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Abstract

Subject relative (SR) clauses have a reliable processing advantage in VO languages like English in
which relative clauses (RCs) follow the head noun. The question is whether this is also routinely
true of OV languages like Japanese and Korean, in which RCs precede the head noun. We
conducted an event-related brain potential (ERP) study of Korean RCs to test whether the SR
advantage manifests in brain responses as well, and to tease apart the typological factors that
might contribute to them. Our results suggest that brain responses to RCs are remarkably similar
in VO and OV languages, but that ordering of the RC and its head noun localizes the response to
different sentence positions. Our results also suggest that marking the right edge of the RC in
Chinese (Yang et al. 2010) and Korean and the absence of it in Japanese (Ueno & Garnsey 2008)
affect the response to the following head noun. The consistent SR advantage found in ERP studies
lends further support to a universal subject preference in the processing of relative clauses.”

1. Introduction

At least since the pioneering work of Sir William Jones on Sanskrit at the end of the 18
century (in which he showed by means of comparisons with Latin and Greek that these
languages were related), linguistic analysis has aimed at differentiating those aspects of the
human language faculty that are universal in nature, i.e. shared by all known languages,
from those that are specific to individual (groups of) languages. There has thus always been
an inherent tension between emphasizing language-universal vs. language-specific
properties in linguistic theorizing.

In recent years, it has become apparent from the results especially of neurophysiological
studies that language-universal vs. language-specific aspects of language processing in the
brain need to be differentiated in like manner, with a view to determining whether either
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predominates in a given language. Even though it deals specifically with the processing of
relative clauses in Korean, the current study can be viewed as a contribution to this larger
area of inquiry.

Both formal and functional approaches to the study of cross-linguistic variation have
suggested that processing may play a role in shaping grammars. Various proposals in the
formal tradition have equated rules of the grammar with computational operations of the
parser (Miller & Chomsky 1963; Fodor, Bever & Garrett 1974; Bresnan & Kaplan 1982;
Berwick & Weinberg 1983), while functionalists have also suggested that languages are
structured in the ways they are because of processing constraints (Keenan & Comrie 1977,
Hawkins 1990). We frame our discussion in these terms to highlight the fact that universal
and specific properties of language can be identified and compared not only in terms of
language structure, but also in terms of language processing.

In subsequent sections, we review a number of typological properties hypothesized to affect
the processing of relative clauses cross-linguistically. In section 1.1, we address more
general structural properties, including the apparent processing advantage of subject relative
clauses, in light of (a) the processing difficulty associated with pre-nominal relative clauses,
(b) the processing differences between filler-gap vs. gap-filler dependencies in relative
clauses, and (c) the effect of dropped arguments on relative clause processing. In section 1.2,
we address structural properties of the major East Asian languages (Chinese, Japanese, and
Korean) and their parametric variation with respect to: (a) headedness, (b) marking of noun
phrases for case, and (c) marking of a pre-nominal relative clause at its right edge. We
review two main types of theoretical explanation for the subject relative processing
advantage in section 1.3, and discuss previous ERP results relevant to the processing of
relative clauses in section 1.4.1 Predictions for our study based on this background are
provided in section 2.1. We then outline our experimental details and present the results in
sections 2.2 and 2.3 respectively. In section 3, the experimental results are discussed in light
of language-universal vs. language-specific aspects of language processing in consideration
of structural properties of Korean. The paper concludes with section 4.

1.1. The typology of relative clauses and consequences for processing

Subject relative clauses (example (1a) in Table 1) are more common across the world’s
languages than object relative clauses (example (1b) in Table 1) and other relative clause
types (Keenan & Comrie 1977).2

This is true regardless of whether a relative clause is post-nominal, i.e., follows its head
noun (‘reporter’), as it does in English and related languages ((1) in Table 1), or pre-
nominal, i.e. precedes its head noun, as is the case in many other languages including
Chinese, Japanese and Korean, schematically represented with English lexical items in (2)
of Table 1.

1Readers may wish to skim or skip over sections devoted to concepts with which they are familiar, but are encouraged to pay attention

to sections with which they may be less familiar. The extensive background we provide will be crucial to the interpretation of our

results, as Korean is relatively understudied with respect to its processing parameters, which in turn reflect its typological properties.
For details of this proposal, see Section 1.3.
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Keenan and Comrie’s claim that this pattern held because subject relatives are inherently
easier to process has been substantiated in numerous studies across languages using a wide
variety of psycholinguistic measures in English (self-paced reading time: King & Just 1991,
ERP: King & Kutas 1995; PET: Stromswold, Caplan, Alpert, & Rauch 1996, Caplan,
Alpert, & Waters 1998, Caplan, Alpert, & Waters 1999, Caplan, Alpert, Waters, & Olivieri
2000; fMRI: Just, Carpenter, Keller, Eddy, & Thulborn 1996, Caplan et al. 2002, Cooke et
al. 2002, Constable et al. 2004, Chen, West, Waters, & Caplan 2006, Caplan, Stanczak, &
Waters 2008; eye-tracking: Traxler, Morris, & Seely 2002), in Dutch (Frazier 1987), in
German (Schriefers, Friederici, & Kuhn 1995, Mecklinger, Schriefers, Steinhauer, &
Friederici 1995, Minte, Schwirtz, Wieringa, Matzke, & Johannes 1997, Bader & Meng
1999, Schwartz 2007), in French (Frauenfelder, Segui & Mehler 1980, Holmes & O’Regan
1981, Cohen & Mehler 1996), in Hebrew (Friedmann & Novogrodsky 2004, Arnon 2005),
in Turkish (Kahraman, Sato, Ono & Sakai 2010), and in Russian (Polinsky 2011).

It has also been claimed in the typological literature that the choice of relative clause
placement, viz. pre- or post-nominal, is influenced by processing efficiency. Languages in
general tend to be consistent as to whether the head of a phrase occurs at its beginning or at
its end (Greenberg 1963), and can be divided into V[erb]O[bject] and O[bject]V[erb] types
(Dryer 1992).3 In VO languages like English, verbs and prepositions precede their objects,
whereas in OV languages like Korean, verbs and prepositions (actually “postpositions™)
follow their objects. The situation with relative clauses is not as straightforward. On the one
hand, 98% of head-initial languages (Dryer 1992) have head-initial (i.e., post-nominal)
relative clauses ((1) in Table 1), consistent with the fact that they also have head-initial VO
word order and prepositions. On the other hand, less than half of head-final languages (41%)
with OV word order and postpositions also have head-final (i.e., pre-nominal) relative
clauses ((2) in Table 1) (Dryer 1992). The other 59% have head-initial (i.e., post-nominal)
relative clauses instead, as in English (see also Hawkins 1983; Lehmann 1984). Overall, this
leads to a higher percentage of post-nominal/head-initial relative clauses cross-linguistically.
The underrepresentation of pre-nominal/head-final relative clauses across the world’s
languages has been attributed to the fact that, given left-to-right sentence processing, pre-
nominal/head-final relative clauses invite temporary misanalysis (Hawkins 1990, 1999,
2004; see also Fodor 1983).4 If the beginning of a relative clause is not marked as such, a
sentence-initial relative clause like (2) in Table 1 can easily be misinterpreted as the main
clause of the sentence.® This misanalysis necessitates complex and costly revision processes
later in the sentence when additional structural cues indicate that the sentence-initial string
was in fact a relative clause (e.g., at the head noun ‘reporter’ in (2) of Table 1). The claim is
that such structures are avoided cross-linguistically in order to minimize the burden of such
processes.

The proper interpretation of any type of relative clause, either pre- ((2) in Table 1) or post-
nominal ((1) in Table 1), additionally requires the mutual dependency of the head noun,

3vo languages can be head-initial or verb-medial, but not head-final, while OV languages are always head-final; in what follows we
will thus be using the labels OV and head-final interchangeably.

For expository purposes we present a simplified version of Hawkins’ proposal; for the full proposal, cf. Hawkins (1990).

This misanalysis as a main rather than a relative clause has been attributed to the minimal attachment parsing heuristic, in which the
parser by default assumes the simplest structure possible (Frazier, 1985; Hawkins, 1990).
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which we will refer to as the “filler,” and its “gap” in the relative clause (i.e., the position
where it would ordinarily occur in a declarative clause, indicated as “__i”) (Fodor 1978).
The filler must be interpreted at the gap position to determine its thematic role (i.e. whether
it is the agent, patient, recipient, etc. of the action expressed by the relative clause verb) and
grammatical function (i.e., whether it is the subject, object, indirect object, etc. of the
relative clause), and the gap position receives its referential identity from the filler.

Thus pre- and post-nominal relatives also differ with respect to the relative ordering of the
head noun filler (‘reporter”) and its gap: in post-nominal/head-initial relatives ((1) in Table
1), the filler precedes the gap, thus creating “forward” filler-gap ordering, while in pre-
nominal/head-final relatives ((2) in Table 1), the filler follows the gap, creating “backward”
gap-filler ordering. Each ordering presents its own processing challenges. A forward filler-
gap dependency in a post-nominal/head-initial relative clause ((1) in Table 1) requires the
encoding of the head noun ‘reporter’ in working memory and its retrieval at the gap position
for thematic role assignment (i.e., as agent of the “attacking’ event). As outlined in section
1.3, this ordering has been shown to incur a number of processing costs. On the other hand,
a backward gap-filler dependency in a pre-nominal/head-final relative clause ((2) in Table 1)
may require the encoding of an unfilled gap (i.e., either the unspecified agent of the verb
‘attack’, as in ‘X attacked the senator’, or the argument and/or phrase structural
representation of the entire relative clause) in working memory, and its subsequent retrieval
at the head noun position, for establishing the referent of the previously unspecified
participant in the relative clause (i.e., who or what was it that did the attacking?). The
difference in processing costs between these types of memory operations and those involved
in a forward filler-gap dependency is still an open question.

Moreover, there is a further cross-linguistic difference that affects the processing of gap-
filler ordering. As pointed out above, sentence-initial relative clauses like (2) in Table 1
whose left edge is not marked in any way can initially be misinterpreted as a main clause
under certain circumstances. On the other hand, one might expect from English that a gap-
filler dependency like (2a) in Table 1 would have a major impact on processing routines
precisely because there is a missing argument in the initial clause. In other words, it might
seem obvious that this is a relative clause structure because of the missing argument. The
problem with this assumption is that the dropping of arguments is very common in
languages like Chinese, Japanese, and Korean. In the case of Korean, subjects in spoken
language are dropped 69.4% of the time, and objects 52.8% (Kim 2000). Thus encountering
a missing argument is not necessarily an indication that one is processing a relative clause.

In summary, subject relative clauses are more common across the world’s languages, and
have been shown to be easier for language users to process in VO languages. In this study
we investigate whether this is true of OV languages (e.g., Korean) as well. Languages tend
to be consistent in their headedness properties, as observed in head-initial languages, of
which virtually all those surveyed likewise have head-initial relative clauses. However,
consistency of headedness does not seem to hold in the ordering of relative clauses in head-
final languages, of which many exhibit head-initial relative clauses instead, by hypothesis to
avoid misanalysis of a sentence-initial relative clause as the main clause. The difference in
processing costs incurred by filler-gap ordering in head-initial relative clauses vs. gap-filler
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ordering in head-final relative clauses, particularly in the presence of widespread argument
drop, is another focus of our study.

We will show that, despite (a) the consistent head-final nature of Korean, (b) the consequent
gap-filler ordering of its relative clauses, and (c) the widespread occurrence of argument
drop, especially of subjects, subject relatives still appear easier to process in Korean,
consistent with Keenan and Comrie’s (1977) original claim. Furthermore, brain responses to
relative clauses turn out to be remarkably similar in English and Korean, which we will
claim is evidence for language-universal processing. However, the differences in brain
response to subject vs. object relative clauses are localized to different sentence positions in
English and Korean, a language-particular processing effect tied to specific typological
properties of the individual languages in question.

1.2. Pre-nominal relative clauses across East Asian languages: Structure and processing

Subject relative clauses have been found to be more easily processed in languages with post-
nominal relative clauses. For pre-nominal relative clauses, this same subject relative
preference has been consistently replicated in Japanese (self-paced reading time: Kanno &
Nakamura 2001, Miyamoto & Nakamura 2003, Ishizuka et al. 2003; ERP: Ueno & Garnsey
2008)6 and in Korean (self-paced reading time: Kwon, Polinsky, & Kluender 2006, Kwon
2008b; eye-tracking: Kwon et al. 2010). Studies of Mandarin, on the other hand, have
produced far less straightforward results, with some studies finding a subject relative
processing advantage, just as in English and Japanese (self-paced reading time: C. Lin &
Bever 2006, Chen, Li, Kuo & Vasishth, submitted), while others have found an object
relative processing advantage (self-paced reading time: Chen, Ning, Bi, & Dunlap 2008,
Gibson & Wu 2013, Hsiao & Gibson 2003; Y. Lin & Garnsey 2007, Y. Lin 2010; maze-
task: Qiao, Shen & Forster, 2012). For Cantonese, there seems to be a preference for object
relatives at least in child language (Yip & Matthews 2007).

One possible explanation for this is differences in basic word order. Japanese is strictly
head-final, with SOV word order, as shown in (3) in Table 1. Chinese, on the other hand,
exhibits mixed headedness. It is for the most part VO, with SVO word order and
prepositions; however, it presents something of an anomaly with respect to its relative clause
ordering. Of the 61 head-initial languages examined by Dryer (1992), Chinese is the sole
language that does not have post-nominal/head-initial relative clauses; it has pre-nominal/
head-final relative clauses instead, as shown in (4) in Table 1.

However, there are further typological differences between Japanese and Chinese relative
clauses that might account for why Japanese exhibits a consistent subject relative preference
while Chinese does not. A feature that often correlates with strict head-final word order is
the overt marking of noun phrases for case:’ note from example (3) of Table 1 that Japanese

6Although two studies (Nakamura 2000, Ishizuka et al. 2006) have reported a processing advantage for ORs in Japanese, Nakamura
(2000) attributed her result to a garden path effect associated with SRs (Kanno & Nakamura 2001). When the experimental sentences
were controlled for this garden path effect, the OR advantage disappeared and a SR advantage emerged (Kanno & Nakamura 2001).
Similarly, the OR processing advantage reported by Ishizuka et al. (2006) was not replicated in follow-up studies, and they in fact
found a SR processing advantage in their second follow-up experiment (Tomoko Ishizuka and Ted Gibson, personal communication;
see also Kwon et al., 2010, for detailed discussion of Ishizuka et al., 2006).
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subject noun phrases are marked nominative (-NOM) and direct object noun phrases
accusative (-ACC); there is no equivalent case marking in example (4) of Table 1 for
Chinese. On the other hand, Mandarin (but not Cantonese) exhibits a typological feature
missing in Japanese, in that it marks the end (right edge) of its relative clauses with a clitic —
de attached to the final word of the relative clause.®

These three typological features (consistent headedness, case marking, and relative clause
marking) could contribute to the difference in relative clause preferences shown by Japanese
(subject preference) vs. Chinese (conflicting results) across studies. In this regard, Korean is
a good test case, as it exhibits all three of these features ((5) in Table 1). Like Japanese, it is
consistently head-final with SOV word order and pre-nominal/head-final relative clauses,
and it also marks its noun phrases for case (i.e., subjects are marked -NOM and objects -
ACC). However, similar to Chinese but unlike Japanese, Korean demarcates its relative
clauses by attaching a so-called adnominal marker -ADN to the clause-final verb.9

To the extent that Korean patterns with Japanese in terms of its relative clause preferences
and brain responses, this would confirm that the difference in the Japanese vs. Chinese
results is attributable to parametric differences in the consistency of headedness and/or case
marking. On the other hand, to the extent that Korean patterns with Chinese, this would
indicate that marking the right edge of a head-final relative clause constitutes a crucial
typological factor. As a first step toward addressing these questions, we utilize an on-line
measure that can provide both quantitative and qualitative information about the time course
of relative clause processing in Korean, namely ERP methodology.

We will show that brain responses at the head noun position in Korean are more similar to
those in Chinese (Yang, Perfetti & Liu 2010) than to those in Japanese (Ueno & Garnsey,
2008). We attribute this to the fact that both Korean and Chinese place overt morphological
markers at the right edge of the relative clause. At the same time, the consistent preference
for subject relatives in Korean and Japanese but not Chinese suggests that consistency of
headedness parameters, and possibly also the use of overt case marking, are responsible for
this cross-linguistic difference in consistency of processing preferences. These observations
are further discussed in the light of the relationship between morpho-structural properties of
language and parsing in section 3.5.

1.3. Theoretical accounts of the subject relative processing advantage

For ease of exposition, we group a variety of theoretical accounts of the subject relative
processing advantage into two broad categories of explanation: those that deal with surface-

7Among numerous SOV languages, only Abkhaz (Hewitt 1979) seems to be a language without such overt case marking. On the other
hand, a large proportion of SVO languages exhibit no case marking (Mallinson & Blake 1981:101).

This clitic is glossed as —~ADN for ease of exposition in Table 1, but it is more accurately used for various kinds of subordination and
modification relationships within noun phrases in Chinese: adjectives, possessives, nominal and clausal complements, and relative
clauses. At any rate, in (4) of Table 1, the clitic clearly marks the end of a relative clause preceding the head noun, the main clause
subject ‘reporter’.

The adnominal marker —(nu)n attached to the embedded verb is technically not a relative clause marker in Korean, either, as it also
marks the complement clauses of abstract head nouns, as in [The fact [that the reporter attacked the senator]] surprised the press
corps. See section 2 for detailed discussion.
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level features such as the linear string, and those that refer to abstract levels of phrase
structural representation.

In the first category are accounts that define the subject relative processing advantage in
terms of activation and subsequent decay of a filler in working memory stores as material
intervening is processed between filler and gap (or its subcategorizer, the relative clause
verb “attacked’) in (1b) of Table 1. In this approach, processing difficulty increases as a
function of filler-gap distance, either in terms of specific types of linguistic units in the
linear string (e.g., Gibson 1998, 2000; Warren & Gibson 2002) or in real time units (Lewis
& Vasishth 2005; Lewis, Vasishth & Van Dyke 2006). As soon as an unassigned filler
(‘reporter”) is detected (at ‘who’), a corresponding gap is postulated in both subject (SRs;
(1a) of Table 1) and object relative clauses (ORs; (1b) of Table 1). However, filler-gap
distance is longer in ORs (1b) than in SRs (1a), as indicated by the arrows. ORs in head-
initial languages with forward filler-gap dependencies are therefore predicted and have been
found to be more difficult.

In contrast, a gap precedes its filler and there is no relative pronoun to flag it in languages
with pre-nominal relative clauses like Chinese, Japanese, and Korean. Moreover, since
arguments are frequently dropped in these languages, the position at which the absence of an
argument is detected will differ for subject vs. object relative clauses, rendering predictions
based on linear/temporal distance more complex. For example, in Japanese and Korean
(examples (3) and (5) respectively in Table 1), with SOV word order, a missing subject will
be postulated at the sentence-initial, non-canonical NP-ACC (3a & 5a), while a missing
object will be detected at a transitive verb lacking an internal argument (Table 1, 3b & 5b).
In Chinese, with its basic SVO word order (example (4) in Table 1), absence of a subject
will first be detected at the sentence-initial verb (Table 1, 4a), while a missing object will be
postulated at the clitic —de following the verb (Table 1, 4b; see footnote 8). Consequently, if
linear/temporal distance is calculated with respect to the point at which a missing argument
is detected, SRs should be more difficult to process than ORs due to their longer linear/
temporal distance in all the East Asian languages, as indicated by the arrows in Table 1.

Processing models based on linear/temporal distance therefore predict a processing
advantage for SRs in forward filler-gap dependencies in languages like English and an OR
processing advantage in backward gap-filler dependencies in languages like Chinese,
Japanese, and Korean.10 This prediction is consistent with studies of Chinese that report an
OR processing advantage (Chen, Ning, Bi, & Dunlap 2008, Hsiao & Gibson 2003, Y. Lin &
Garnsey 2007, Gibson & Wu 2013, Qiao, Shen & Forster 2012), but not with the reported
SR processing advantage in Japanese and Korean (Kanno & Nakamura 2001; Miyamoto &
Nakamura 2003; Ishizuka et al. 2003; Ueno & Garnsey 2008, Kwon 2008b, Kwon et al.
2010) or with other studies of Chinese that report a SR processing advantage (C. Lin &
Bever 2006, Chen, Li, Kuo & Vasishth submitted).

10For detailed discussion of accounts based on gap postulation and reactivation of missing argument slots, please refer to Kwon et al.
(2010) and Gibson & Wu (2013).
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In the second category of theoretical approaches are those that account for the SR/OR
processing asymmetry in terms of more abstract levels of representation, namely
grammatical relations (Keenan & Comrie 1977) or phrase structure (O’Grady 1997). Keenan
and Comrie’s (1977) accessibility hierarchy (1) was originally proposed as a universal
constraint on relative clause formation: if a language allows relativization on one
grammatical position in this ordering, then it must also allow relativization on all
grammatical positions to the left of that position on the scale shown in (1).

(1) Accessibility hierarchy

subject > direct object > indirect object > oblique > genitive > object of
comparison

(Keenan & Comrie 1977:66)

This is also argued to directly reflect ‘psychological ease of comprehension’ (Keenan &
Comrie 1977:88). In other words, a grammatical role higher on the accessibility hierarchy is
argued to be easier to process and therefore more common cross-linguistically (see also
Hawkins 1999, 2004).

O’Grady’s (1997) phrase-structural distance hypothesis (2) accounts for the processing
advantage of SRs in terms of the phrase structural distance between a gap and its filler.

(2)  Astructure’s complexity increases with the number of XP categories (S, VP,
etc.) between a gap and the element with which it is associated. (O’Grady 1997:
136)

As shown in Figure 1, ORs exhibit greater phrase-structural distance between gap and filler
than SRs (3 XPs vs. 2 XPs), and this relatively greater distance is assumed to translate into a
processing disadvantage (cf. O’Grady 2011).

This second class of models therefore predicts a consistent processing advantage for SRs in
both forward and backward filler-gap dependencies. This prediction is consistent with the
SR processing advantage found in forward filler-gap dependencies in English and backward
gap-filler dependencies in Japanese, Korean and some studies of Chinese—but not with the
OR processing advantage reported in other studies of Chinese (Chen, Ning, Bi & Dunlap
2008, Hsiao & Gibson 2003, Y. Lin & Garnsey 2007, Gibson & Wu 2013, Qiao, Shen &
Forster 2012).

In sum, models based on linear/temporal distance predict that SRs will be more difficult to
process in Korean, while models based on grammatical relations and/or phrase structure
representations predict that Korean ORs will be more difficult.

1.4. Previous ERP studies of filler-gap dependencies

Thus far we have discussed filler-gap dependencies only in relative clauses (3). However,
filler-gap dependencies are also found in other constructions such as wh-questions (4) and
scrambling constructions in German, Japanese and Korean (5).

(3) [rc the reporter; [who the senator attacked i ]] admitted the error.

Language (Baltim). Author manuscript; available in PMC 2014 November 14.
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4 Which reporter; did the senator attack __ i?
(5) reporter;., ACC senator-NOM ___i attacked
“The senator attacked the reporter’

Forward filler-gap dependencies with object fillers like these consistently cause additional
processing difficulty, as indexed by (a) slow anterior negative brain potentials initiated at the
onset of a dependency (frequently persisting up to or even beyond the gap position), and (b)
transient left anterior negativity (LAN) and/or P600 responses around gap positions (relative
clauses: King & Kutas 1995, Weckerly & Kutas 1999, Miller, King & Kutas 1997, Minte,
Schwirtz, Wieringa, Matzke & Johannes 1997, VVos, Gunter, Kolk & Mulder 2001, wh-
guestions: Kluender & Kutas 1993a, 1993b, Kluender & Miinte 1998, Kaan, Harris, Gibson
& Holcomb 2000; Fiebach, Schlesewsky & Friederici 2002, Felser, Clahsen & Miinte 2003,
Phillips, Kazanina, & Abada 2005, Gouvea, Phillips, Kazanina & Poeppel 2010; scrambling
constructions: Rosler, Pechmann, Streb, Réder & Hennighausen 1998, Matzke, Mai, Nager,
Risseler & Minte 2002, Schlesewsky, Bornkessel & Frisch 2003, Ueno & Kluender 2003,
Hagiwara, Soshi, Ishihara & Imanaka 2007, Wolff, Schlesewsky, Hirotani & Bornkessel-
Schlesewsky 2008).

Left anterior negativity (LAN) is a negative-going wave with an anterior spatial distribution,
i.e. largest over anterior regions of scalp, and often but not always left-lateralized (Kluender
& Kutas 1993a, 1993b; cf. Fiebach et al. 2002, King & Kutas 1995, Phillips et al. 2005,
Ueno & Kluender 2003b). In terms of its time course, LAN has been observed both in a
transient form 300-500 or 300-600 ms after the onset of a single word, as well as in a
sustained slow potential form that spans several words and may last for several seconds.11
Crucial for present purposes, LAN has been found to be related to working memory, a
system involved with holding transitory information in mind for further manipulation and
processing. For example, Mlnte, Schiltz, & Kutas (1998) showed that sentences that taxed
working memory more heavily elicited sustained negativity over left anterior regions
compared to control sentences, and the difference between the two conditions was larger in
participants with higher verbal working memory capacity (see also King & Kutas 1995 for
similar differences between good and poor comprehenders; but see Fiebach, Schlesewsky &
Friederici 2002 and VVos, Gunter, Kolk, Mulder 2001 for larger differences in participants
with lower working memory capacity).

In this context, slow anterior negative brain potentials to ORs (3) have been interpreted as
indexing higher working memory costs for ORs (3) than for SRs (King & Kutas 1995). For
example, in post-nominal SRs (example (1a) in Table 1), the head noun ‘reporter’ is
immediately assigned a thematic role from the embedded verb, allowing simultaneous
identification of the grammatical function of the head noun within the relative clause. In
post-nominal ORs (example (1b) in Table 1), on the other hand, the head noun ‘reporter’
remains without a thematic role or grammatical function until the gap position is reached,
which constitutes an additional burden on the working memory system (Gibson 1990). The

11| AN has also been observed in response to morpho-syntactic anomalies such as subcategorization and phrase structural violations
(Minte, Heinze, & Mangun 1993, Neville et al. 1991; Résler, Pitz, Friederici & Hahne 1993), inflection/agreement violations (Kutas
& Hillyard 1983; Miinte et al. 1993; Osterhout & Mobley 1995), and case violations (Coulson, King, & Kutas 1998).
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slow anterior negativity in response to forward filler-gap dependencies within the relative
clause regions of ORs is purported to be an index of this cost (King & Kutas 1995).12

Transient LAN responses to the main clause verb position (i.e., immediately following the
gap position) in post-nominal ORs have instead been taken to index higher processing costs
of associating gaps with their fillers. In SRs (example (1a) in Table 1), thematic role
assignment by the embedded (‘attacked’) and main (“admitted’) clause verbs occurs at
different points in sentence processing (embedded verb: early relative clause region; main
verb: immediately after the relative clause region), while in ORs (example (1b) in Table 1),
the head noun receives thematic roles from the embedded (‘attacked”) and main (‘admitted”)
verbs at approximately the same time (embedded verb: at the end of relative clause region;
main verb: immediately after the relative clause region), resulting in a greater number of
simultaneous long-distance computational operations in ORs at that position. Greater
amplitude transient LAN is taken to be an index of this cost (Kluender & Kutas 1993a,
1993b, King & Kutas 1995).

The P600, a late positive-going transient response to a single word, is considered to be a
sign of syntactic processing difficulty; onset latency varies, but classic effects occur between
about 500 and 800 ms. The P600 has largely been elicited by morpho-syntactic anomalies
(Friederici, Pfeifer & Hahne 1993, Hagoort et al. 1993, Neville, Nicol, Bars, Forster &
Garrett 1991, Osterhout & Holcomb 1992). Importantly, however, syntactic violations are
not a prerequisite for eliciting a P600: P600s have also been elicited preceding the gap
positions of forward filler-gap dependencies in wh-questions (Kaan et al. 2000, Fiebach et
al. 2002, Felser et al. 2003, Phillips et al. 2005, Gouvea et al. 2010) and in Japanese
scrambling contexts (Ueno & Kluender 2003, Hagiwara et al. 2007), occasionally in
combination with transient LAN responses. Kaan et al. (2000) argued that the P600 in
response to gap positions is an index of syntactic integration (see also Fiebach et al. 2002,
Phillips et al. 2005).

Reading time studies of Japanese (Kanno & Nakamura 2001, Miyamoto & Nakamura 2003,
Ishizuka et al. 2003) and Korean (Kwon 2008b, Kwon et al. 2010) relative clauses show the
same slowed reading times to ORs that have been reported in head-initial languages like
English with forward filler-gap dependencies. What remains to be determined is whether the
same cognitive/neural mechanisms underlie the subject preference in both forward filler-gap
dependencies (relative clauses and wh-questions in English, German, and Dutch, and
scrambling in German, Japanese, and Korean) and backward gap-filler dependencies
(relative clauses in Japanese and Korean). We also wanted to investigate the extent to which
parametric variation across the East Asian languages (section 1.2) might affect brain
responses.

12The negativity initiated at the onset of the dependency, however, generally does not increase cumulatively across the course of the
dependency (King & Kutas 1995, Phillips et al. 2005; Hagiwara et al. 2007; Ueno & Kluender 2009). That is, a sustained anterior
negativity is sensitive to the presence of a dependency but not to its length. This is consistent not only with models of verbal working
memory that do not posit a storage function (e.g. Lewis & Vasishth 2005; Lewis, Vasishth & Van Dyke 2006; McElree 2001), but also
with certain studies of visual working memory using fMRI in humans (Jha & McCarthy 2000) and single-unit recording in monkeys
(Zaksas & Pasternak 2006) that show activation only at encoding and retrieval stages, and no evidence of a maintenance function
spanning the two. Figure 5 of our own data can be interpreted in this same way; see section 3.4.1.
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Thus far there have been two ERP studies of backward gap-filler dependencies in pre-
nominal relative clauses in East Asian languages: Japanese (Ueno & Garnsey 2008) and
Chinese (Yang et al. 2010).13 Ueno & Garnsey (2008) observed ERP effects that were
remarkably similar to those found in forward filler-gap dependencies: when compared to
SRs similar to (3a) in Table 1, Japanese ORs similar to (3b) in Table 1 elicited (bilateral)
anterior negativity from the onset of the embedded verb (“attacked’), where it was
significant, through the head noun position (‘reporter’), where it was marginal. Ueno &
Garnsey interpreted this response as indexing higher working memory demands related to
structural distance (O’Grady 1997). Additionally, there was a slow positive-going potential
to ORs ((3b) in Table 1) with a centro-posterior maximum starting ~500 ms after the head
noun (‘reporter”) and persisting across the rest of the sentence. Although this positivity
differed substantially from the standard P600 in its morphology and time course (i.e. it was a
sustained rather than a transient effect), Ueno and Garnsey argued that it indexed syntactic
integration difficulty in ORs due to the greater phrase structural complexity of ORs
compared to SRs (O’Grady 1997).

The design of the materials in the Yang et al. (2010) ERP study of Chinese relative clauses
was different enough that the effects within the relative clause region are not comparable.
However, at the head noun position there was again a sustained central-frontal negativity in
response to ORs ((4b) in Table 1) compared to SRs ((4a) in Table 1), albeit with no
subsequent late positivity.

Based on these previous ERPs studies, we can make the following predictions found in the
next section for brain responses to relative clauses in Korean.

2. Experiment

2.1. Predictions

Whether a dependency has filler-gap or gap-filler ordering, a successful parse depends on
appropriate and timely association of the two dependent elements. To make predictions
about the processing of backward gap-filler dependencies, a reasonable starting point is
applying what we know about the processing of forward filler-gap dependencies (6 & 7) to
the surface word order regularities of backward gap-filler dependencies (8 & 9).

(6) Processes involved in forward filler-gap dependencies

a. Afiller (or incomplete dependency) needs to be encoded in working
memory in anticipation of a gap.

13There is one ERP study of Basque, an ergative, head-final language with pre-nominal relative clauses (Carreiras et al. 2010). The
authors of this study reported an effect of late positivity in response to the disambiguation point of subject vs. object relative clauses
that contained a temporary ambiguity; however, the latency (300-500 ms), distribution (left anterior) and morphology of this ERP
effect are unusual for a late positivity, raising questions about its polarity. The authors moreover proposed that the OR advantage they
report could be accounted for in terms of sensitivity to the absolutive-ergative distinction in Basque (in ergative languages, the
absolutive is often a privileged argument for relativization; see Dixon 1994). However, as shown by Polinsky et al. (2012), this result
directly follows from frequency effects (see al Clemens et al. submitted). We do not consider the impact of ergativity here, but instead
base our predictions on studies of East Asian languages with accusative-nominative alignment that are typologically more comparable

to Korean.
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b. At the gap site, the parser needs to locate an appropriate filler in
working memory to associate with the gap.

c. The filler needs to be integrated with the gap.
(7 Neuro/cognitive indices of processing forward dependencies

a. Encoding a filler in working memory elicits a sustained anterior
negativity, often (but not always) left-lateralized (King & Kutas 1995,
Fiebach et al. 2002, Felser et al. 2003, Ueno & Kluender 2003, Phillips
et al. 2005, Hagiwara et al 2007).

b. The retrieval of a filler to associate with the gap seems to be indexed by
a transient, typically left lateralized anterior negativity (LAN)
(Kluender & Kutas 1993a, 1993b, King & Kutas 1995, Ueno &
Kluender 2003).

c. Filler-gap integration at the gap site has been claimed to be indexed by
a late positivity (Kaan et al. 2000; Fiebach et al. 2002, Felser et al.
2003, Ueno & Kluender 2003, Phillips et al. 2005, Hagiwara et al
2007).

(8) Hypothesized processes involved in backward gap-filler dependencies

a. A gap (lack of a required argument of the embedded verb) needs to be
encoded in working memory to complete the dependency.

b. At the filler site, the parser needs to locate an appropriate gap in
working memory to associate with the filler.

c. The gap needs to be integrated with the filler.
9 Hypothesized neuro/cognitive indices of processing backward dependencies

a. Encoding a gap in working memory might elicit a sustained anterior
negativity.

b. The retrieval of a gap from working memory to associate with the filler
might elicit transient left-lateralized anterior negativity (LAN).

c. Gap-filler integration at the filler site might be indexed by a late
positivity.

On the assumption that such a processing account is on the right track, the question arises
whether each of the analogous processes in forward filler-gap (6) and backward gap-filler
dependencies (8) will elicit a similar brain response (9). In processing models based on the
linear/temporal distance of an incomplete dependency, we might predict a larger ERP
response to SRs than to ORs if encoding a gap in working memory incurs a processing cost,
as the linear distance between gap and filler is longer in SRs ((5a) in Table 1) than in ORs
((5bin Table 1).

However, it seems unlikely to us that there would be ERP effects associated with additional
working memory requirements for encoding a gap in working memory in a backward gap-

Language (Baltim). Author manuscript; available in PMC 2014 November 14.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kwon et al.

Page 13

filler dependency as there are for encoding a filler in working memory in English and other
West Germanic languages. First, unlike forward filler-gap dependencies, in which a filler
reliably signals the presence of a gap (activefiller hypothesis: Frazier & Clifton 1989), in
backward gap-filler dependencies in Korean (and likely in Chinese and Japanese as well), a
gap does not reliably indicate the presence of a filler. Because Korean liberally drops both
subject and object arguments (Kim 2000), when the parser encounters a missing argument in
Korean, there is no reason to assume that this will turn out to be a syntactic gap in a relative
clause construction. This would not be the only or even the most likely continuation of the
sentence. That is, a sentence fragment with a missing argument (10) could turn out to be a
simple clause (11), a sentential complement clause (12) with a dropped argument, or part of
a relative clause (13). Alternatively, it could even turn out to be a scrambled sentence
without any missing argument (14). Note that the use of the adnominal marker (-ADN) is
not even exclusive to relative clauses, as shown in (12): here it is used to mark the sentential
complement of the head noun “fact’.

(10)  Structural ambiguity of a gap
[ Yenghuy-lul hakkyo-eyse... ]
Y-Acc school-at...

(11)  Argument drop in a simple clause
[ Yenghuy-lul hakkyo-eyse manna-ss-ta]
Y-Acc school-at meet-PST-DECL

‘(Someone) met Yenghuy at school.”’

(12)  Argument drop in a sentential complement clause
[ Yenghuy-lul hakkyo-eyse manna-n] sasil
Y-ACC school-at meet-ADN fact

‘the fact that (someone) met Yenghuy at school”

(13)  Subject relative clause
[+ Yenghuy-lul hakkyo-eyse manna-n] sensayngnim;
Y-AcC school-at meet-ADN teacher

‘the teacher who met Yenghuy at school”

(14) Scrambled sentence
[ Yenghuy-lul hakkyo-eyse sensayngnim-i manna-ss-ta|
Y-ACC school-at teacher-Nnom meet-PST-DECL

“The teacher met Yenghuy at school.”

Second, even if one were to assume that a gap could reliably indicate the presence of a filler,
as is the case in (13) and (14), the encoding of a gap is not likely to burden working
memory. In forward filler-gap dependencies, encoding a filler in working memory has been
assumed to be difficult because an NP without a thematic role (or an incomplete
dependency) imposes a WM burden (Gibson 1990). In a gap-filler dependency, however, a
gap is a gap, with no phonetic or thematic content to encode. Although the parser might
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encode the missing thematic role of a relative clause verb or the event that it represents with
a missing argument instead of a “gap” per se in working memory, relative clause verbs
occur immediately before the head noun in both subject and object relatives in Korean. We
therefore predict that the relative clause region in a Korean relative clause construction will
not elicit analogous ERP effects (i.e., sustained anterior negativity) to those elicited by
English relative clause filler-gap constructions.

The filler-gap processing requirements outlined in (6b,c) and (8), on the other hand, might
be expected to cause similar processing difficulties in both forward filler-gap and backward
gap-filler dependencies, despite ordering differences. A previous reading time study of
Korean backward gap-filler dependences showed significantly longer reading times in ORs
than in SRs, and this effect was most evident at the head noun position, where the parser has
to locate an appropriate syntactic gap to associate with the filler (Kwon 2008b, Kwon et al.
2010). Likewise, in English forward filler-gap dependencies, there is greater processing
difficulty in ORs than in SRs at the main verb position, where the parser has to locate an
appropriate filler in working memory to associate with the gap (King & Just 1991; King &
Kutas 1995, among others). Accordingly, we predict transient (left) anterior negativity
and/or late positivity in response to ORs at the head noun position, similar to the responses
to retrieval of a relevant filler (transient LAN response) and the integration of filler and gap
(P600) in a forward filler-gap dependency. Moreover, any elicited late positivity may last
throughout the sentence as it did in Ueno and Garnsey (2008), as schematized in Table 3.

2.2. Methods

Materials—For the ERP experiment, 80 sets of subject (15) and object (16) relative clauses
with possessive head nouns were constructed.14 15

{15) SR experimental sentences

[ ¢ sinmwunsa-uy sacang-ul pimilliey  cengehicekulo  ivongha-n]
newspaper-GEN publisher-acC  secretly  politically exploit-Ann

UVWOT-y sumwusil-ey  kkongphay-ka tulichyessta

senator-GEN  office-to Zang-NOM attacked

SR: *Gangs attacked the office of the senator who secretly took advantage of the publisher of the

newspaper for political purposes.”

(16)  OR experimental sentences

[sinmwunsa-uy sacang-i ; pimillicy cengehicekulo ivongha-n]
newspaper-GEN publisher-Nnom secretly politically exploit-ADN
UYWOr-LY samwusil-ey  kkangphay-ka tulichyessta

senator-GEN  office-to Eang-NoM attacked

OR: “Gangs attacked the ofTice of the senator who the publisher of the newspaper secretly ook
advantage of for political purposes,”

14Relative clauses with possessive head nouns were selected to control for parallel grammatical function (Sheldon 1974). In the
parallel grammatical function hypothesis (Sheldon 1974), relative clauses are processed better when the head noun carries the same
grammatical function in both main and relative clauses. Thus, for example, SRs with subject head nouns and ORs with object head
nouns have an advantage over ORs with subject head nouns and SRs with object head nouns, respectively. SRs and ORs with
possessive head nouns do not share this confound, since both constructions involve different grammatical roles for the head noun in
the relative and main clauses.

A relative clause with a possessive head noun is structurally ambiguous in Korean, such that the relative clause could be interpreted
as modifying either the first or the second NP (e.g., ‘senator-GEN’ or ‘office-to” in (15) and (16)). To remove this ambiguity, only
inanimate NPs (e.qg., ‘office-to”) were used as the second noun, while a human head noun (e.g., ‘senator-GEN”) was required by the
relative clause verb.
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In this study, we were interested in syntactic aspects of relative clause processing. For this
reason, we intentionally used out-of-the-blue sentences with no supporting context (but see
Kwon et al. 2010 for the processing of Korean relative clauses both with and without
facilitating context) in order to avoid the influence of discourse pragmatic support. We also
made our relative clauses semantically reversible by including two human arguments in
order to avoid semantically guided parsing. In addition, we conducted a norming study to
control for the plausibility of SRs and ORs, following Miyamoto and Nakamura (2003),
with an aim to ensure that the plausibility of the events denoted in the experimental
sentences would not bias one interpretation over the other. 144 native Korean speakers
living in Korea participated in the norming study. Sentences were created by replacing the
gap with its associated head noun in each of eight sets of SR and OR conditions. For
example, for SRs (15) and ORs (16), sentences like (17) and (18) were created.

(17} Norming sentence generated from SR condition
VWO sinmwunsa-uy  sacang-ul pimillicy cengchicek-ulo  ivonghayssta
senalor-NOM  newspaper-GEN publisher-acc secretly  politically exploit

“The senator secretly took advantage of the publisher of the newspaper for political purposes.”

{18)  Norming sentence generated from OR condition
sinmwunsa-uy  sacang-i uywon-ul pimilliey cengchicek-ulo iyonghayssta
newspaper-GEN - publisher-NoM  senator-acc secretly  politically exploit

“The publisher of the newspaper secretly ok advantage of the senator for political purposes.”

A norming study for another experiment with two long-distance dependency conditions was
included in the same experimental paradigm. The norming sentences were split into four
lists using a Latin-square design. Participants saw one sentence from each SR and OR pair,
(e.g., (17) or (18)), and rated the plausibility of each sentence on a scale of 1-5 (1 if it
sounded plausible and 5 if it sounded unlikely). Three subjects did not complete the
questionnaire and thus were excluded from the analysis. The means for plausibility were 2.5
for the sentences formed from SRs and 2.6 for the sentences formed from ORs.16 A
student’s t-test showed that this difference was not significant [t(140) = 2.59, p <.1].

The ERP study was run concurrently with another study in the same experimental sessions.
Thus, 80 further sets of object relatives with different head noun types (‘The painter who the
representative of the gallery evaluated highly at the international exhibition gained the
attention of the world’) and minimal pair adjunct clause sentences with dropped object
arguments (“‘Because the representative of the gallery evaluated [him;] highly at the
international exhibition, the painter; gained the attention of the world”) were included. In
other words, two other long-distance dependency conditions — one syntactic and the other
referential — were presented to participants during the same experimental sessions.
Moreover, since at the time of the study there were no previously reported ERP results
available for Korean to which our experimental results could be compared, another 210 sets
of filler sentences were included to elicit standard N400, P600, and LAN effects. These filler
sentences consisted of 70 sets each of phrase structure violations of headedness (the use of
prepositions instead of postpositions, which are required by the rigidly head-final structure

16The experimental stimuli were newspaper-style sentences and the relatively low acceptability ratings may also be due to their
complex structure (see fns. 13, 14, and 19) and high-level vocabulary.
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(19)  Phrase structure violations

(a) Grammatical control

emma-ka ocen-ey kongwon-ulo sanchayk-ul  ka-si-ess-ta
Mom-NOM  moming-at  the.park-to  walk-acc 20-HON-PST-DECL

‘Mom went to the park for a walk.’

(b) Ungrammatical sentence: headedness violation
emma-ka ocen-ey ulo-kongwon sanchayk-ul  ka-si-ess-ta
Mom-NOM  morning-at  to-the.park  walk-acc 20-HON-PST-DECL

“*Mom went the park to for a walk.”

(20)  Semantic congruity violations

(a) Congruous control

achim-ey salamtul-i pap-ul mek-ess-ta
morning-in  people-NOM  rice-ACC eat-PST-DECL

‘In the morning. people ate a meal.’

(b) Incongruous sentence
achim-ey salamtul-i chayk-ul mek-ess-ta
morning-in  people-NOM  book-AcC eat-PST-DECL

“#In the morning, people ate a book.”

(21)  Scrambling

{a) Canonical word order sentence

ku yuchiwon-uy woneang-i hakwon-uy  nyencwung  hayngsa-cy
that  kindergarten-GEN principal-NoM school-GEN  annual event-to
hakpwumotul-ul chotayhay-ss-ta
parents-Acc invile-PST-DECL

“The principal of the kindergarten invited the parents to the annual school event.”

(h) Scrambled sentence

hakpwumotul,-ul ku yuchiwon-uy woncang-i hakwon-uy
parents-ACC that  kindergarten-GEN principal-NOM school-GEN
nyencwung  hayngsa-ey  _ ,  chotayhay-ss-ta
annual event-to invite-pST-DECL

*~The parents, the principal of the kindergarten invited _ to the annual school event.”

Page 16

of Korean) (19), semantic incongruity violations (20), and so-called “scrambled” sentences
in which a direct object was fronted to the beginning of the sentence (21).17

All experimental and filler sentences were split into two lists of 370 sentences each using a
Latin square design. These were further divided into twelve sub-lists, of which ten contained
31 sentences and the remaining two contained 30 sentences. The sentences in each list were
pseudo-randomized, such that sentences from the same condition never appeared

17 Thus, all told, participants saw 40 subject relative sentences, 80 object relative sentences, 40 sentences containing adjunct clauses
with dropped object arguments, 35 sentences with scrambled direct objects, 35 sentences containing a headedness violation, 35
sentences containing a semantic violation, and 105 well-formed monoclausal sentences with no dependency formation. If anything,
the overrepresentation of object dependencies (forward syntactic [scrambling], backward syntactic [ORs], and backward referential
[adjunct clauses with dropped objects]) in the stimulus set should have facilitated the processing of ORs compared to SRs. However,
as the results show (see section 2.3), this was not the case.
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consecutively. In addition, the stimuli were presented in a different random order for every
participant to prevent order-related effects.

Participants—22 native Korean speakers were paid $10/hour for their participation in the
ERP study (female = 14, male = 8).18 At the time of the experiment, all participants were
between the ages of 22 and 31 (mean: 25) and were enrolled in graduate school or in English
classes at UCSD Extension. The average length of stay in the U.S. was 13 months (range of
length of stay: 2 months to 3.5 years). All participants were right-handed with no
neurological disorders and normal or corrected-to-normal vision.

Procedures—RParticipants were run in a single session lasting about 2.5 hours, including
preparation. Sentences were presented visually in Korean Hangul (phonetic) script in the
center of a monitor screen, one el (a writing unit typically composed of one free
morpheme with additional dependent morpheme(s), e.g., ‘singer-NOM”) at a time. Each gjel
was presented for 300 ms with a 500 ms stimulus onset asynchrony (SOA).19 The
interstimulus interval between sentences was 3000 ms and subjects were given as much rest
as they wished between sub-lists. Yes/No comprehension questions were presented at the
end of every five sentences on average to maintain participants’ attention. The
comprehension questions focused on the content of the immediately preceding sentence;
both filler and experimental sentences were tested. For example, the comprehension
question (22) immediately followed experimental sentence (15).

(22)  Question

sinmwunsa-uy  sacang-i uywon-ul cengchicekulo  ivonghaysssupnikka?
newspaper-GEN  publisher-NOM  senator-ACC  politically exploited?
*Did the publisher of the newspaper take advantage of the senator?’

Each comprehension question appeared 1000 ms after the offset of the sentence-final word
and remained on the screen until participants responded by pressing hand-held buttons. The
response hand was counterbalanced to control for dominance. The next sentence started
2000 ms after the response. There was a practice session with seven sentences before the
experiment.

Electrophysiological Recording—The electroencephalogram (EEG) was recorded
from 26 tin electrodes mounted geodesically in an electro-cap. These sites included midline
prefrontal (MiPf), left and right lateral prefrontal (LLPf and RLPf), left and right medial
prefrontal (LMPf and RMPY), left and right lateral frontal (LLFr and RLFr), left and right
medial frontal (LMFr and RMFr), left and right medial lateral frontal (LDFr and RDFr), left

18The total number of participants actually run was 24. However, two participants were excluded from analyses due to excessive EEG

artifacts.

Since at the time of this study there were no previous ERP results for Korean reported in the literature, the presentation rate was
based on gaze durations in eye-tracking studies and the responses of four participants in pilot experiments. The average reading time
for first pass reading per gjel in eye-tracking studies is about 400 ms (Kwangil Choi, Yoonhyoung Lee, and Youngjin Kim, personal
communication). In pilot experiments, volunteers were presented with experimental sentences in blocks at different presentation rates
(400 ms duration with 650 ms SOA, 300 ms duration with 500 ms SOA, and 200 ms duration with 400 ms SOA) and rated each
presentation speed in terms of their understanding of the sentences and the naturalness of the reading speed. The presentation order of
each block was different for each participant. Participants reported that although they could understand sentences at the fastest
presentation rate (200 ms presentation with 400 ms SOA), they felt most comfortable and natural with presentation rates of 500 ms

SOA.
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and right medial central (LMCe and RMCe), midline central (MiCe), left and right medial
lateral central (LDCe and RDCe), left and right lateral temporal (LLTe and RLTe), left and
right medial lateral parietal (LDPa and RDPa), midline parietal (MiPa), left and right lateral
occipital (LLOC and RLOc), left and right medial occipital (LMOc and RMOc), and midline
occipital (MiOc). Each electrode was referenced online to the reference electrode on the left
mastoid. To monitor blinks and eye movements, electrodes were placed on the outer canthi
and under each eye, and were referenced to the left mastoid. Impedances were kept below
5K. The EEG was amplified with Nicolet amplifiers, digitized at a sampling rate of 250
Hz.

Data Analysis—For transient effects, measurements were taken of single-word ERP
averages, which consisted of 1000 ms epochs, including a 100 ms prestimulus baseline. For
longer-lasting effects, measurements were taken of two-word averages, which consisted of
1700 ms epochs (2 x 500 ms SOA, a 400 ms prestimulus baseline, and the first 300 ms of
the following [third] word). Trials contaminated by excessive muscle activity, amplifier
blocking, or eye movements were discarded offline before averaging. On average, 4% and
9% of trials were rejected for single- and two-word averages, respectively. The averaged
data were algebraically re-referenced to the mean of the activity at the two mastoids. For
purposes of visualization only, ERP waves were smoothed using a low pass filter with a
cutoff frequency of 5 Hz.

The data were submitted to a full analysis, i.e. an overall ANOVA with repeated measures
of experimental condition (SR vs. OR) and electrodes (26 levels). In addition, a
distributional analysis was conducted, including experimental condition (SR vs. OR),
hemisphere (left vs. right), laterality (lateral vs. medial) and anteriority (four levels:
prefrontal vs. frontal vs. temporoparietal vs. occipital) as factors. Electrodes included were
left and right lateral prefrontal (LLPf and RLPf), left and right medial prefrontal (LMPf and
RMPf), left and right lateral frontal (LLFr and RLFr), left and right medial frontal (LDFr
and RDFr), left and right lateral temporal (LLTe and RLTe), left and right medial lateral
parietal (LDPa and RDPa), left and right lateral occipital (LLOc and RLOc), and left and
right medial occipital (LMOc and RMOc). To corroborate smaller local effects, an ANOVA
was performed on quadrant regions of electrodes (left anterior: LLPf, LLFr, LMPf, LDFr;
right anterior: RLPf, RLFr, RMPf, RDFr; left posterior : LLTe, LLOc, LDPa, LMOc; right
posterior: RLTe, RLOc, RDPa, RMOc) or on individual electrodes. All analyses were run on
mean amplitudes of predetermined latency intervals based on prior research (N100: 80-120
ms; P200: 150-250 ms; P600: 500-800 ms; N400: 300-600 ms; LAN: 300-600 ms) unless
otherwise noted. The Huynh-Feldt (1976) correction for lack of sphericity was applied, and
corrected p-values are reported with the original degrees of freedom.

The mean correct response rates to comprehension questions following SRs (15) and ORs
(16) did not differ significantly: 70% vs. 68%, respectively.20, 21 Comprehension accuracy
was higher for filler sentences: 94% for sentences with and without phrase structural
violations (19), 95% for sentences with and without semantic incongruity (20), and 85% for
sentences with and without scrambling (21).
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Recall that the focus of this experiment was the processing of backward (gap-filler)
dependencies in Korean relative clauses; the results were then to be compared with the
processing of forward dependencies in English relative clauses. To investigate the effects on
the ERP record of an unfilled gap in need of integration with a subsequent filler, we planned
to examine ERP responses to SRs and ORs in three regions: relative clause, head noun and
main verb regions, as shown in Table 3. Before presenting the main experimental findings
with regard to relative clauses, however, we first present the results of the filler sentences,
which help to provide some context for the interpretation of the experimental results.

Filler sentences with phrase structure violations: P600—The ungrammatical filler
sentences with prepositions (‘*to-the.park’) in place of postpositions (19b) elicited a
positive-going ERP in comparison to the grammatical controls with postpositions (‘the.park-
to’) (19a). This effect was widely distributed across the scalp (Figure 2). The full ANOVA
in the 500-800 ms latency range with all 26 electrodes showed a main effect of
grammaticality (see Table 4 for a summary of the ANOVA results). In the distributional
analysis, there was again a significant main effect of grammaticality and a significant
interaction of grammaticality, laterality, and anteriority; while the relative difference in
amplitude of the late positivity in response to ungrammatical vs. grammatical sentences was
constant over lateral electrodes, it was larger over the back than over the front of the head at
medial electrodes (Figure 2C).

Filler sentences with semantic incongruity: N400—The semantically incongruous
filler sentences (20b) (e.g., ‘In the morning, people ate a book’) elicited a negative-going
ERP in comparison to the congruous controls (20a) (e.g., ‘In the morning, people ate a
meal’; see Figure 3). The full ANOVA in the 300-600 ms latency range with all 26
electrodes showed a main effect of congruity and a significant interaction of congruity and
electrodes (see Table 5 for a summary of the ANOVA results). In the distributional analysis,
there was again a main effect of congruity, a significant interaction of congruity and
laterality caused by larger differences in amplitude between congruous and incongruous
sentences at medial than at lateral electrodes, and an interaction of congruity and anteriority
caused by larger differences in amplitude over the occipital and temporoparietal regions of
scalp than over prefrontal and frontal regions (Figure 3C). In addition, on visual inspection,
the difference looked slightly larger over the right than over the left side of the head, and

20\e believe that the rather low comprehension accuracy rates for our experimental sentences are an inevitable and direct
consequence of the design we chose for this study and of our attempts to eliminate potential confounds from it. As discussed in section
2.2.1 (cf. also fns. 13-15), our experimental stimuli were (a) high-register, complex newspaper-style sentences that (b) avoided the use
of supporting context to force syntactic processing, (c) featured possessive head nouns with different grammatical functions in the
main and relative clause and (d) two semantically reversible human discourse referents that were moreover (e) balanced for
plausibility in a prior norming study and (f) referred to by semantically related occupational titles (e.g. conductor vs. vocalist). Taken
together, these considerations rendered experimental sentences difficult (though certainly not impossible) to process and to remember
for purposes of answering our intermittent comprehension questions correctly.

An anonymous reviewer asked why there was no difference in the accuracy rate of responses to the comprehension questions
following SRs and ORs despite the reported difference in brain responses. It is important to bear in mind that comprehension
questions are a measure of off-line language processing, while ERPs are a measure of ongoing brain activity. The use of a subset of
the same experimental sentences in a prior eye-tracking study, another on-line measure of language processing, yielded results
comparable to the ERP results reported here: while ORs were read more slowly than SRs, there was no difference in the correct
answer rate between the two conditions (Kwon et al., 2010). This then suggests that comprehension questions are not a measure
sensitive enough to detect the processing asymmetry of SRs and ORs in these experiments. Moreover, because ERP responses are in
general more sensitive than other behavioral measures, it is often the case that ERPs show significant differences or correlations where
behavioral measures show none; see McLaughlin, Osterhout, & Kim (2004) for just one such example.
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this impression was confirmed by an interaction of congruity and hemisphere. Overall, this
response had the latency, morphology, and scalp distribution typical of an N400 effect.

Filler Sentences with scrambling: LAN—Scrambled sentences (21b) elicited more
negativity relative to sentences in canonical word order (21a), starting approximately 300 ms
post-stimulus onset of the subject “principal-NOM” in (21b), and continuing into the next
word ‘school-GEN’.22 On visual inspection, this negativity appeared to have a symmetrical
anterior maximum (Figure 4). As we had predicted that this manipulation would elicit a
LAN effect, we first measured the response to the subject noun “principal-NOM’ in a
latency window of 300-600 ms. There was a significant main effect of scrambling in the full
analysis (see Table 6 for a summary of the ANOVA results). This was also the case in the
distributional analysis, which additionally revealed an interaction of scrambling and
laterality caused by larger differences over medial than over lateral electrodes, as well as a
marginal interaction of scrambling, hemisphere, laterality and anteriority. This four-way
interaction appears to have been caused by the fact that the negative response was largest
over anterior electrodes of the left medial array (Figure 4A, C).

We next measured the response in a latency window of 800-1100 ms post-stimulus onset of
the subject noun “principal-NOM?’, in other words 300-600 ms post-stimulus onset of the
following word, ‘school-GEN’ (21b), but without rebaselining. There was again a main
effect of scrambling in both the full analysis and the distributional analysis, as well as a
three-way interaction of scrambling, hemisphere, and laterality, caused by the larger
difference over right medial and lateral and left medial electrodes than over left lateral
electrodes (Figure 4D).

However, when we rebaselined the ERPs to the second word, ‘school-GEN’, the negative
effect disappeared in both the full and the distributional analysis. We therefore decided to
see if it was possible to treat the negativity in response to these two words as sustained in
nature, as we had in fact anticipated, and measured it from 300 to 1100 ms post-stimulus
onset of “principal-NOM’. This resulted in a significant main effect in both the full ANOVA
and the distributional analysis. The distributional analysis also yielded a marginal interaction
of scrambling and laterality, due to a larger difference between conditions over medial than
over lateral regions of scalp, and a marginal interaction of scrambling, hemisphere, and
laterality. This was again likely caused by the larger difference over right medial and lateral
and left medial electrodes than over left lateral electrodes (Figure 4D).

There were somewhat surprisingly no subsequent ERP differences — neither a transient LAN
nor a late positive response — to the words immediately preceding (hayngsa-ey, ‘event-to’)
or following (chotayhay-ss-ta, ‘invite-PST-DECL,’ i.e., the sentence-final main clause
verb), the purported gap position in scrambled sentences (21b).

22For this comparison, we used nominative NPs in different sentence positions (following Ueno & Kluender 2003) rather than the
same NP in nominative vs. accusative case (or topic-marked) in the same sentence position (following Hagiwara et al. 2007). As the
two methods of comparison have yielded equivalent results across studies, we do not believe that this difference is of any

consequence.
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ERP Results for SR and OR Sentences—As an illustration of the overall pattern,
Figure 5 shows the ERP responses elicited at left lateral electrodes by ORs vs. SRs in the
sentence-initial relative clause region of the stimulus materials (including the head noun, the
last word of the average). Visual inspection suggests that ORs elicited greater negativity
than SRs at two sentence positions: the second and third words of the pre-nominal relative
clause (‘publisher-NOM secretly’; see Table 3), and again at the head noun (‘senator-
GEN?”). Each of these effects is discussed in detail in what follows, using ERP responses
obtained over the entire head.

Relative clause region prior to the relative clause verb—Recall the structure of the
relative clause (Table 3): W1 was always a noun in genitive case associated with W2, which
appeared in the nominative if the relative clause gap was the object (OR) and in the
accusative if the relative clause gap was the subject (SR). Visual inspection of the ERPs in
response to the W2 position (see Table 3) revealed a larger broad frontal negativity to the
OR (“publisher-NOM”) (16) than to the SR (‘publisher-ACC’) condition (15), particularly at
lateral electrodes.23 This effect continued throughout the response to W3, “secretly’, as
shown in Figure 6.

To corroborate apparent early effects (Figure 6B), mean voltage measures were taken in the
N100 (80 to 120 ms) and P200 (150 to 250 ms) latency windows. These measures were
subjected to both full and distributional omnibus ANOVAs (see Table 7 for a summary of
the ANOVA results). In the analysis of the 80 to 120 ms interval, there was no significant
effect either in the full analysis (relative clause type x 26 electrodes) or in the distributional
analysis (relative clause type x hemisphere x laterality x anteriority). On the other hand, with
regard to apparent P200 effects, in the 150 to 250 ms interval, there was a significant main
effect of relative clause type in both the full and the distributional analyses, indicating that
the OR condition began to elicit early negativity over much of the scalp.

To quantify later effects, we first measured the response to each word separately, as we had
done in the scrambling comparison. Although we had actually not expected a sustained
negativity in response to the relative clause region of our experimental sentences (section
2.1), we had allowed for it as a logical possibility (9a). We therefore measured each of the
two words (‘publisher-NOM secretly’) that appeared to elicit anterior negativity in the
relative clause region (Figure 5) for standard LAN effects in a latency window of 300-600
ms and 800-1100 ms poststimulus onset of ‘publisher-NOM?, respectively (i.e. without
rebaselining at the second word, ‘secretly’). However, neither of these measurements
produced significant effects in either the full or the distributional analysis.

We therefore conducted an analysis in a time window of 300 to 1100 ms post-stimulus onset
of ‘publisher-NOM/ACC’ in order to encompass both words simultaneously. Measuring the
negativity in this way yielded a significant interaction of relative clause type and electrode
in the full analysis and a corresponding interaction of relative clause type and anteriority in

233Rs and ORs did not differ from each other at W1 in any of the time windows of 0 to 100 ms [F(1,21) = 1.01, n.s.], 100 to 200 ms
[F(1,21) = 0.44, n.s.], 200 to 300 ms [F(1,21) = 0.03, n.s.], 300 to 400 ms [F(1,21) = 0.14, n.s.], or 400 to 500 ms [F(1,21) = 0.42,

n.s.].
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the distributional analysis. This was due to more pronounced negativity in response to ORs
over lateral frontal regions of scalp (Figure 6C). Statistical analyses of the 16 individual
electrodes included in the distributional analysis revealed significant main effects of relative
clause type at left lateral frontal and right lateral frontal electrodes (all other Fs < 2) (Figure
6C).

Overall, these effects indicated that ORs elicited more anterior negativity than SRs in the
relative clause region. A significant main effect in the P200 time window indicated that this
negativity in response to ORs tended to onset early (~200 ms); significant interactions in the
longer time window of 300 to 1100 ms indicated that the negativity became more frontally
distributed later in the epoch.

Relative clause verb and head noun region—Visual inspection of the waveforms
suggested fairly widespread negativity in response to the head noun of the OR condition
(16) compared to the head noun of the SR condition (15), and at some (especially right
posterior) electrodes, less consistent negativity in response to the relative clause verb of the
OR condition as well (Figure 7).24 To compare these results directly to those of Ueno &
Garnsey (2008), an analysis was first conducted on the ERPs to the relative clause verb and
the head noun positions together, again in a time window of 300 to 1100 ms post-stimulus
onset of the relative clause verb ‘exploit-ADN’ (see Table 8 for a summary of the ANOVA
results). There was a significant main effect of relative clause type in both the full analysis
and the distributional analysis. There were no other significant effects (all Fs < 1.2).

While there was in general more negativity to the relative clause verb and head noun
positions in the OR condition, as there had been in Ueno & Garnsey’s (2008) study of
Japanese relative clauses, the ERP responses to these two sentence positions showed
different distributions, suggesting that they were non-identical. As noted previously, the
negativity to the relative clause verb appeared to have a right posterior maximum (Figure
7C), while the negativity to the head noun was widely distributed over the scalp and more
pronounced at frontal sites (Figure 7D). Moreover, over left frontal regions of scalp, the
response to the relative clause verb in the OR condition was in fact positive in polarity
(Figures 7B & 7C).

Thus separate statistical analyses were undertaken of these two apparently separate effects.
In a latency window of 300 to 600 ms post-stimulus onset of the relative clause verb, there
was no significant effect in the full analysis but a marginal main effect of relative clause
type in the distributional analysis, reflecting overall greater negativity to the relative clause
verb in the OR than in the SR condition (Figure 7C). However, quadrant analyses in the
same latency window revealed a marginal main effect of relative clause type over the left
anterior region, where the response was actually more positive to the relative clause verb in
the OR than in the SR condition. There were no significant effects over other regions of
scalp.

243Rs and ORs did not differ significantly at W4 (AdvP immediately preceding the RC verb) in any of the time windows of 0 to 100
ms [F(1,21) = 0.0, n.s.], 100 to 200 ms [F(1,21) = 1.74, n.s.], 200 to 300 ms [F(1,21) = 1.42, n.s.], 300 to 400 ms [F(1,21) = 1.17,
n.s.], or 400 to 500 ms [F(1, 21) = 0.01, n.s.].
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In a latency window of 800 to 1100 ms post-stimulus onset of the relative clause verb
‘exploit-ADN’ (i.e., 300 to 600 ms post-stimulus onset of the head noun ‘senator-GEN’
without rebaselining), there were significant main effects of relative clause type in both the
full and distributional analyses, as well as a marginal interaction of relative clause type,
hemisphere, laterality and anteriority in the distributional analysis. This marginal four-way
interaction was caused by stronger effects at left lateral and right medial electrodes over
anterior regions (see Figure 7D). Other effects were non-significant (all Fs < 1).

However, when ERPs were rebaselined at the onset of the head noun (‘senator-GEN’)
position (Figure 8), there were surprisingly no significant effects of relative clause type in a
latency window of 300 and 600 ms, either in the full analysis or in the distributional
analysis.25 There was, however, a significant effect of relative clause type over the left
anterior region of the quadrant analysis, and no significant effects in other quadrants (all Fs
< 1.5). We high pass filtered our data at.3 Hz without baselining from the beginning of the
sentence in order to avoid this rebaselining problem at the head noun position. This
procedure again yielded significant main effects of relative clause type in both the full and
distributional analyses in a latency window of 300 to 600 ms post-stimulus onset of the head
noun, confirming that the response to ORs was more negative than the response to SRs.
There were no interactions with relative clause type (all Fs < 1.96).

Main clause verb region—There was no effect related to relative clause type in this
region. SRs and ORs were not significantly different from each other in any time window.

3. Discussion

The goal of this study was to investigate to what extent the cognitive/neural processes
underlying the processing of post-nominal relative clauses in languages like English, Dutch
and German resemble those underlying the processing of pre-nominal relative clauses in
head-final languages like Korean. We also wanted to investigate the effect of parametric
variation in consistent headedness (Japanese and Korean), case marking (Japanese and
Korean), and relative clause marking (Chinese and Korean) across the East Asian languages.
To address these questions, we also examined the processing of “baseline” linguistic
manipulations, namely sentences that contained phrase structure violations, semantic
congruity violations, and “scrambled” constituents; these data were needed because at the
time of the study, no electrophysiological research had previously been done on Korean.
These three types of manipulations elicited standard P600, N400 and LAN responses,
respectively, in comparison to control sentences with no syntactic violations, semantic
violations, or scrambled constituents (i.e., with canonical/unscrambled word order). The
responses were similar to previously reported effects in their morphology, latency and
distribution. This suggests that the ERP responses elicited in the processing of Korean
sentences are no different from those observed in other Ianguages.26

251n 3 latency window of 300 to 1100 ms, there was a significant interaction of RC type, hemisphere and anteriority in the
distributional analysis due to greater negativity to ORs over the left anterior region [F(3, 63) = 3.28, p < .027]. However, there was no
evidence of any further effects in a latency window of 300 to 1600 ms (all Fs < 2). This indicates that while the effect carried over into
the brain response to the word following the head noun position (‘office-to’ in Table 9), it did not persist any further than that. In other
words, this was a transient LAN response.
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Overall, Korean relative clauses elicited ERP effects quite similar to those elicited by
English relatives (King & Kutas 1995). As in English, in the relative clause region, ORs
elicited a negative potential with an anterior maximum when compared to SRs (see
discussion in 3.1). At the head noun position, Korean ORs again elicited a negative potential
with an anterior maximum, an effect similar but not identical to equivalent comparisons in
English (King & Kutas 1995: transient LAN effect) and Japanese relatives (Ueno & Garnsey
2008: sustained negativity starting from the preceding RC verb and continuing through the
following head noun). On the other hand, Korean ORs did not elicit a P600 or variant
thereof at sentence positions following the head noun, a finding different from that of Ueno
and Garnsey.27 This set of results will be discussed in terms of the effects of major
typological features — including pre- vs. post-nominal relative clauses and morphological
marking — on parsing strategies.

3.1. Effects within the relative clause region prior to the embedded verb

Within the relative clause region, ORs (‘publisher-NOM?’) (16) elicited a sustained anterior
negativity in comparison to SRs (‘publisher-ACC’) (15). The distribution of slow potential
effects has varied across studies (left anterior maximum: Felser, Clahsen & Miinte 2003,
Kluender & Kutas 1993a, 1993b, Kluender & Munte 1998, Fiebach, et al. 2002;
symmetrical anterior maximum: King & Kutas 1995, Ueno & Kluender 2003, Phillips et al.
2005; (slightly) right lateralized anterior-central maximum: Mdller et al. 1997, Ueno &
Kluender 2009), though they are in general bilateral and, if lateralized, usually to the left.
Thus, it seems that the anterior negativity elicited by ORs at the main argument of the
relative clause (W2, ‘publisher-NOM?’, see Table 1) has an onset latency and a scalp
distribution compatible with the anterior negativities reported in previous studies — as well
as with the anterior negativity elicited in response to our scrambled sentences (Figure 4).

However, this effect within the relative clause region is puzzling for several reasons. First,
SRs (15) began with an apparently non-canonical sentence-initial NP-ACC, while ORs (16)
began with NP-NOM, and thus presented a sentence in seemingly canonical word order
starting with the subject. Previous ERP experiments in German and Japanese have shown
that scrambled sentences starting with non-canonical objects elicit a (L)AN or a widespread
negativity in comparison to sentences starting with canonical subjects (Rosler et al. 1998,
Matzke et al. 2002, Schlesewsky et al. 2003, Ueno & Kluender 2003, Hagiwara et al. 2007,
Wolff et al. 2008), and the scrambling condition in our filler sentences replicated these
results in Korean (Figure 4). In light of this, the negativity with an anterior maximum in
response to ORs with an initial NP-NOM seems surprising.

26The one difference we did observe was the lack of any apparent response at the gap position in our scrambled filler sentences (21b),
in contrast to reports of transient LAN (Ueno & Kluender 2003) and P600 effects (Ueno & Kluender 2003, Hagiwara et al, 2007)
elicited by words surrounding gap positions in Japanese scrambled sentences. We have no ready explanation for this apparent cross-
linguistic discrepancy at this time.

This lack of late positivity in response to the second element (i.e., the head noun) of a backward gap-filler dependency in a pre-
nominal Korean relative clause contrasted as well with the reported late positivity in response to the second element (i.e., the gap) in a
forward filler-gap dependency in Japanese scrambling contexts (Ueno & Kluender 2003, Hagiwara et al. 2007). As reported above in
fn. 23, however, we observed no differences in the ERPs to the words preceding (hayngsa-ey, ‘event-to’) or following (chotayhay-ss-
ta, ‘invite-PST-DECL’) the gaps in our Korean scrambled sentences (21b).
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One possibility is that the anterior negativity elicited by the relative clause region of our OR
experimental sentences (16) is attributable to a strategic processing effect specific to the way
in which our experiment was run — but which nonetheless replicates the previous research
referred to in the first paragraph of this section. In other words, if this alternative account is
correct, it indicates that the strategic processing effect was related to the intrinsic difficulty
associated with processing the gap-filler dependency in an object relative clause.
Specifically, note that the first two words (gjel) in our experimental SR sentences (15) were
always NP-GEN NP-ACC, while the first two words in experimental OR sentences (16)
were always NP-GEN NP-NOM (see footnotes 13 & 14). Given the nature of our design,
this means that participants saw 40 sentences of each of these patterns. But recall from
section 2.2 that this study was run currently with another experiment in which participants
saw another 40 object relatives, of which the first two words were also always NP-GEN NP-
NOM. The comparison condition in that experiment consisted of 40 minimal pair sentences
containing adjunct “because” clauses that also began with NP-GEN NP-NOM, as they also
contained dropped object arguments. Thus overall, nearly one third of the sentences
(120/370) that participants saw during experimental sessions contained an object gap-filler
sequence of some kind, that moreover always began with NP-GEN NP-NOM (see also
footnote 16). It therefore appears that whenever participants saw the sequence NP-GEN NP-
NOM in our stimulus materials, they had every reason to expect that such a sentence would
contain an object gap-filler dependency resolved downstream at the subsequent main clause
subject. We believe that the negativity elicited in this comparison within the relative clause
region was an index of this expectation, as earlier studies have demonstrated that as soon as
the brain has reason to believe (usually by virtue of telltale case marking) that there is an
object dependency of any type to process, there is a negative voltage deflection relative to
conditions that do not contain such a dependency (Kluender & Miinte 1998, Ueno &
Kluender 2009). In some sense, the unintended predictability of the initial case-marking
morphology in our backward gap-filler sentences may have performed a processing function
similar to that of a filler in a forward filler-gap dependency, namely to signal the presence of
an object dependency.

A possible problem for this account of the anterior negativity in response to the relative
clause region of OR experimental sentences is that the 35 control sentences (21a) for our 35
filler scrambled sentences (21b) also began with NP-GEN NP-NOM, and one can
reasonably wonder why in this case the scrambling condition, which exhibited a different
word order (i.e. NP-GEN NP-ACC), would elicit greater anterior negativity instead (see
section 2.3 and Figure 4). We believe that this may again be due to the fact that the structure
of such sentences became apparent across the course of the experimental session, as the
scrambling control sentences (21a) always began with “that NP-GEN NP-NOM?” rather than
with merely “NP-GEN NP-NOM,” as was the case in object gap-filler dependencies (object
relatives). In any case, it is clear that scrambled sentences, which always began
unambiguously with “NP-ACC that NP-GEN NP-NOM,” clearly signaled the presence of
an object filler-gap dependency with an initial NP-ACC in our stimulus materials, and as
such elicited greater anterior negativity than sentences with canonical word order. This is
entirely consistent with prior studies in which accusative-marked object NPs have been
scrambled in front of nominative-marked subject NPs, both in German (Rosler et al. 1998;
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Matzke et al. 2002; Schlesewsky, Bornkessel, & Frisch 2003) and in Japanese (Ueno &
Kluender 2003, Hagiwara et al. 2007, Wolff et al. 2008).28

In summary, Korean object relative clauses elicited a bilateral continuous anterior negativity
compared to SRs, remarkably similar to effects seen in English and in response to scrambled
sentences in Korean. All three sentence types contain object dependencies, but while
English object relative clauses and Korean scrambled sentences contain forward filler-gap
dependencies, Korean object relatives contain backward gap-filler dependencies. In
addition, Korean object relatives and scrambled sentences differ in their sentence-initial case
marking properties. In spite of all these surface-level differences in sentence type, case
marking, and language family, the brain seems to respond consistently to object
dependencies of any type. This appears to be attributable to the common working memory
demands of processing object fillers and their associated gaps, irrespective of other
typological variables. We return to this point below.

3.2. Effects at the embedded verb and the head noun region

ORs (16) also elicited significantly greater negativity in comparison to SRs (15) when
measurements were taken across the relative clause verb and head noun positions together.
When the ERP responses to the relative clause verb and to the head noun were measured
separately within this two-word average, i.e. without rebaselining, the effect turned out to be
stronger at the head noun position but considerably weaker and self-contradictory at the
relative clause verb position: there was a marginal main effect of negativity in the
distributional analysis but curiously no effect of negativity in the right posterior quadrant,
where it appeared maximal (Figures 7A & 7C), with a marginal effect of positivity in the left
anterior quadrant instead. This suggested that the head noun position was driving the overall
negative response at the end of the relative clause. Yet when we rebaselined at the head
noun position itself (Figure 8), the effect persisted only in the left anterior quadrant analysis
— though this could also have been an artifact of rebaselining, given the marginally
significant left anterior positivity in the prior epoch in response to the relative clause verb
(see also footnote 25). To compensate for this, we high pass filtered our data starting from
the beginning of the sentence without baselining. This again resulted in a significant main
effect of greater negativity in response to object relatives at the head noun position. Overall,
as this was a planned comparison at a sentence position where we had predicted a LAN
effect (9b) and found significant evidence of it in four of the five ways in which we
measured it, we conclude that the effect is reliable.

28|t js also possible that the negativity to ORs (NP-GEN NP-NOM) in the relative clause region was related to processing difficulty
associated with a nominative-marked NP. Nominative-marked NPs in Japanese and Korean have been shown to cause processing
difficulty (Kwon 2008a), especially in clauses containing two nominative-marked NPs (Korean: Kim 1999, Kwon 2008a; Japanese:
Miyamoto 2002, Yamashita 1997). Subjects often serve as sentential topics (Langacker 1991, Reinhart 1982) that represent old
information, and thus tend to be dropped in Korean and Japanese; in Korean, 70% of subjects are dropped (Kim 2000). When subjects
do occur with a nominative marker, which typically encodes new information in Korean (Choi 1997), this may prove to be more
difficult to process. Given that the remaining part of the sentence predicates over the subject (cf. Reinhart 1982), successful processing
of the subject-predicate relation may reasonably require the subject to be more deeply encoded than other arguments, and this could
lead to extra working memory demands in ORs (NP-NOM) (for processing difficulty of complex subjects in English, see Kluender
2004). However, an account based on processing costs related to sentence-initial nominative case marking does not explain why there
is no ERP effect corresponding to sentence-initial non-canonical word order (i.e., a sentence-initial NP-ACC) in SRs, as was the case
in response to our filler scrambled sentences (21b; Figure 4).
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The latency and distribution of this effect are compatible with the transient (left) anterior
negativities related to retrieval of fillers at gap positions in ERP studies of forward filler-gap
dependencies across languages (English: Kluender & Kutas 1993a, King & Kutas 1995;
Dutch: Vos et al. 2001; German: Felser et al. 2003; Japanese: Ueno & Kluender 2003). Thus
despite differences in filler-gap ordering, backward gap-filler association in Korean relative
clauses elicits transient (L)AN responses that are strikingly similar in nature to those elicited
by forward filler-gap association cross-linguistically (see Section 3.4 for a comparison with
Ueno & Garnsey’s (2008) study of Japanese).2°

Consider how backward search might operate in a Korean gap-filler dependency, and how
this process might result in differential working memory costs for ORs vs. SRs. Since the
beginning of the dependency is not marked by a filler, there is no possibility of filler
reactivation. However, in Korean, the adnominal marker -(nu)n attached to the embedded
verb signals that the current clause serves as a modifier of (cf. (13)) or complement to (cf.
(12)) the following noun. If the relationship is one of modification, at the head noun, the
parser is compelled to posit a gap (or an incomplete dependency) and has to retrieve an
unfilled argument position from previously parsed material in order to associate that gap
with the newly available filler. Such gap-positing and retrieval occurs in both SRs and ORs.
However, retrieving this unfilled argument position from previously parsed material (or
retrieving an incomplete syntactic representation of already parsed material for purposes of
gap-filler association) could incur greater working memory costs in ORs than in SRs, for the
following reasons.

Within a subject relative clause, the structural representation of the verb phrase is complete,
as both the object and the verb (i.e., ‘publisher-ACC exploit-ADN’) have already entered the
parse when the embedded verb position is encountered. Thus, in this case, semantic
interpretation of the verb phrase is readily available, and at the head noun position the parser
simply needs to establish the subject—predicate relation between the head noun and the
relative clause. On the other hand, at the embedded verb position in an object relative, the
semantic interpretation of the verb phrase cannot be completed because the object is still
missing. Even when the head noun becomes available, its semantic relation with the relative
clause is not so straightforward when compared to the subject-predicate relation in SRs. In
ORs, the parser’s work proceeds in two steps: first, it has to associate the head noun with the
missing argument inside the verb phrase. By doing so, it completes the semantic
representation of the verb phrase, and only after that can it determine the overall subject-
predicate relation within the relative clause by attaching the relative clause subject. This
extra step (associating the head noun with the missing argument inside the VP) may impose
greater working memory costs, as indexed by a larger transient LAN to ORs.

29 Anterior negativities have of course also been elicited in response to phase-structural or morphosyntactic violations (Kutas &
Hillyard 1983; Neville et al. 1991; Friederici, Pfeifer, & Hahne 1993; Miinte, Heinze, Matzke, Wieringa, & Johannes 1998; Gunter,
Stowe, & Mulder 1997; Osterhout & Mobley 1995; Coulson, King, & Kutas 1998). However, the grammaticality of the SR and OR
experimental sentences in the present study as well as their very similar plausibility (2.5 vs. 2.6) and comprehension accuracy scores
(70% vs. 68%) suggest that the anterior negativity elicited at the head noun position was more likely related to the working memory
costs associated with processing a filler-gap dependency (Kluender & Kutas 1993a; King & Kutas 1995).
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3.3. Implications for processing models

Here we discuss the implications of the SR vs. OR processing difference set out in section
3.2 in terms of the theoretical models presented in the Introduction. In section 1.3, we noted
the failure of linear/temporal based models of sentence processing to account for the SR
processing advantage in Japanese and Korean, and in certain of the available Chinese
studies. A related memory-based model is the storage-cost memory account (Gibson 1998,
2000). Storage-cost memory-based theories predict an OR advantage within the relative
clause region and a SR advantage at the head noun in head-final languages like Japanese and
Korean (Gibson & Wu 2013). This is based on the temporary ambiguity of Japanese and
Korean object relative clauses. Specifically, because an object relative starts with a
seemingly canonical NP-NOM and is therefore more likely to be interpreted as the main
clause of the sentence, a smaller number of syntactic heads are initially required to complete
a grammatical structure. On the other hand, subject relatives start with a non-canonical NP-
ACC. Although Korean allows argument-drop, Gibson & Wu suggest that in a null context,
a sentence-initial NP-ACC is likely to trigger a relative clause reading as the initial
interpretation. Thus, on this account, SRs are predicted to be more difficult to process within
the relative clause region, as more syntactic heads must be predicted to complete a
grammatical sequence in SRs than in ORs. In contrast, at the head noun position, ORs are
predicted to be more difficult than SRs, as the initial main clause interpretation of ORs will
need to be revised.

It is difficult to see how the predictions of this account can be mapped straightforwardly
onto the present set of results: object relative sentences elicited larger amplitude negativity
over anterior regions of scalp in response to the relative clause region itself as well as to the
head noun. If greater anterior negativity indexes the recruitment of additional verbal
working memory resources, as is commonly assumed, then object relatives were consistently
more difficult to process both within the relative clause region and at the head noun position.
Gibson & Wu (2013) instead predict easier processing of object relatives in the relative
clause region because the presence of a sentence-initial NP-NOM should encourage the
misparse of an OR as the main clause. The pattern of our results is not consistent with this
prediction.

As discussed in section 3.1, it is also possible that participants in our study came to realize
that the sentence-initial NP-GEN NP-NOM sequence in our experimental materials reliably
introduced an object dependency. Even if participants were able to extract this information
strategically, and thus not led to misinterpret an object relative clause as the main clause of
the sentence, our results are still incompatible with a storage-cost memory-based account, as
it predicts no SR/OR processing asymmetry when there is no structural ambiguity. In
particular, Gibson & Wu (2013) predict that a sentence-initial NP-GEN NP-ACC sequence
in a null context should trigger a preferred relative clause reading; strategic processing by
our participants may likewise have identified a NP-GEN NP-NOM sequence as a reliable
relative clause structure. In this case, both subject and object relative sentences would have
been identifiable as such on initial interpretation, and the number of syntactic heads required
to complete a grammatical structure would therefore have been the same for SRs and ORs: a
relative clause verb, a head noun/main clause subject, and a main verb. This predicts that
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SRs and ORs should have been equally difficult to process at the head noun position — but
again, this was not the pattern of results in our data: ORs elicited greater negativity than SRs
at the head noun.

Furthermore, even when structural ambiguity is removed through the addition of preceding
context, as in our eye-tracking study (Kwon et al. 2010), the processing disadvantage for
object relatives remains. All told, storage-cost memory-based theories do not appear
adequate to account for the existing set of data patterns from the processing of Korean
relative clauses.

The crucial processing difference between SRs and ORs instead seems to be related to the
difficulty of gap-filler association, as discussed at the end of section 3.2: semantic
interpretation of the verb phrase is readily available at the relative clause verb position in
SRs but not in ORs. Thus interpretation of the head noun is more straightforward in SRs
than in ORs (section 3.1). In fact, the processing advantage of SRs coincides with
predictions of the accessibility hierarchy (Keenan & Comrie 1977) and the phrase-structural
distance hypothesis (O’Grady 1997) (section 1.3). Object gaps rank lower than subject gaps
in the accessibility hierarchy and are more deeply embedded in the phrase-structural
representation than subject gaps, as shown in (1) and Figure 1, respectively. Although these
two hypotheses are based on different approaches to the study of language (the accessibility
hierarchy treats grammatical relations as primitives decoupled from particular syntactic
structures, while O’Grady’s theory relies on the standard phrase-structural representation of
grammatical relations adopted in generative grammars), both predict an SR processing
advantage not only in VO (e.g., English) but also in OV (e.g., Korean) languages (see Hale
2006 for discussion of linguistically informed parsing models). They further suggest that
similar ERP effects in response to filler-gap association in the relative clause and main
clause regions in Korean and English could indeed be for similar reasons: in both English
and Korean, filler-gap (or gap-filler) association may consume more working memory
resources when the structural representation of a gap is more complex, as it is in ORs.30

3.4. Language universals and universal parsing strategies

In the introduction to this paper, we discussed the potential effects of typological variation in
word order on sentence processing, mainly focusing on processing requirements involved in
pre- vs. post-nominal relative clauses in head-initial VO and head-final OV languages. We
also discussed major morphological differences across Chinese, Japanese and Korean: the

30The LAN in response to the head noun of ORs is also compatible with incremental and predictive parsing (Sturt & Crocker 1996;
Yamashita 1994; Miyamoto 2002; Altman & Kamide 1999; Kamide, Scheepers, & Altmann 2003; but see Pritchett 1991, for a
different view). Given the SOV word order of Korean, the non-canonical sentence-initial NP-ACC in SRs signals a missing subject
(i.e., a gap) and a transitive structure, even before the arrival of the verb (cf. Kamide et al. 2003). In ORs, on the other hand, there are
no comparable cues to the exact structural representation until the embedded verb position. The sentence-initial NP-NOM signals
neither a missing argument (i.e., an object gap) nor a transitive structure. It is not until the embedded verb position that the parser
recognizes a missing argument and postulates a transitive structure in ORs, based on the argument structure of the verb. Consequently,
gap-filler association at the head noun position could be more difficult in ORs than in SRs because of spillover effects from the
preceding embedded verb position, as indexed by the LAN. One problem with this hypothesis, however, is that there was no clear
ERP effect associated with recognizing a missing argument and the projection of a transitive structure early within the relative clause
in SRs, or at the relative clause verb position in ORs. Although it is possible that such responses in SRs were overshadowed by the
response to the relative clause region of object relative sentences, as discussed in Section 3.1, the effect at the relative clause verb
position in ORs was quite weak and variable, suggesting that such processes may not demand much in the way of resources at this
point in the sentence.
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marking of noun phrases for case in Korean and Japanese and of the right edge of relative
clauses in Chinese and Korean. Below we discuss the implications of these cross-linguistic
differences for our findings. We first discuss the processing strategies of long-distance
dependencies in reference to typological variation in word order (i.e., pre- vs. post-nominal
relative clauses) before we compare ERP results from three relative clause studies in East-
Asian languages with pre-nominal relative clauses: Korean (present study), Japanese (Ueno
& Garnsey 2008) and Chinese (Yang, et al. 2010).

Typological variation in word order and its effect on processing strategies—
Here we compare experimental results from the processing of backward gap-filler
dependencies in Korean relative clauses with results from the processing of forward filler-
gap dependencies (head-initial relative clauses, wh-questions, and scrambling) in previous
studies. In doing so, we find evidence in our study of backward gap-filler dependencies for
only two of the three cognitive processes we identified in forward filler-gap dependencies
(8), and unequivocal, conclusive evidence for only one of these.

By way of analogy to the processing of forward filler-gap dependencies, we suggested that
in backward gap-filler dependencies (i) a sustained anterior negativity would be elicited
within the relative clause in response to encoding the presence of a gap in working memory,
(ii) a transient LAN effect indexing retrieval of a gap to associate with the filler would be
elicited at the head noun position, and (iii) late positivity would be elicited at the head noun
position, indexing filler-gap integration. Of these predictions, there appeared to be evidence
for (i) and (ii) but not (iii): there was greater sustained anterior negativity in response to the
relative clause region of ORs, and a transient LAN but no late positivity elicited at the head
noun position of ORs.

However, the apparent evidence for (i) may have been an artifact of strategic processing by
our participants, as discussed in section 3.1. Since object dependencies with a sentence-
initial NP-GEN NP-NOM sequence constituted one third of our experimental stimulus
sentences, the early effect of anterior negativity within the relative clause region could have
been a mere index of the recognition of this fact. We suspect that this may have been the
case, as many previous studies have shown that morphosyntactic cues to the presence of a
long-distance object dependency trigger immediate responses of sustained anterior
negativity. We are less convinced that this response could have been triggered solely by the
presence of a gap with no phonetic, morphosyntactic or thematic information attached to it,
and that moreover could easily have been a mere instance of argument drop. A gap ina
backward dependency is simply a silent place-holder in the structural representation:
thematic information about the gap comes from the relative clause verb, which occurs right
before the head noun position, and referential information comes from the head noun itself.
This is different from forward filler-gap dependencies, in which encoding a filler in working
memory as a phonological and/or semantic unit devoid of thematic and grammatical
relational information requires dedicated working memory resources. As our results with
regard to this point were confounded by the possibility of strategic processing, however,
final adjudication of this issue will have to await new data.
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We were in any case not surprised that there was no index of differential gap-filler
integration costs in the form of a late positive response to the head noun: postulation of an
unambiguous syntactic gap becomes possible only at the head noun itself both in SRs and
ORs, as discussed in section 3.2.

It thus seems that the only operation truly required in the parse was retrieval of the
previously detected missing argument of the verb for association with the filler, as indexed
by transient LAN at the head noun position — just as a previously occurring filler is retrieved
for association with the gap in a forward filler-gap dependency. Korean ORs with backward
gap-filler dependencies elicited a (L)AN effect when compared to SRs at the filler-gap
association position (the head noun), just as in comparisons of ORs to SRs at the main
clause verb of forward filler-gap dependencies in English relative clauses (King & Kutas
1995; Weckerly & Kutas 1999; Mller et al. 1997).

In sum, we have unequivocal electrophysiological evidence for differential processing of
backward gap-filler dependencies in Korean subject vs. object relative clauses, indexing
apparent working memory costs related to the complexity of operations involved in
retrieving a preceding ambiguous gap and associating it with a filler. This complexity is
determined either by the transparency of the predication relation between the head noun and
the relative clause (section 3.2) or by the structural complexity of the gap in the relative
clause (see section 1.3) — or perhaps both simultaneously. However, we did not find clear
evidence of storage or integration costs related to the gap. This seems perfectly compatible
with general notions of incremental parsing as applied to head-final languages, as well as
with current cue-based (Lewis & Vasishth 2005, Lewis, Vasishth & Van Dyke 2006) or
content-addressable (McElree 2001) models of verbal working memory.

3.5. Morphological differences among East Asian languages and their effects on the
processing of pre-nominal relative clauses

As shown in Section 1.2, Chinese, Japanese, and Korean are in many ways typologically
similar. Most relevant to this study is the morphological marking on nouns and verbs. These
typological similarities and differences have immediate implications for interpreting the
ERP results in Ueno & Garnsey’s (2008) study of Japanese RCs, Yang et al.’s (2010) study
of Chinese RCs, and the present study of Korean RCs. In this section, we attempt to
reconcile the experimental results across the three studies. Specifically, for the comparison
of the Japanese and Korean experimental results, we examine the possibility that the
sustained frontal negativity at the embedded verb position reported in Ueno & Garnsey
(2008) corresponds to the sustained frontal negativity within the relative clause region in the
present study. We then turn to the discussion of the major difference in the experimental
results across studies (i.e., presence or absence of late positivity) and a cross-linguistic
difference that is potentially associated (i.e., marking the right edge of the relative clause).

Marking of nouns and the sustained frontal negativity—Recall that in Japanese the
greater anterior negativity elicited by ORs started at the embedded verb, i.e., before the head
noun (filler) position, and the effect at the head noun position was not statistically reliable,
and thus “seems to be a continuation of that evoked by the previous word, the RC verb”
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(Ueno & Garnsey 2008:669). There are two possible interpretations of this effect in relation
to the findings of the present study. The first is that the effect in Ueno & Garnsey is
independent of the presence of a filler-gap dependency. Although anterior negativity was
observed at a different sentence position in the two studies (i.e., Ueno & Garnsey’s study: at
the relative clause verb [RC NP-ACC/NOM Verb]; present study: at the adverbial phrase
[rRc NP-ACC/NOM AdvP Verb-ADN]), in both studies the effect was observed immediately
following an NP-NOM. This suggests that the effect in Ueno & Garnsey’s study could be a
reflection of one of the typological similarities between Japanese and Korean, namely case
marking of noun phrases, and an index of the costs associated with the processing of overt
nominative-marked NPs in these languages (see footnote 26).

Another possibility is that the anterior negativity at the embedded verb in Ueno & Garnsey
is the result of predictive and strategic parsing, similar to the effect within the relative clause
in the present study (section 3.1). While SR and OR fragments (NP-NOM/ACC Verb) in
Japanese can theoretically end at the verb position as a mono-clausal sentence, all the
sentences used by Ueno & Garnsey were at least six words long, and the relative clause verb
was only the third word in any given sentence. In view of this, Ueno & Garnsey claimed that
readers were likely to expect the continuation of the sentence after the relative clause verb.
More importantly, based on a norming study in which participants completed a sentence
fragment up through the RC verb as a relative clause sentence more than 80% of the time,
Ueno & Garnsey argued that participants were likely to be expecting a relative clause
structure at the RC verb. There was also no ERP response to sentence-initial non-canonical
word order (i.e., a sentence initial NP-ACC) in subject relatives in Ueno & Garnsey’s study,
just as in the present study. All of this suggests that the anterior negativity elicited by the
relative clause region of object relatives in both studies is attributable to strategic/predictive
processing. The unintended predictability of the sentence structure based on the case-
marking of NPs in experimental sentences in both studies may have elicited a processing
function similar to that of a forward filler-gap dependency.

Marking of relative clause verbs and (sustained) late positivity—Recall that in
Ueno & Garnsey’s (2008) study of Japanese relative clauses there was an effect of late
positivity at the head noun position of object relatives. However, ORs in Korean elicited
only a LAN, just as in English relative clauses, with no late positivity at or after the head
noun position. This difference could be due to the lack of morphological marking at the right
edge of relative clauses in Japanese. In Japanese, the parser has to construct an embedded
clause at the relatively unexpected head noun position, as there is no explicit morphological
cue for relative clauses in the language. Although this particular syntactic representation
may have been inadvertently signaled by the nature of the stimulus materials, as discussed in
the preceding section, this process may still be more difficult when the parser
simultaneously has to integrate a more deeply embedded gap (i.e., an object gap) with the
head noun (Ueno & Garnsey 2008). Given that late positivity has been interpreted as an
index of syntactic processing difficulty (see section 1.4), the greater late positivity elicited
by ORs in Ueno & Garney’s study might thus be attributed to the syntactic integration
difficulty presented by head nouns — and in particular the head nouns of object relative
clauses — due to the lack of right-edge marking of relative clauses in Japanese. This is
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different from the processing of Korean relative clauses, in which the adnominal marker at
the relative clause verb clearly signals that a noun will follow the current clause, and thus a
head noun is expected.

The one ERP study of Chinese relative clauses (Yang et al. 2010) available in the literature
at the time of this writing does not allow a detailed comparison of the effects within the
relative clause region with those of the present study due to the complex structure of the
experimental sentences (i.e., center-embedded SRs vs. center-embedded garden-pathed
ORs). However, overall Chinese seems to pattern more closely with Korean than with
Japanese: there is a frontocentral sustained negativity to ORs in comparison to SRs at the
head noun position but no subsequent effect of late positivity. This similarity in the ERP
responses to the head nouns of Korean and Chinese ORs is likely due to the fact that relative
clauses are marked at the right edge in both languages. This provides further evidence that
the differences in the ERPs to the head nouns of Korean and Japanese ORs are due to the
differences in morphological marking of the relative clause (yes in Korean, no in Japanese).

Mixed results across several Chinese studies—One remaining question is why
there is so much variation in the experimental results in Chinese. One possibility is that the
mixed results across different studies reflect the mixed headedness of Chinese. As discussed
in section 1.1, 98% of VO languages also have head-initial post-nominal relative clauses and
Chinese is the sole exception (Dryer 1992). Its root clauses exhibit SVO word order (i.e.
head-initial) but its relative clauses are pre-nominal (i.e. head-final: [r¢ ...] Head Noun).
With these two patterns, Chinese ORs follow canonical root word order ([rc SV__]-de O);
the only difference from a root clause is the presence of the clitic —de at the right edge of the
relative clause. For example, as can be read even off the English glosses, the OR in (24)
coincides exactly with the canonical word order in root clauses (SVO) while the SR in (23)
does not.

(23) [gongji jizhé -de ] yiyuan SR
attack  reporter -DE senator

(24) [yiyudn gongji  -de | jizhé OR
senator attack  -DE reporter

The availability of the root clause interpretation could positively affect the parsing
efficiency of ORs like (24) as readers have had ample exposure to that particular word order.
In addition, even when relative clauses are initially misanalyzed as root clauses due to lack
of initial relative clause boundary marking in Chinese (Hawkins 1990; section 1.1), the
processing of object relatives could be facilitated, as the interpretation of the initial
misanalysis (i.e., the canonical word order analysis) is identical to that of the revised
structure in terms of who did what to whom for Chinese object relatives (cf. Kanno 2007,
Yip & Matthews 2007). Recall that out of 61 SVO languages surveyed by Dryer (1992),
Chinese was the only one with pre-nominal/head-final relative clauses. Thus while Hawkins
(1990) suggests that languages are shaped in a way that facilitates efficient parsing, and that
pre-nominal/head-final relative clauses are therefore dispreferred cross-linguistically, the
processing costs of such structures in Chinese could be mitigated by the fact that object
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relative and root clauses exhibit the exact same word order, and by the clear morphological
marking on the right edge of all Chinese relative clauses.

In sum, the mixed results regarding relative clause asymmetries in the Chinese processing
literature may be due to the different relative weightings of several factors. That is, the
relative ease of the initial misinterpretation and subsequent reanalysis of ORs could give
them a processing advantage in some studies, while the linguistic complexity discussed in
section 3.3 could result in the SR processing advantage found in other studies.

4. Conclusions

This paper investigated the brain responses elicited by relative clause constructions in
Korean, namely sustained anterior negativity in response to the relative clause region and
transient anterior negativity to the head noun position. While the response occurring early in
the relative clause may have been induced by strategic processing among the participants in
our study, it nonetheless demonstrates that as soon as the parser anticipates an upcoming
object dependency, an immediate brain response of sustained negativity is elicited over
anterior regions of scalp. This is consistent with numerous studies in the literature, as well as
with our own scrambling results. Within the East Asian languages, the transient response to
the head noun position in our data seemed most similar to that elicited by Chinese relative
clauses. We suggested that this was because the relative clause not only precedes the head
noun but is also morphologically marked at its right edge in Korean and Chinese. Moreover,
these results clearly demonstrated similarity in the processing of backward and forward
dependencies in relative clauses of typologically distinct languages: compared to equivalent
SRs, Korean ORs (i.e., backward gap-filler dependencies) elicited both sustained anterior
negativity in the relative clause region and transient anterior negativity at the gap-filler
association position (the head noun), just as English ORs (i.e., forward filler-gap
dependencies) elicit sustained anterior negativity in the relative clause region and transient
anteriority negativity at the filler-gap association position (the main clause verb) when
compared to SRs. This offers further support for the universal processing advantage of SRs
over ORs in both types of dependencies. This advantage can be interpreted in two different
ways, either in terms of the structural complexity of the gap in the relative clause, or in
terms of the predication relation that holds between the head noun and the remaining
material in the relative clause. Our experimental results overall support processing models
based on language universals: the accessibility hierarchy (Keenan & Comrie 1977) and the
phrase-structural distance hypothesis (O’Grady 1997).
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Appendix: Stimuli used in the experiment
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20 08 o138 sl dgder S TR 259 Ay Hao) e

SEREBRBRBSR

1
1
2
2
3
3
4
4
5
5

21 SR o) 4be] 4§ gle el AP g 2de shudd Fete] gleje
2L 0R °)4H) el slelgtelf A g3 dufak o) shukel ) Bebo) glefzid
22 5R d3as 20F 228 A4 A0IY 249 D346 A wa)s) 43d
2 0R ¥3xY 2ol 228 A4 A2Y 259 I3 3w 4HHG
23 8R 49 SAE FEAeb] 43 U Yl e AP AFe] g,

23 0R A9 Sk FEdekd 93 oy 9 Ade P 2ge,

24 5R 252 A AF ALHN FFLI8) Y22 A5 PolH 82} YYe,

24 0R 252 Ay A2t ALY FFI3) T2 A5 YA HYs) 93,

25 SR 9439 =eobE WS Yol VG BF Pt g} A

25 0R ¥53 =sbsb W5 ol VY FE) G G} g,

26 SR Sl shob§ edgle] A% selsd oy ks A Eals) A4de,

26 OR %32 =)o) fadgle] =3 abola} zale] Dape] A=A} A4H,

27 SR &9 AWM S H HE d A gl WFe] Pakeld,

27 R Fd 24210} geldq A5 Hd AU ohdd YRe] Paeld,

W ELY BpF 208 oS o)) Aty Wabe HF{s) Feisle

28 0R 2% o] o2 5 o)WY 2de) el Rl Feide,

29 SR WA D AF e Sedd] ol 3 2o Yo Foge) Wide,
29 0R 9447 A=} ey Sei8) olF4 2] Yoz Foge] Wl
30 SR AV HAHE Fadala o seial o)xe A FAe Y Hech 2yde

30 0R 4120 W 2sksh Fepaba] ol ssbal o)A A Fabel 4 gl2sh 2y

31 SR Faty 2 2Eg iR 4Fs] W3 W52 YN Hojge) g,
31 0R 8l 2d2ge] 2D 458 43 iS5 YAN o) Fo] G
328k HHe YHF A5 PAE D A0 2 mel sl gl

32 0R #08le oduel 45 a8l sl gaabe) a4 gheob Ui

33 SR 44be A3 AhE Fo) ) duAY Hopd 2R salRe) WFol Haldh
33 R 4obd AA#A} Fol g4 D sjopd 222 spspsd HFe] Hsleh
3SR 9 EAE Fd AN 2 F39 344 Fol YU

34 0R 399 S9del 34 AN B¢ 539 Jodol Fo] g

35 SR T4 YUF o fule] xFHoR W2 Yue w4 x3}e] dejye,
35 0R W51 Hye] ol fale] xFH2R P2 Yug wrdoly 23}e] oy},
365R A SAF U Audoe J06E Ayt Yoy ela)s) dsie,

36 0R 49 <Ml € fufes S8 Aot Yol vpAta)s) s,

37 SR L4 BAE e AF 2w 202 g de shalel ] o] glejie.
37 OB ®5+4F pabe] shdel 21 G2 ie] 202 o942 shdbaly of o] giejHel,
38 SR FOUNE el 228 Fof wegal o Du gl 9o g,

38 OR FHEHY palet 228 Fo AP U AN UFe) 2.

39 SR B4 Yadg A dan 53 Paaly Bl 2udsls)h HEe

39 0R EH2 Haysl 4 Y4 25 gy Fdef 2d)sl e,

40 SR YA 3§ vigeld HRA4 EFee dazy Jais ) Eke 54
400R B 3] wge] A F0H ZEehe slaDe] ol 5] F3ke) FEMe
41 SR A4 HYAE FUdel ol Y 229 Yo 550 FY
41 0R 4348 Myste] Fuslel Yasd g9 239 YAH EXe] Lo,
42 58 VY3 Hagd Ao S444 UPQ BB A5 Fede] B,
42 0R VY39 2o sgog B4 YWY 432 55 Bade] g
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43 SR vhE2] o] B alHaE YN M okae) shol ) Alabgel 2w,
43 OR }-32] o) %ol siuia g $igdely) Fdd okaje) spselq o] gl

44 SR debae] BEE 9 F wUEe) HYY S22 ohudq FHe) gl
44 0R J8labe) 3}Ze] 2 Eok wale] HYY cdFriel bl FFo P,
45 SR el AEAF AFD ohF oY Y 4546 o)Age] 2w

45 OR 29] M E43} AFD ohF ol b b Fye] o) xhFe] Eags,

45 SR > HAF ol Baleld 2 S0 ohgoAH D20} P

46 0R 42152 el ofdl arslely 244 B2 chFold Bas) FH

47 SR Felele) FEAFE U W I AYSA¢ 549 Aol Zede) oy
47 OR SHele) FEslgo] 2 P30 A 5A Y 442 Hdo) Eado) Fdeje
4B SR Aty =2 S5F YA VYL AUG 2 2y el JYH,

48 OR A #he) x2S} g4 Do e gy Fake] nakel o] Vyde,

49 SR x %9 AAF EEHN F2 P ol SAYAY B2} Ay,

49 0R = 22) B>t EE2 F2 9F o)Al SAPAH A=) A,

50 SR w9 k¥ A5 A B A5 PAA 3] e 3,

50 OR £ S35k H 5 dsbAd BH §52 PAH o)xha Ao Fe,

51 SR 32l 4wl g Faf BT Foladgk A4 AslBe) wpgs) Wojyg,

51 0R 342 abgel 3 HLabd Foldt 2¥ohe) shabiol wpsis) Wojge

52 5R €0 WA TAYOE Wale] Ay F0Y Eajately P13} gojH,
52 0R T4e) Vel FHHo 2 gale] 24¢ FA Eolaboly x>} giejH e,
53 SR M2 RNLF FHeR A YUY 4R 454 Fo| g
S30R $M) L4xe] FNY2Z bl UHG 242 AFLA Fo] e,

S4 5R T4 JE§ YAor AP MY FUS 4NN = Fo] AHAA,
S40R %9 B3P Yoz AP Py S5 Aoy 2 Fo) HIHHe}.

55 SR A2 o dA =5 Uelily] A A34444 2o} AgA,

55 R «f¥te] o) dA A5 elily 30 AF444 G} DA

56 SR He] ARa-F oy S8 ofF3 52 Gate glels) 93,

56 0R 32 AFxe] oJqY Seis] o}l FH 4358 Y4 ez} Y3,

S7 SR AN YHF ddebd Al YUY ALLY iMAY Fas .
57 OR #W 8l Yol ighel bl YHG siUabe Aoy Tayst FH
58 5R M3l 4% 3 38 UG AFBL Fa4q G} ¢Ag

58 OR M 32 ol aeds] Haje] FU¢ YYD FxoH shadsh gags)

59 SR 2Wds 9§ J53 FEsb] D3¢ sk gl HYe] g,
59 0R B9 Walal W B} LEsp) 25 shae g g HYe] g
60 SR 33) 9% BHHee AEUo D AP 22 Fad dFeo) o) 2,
60 OR 33 2j#e] THes HEHo® AP a8 FAdH Aa)Fo] d g,
61 SR 288 FU4 Uy P43 ARAF FE49 U5 o] Feigdnh
61 O0R 45 Fsh WSy BU% HENF S50 2UE o) Fojdaie,
62 SR WA Pshg A o2z 593 st dYdey 435} Fade
620R HAH guishl gt dees 23 Fabxe] YPYAH 45 Faid

63 SR B4 YNALE v} sheEgtd 4 HelA g v b5 Fo| FHUUS
63 OR 42 Hala) w3 ajsabely Zejal v o] ap5ef Feo] Fygdsle.
64 SR 3142l Ab§ g8 vigalel g oAb Yoy spgel dade
64 OR 2153 e] ~psde] =23 o) gas] Qe elaidl o) apade) Yajeh o sFel slaich.

que A g S48 Febl 23U B2 AFYAY olofo] g
dUe ol 4442 Gl 2FY BrA AFYAY ohede] YA
93y gy el 54 2w AP0 A5ad 23} @

A Fe) fale] Aakel FA D¢y Ao AFae 30} g,

Fa e g Add Yyl Vg da qge s SR0 Eddeg
a2 Halo] A Pl Ay P qgelH SH0) g

68 SR B]4}8) B DL viae] 2ol o 30 AA4H Helc) o) S H

66 OR 2412l 23 astel widze] sy S I 4AAH A3} o] Fo ),

69 SR obmhEsl WYFF 10 9 vidae] yerdE Fogide) Aded gael
EECE LN

69 OR ohshEe) WYAp 10 B WUl gudd Fogae el gael
RESE TN

70 SR @32 203 5492 Ty 24 92509 FaSady o)} sy
70 0B 3329 £%e] §2 T 24¢ 92008 FAFady o)) sy,
71 SR #as 4YAE F3Y SUH AFoAgd oj4Ns =gy #YHol
eosgd,

7L R #ae) gt F23 P9 GRodgd o)A mddd dyde
o slglg

72 SR Babel BEDE iUz a2 UMY W5k sl F4i) Wb

72 R B4bel FFe] Toidoz ad YAw FFake g)ael F4) Wl

73 88 Rieteie) A AF e TNAow 2y A9 246 2-Fo| WYY
73 0R Rt =g} solele) FYHog 2y Ny By 2Fe] gAY,
74 SR A2 A F qF Pe) 42y FL2i9 A4 42} AN

74 0R 352wl Al Q5 o) Ab2a FE5 SgUd @alo) A5

75 SR B WelAhE A feol Ay 3 o] S o B V3o 2
75 0R A Hulalsl 2ol oGy g4 o] Lapy ol Bysy G35 29
76 SR 332 AYURF Sod#l SYeIN P sbokel B o) Fadet

76 0R 239 Mge] Sedal gyl Y ole slel g ejddel Fasize

77 SR BBy 2dF dd} D023 opn| 2 2FY s Py} gl

77 OR F %) 2dle] s} VU2 opnl 2 xFabe wele] Hus) b,

78 SR B FAE A4eld IHoE e 392 ooy DelFo) Aol

78 0R 332 s} Aol 390w Pt xde) ool molFo] Hel gyl

79 SR 429 U Fasld ob3 25 4552 P ehel o) Ay

79 0R el FAte] Fee] ofF 2B 455 Fedpe] clelFo] YHde

80 SR T4 A 5F A4 HY PF¢ FHEY UolReAHq obdud§o] 44,

80 OR ¥4 1531 A8 NP 3¢ 538 HolkA N obdd Fo] 4444
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Phrase structure of subject (SR) and object (OR) relatives
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Figure 2.
(A) Grand average ERP waveforms in response to grammatical (‘the.park-to’; solid line
) and ungrammatical (‘*to-the.park’; dotted line .........) phrases at all 26 electrode sites.
(B) Grand average ERP waveforms for grammatical ( —) and ungrammatical ( .........)

phrases at the medial parietal electrode (the electrode in the dotted square in A). (C)
Topographic scalp isovoltage map of the mean difference (Ungrammatical — Grammatical
conditions, 500 — 800 ms).
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Figure 3.
(A) Grand average ERP waveforms in response to congruous (meal-ACC ate ‘ate a meal’;

solid line ____) and incongruous (book-ACC ate ‘ate a book’; dotted line .........) sentence
endings at all 26 electrode sites. (B) Grand average ERP waveforms for congruous ()
and incongruous ( .........) endings at the right medial central electrode (the electrode in the
dotted square in A). (C) Topographic scalp isovoltage map of the mean difference
(Incongruous — Congruous conditions, 300 — 600 ms)
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| principal-NOM !

principal-NoM

(A) Grand average ERP waveforms in response to canonical (solid line ) and scrambled
(dotted line .........) word order sentences at the nominative-marked NP, all 26 electrode sites.
(B) Grand average ERP waveforms for canonical (—) and scrambled ( .........) word
orders at the left medial frontal electrode (the electrode in the dotted square in A). (C)
Topographic scalp isovoltage map of the mean difference (Scrambled — Canonical word
order conditions, 300 — 600 ms). (D) Topographic scalp isovoltage map of the mean
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difference at ‘school-GEN’ (Scrambled —Canonical word order conditions, 800 — 1100 ms
poststimulus onset of “principal-NOM?)
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Figureb5.

Grand average ERP waveforms in response to NP-ACC/NOM in subject (‘publisher-ACC
secretly politically exploit-ADN senator-GEN’; solid line _) and object relative clauses
(‘publisher-NOM secretly politically exploit-ADN senator-GEN’; dotted line .........) at the

left lateral frontal electrode.
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Figure®6.
(A) Grand average ERP waveforms in response to NP-ACC/NOM in subject (‘publisher-

ACC secretly’; solid line __) and object relative clauses (‘publisher-NOM secretly’;
dotted line .........) at all 26 electrodes sites. (B) Grand average ERP waveforms for SRs
(——)and ORs ( .........) at the left lateral frontal electrode (the electrode in the dotted
square in A). (C) Topographic scalp isovoltage map of the mean difference (OR - SR
conditions, 300 — 600 ms).
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Figure7.
(A) Grand average ERP waveforms in response to the relative clause verb and head noun

positions (‘exploit-ADN senator-GEN office-to”) in subject (solid line ___) and object
relative clauses (dotted line .........) at all 26 electrode sites. (B) Grand average ERP
waveforms for SR (—) and OR ( .........) conditions at the left lateral frontal electrode (the
electrode in the dotted square in A). (C) Topographic scalp isovoltage map of the mean
difference at the relative clause verb (OR — SR conditions, 300 — 600 ms). (D) Topographic
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scalp isovoltage map of the mean difference at the head noun (OR — SR conditions, 800 —
1100 ms post-stimulus onset of the relative clause verb).
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Figure8.
(A) Grand average ERP waveforms in response to the head noun (and following worded:

‘senator-GEN office-to”) of subject (solid line ) and object relative clauses (dotted line
.........) at all 26 electrodes sites. (B) Grand average ERP waveforms for SR () and OR
(.........) conditions at the left lateral frontal electrode (the electrode in the dotted square in
A). (C) Topographic scalp isovoltage map of the mean difference at the head noun (OR -SR
conditions, 300 — 600 ms).
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Table 1

Subject vs. object relatives in English, Japanese, Chinese and Korean

(1)
English

(a) post-nominal subject relative clause with filler-gap ordering

The reporter; [rc who __; attacked the senator] admitted the error.
FILLER «——» GAP

(b) post-nominal object relative clause with filler-gap ordering

The reporter; [rc who the senator attacked ;] admitted the error.
FILLER > GAP

(2)
schematic
pre-
nominal
RC

(a) pre-nominal subject relative clause with gap-filler ordering

(The) [re __ s attacked senator] reporter; admitted the error.
GAP < » FILLER
‘~The senator-attacking reporter admitted the error.’

(b) post-nominal object relative clause with filler-gap ordering

(The) [re senator attacked ;]  reporter; admitted the error.
GAP<—» FILLER
‘~The attacked-by-a-senator reporter admitted the error.’

3)

Japanese

(a) pre-nominal subject relative clause with gap-filler ordering

[rc i Giin-ga hinanshita]  kisha, -ga ayamari-o mitometa
senator-ACC attacked reporter-NOM  error-ACC  admitted
GAP = » FILLER

(b) pre-nominal object relative clause with gap-filler ordering

[re Giin-ga __; hinanshita] kisha,;-ga ayamari-o  mitometa
senator-NOM attacked reporter-NOM  error-ACC  admitted
GAP +— FILLER

(4)

Chinese

(a) pre-nominal subject relative clause with gap-filler ordering

[rRe ;i gongjl  yiyuan]-de  jizh¢;  chéngrén-le  cuowl
attack  senator-ADN reporter admit-PERF error
GAP < » FILLER

(b) pre-nominal object relative clause with gap-filler ordering

[rc viyuan  gongjt _ ;]-de  jizh¢;  chéngrén-le cudwl
senator  attack -ADN  reporter admit-PERF error
GAP €+ FILLER

(5)

Korean

(a) pre-nominal subject relative clause with gap-filler ordering

[re __+ uywon-ul kongkyekha-n] kica,-ka silswu-lul siinhayssta
senator-ACC attack-ADN reporter-NOM error-ACC  admitted
GAP = » FILLER

(b) pre-nominal object relative clause with gap-filler ordering

[rc uywon-i ~ ; kongkyekha-n] kica;-ka silswu-lul siinhayssta
senator-NOM attack-ADN reporter-NOM error-ACC admitted
GAP «— FILLER
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Table 2

Typological features of interest in Japanese, Korean and Chinese

clausal word order | pre-nominal RC | NPscasemarked | RC edge marked
Japanese | head-final: SOV yes yes no
Korean head-final: SOV yes yes yes
Chinese | head-initial: SVO yes no yes
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Table 3

Summary of predictions

Page 55

relative clause region

Wi W2 W3 W4

SR i sinmwunsa-uy sacang-ul pimilliey  cengchicekulo
newspaper-GEN  publisher-AcC secretly politically

OR sinmwunsa-uy sacang-i __ ;  pimilliey  cengchicekulo
newspaper-GEN  publisher-NOM secretly politically

RC verb
W5 W6 W7 W8

main clause region

W9

exploit-ADN senator-GEN  office-to

f

Head noun region: LAN and/or P600 to OR?

iyongha-n uywon-uy;  samwusil-ey [l kkangphay-ka

tulichyessta
attacked

Main clause region: continuation of P600?

SR: “Gangs attacked the office of the senator who secretly took advantage of the publisher of the

newspaper for political purposes’

OR: “‘Gangs attacked the office of the senator who the publisher of the newspaper secretly took

advantage of for political purposes’
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Table 4

Filler sentences with vs. without phrase structure violations

500 to 800 ms post-onset of *to-the.park vs. the.park-to

full analysis

grammaticality F(1,21) = 20.32, p < .0002

distributional analysis

grammaticality F(1,21) = 21.66, p <.0001

grammaticality x laterality x anteriority | F(3,63) = 9.58 p <.0004
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Table 5

Filler sentences with vs. without semantic congruity violations

300 to 600 ms post-onset of #ate a book vs. ate a meal

full analysis

congruity F(1,21) =5.21, p <.003

congruity x electrodes F(25,525) = 5.58, p < .0001

distributional analysis

congruity F(1,21) =4.52, p < .0045

congruity x laterality F(1,21) =6.81,p < .016

congruity x anteriority F(3,63) = 10.94, p < .0024

congruity x hemisphere | F(1,21) =5.63, p <.027
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Table 6

Filler sentences with vs. without scrambling

300 to 600 ms post-onset of principal-NOM

full analysis

scrambling

F(1,21) = 4.4, p < .049

distributional analysis

scrambling

F(1,21) =5.44,p < .03

scrambling x laterality

F(1,21)=4.91,p<.038

scrambling x hemisphere, laterality x anteriority

F(1,21) = 2.45, p < .07

800 to 1100 ms post-onset of principal-NOM (without rebaselining to the next word)

full analysis

scrambling

F(1,21) =4.85, p <.039

distributional analysis

scrambling

F(1,21) = 7.95,p < .01

scrambling x hemisphere x laterality

F(1,21) =5.74, p < .026

800 to 1100 ms post-onset of principal-NOM (with rebaselining to the next word)

full analysis

scrambling

F(1,21) =.02, ns.

distributional analysis

scrambling

F(1,21) = .01, ns.

300 to 1100 ms post-onset of principal-NOM

full analysis

scrambling

F(1,21) = 6.72, p < 0.017

distributional analysis

scrambling

F(1,21) =6.5, p < 0.019

scrambling x laterality

F(1,21) = 3.84, p < 0.063

scrambling x hemisphere, x laterality

F(1,21) = 4.01, p < 0.058
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SR vs. OR experimental sentences: Relative clause region prior to the relative clause verb

Table 7

80 to 120 ms post-onset of W2 publisher-ACC/NOM

full analysis

RC type

F(1,21)=1.23,p< 3

150 to 250 ms post-onset of W2 publisher-ACC/NOM

full analysis

RC type

F(1,21) =5.14, p < .04

distributional analysis

RC type

F(1,21) =5.83,p < .03

300 to 600 ms post-onset of W2 publisher-ACC/NOM

full analysis

RC type

F(1,21) = 1.26, n.s

distributional analysis

RC type

F(1,21) = 1.46, n.s.

800 to 1100 ms

post-onset of W2 publisher-ACC/NOM

full analysis

RC type

F(1,21) =.001, n.s.

distributional analysis

RC type

F(1,21) = .12, ns.

300 to 1100 ms

post-onset of W2 publisher-ACC/NOM

full analysis

RC type x electrodes

F(25,525) = 3.05, p < .001

distributional analysis

RC type x anteriority

F(3,63) =5.16, p < .03

left lateral frontal electrode

RC type

F(1, 21) = 5.33, p < 0.032

right lateral frontal electrode

RC type

F(1,21) = 3.96, p < 0.06
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Table 8

SR vs. OR experimental sentences: Relative clause verb and head noun

300 to 1100 ms post-onset of exploit-ADN

full analysis

RC type

F(1,21) = 5.22, p < 0.0328

distributional analysis

RC type

F(1,21) = 5.72, p < 0.0262

300 to 600 ms post-onset of exploit-ADN

distributional analysis | RC type F(1,21)=3.37,p<.08
left anterior region RC type F(1,21) = 4.08, p < 0.0563
left posterior region RC type F(1,21) =0.61, n.s.

right anterior region RC type F(1,21) =0.06, n.s.

right posterior region RC type F(1,21) =0.88, ns.

800 to 1100 ms post-onset of exploit-ADN

full analysis

RC type

F(1,21) =8.36,p < .01

distributional analysis

RC type

F(1,21)=8.87,p< .01

RC type x hemisphere x laterality x anteriority

F(3,63) = 2.43,p < .074

300 to 600 ms post-onset of senator-GEN (rebaselined)

full analysis RC type F(1,21) =1.93,ns.
distributional analysis | RC type F(1,21) =2.33,ns.
left anterior quadrant RC type F(1,21) =5.92, p < 0.024

300 to 600 ms post-onset of senator-GEN (high pass filtering data without baselining)

full analysis

RC type

F(1,21) = 5.69, p < .027

distributional analysis

RC type

F(1,21) = 6.5, p<.019
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Table 9

Summary of results

relative clause region

Wi W2 W3 W4

SR i sinmwunsa-uy sacang-ul pimilliey [} cengchicekulo
newspaper-GEN [f publisher-AcC secretly politically

OR sinmwunsa-uy sacang-i __ ;  pimilliey [fcengchicekulo
newspaper-GEN (| publisher-NOM secretly politically

f

RC region: sustained anterior negativity

RC verb main clause region

W5 W6 W7 W8 W9
SR/OR [fiyongha-n uywon-uy;  samwusil-ey [I kkangphay-ka tulichyessta
exploit-REL | senator-GEN  office-to gang-NOM attacked

f

Head noun region: transient anterior negativity

SR: ‘Gangs attacked the office of the senator who secretly took advantage of the publisher of the
newspaper for political purposes’

OR: “‘Gangs attacked the office of the senator who the publisher of the newspaper secretly took
advantage of for political purposes’
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