore only consistent with one of the findings reported here,

namely the SR advantage in the spillover region following the head noun in subject-modifications.



The subject-relative advantage in Chinese 102

However, the SR advantage inside the RC region is best accounted for by the expectation-based

account.

Another account that can partially explain our results is the so-called Perspective Shift account
proposed by MacWhinney (2005). According to this account, processing difficulty increases as a
shift in perspective is required. In the experimental materials, the perspective of the main clause
and the relative clause are determined by the main clause agent (i.e., the main clause subject)
and the RC agent (i.e., the RC subject), respectively.!? We will assume that a subject takes the
perspective as soon as the head noun of the subject NP is predicted. In our subject-modifying
conditions, the SR shares the perspective of the main clause while in ORs a perspective-shift from
the main clause subject to the RC subject is required when reading the RC subject. This is in
line with the SR advantage at the N+V/V+N region in our data. For our object-modifying RCs,
in contrast, no difference between SRs and ORs is predicted because in both cases a perspective
shift from the main clause agent to the RC agent is required. This shift is predicted to happen at
the RC region (at the RC subject in ORs and at the RC verb, i.e., when the RC head is predicted,
in SRs). This prediction is not in line with the SR advantage at the N+V/V+N region observed
in our object-modifying conditions. If, alternatively, we do not assume that a subject takes
perspective as soon as its head is predicted but rather when its head is being encountered in
the input, the pattern observed in our subject-modifying conditions cannot be explained by the
Perspective Shift account, while the pattern observed in object-modifications might be partially
explained. In subject-modifying SRs, the perspective of the main clause subject takes scope over
the whole sentence, while in ORs, perspective needs to be shifted from the first encountered RC
subject to the main clause subject. Therefore, an SR advantage is predicted at the RC head
noun. Thus, the SR advantage observed in the spillover region of the head noun can be explained
by the Perspective Shift account, but the even stronger SR advantage at the RC region cannot.
In object-modifying conditions, perspective is shifted from the main clause agent to the RC agent
when reaching the RC subject in ORs and when reaching the RC head in SRs. Therefore, an SR
advantage is predicted at the RC region and an OR advantage at the head noun. Our data are
consistent with the former prediction, but not with the latter. However, one could argue that in
object-modifications, we do not observe any effect at the head noun because spillover of the SR
advantage from the RC region and an OR advantage at the head noun are canceling each other

out.

In sum, the Perspective Shift account may explain either the pattern we observed in subject- or
in object-modifying conditions depending on the nature of the additional assumptions we make
to derive predictions. Crucially, it cannot explain both subject- and object-modifications under

the same set of assumptions.

One open issue that remains to be addressed is the role of animacy of the RC subject/object

and the head noun. Wu et al. (2012) showed in three self-paced reading studies that SRs were

12For accusative-nominative languages it is assumed that language users take the perspective of the
thematic agent while for ergative-absolutive languages it is assumed that the perspective of the thematic
patient is taken. To derive the predictions of the Perspective Shift account for our materials, we will
assume that Chinese, which does not have overt case marking, clusters with accusative-nominative
languages in taking the agent’s perspective.
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read faster when they had animate heads and inanimate objects compared to the reverse an-
imacy configuration. ORs, in contrast, were processed faster when they had inanimate heads
and animate subjects. Moreover, they found an SR advantage in sentences with an inanimate
subject and an animate object. However, this difference disappeared when the animacy config-
uration was reversed (animate subject and inanimate object). These findings reflect animacy
preferences found in corpus counts. Therefore, the Wu et al. (2012) results are also consistent
with expectation-based accounts of relative clause processing. An informative test case would
be to replicate our study with animacy of the head noun and the relative clause subject/object

as additional factors.

4.6 CONCLUSION

We present the first study comparing Chinese subject- and object-modifying subject and object
relative clauses with materials that use syntactic cues to lead the comprehender to predict a
relative clause as the upcoming structure. Two experiments show that the differential conditional
probabilities of subject vs. object relative continuations, estimated using a sentence completion
study, can predict the reading time difficulty experienced by readers. We found clear evidence for
subject relatives being processed faster than object relatives at the region containing the relative
clause verb and at the spillover region of the head noun noun in subject-modifying conditions.
These data are consistent with a particular instantiation of an expectation-based account of
processing, surprisal. We conclude from these results that expectation plays an important role in
the processing of Chinese relative clauses. More generally, our data provide independent support
for the idea that the human sentence comprehension system deploys its probabilistic knowledge
of grammar to generate predictions about upcoming structure. When these predictions are met,
processing is relatively easy, but when they are not, processing difficulty occurs. In sum, dashed

expectations are costly.
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CHAPTER 5

CONCLUSION

In this thesis, I studied the working memory mechanisms underlying the processing of syntactic
dependencies. In the first two articles, I investigated the properties of the working memory
mechanisms subserving human sentence parsing and in the third paper, I compared the relative
contribution to processing difficulty of working memory constraints and syntactic prediction. In
the first paper, I presented two eye-tracking experiments on Mandarin Chinese reflexives aiming
to tease apart syntactic-structure based accounts of memory access from cue-based, i.e., content-
addressable, memory retrieval. The experimental results were interpreted as evidence against
structure-based accounts of memory access in sentence processing (e.g., Nicol and Swinney, 1989;
Sturt, 2003; Phillips et al., 2011). However, the experimental results were not consistent with the
original cue-based ACT-R model of sentence processing proposed by Lewis and Vasishth (2005)
either. In order to account for the Chinese data, an extension of the original ACT-R model was
proposed. Two new principles, namely prominence and cue confusion were added to the model
and it was shown how this extended ACT-R model can not only account for the Chinese data,
but also for a wide range of previously unexplained patterns observed in earlier experiments
testing other languages. Taken together, the experimental evidence and the computational
modeling is interpreted in favor of a content-addressable memory architecture underlying human
sentence parsing. However, it has been noted that encoding rather than retrieval interference
might be an alternative explanation for interference effects in reflexives. If encoding interference
causes the observed effects, it is impossible to distinguish between structure-based memory access
and cue-based retrieval as proposed by Lewis and Vasishth (2005) since encoding interference
and retrieval interference in a cue-based memory architecture make similar predictions. The
second paper of this thesis therefore aimed at teasing apart encoding interference from retrieval
interference in the processing of anaphors. Three experiments on German reflexives and Swedish
pronominal and reflexive possessives show that there is no evidence for encoding interference
affecting the processing of anaphor-antecedent dependencies. This supports the assumption
that interference effects observed in reflexive processing arise at the moment of retrieval rather
than at the encoding stage. Taken together with the results of the first paper of this thesis,
these findings are interpreted as evidence in favor of a cue-based retrieval mechanism subserving

the processing of reflexive-antecedent dependencies. As has been noted in the Introduction,
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the case of reflexive-antecedent dependencies has been brought up in support of a structure-
based memory access and against a content-addressable memory architecture. The results of
the experiments presented in the first and the second paper of this thesis clearly challenge this
view. On the contrary, the empirical evidence presented in this thesis provide support for a
content-addressable memory architecture subserving human sentence parsing. These findings
add to an increasing body of evidence from other types of linguistic dependencies favoring a cue-
based retrieval mechanism. For example, McElree et al. (2003) presented evidence for cue-based
retrieval in filler-gap dependencies, Martin and McElree (2008) for verb-phrase ellipsis, Vasishth
et al. (2008) for the processing of negative-polarity items and Van Dyke and Lewis (2003),
Van Dyke and McElree (2006), Van Dyke (2007), Wagers et al. (2009), Van Dyke and McElree
(2011) and Dillon et al. (2013) for subject-verb dependencies. Thus, the empirical evidence
presented in this thesis together with the proposed extension of the cue-based ACT-R model
of sentence processing shows that the processing of reflexives can be explained with the same
cue-based retrieval mechanism that has been invoked to explain syntactic dependency resolution
in a range of other structures. This supports the view that the language processing system is
located within a general cognitive architecture, with a general-purpose, i.e., not language-specific,

content-addressable working memory system operating on linguistic expressions.

The third paper presented in this thesis investigated the relative contribution of working memory
constraints and prediction to sentence processing difficulty using Chinese relative clauses. As has
been noted in the Introduction, Chinese relative clauses are an important test case for teasing
apart the predictions of expectation-based accounts of sentence processing from memory-based
accounts. Although Chinese relative clauses have been tested in a considerable number of studies,
the obtained results might not be valid. Due to the syntactic properties of Chinese, the materials
of previous studies were confounded with the effects of various local ambiguities. In this thesis,
two reading studies with syntactically unambiguous materials were presented. The predictions
for the expectation-based account (e.g., Hale, 2001; Levy, 2008) were derived from a sentence
completion experiment and cross-validated with corpus analyses. The results of both experiments
are consistent with expectation-based accounts of sentence processing, but are not compatible
with working-memory based accounts. Neither retrieval metrics (e.g., Stevenson, 1994; Gibson,
1998, 2000; Gordon et al., 2001, 2004; McElree, 2000; Lewis and Vasishth, 2005; Van Dyke and
McElree, 2011) nor storage metrics (Gibson, 1998, 2000) can account for the observed results.
From these findings, I conclude that syntactic prediction has an important influence on the ease
of incremental human sentence parsing. Its relative contribution to processing difficulty can
be even stronger than working memory constraints. This suggests that any theory of human
sentence processing needs to take into account the power of predictive processes unfolding in the

human mind.
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Appendix A

RETRIEVAL INTERFERENCE IN REFLEXIVES

A.1 EXPERIMENT 2. PRETEST

Chosen antecedent of ziji Condition
local non-local
local inanimate subj. n.a. 15 (1.56%)
non-local inanimate subj. 40 (4.17%) n.a. sentence-internal antecedent
cataphoric binding 40 (4.17%) 14 (1.46%)
speaker 11 (1.15%) 4 (0.42%)
context 27 (2.81%) 7 (0.73%)
author of media noun 19 (1.98%) 0 sentence-external antecedent
recipient of media noun 2(021%) O

TABLE A.1l: Pretest of Experiment 2: Classification of the participants’ answers in the
‘incorrect’ trials by experimental condition. Percentages refer to the total number of
trials including the correct trials.
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Appendix B

TEASING APART ENCODING AND RETRIEVAL INTERFERENCE

B.1 EXPERIMENT 1
B.2 EXPERIMENT 2

B.3 EXPERIMENT 3
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Appendiz B. Teasing apart encoding and retrieval interference
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Appendix C

THE SUBJECT-RELATIVE ADVANTAGE IN CHINESE

C.1 CORPUS STUDY OF CHINESE TREEBANK 7.0

Structure following zhe/na+ Cl+Adv

Count Frequency

SR V (N) de N 58 79.5%

OR (dropped subject) pro Vde N 13 17.8%

OR (overt subject) N Vde N 1 1.4%

Main clause VP VN 1 1.4%
TaBLE  C.1: Corpus  counts of  structures following a  zhe/na

(this/that)+classifier+adverb sequence.

All relative clause tokens are headed

relative clauses. Headless relative clauses in this position have zero tokens in the

Noun modified by zhe/na+Cl Structure following zhe/na+ Cl+Adv

corpus.

Count Relative frequency

SR V (N) de N 31 5%

Subject OR (dropped subject) pro V de N 8 20.0%
OR (overt subject) N VdeN 0 0%

Main clause VP V (N) 1 2.5%

SR V (N) de N 17 85.0%

Object OR (dropped subject) pro V de N 2 10.0%
’ OR (overt subject) N VdeN 1 5.0%
Main clause VP V (N) 0 0%

SR V (N) de N 10 76.9%

Other OR (dropped subject) pro V de N 3 23.1%
OR (overt subject) N VdeN 0 0%

Main clause VP V (N) 0 0%

TaABLE C.2: Categorization of the corpus tokens presented in Table C.1 (structures fol-

lowing a zhe/na (this/that)+classifier+adverb sequence) by the syntactic role (subject,

object or other) of the noun which the zhe/na+classifier phrase modifies. All relative

clause tokens are headed relative clauses. Headless relative clauses in this position have
zero tokens in the corpus.
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Noun modified by zhe/na+Cl Structure following zhe/na+Cl Count Relative frequency

Subiect RC 163 13.9%
J other 1007 86.1%
, RC 9% 12.3%
Object other 677 87.7%

TABLE C.3: Corpus counts of structures following a zhe/na (this/that)+classifier se-
quence, categorized by whether the zhe/na+classifier phrase modifies the subject or the
object of the main clause.

C.2 SENTENCE COMPLETION DATA

Sentence completion Count (subj-mod) Count (obj-mod)
RC SR canonical 27 48
adjectival 0 0
passive (bei) 2 2
topicalized 1 2
OR  canonical 3 9
subj. drop 2 2
Possessive RC 0 2
Adjunct RC 0 0
not RC 117 87

TABLE C.4: Sentence completions produced after a Det+Cl sequence (subject-

modification) and after an NP+V+Det+Cl (object-modification) sequence observed

in the sentence completion study. Canonical RCs are defined as RCs with the canonical
SVO word order and an overt RC subject in ORs.

Sentence completion Count (subj-mod) Count (obj-mod)
RC SR canonical (headed) 100 121
canonical (headless) 1 0
adjectival 1 3
passive (bei) 5 3
topicalized 0 1
OR  canonical (headed) 3 8
canonical (headless) 0 0
subj. drop (headed) 16 8
subj. drop (headless) 1 0
Possessive RC 2 1
Adjunct RC 1 0
not RC  diff. PoS for Adv 3 3
elided NP betw. Det+Cl and Adv 15 0

TABLE C.5: Sentence completions produced after a Det4+Cl+Adv sequence (subject-

modification) and after an NP+V+Det+Cl+Adv sequence (object-modification) ob-

served in the sentence completion study. Canonical RCs are defined as RCs with the
canonical SVO word order and an overt RC subject in ORs.



Appendix D

THE MANDARIN REFLEXIVE 2i}t

The gender and number neutral Mandarin Chinese! reflexive ziji (‘myself’, ‘yourself’, ‘himself’,
‘herself’, ‘itself’, ‘ourselves’, ‘yourselves’, ‘themselves’)? has several cross-linguistically rather
uncommon properties that have attracted considerable attention in the syntactic literature over
the past three decades. There are a wide range of competing syntactic or pragmatic approaches
of how to analyze ziji. 1 will first describe the syntactic properties of ziji independently from
any syntactic framework and subsequently give a brief overview of the most prominent syntactic
analyses that have been proposed so far. All Chinese example sentences will be provided in
Simplified Chinese characters (i.e., the official script in mainland China) together with their
Pinyin transcription (i.e., the official system of the Peoples Republic of China to phonetically
transcribe Chinese characters to their Mandarin pronunciations using Latin characters). Note
that virtually none of the publications from where I am citing Chinese example sentences provide
Chinese characters and in some of the publications, the Latin transcriptions were not completely
conform with the official Pinyin. Therefore, I have added Chinese characters to all sentences and

in some examples also changed the Latin transcription.

D.1 THE DISTRIBUTIONAL PROPERTIES OF THE BARE REFLEXIVE 2iji

Similar to many other languages including English, the Chinese reflexive ziji needs to be c-
commanded by its antecedent.® However, the antecedent is not required to be contained in the
same clause as the reflexive (see D.1) which poses a problem for Binding Principle A as originally
formulated in (Chomsky, 1981).

In the following, I will use the term ‘Chinese’ as synonym for ‘Mandarin Chinese’.

2In addition to the mono-morphemic reflexive ziji, there is also a bi-morphemic reflexive consisting
of pronoun+ziji in Chinese. The binding properties of these two forms differ in various ways. For the
current purposes, I will only focus on the bare reflexive ziji.

3C-command refers to a tree-configurational relation between two nodes of a parse-tree which is
defined as follows: A node A c-commands a node B if and only if A does not dominate B and the lowest
branching node which dominates A also dominates B (Haegeman, 1994).
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(D.1) C-commanding antecedent
B# Wi Bk AN K W RHME MHE R 1%
Nanhai; juede muqin; bu zai jia de shihou jiejieg yinggai
boy think mother not at home DE time  elder sister shall
HEU A ¥ HE-
zhaogu hao  ziji;/« /-

take care of well ziji

The boy thinks that his elder sister should take good care of him/herself when [their]
mother is not at home.

In D.1, ziji can be either locally bound by jiejie (‘elder sister’) or long-distance bound by nanhai
(‘boy’) since both c-command the reflexive. In contrast, mugin (‘mother’) does not qualify as

an antecedent because it does not c-command the reflexive.

Another difference to languages like English is the subject-orientation of Chinese reflexives: No
matter whether ziji is locally or long-distance bound, its antecedent is required to be a subject

(Huang, 1984; see D.2 for an example taken from Huang and Liu, 2001).

(D.2) Subject-orientation
k= ® % FH — 5K BHC H A
Zhangsan; song gei Lisi; yi zhang ziji;/,; de xiangpian.
Zhangsan give to Lisi one CL self DE picture

Zhangsan gave Lisi a picture of himself.

Not being a subject, Lisi is not a grammatical antecedent in spite of c-commanding the reflexive,

leaving Zhangsan as the only possible antecedent.

Another cross-linguistically uncommon property of ziji, which is exploited in the designs of the
experiments presented in Chapter 2 of this thesis, is that the antecedent of the reflexive is

required to be animate (Tang, 1989).

(D.3) Non-local animate antecedent
B wooX K OXE it T HCE-
Nanhai; shuo zhe pian wenzhang; piping le Zijig)uj-
boy say this cL  article criticize AsP self

The boy says that this article criticized him.

(D.4) Local animate antecedent

xR OXE W Bz #F T HCE-
Zhe pian wenzhang; shuo nanhai; piping le Zijii/ ;-
this cL  article say  boy criticize AsP self
This article says that the boy criticized himself.
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(D.5) Local and non-local animate antecedents
Bz oUW H# wE T A=
Nanhai; shuo jiejie; piping le  ziji;/;.
boy say  elder sister criticize ASP self

The boy says [his] elder sister criticized him/herself.

D.3 and D.4 each have only one animate subject, which results in unambiguous sentences. D.5,
however, has two animate subjects nanhai (‘boy’) and jiejie (‘elder sister’), both c-commanding

ziji and thus candidates for being its antecedent. This leads to a globally ambiguous sentence.

Although c-command, long-distance binding, subject-orientation and animacy of the antecedent
appear to be the basic properties of ziji that are widely cited in the literature, the picture is
even more complicated, since in certain syntactic or pragmatic contexts, there are exceptions to

all of these phenomena. I will go through each of them in turn.

D.1.1 Exceptions to the c-command constraint

D.1.1.1 Sub-commanding antecedents

Tang (1989) first noted that under certain conditions, ziji can be bound by a non-c-commanding
antecedent but by a noun phrase (NP) contained in a c-commanding phrase, a so-called sub-
commanding noun-phrase. In case the c-commanding noun phrase itself is inanimate but contains

an animate NP, this animate NP can bind ziji as shown in D.6 (example from Tang, 1989).

(D.6) Sub-commanding antecedent 1

K= o ¥ T HCE-
[[Zhangsan; de] jiaoao]; hai le  ziji;/«;.
Zhangsan  DE pride hurt Asp self

Zhangsan’s pride hurt him.

In D.6, the lacking animacy feature of the c-commanding subject Zhangsan de jiaoao (‘Zhangsan’s
pride’) disqualifies the latter as antecedent. Therefore the sub-commanding animate NP Zhangsan
is allowed to be the antecedent of ziji. Crucially, even in the sub-command configuration, the
subject-orientation of ziji still holds, as can be seen from D.7 and D.8 (examples from Tang,
1989). In D.7, Zhangsan is a subject sub-commanding the reflexive: it is the subject of an em-
bedded clause contained in the c-commanding NP Zhangsan tou dongzi de shishi (‘the fact that
Zhangsan stole things’) that modifies the inanimate head shishi (‘fact’) of this NP. Therefore
it is a grammatical antecedent of z¢ji. Similarly, in D.8, the third person pronoun ta (‘he’),
which is also the subject of an embedded clause contained in a c-commanding NP, can bind ziji.
In contrast, although also being a sub-commander of the reflexive, the object of the embedded
clause inside the c-commanding NP ni (‘you’) in D.8 is not a legal antecedent for the reflexive
(Tang, 1989).
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(D.7) Sub-commanding antecedent 2
K= iy R @ FEZE O B M ER XU
[[Zhangsan; tou dongxi de] shishi]; bei =ziji;~; de laoban faxian
Zhangsan  steal things DE fact PASS  self DE boss discover
T
le.
ASP

The fact that Zhangsan stole things was discovered by his boss.

(D.) Sub-commanding antecedent 3
(LA f A S /N B 1 # BC B oBE R

[[Ta; da le ni; de] zhengjulx bei zijij/«;/«; de baba faxian
he beat ASP you DE evidence PASS self DE father discover
T
le.
ASP

The evidence that he beat you was discovered by his father.

According to Tang (1989), in case the c-commanding subject lacks the animacy feature, only the
structurally highest animate subject (or possessor) contained within this c-commanding subject
qualifies as antecedent. In D.9 (example from Tang, 1989), two sub-commanding NPs, (Zhangsan
and Zhangsan de baba ‘Zhangsan’s father’) are present, but, being higher in the tree structure,

only the latter is a legal antecedent.

(D.9) Sub-commanding antecedent 44
K= O A= O I 5 # HO ORIl 3 farE
[[[Zhangsan; de|] baba]; de gqian], bei  ziji-;/j/+, de pengyou tou-zou
Zhangsan DE father DE money PASS self DE friend stolen
T
le.
ASP

Zhangsan’s father’s money was stolen by his [the father’s] friend.

Pollard and Xue (1998) noted that in a suitable pragmatic context, ziji can be also bound
by a structurally lower sub-commanding antecedent even if an animate subject or possessor is
available at a structurally higher position inside the c-commanding subject. Although when
presented without a context, the sentence given in D.9 only allows the c-commanding subject
(Zhangsan de baba) to bind the reflexive (Tang, 1989), according to Pollard and Xue (1998) the
sub-commanding noun Zhangsan is the preferred antecedent when this sentence is presented in

a context as the one provided in D.10 (example from Pollard and Xue, 1998).

4The Pinyin transcription of this example has been slightly changed.
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(D.10) Sub-commanding antecedent 5°
K= HoBE M % HE # MK e T

[[[Zhangsan; de] baba] de qian] bei ziji; de pengyou touzou le.
Zhangsan DE father DE money PASs self DE friend stolen  AsP

Zhangsan’s father’s money was stolen by his [Zhangsan’s] friend.
1 BB W #®  BC AR i T

[[Mama; de] shu]; ye bei ziji-;/;/-; de pengyou touzou le.
mother DE book also PASS self DE friend  stolen AsP

[His] mother’s book was also stolen by his [Zhangsan’s] friend.

s = & ROk
Ta ji de ku qilai.

He worry such that cry start

He worried so much that he started crying.

In contrast to Huang and Tang (1991) who had claimed that a sub-commanding antecedent is
only possible in case the reflexive is locally bound but not if the sub-commanding NP is contained
in a non-local c-commander, Xue et al. (1994) provided examples for a non-local sub-commanding

antecedent (see D.11, example from Xue et al., 1994).

(D.11) Non-local sub-commanding antecedent®

K= ofE £ mox H  F T HE-
[[Zhangsan; de] xin]; biaoming na ben shu, hai le  zijij/«;/«p.
Zhangsan  DE letter indicate this CcL  book harm ASP self

Zhangsan’s letter indicates that the book harmed him.

D.1.1.2 Antecedents outside the current sentence

Besides the sub-command configuration, there is another case in which ziji can co-refer with a
non-c-commanding entity. Li (1991) provided an example for a sentence-free unbound instance
of ziji (see D.12).

(D.12) Unbound ziji”

HE & £ AL mE?
Ziji neng qu nar ma?
self can go there Q
Can I go there?

5The English glosses of this Chinese sentence have been slightly changed.

5Xue et al. (1994) mark the co-indexation of Zhangsan and ziji with a question mark. Pan (2000),
however, removes the question mark when citing this sentence implying that the co-indexation of the
sub-commanding noun Zhangsan with the reflexive is fully grammatical. Note also that, in contrast to
Xue et al. (1994), Pan (2000) also allows the co-indexation of the inanimate local subject shu (‘book’)
with the reflexive, which is likely to be a typo.

"The English glosses of this Chinese sentence have been slightly changed.
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According to Li (1991), an unbound instance of ziji automatically refers to the speaker of the
utterance. However, Pan (2000) pointed out that in D.12, ziji may also refer to the addressee
or even to a third entity salient in the discourse. Furthermore, he noted that ziji can generally
refer to the speaker even if it is in object position and not only if it is in subject position as
suggested by Li (1991).

D.1.1.3 Cataphoric binding

Huang and Liu (2001) indicated that there is another exception to the c-command constraint.
In case the reflexive is part of an adjunct clause that precedes the matrix clause, it can be
cataphorically bound by the subject of this matrix clause even though it is not its c-commandee

(see D.13, example from Huang and Liu, 2001).

(D.13) Cataphoric antecedent
Wy = HC, Pl 5k= (G S
Yinwei Lisi piping =ziji;, suoyi Zhangsan; hen shengqi.
because Lisi criticize self SO Zhangsan very angry

Because Lisi criticized him, Zhangsan was very angry.

D.1.2 Exceptions to subject-orientation

The subject-orientation of the reflexive ziji was first observed by Huang (1982). In later work,
Huang and Tang (1991) noted that in the case of psychological verbs, not only the subject
but also the experiencer argument can be an antecedent of ziji (see D.14, example from Huang
and Tang, 1991). In addition to going against subject-orientation, the c-command constraint
is violated in this configuration too. This kind of binding by a non-c-commanding experiencer

argument is also possible when ziji is long-distance bound.

(D.14) FEzperiencer argument of a psychological verb as antecedent
BEE W Mx & /& X 8 HE o ZW R M.
[Ziji; de xiaohai mei de jiang de xiaoxi] shi Lisi; hen nanguo.

self DE child not get prize DE news make Lisi very sad

The news that his own child did not get a prize made Lisi very sad.

Another exception to both the subject-orientation of ziji and the c-command-constraint was first
observed by Yu (1992) who noted that in passive constructions and so-called ba-constructions the
antecedent can be the argument of a co-verb, more precisely, the argument of the passive marker
bei (see D.15, example from Yu, 1992) or the pre-verbal object marker ba (see D.16, example
from Yu, 1992), which constitutes not only a counter-example for the subject-orientation of ziji

but also a violation of the c-command constraint.®

8Cole and Wang (1996) provided a formal analysis involving head-movement of the reflexive in which
they claim that in ba- and bei-constructions, ziji is c-commanded by its antecedent at LF.
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(D.15) Argument of bei as antecedent
W FU OREH BE B JLF T
Shu bei Lisi; song-gei ziji; de erzi le.
book BEI Lisi give-to self DE son ASP

The book was given by Lisi to his own son.

(D.16) Argument of ba as antecedent®
FER 2 L e HC ® B H.
Feiou ba niier; song-jin  ziji; de fang .

Feiou BA daughter send-into self DE room inside

Feiou sent [her] daughter into her own room.

D.1.3 Blocking of long-distance binding

Huang (1984) first noted that ziji can be long-distance bound (i.e., from outside the clause
containing the reflexive). Tang (1989) showed that only remotest third person NPs can be an
antecedent of ziji, non-local binding by a third person NP intervening between the local and the

structurally highest clause appears to not be possible (see D.17, from Tang, 1989).

(D.17) Long-distance binding only to remotest antecedent
K= auE N wHE ER 5 HE & fEhe.
Zhangsan; zhidao [Lisi; juede [Wangwuy dui ziji;/-;;, mei xinxin]].
Zhangsan know Lisi  think Wangwu to self no confidence

Zhangsan knew that Lisi thought that Wangwu had no confidence in himself/him
[Zhangsan].

While Huang and Tang (1991) had claimed that only c-commanding subjects and experiencer
arguments of psychological verbs qualify as long-distance antecedents for ziji, Xue et al. (1994)

provided examples for sub-commanding long-distance antecedents (see D.11).

Huang (1984) also first observed that the long-distance binding of ziji can be blocked by certain
kinds of NPs intervening between the antecedent and the reflexive. In early work on Chinese
reflexives, it was proposed that any intervening c-commanding subject NP with phi-features
different from a potential long-distance antecedent blocked binding of ziji by the latter (Huang,
1984; Tang, 1989) (see D.18, example from Tang, 1989).

(D.18) Blocking of long-distance binding by an intervening subject
K= A S (D R = R G =TI
Zhangsan; juede [wo/ni; dui ziji-;;; mei xinxin].
Zhangsan think I/you  to self no confidence

Zhangsan thought that I/you had no confidence in myself/yourself.

 Although not mentioned by Yu (1992), in this example co-indexation of the reflexive with the subject
Feiou is also grammatical.
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Huang and Tang (1991) provided evidence that not only c-commanding subjects induce blocking
effects on long-distance binding. A sub-commanding NP intervening between the reflexive and a
remote c-commanding subject also blocks long-distance binding by the latter in case it displays

person features different from that remote NP (see D.19, example from Huang and Tang, 1991).

(D.19) Blocking by an intervening sub-commanding NP
K= woo® W B F T HC-
Zhangsan; shuo [wo; de jiacao hai le  ziji-;/;].
Zhangsan say I DE pride hurt Asp self

Zhangsan said that my pride hurt myself.
In Example D.19, the long-distance binding by the third person NP Zhangsan is blocked by the
intervening first person pronoun wo (‘I’) that sub-commands the reflexive.

Moreover, Huang and Tang (1991) also showed that an experiencer non-subject also blocks

long-distance binding of ziji (see D.20, example from Huang and Tang, 1991).

(D.20) Blocking by an experiencer non-subject
K= X HE & B moE O R
[[Zhangsan; dui ziji; /s, mei xinxin de shi] shi wo; hen
Zhangsan  to self no confidence DE fact make me very
Mk W OJEE 0 FW R B
nanguo de xiaoxi] shi Lisiz hen yiwai.
sad DE news make Lisi very surprised

The news that I was saddened by the fact that Zhangsan had no confidence in
himself surprised Lisi.

Example D.20 is a double embedding with an experiencer argument in the matrix clause (Lisi)
and another experiencer argument in the first embedding (wo ‘me’). The long-distance binding
of ziji by the structurally highest experiencer argument Lisi is blocked by the intervening first
person experiencer argument wo. Crucially, the blocker wo is not a subject. From these data
Huang and Tang (1991) concluded that the set of potential blockers of a certain long-distance
binder is the set of potential local or less remote antecedents. Long-distance binding is not
blocked if and only if the non-local antecedent in question agrees in phi-features with all closer
potential antecedents. However, Xue et al. (1994) noticed that direct objects and obliques (i.e.,
NPs that do not qualify as potential antecedents) can also induce blocking effects (see D.21,
example from Xue et al., 1994).

(D.21) Blocking by an object

K= HiF & W MR HS-
Zhangsan; gaosu woj; [Lisix hen  zijic;/« /1]
Zhangsan tell me Lisi  hate self
Zhangsan told me that Lisi hates himself.
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In this example, wo (‘me’), not being a subject, is not a potential antecedent but nevertheless

blocks binding by the matrix subject Zhangsan.

Pan (2000) provided a thorough analysis of blocking effects induced on long-distance binding of
ziji. He demonstrated that there is an asymmetry in the blocking effect induced by non-matching
person features: while intervening 1st and 2nd person NPs can block long-distance binding by
a 3rd person NP (see D.18), an intervening 3rd person NP does not block binding by non-local
1st or 2nd person NP (see D.22; example from Pan, 2000).

(D.22) Person asymmetry in the blocking effect

o xE =W A BEX HO-
Wo; zhidao [Lisi; bu xihuan ziji;,;/].
I know Lisi not like self

I knew that Lisi did not like me/himself.

Tang (1989) had already noted an asymmetry in the blocking effect induced by non-matching
number features (cf. Xu, 1993). Tang noted that while a plural local subject does not block a
long-distance singular antecedent (see D.23, example from Tang, 1989), a local singular subject

blocks binding by a remote plural antecedent (see D.24, example from Tang, 1989).

(D.23) No blocking of a singular long-distance antecedent by a plural local NP
K= woo fRAT #EE T HCE

Zhangsan; shuo tamen; piping le Ziji;/j.
Zhangsan say they criticize ASP self
Zhangsan said that they criticized him/themselves.

(D.24) Blocking of a plural long-distance antecedent by a singular local NP
filfil B K= BT T HE-
Tamen; shuo Zhangsan; piping le  zijix;/;.
they say  Zhangsan criticize ASP self

They said that Zhangsan criticized himself.

Huang (2002) noted that the blocking of a plural long-distance antecedent induced by a local
singular subject can be overcome if forcing a distributive reading of the matrix predicate by

adding the distributive marker ge (‘each’) or dou (‘all’) (see D.25, example from Huang, 2002).

(D.25) Distributive reading of non-locally bound ziji
fisfil  #H wH K= ¥ T HC-

Tamen; dou shuo Zhangsan; piping le ziji; /j.
They all say Zhangsan criticize ASP self

Every one of them said that Zhangsan criticized him/himself.

Therefore, Huang (2002) explained the sensitivity of ziji to number mismatch not with blocking

effects but rather with certain properties of Chinese reflexives regarding distributivity. In English,
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sentences like John and Mary criticized themselves are ambiguous between a distributive reading
in which each John criticizes himself and Mary criticizes herself, and a collective reading in which
they both criticize their collective self saying, e.g., ‘we are wrong’. In contrast, in the case of the
Chinese ziji only the distributive reading is possible. In a sentence like D.26 only the reading
according to which each Lisi is criticizing himself and Zhangsan is criticizing himself is available
(Huang, 2002).

(D.26) Distributive interpretation of a plural antecedent in the case of local ziji

K= Mo fE #F BC-
Zhangsan he Lisi zai piping ziji.
Zhangsan and Lisi at criticize self

Zhangsan and Lisi are criticizing themselves.

While in the case of locally bound ziji it appears to be not necessary to overtly mark the
distributive interpretation of the plural antecedent, in the case of long-distance bound ziji, the
distributive reading of the antecedent has to be overtly marked by inserting a distributive marker
such as ge (‘each’) or dou (‘all’). Therefore, the long-distance binding is possible in D.27. Huang
(2002) further provided evidence against the claim that mismatching number induces blocking
effects by comparing sentences with a local and a long-distance antecedent, both being plural,
with and without a plural marker for the remote antecedent. He shows that, as expected under
his account, the long-distance binding of ziji is indeed only possible if the remote subject is
overtly marked for distributivity. Hence, the long-distance binding is possible in D.27 (example
from Huang, 2002), in which the matrix subject is followed by the distributive marker dou (‘all’),
but not in D.28 (example from Huang, 2002), in which the long-distance antecedent is not overtly

marked for distributivity.

(D.27) Plural long-distance antecedent with a distributive marker

fisfl o E W Al it B .
Tamen; dou shuo tamen; chang piping ziji;/;. (i#j)
They all say they often criticize self

Each of them said that they often criticize him/themselves.

(D.28) Plural long-distance antecedent without a distributive marker

(1411 N 1 S 42 HC-

Tamen; shuo tamen; chang piping  ziji-;/;.  (i#))
They say  they often criticize self

They; said that they; often criticized themselves.;,;.

To conclude, in Example D.28 the local and and the remote antecedent share the same number
feature, therefore the unavailability of a long-distance binding cannot be attributed to a blocking

effect induced by number mismatch (Huang, 2002).
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D.1.4 Exceptions to the animacy constraint

Already Tang (1989) had pointed out that the reflexive ziji requires its antecedent to be animate.
Although it is widely agreed on in the literature that the animacy constraint imposed on ziji’s
antecedent is a lexical property inherent to the reflexive (e.g., Tang, 1989; Xue et al., 1994;
Huang and Liu, 2001), it has also been proposed that the animacy constraint results from the
context rather than being a property inherent to the reflexive itself (Pan, 1995). However, there
appear to be some exceptions to the animacy constraint: Tang (1989) indicated that if ziji is not
used as an anaphor but as an intensifier (similar to the use of the English himself in a sentence
like He himself wrote the letter), there is no animacy constraint imposed on the antecedent;
the antecedent of emphatic ziji can be an animate or inanimate (concrete or abstract) NP. In
the case of anaphoric ziji, according to Tang (1989), the only exception where an inanimate
antecedent is allowed is the metaphoric use of an inanimate NP. In D.29 (example from Tang,
1989) the inanimate noun yueliang (‘moon’) can be the antecedent of ziji because in the given

context it is understood as a personification.

(D.29) Inanimate antecedent: Metaphoric extension
A5 £ 5 = R #EE HCE-
Yueliang; na  wu yun lai zhegai ziji;.
moon take dark cloud come cover self

The moon covered herself with dark clouds.

In contrast to Tang (1989), Pan (1995) proposed that animacy is not a requirement ziji im-
poses on its antecedent. He provided several examples in which the antecedent of ziji is clearly

inanimate (see D.30-D.32, examples taken from Pan, 1995).

(D.30) Inanimate antecedent: organisation/group of humans?%:11
H =5 B WY E A
[Zhongguo gongchandang]; hai neng kao shei? Yao chuangzao
Chinese communist party still can depend who want -create
=5 Rk, ZA # A B % A==
gongchangdang de weilai, kongpa ye zhi neng kao [ta-ziji];.

communist party DE future perhaps also only can depend itself

Who else can the Chinese Communist Party depend on? Perhaps it can only
depend on itself to create its future.

1071 the Pinyin transcription of this sentence chuangchao has been corrected to chuangzao.

"Pan (1995) does not provide Chinese characters for this example sentence. Consultation with native
speakers revealed that the bi-morphemic reflexive ta-ziji is preferable written as fft B C. (‘himself’)
rather than ‘& H T (‘itself’). This indicates that speakers of Chinese perceive the antecedent Zhongguo
gongchandang as animate rather than inanimate.
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(D.31) Inanimate antecedent: ziji followed by the possessive marker DE'2
B K — E 85 R A HH £ OEE B
Dan jian [yi dao jinggiao de bai shi gongqiaol; zai jingzhi de
but see one CL beautiful DE white stone arch-bridge at still DE
JKTH £ #F HE B #%-
shuimian shang tou-xia ziji; de daoying.
water surface on throw down self DE reverse shape

Suddenly I saw a beautiful white stone arch-bridge throwing its own mirror image
on the water.

(D.32) Inanimate antecedent: ziji followed by possessive marker DE
- 0 rHE #0F HC B AXK.
[Mei yi ge gongyuan|; dou you ziji; de dongtian.
every one CL park all have self DE winter

FEvery park has its own winter.

Although the data provided by Pan (1995) challenge the claim that ziji requires an animate
antecedent, a closer investigation of the examples puts into question the generalizability of Pan
(1995)’s claim. In Example D.30, the compound reflexive ta-ziji, which besides is known to
behave differently from the bare reflexive ziji, is anteceded by Zhongguo gongchandang (‘Chinese
Communist Party’). If one considers the Communist Party as referring to the whole of its human
members, the animacy requirement could be considered as fulfilled. This analysis is in line with

Zaenen et al. (2004)’s proposal to categorize organizations as animate referents.

In the other examples provided by Pan (1995), ziji is not in argument position but — as it is
followed by the possessive marker DE — in specifier position. The sequence ziji+DE corresponds
to a possessive pronoun like his in English. Pan (1995) does not provide any example in which
the bare reflexive ziji is in argument position and is bound by an inanimate NP. This is crucial
because Tang (1989) had already noted that only ziji in argument position can be regarded as
an anaphoric instance of ziji; if ziji occurs in a non-argument position it should be considered

as an instance of intensifying ziji which allows inanimate antecedents.

D.2 PROPOSED ANALYSES OF ziji

There are a wide range of different analyses of Chinese reflexives which can be classified into
purely formal approaches on the one hand and functional accounts that try to explain long-

distance bound ziji with pragmatic factors on the other hand.

1211y the original example provided by Pan (1995), it says shuimiao instead of shuimian and jinzhi
instead of jingzhi. 1 believe that both shuimiao and jinzhi are typographical errors in Pan (1995), but
alternatives cannot be fully excluded since Pan does not provide the Chinese characters. Moreover, the
English glosses of this Chinese example have been slightly changed.
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D.2.1 Formal accounts

Two major lines of purely syntactic approaches to long-distance bound reflexives in general
and to Chinese ziji in particular can be distinguished. The first class of account explains long-
distance binding assuming a parametrization of the binding domain: While in English the binding
domain is, roughly speaking, the clause, in Chinese it is the whole sentence (Yang, 1983; Manzini
and Wexler, 1987). In the more recent literature, this approach has been largely abandoned.
The second line of analyses does not assume a parametrization of the binding domain but rather
regards long-distance reflexives as being covertly local in nature (Cole and Sung, 1994). Although
all the approaches belonging to this line of research share their basic claim — the inherent local
nature of long-distance bound ziji —, they differ substantially in the mechanisms they assume
to connect ziji with its antecedent. In the following I will briefly list the most prominent of these

accounts.

Tang (1989) proposed to account for the possibility of long-distance bound ziji by assuming
language-specific Feature-Copying and Re-indexing Rules. Under this account, ziji is base gen-
erated as pro-ziji, i.e., as a compound reflexive with an empty pro. In the case of long-distance
bound ziji, this pro transfers its phi-features to -ziji after Binding Theory has applied, which
results in long-distance binding of the reflexive (optional Feature-copying Rule). The iterative
and obligatory Re-indexing Rule requires that the long-distance reflexive is re-indexed with the

c-commanding animate subject of the next higher governing category.

Following Lebeaux (1983) who had suggested that all anaphors move at the logical form (LF)
level, it was proposed that ziji undergoes covert head movement to the local I and, in the case of
long-distance binding, to a higher I via cyclic head movement (Battistella, 1989; Pica, 1987; Cole
et al., 1990; Cole and Sung, 1994; Cole and Wang, 1996). Huang and Tang (1988, 1989, 1991)
developed another approach that also assumes covert successive cyclic movement at LF, but in
which ziji undergoes A’-movement rather than head movement. In their account long-distance

zigi is derived by successive-cyclic adjunction of the reflexive to IP.

In the framework of Generalized Phrase Structure Grammar, the long-distance binding of ziji is
explained with the percolation of the foot feature [REFL] from the reflexive to the domain of its
antecedent (Kang, 1988). Cole et al. (1993) incorporate the idea of feature percolation of ziji in

the Government and Binding framework.

D.2.2 Pragmatic and non-uniform accounts

Huang et al. (1984) have proposed a functional approach to long-distance bound ziji. They
suggested that the long-distance ziji should be regarded as an anaphoric pronoun rather than
a real anaphor in the sense of Binding Theory (Chomsky, 1981). They suggested that the non-
locally bound ziji referred to the subject of the matrix clause which is argued to be, in an
underlying representation, the “speaker” of the embedded clause containing ziji. The embedded
clause itself is assumed to be a direct quote originating from the antecedent in that underlying

representation.
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Yu (1992) proposed that sentence-free ziji might be a logophor, an idea he further pursued in
his dissertation (Yu, 1996). Huang and Liu (2001) developed this account clearly distinguishing
between the locally bound ziji and the long-distance bound ziji. The local ziji is analyzed as a
syntactic anaphor in the sense of Binding Theory (Chomsky, 1981) whose binding domain is the
traditional Governing Category (Chomsky, 1986). For this locally bound ziji, a head movement
analysis is proposed in which the reflexive is raised and left-adjoined to V (Huang and Liu,
2001; Huang, 2002). Long-distance bound ziji, in contrast, is not subject to Binding Theory, but
treated as a logophor. Huang and Liu (2001) define the term logophor as follows:

[...]a logophor refers to a person whose (a) speech or thought, (b) attitude or
state of consciousness, and/or (c¢) point of view, or perspective, is being reported.
This person may be the speaker (the external Source, Self, or Pivot) or an internal

protagonist denoted by an argument of the sentence (e.g., the matrix subject).

In other words, when ziji is not locally bound, it is subject to conditions of logophoricity, i.e., it is
required to be contained in a description of a certain property which the referent of its antecedent
explicitly or implicitly self-ascribes or which he self-ascribes via the help of the speaker (Huang
and Liu, 2001; for a similar approach c.f. Liu, 2010). In a related account, Pan (1997) suggests
to analyze long-distance bound ziji as an element that expresses de se beliefs (Lewis, 1979). For
the difference between Pan’s approach and the analysis of ziji as a logophor q.v. Huang and Liu
(2001).

Another pragmatic approach to long-distance ziji was proposed by Xue et al. (1994) and Pollard
and Xue (1998). In contrast to the above described accounts, they explain the difference between
what they call a ‘syntactic reflexive’ (i.e., locally bound ziji) and a ‘non-syntactic’ reflexive (i.e.,
long-distance ziji)'® not with lexical ambiguity between an anaphor and some kind of discourse
pronoun, but propose that there is only one type of ziji that can be related to its antecedent
either via syntactic binding or via discourse co-reference. In case ziji is not syntactically bound,
its interpretation is subject to pragmatic or discourse constraints. In contrast, when ziji is syn-
tactically bound, it is exempt from these constraints (Pollard and Xue, 1998). Another difference
to Huang and Liu (2001)’s account is their definition of binding domain. Following Pollard and
Sag (1992a,b, 1994) they propose the use of relative obliqueness of grammatical relations to
define the binding domain of reflexives rather than purely tree-configurational relations such as

c-command.

13Cases in which ziji is bound by a sub-commanding antecedent (local or remote) are treated as
instances of ‘non-syntactic’ reflexives.
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