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Abstract: The present study examined event-related brain potential (ERP)
responses to apparent Case-assignment violations to explore how morphosyn-
tactic and semantic processing interact with each other during Japanese sentence
comprehension. Consistent with previous studies on Case-assignment violation,
the present results found that a Case-assignment violation elicited a left anterior
negativity (LAN), followed by a posterior P600 compared with its grammatical
counterpart. Crucially, the LAN-P600 effects were also elicited by a morphosyn-
tactically well-formed sentence with a thematic implausible argument that may
potentially force the sentence processor to perceive an apparent Case-assignment
violation. Provided that the LAN effects can be interpreted as a morphosyntactic
violation effect, these findings suggest that the morphosyntactic and semantic
processing streams operate at least partially in parallel during sentence com-
prehension and that they begin to interact with one another at approximately
400 ms (at the latest) after encountering a verb.*
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1. Introduction

Sentence comprehension involves various informational processes, such as syntac-
tic, semantic, morphological, and pragmatic processes. Psycholinguists have been
researching how and when such information is processed and interacts in real-time
sentence comprehension. One of the core assumptions in traditional sentence
comprehension models is that syntactic processing guides sentence processing. For
example, in the syntax-first model, the parser initially builds a syntactic structure
for the sequence based on (morpho)syntactic information (Ferreira and Clifton,
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1986; Frazier, 1979, 1987; Friederici, 1995, 2002). In the latter stage, the proces-
sor constructs a semantic representation based on the output of the syntactic
processing.

However, recent event-related potentials (ERP) evidence seemingly contradicts
the traditional core assumption that the semantic processor computes an analysis
that is consistent with syntactic phrase structures. A growing number of studies
have repeatedly observed that the thematic plausibility of arguments has an influ-
ence on syntactic analysis (i.e., the semantic P600 phenomenon). This observation
has led some researchers to propose the multi-stream processing model in which
independent semantic processing proceeds at least partially in parallel with syntac-
tic processing. For this model, the semantic processor can compute a semantically
plausible interpretation, even when it contradicts unambiguous syntactic infor-
mation and overwhelms the syntactic analysis in some circumstances. However,
there is also controversy with regard to the interpretation of the semantic P600
phenomenon. Other researchers have argued that the semantic P600 phenom-
enon does not indicate the existence of a syntax-independent semantic processing
stream (Brouwer, Fitz and Hoeks, 2012; Chow and Phillips, 2013). These studies
suggest that the previous interpretation of the phenomenon is largely based on
misunderstanding the functional significance of ERP components.

In this paper, first, we review major ERPs and their (traditional) functional
interpretations to explain the semantic P600 phenomenon and its implication
for sentence comprehension mechanisms (sections 2 and 3). Second, we aim to
marshal the controversies on single- vs. multi-stream models to establish a founda-
tion for testing their predictions (section 4). Third, we evaluate these two types of
models by conducting an ERP experiment (sections 5 and 6). Section 7 concludes
our study.

2. Event-related brain potentials in sentence comprehension

The N400 is an ERP component that consists of a negative deflection that peaks
approximately 400 ms after the onset of every content word. Semantically anoma-
lous words in a given context, such as in (1b), typically elicit an N400 effect com-

pared with (1a) (Kutas and Hillyard, 1980, 1983):

(1) a. He spread the warm bread with butter.
b."He spread the warm bread with socks.

The N400 effect is traditionally interpreted to reflect the semantic process-
ing costs of integrating an anomalous word in a given context into the preceding
semantic representation.

By contrast, (morpho)syntactic anomalies elicit left anterior negativity (LAN)
and/or the P600 effect. The LAN effect is often observed in response to a mor-
phosyntactic violation, such as a Case-assignment violation and a subject-verb
disagreement in (2) (Coulson et al., 1998; Friederici, Pfeifer and Hahne, 1993;
Friederici and Frisch, 2000; Osterhout and Mobley, 1995):
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(2) a. The elected officials hope to succeed.
b. “The elected officials hopes to succeed.

A P600 effect is an ERP component that consists of a positive deflection that
peaks at approximately 600 ms. The P600 effect has been found for the syntacti-
cally anomalous sentence in (3) (Hagoort, Brown and Groothusen, 1993; Hagoort,
Brown and Osterhout, 1999; Kaan and Swaab, 2003a, 2003b; Osterhout and
Holcomb, 1992):

(3) a. The hungry guests helped themselves to the food.
b. “The hungry guests helped himself to the food.

'The traditional functional interpretation is that the LAN reflects a detection of
morphosyntactic error, and the P600 reflects the syntactic repair process.

3. Semantic P600 phenomenon

Now, let us return to the issue of the semantic P600 phenomenon. Recent ERP
evidence has shown that a syntactically well-formed but semantically anomalous
word embedded in a context, such as (4b), elicits a P600 effect yet not an N400
effect (Hoeks, Stowe and Doedens, 2004; Kim and Osterhout, 2005; Kim and
Sikos, 2011; Kolk et al., 2003; Kuperberg et al., 2003, 2006, 2007; van Herten,
Kolk and Chwilla, 2005; see Bornkessel-Schlesewsky and Schlesewsky, 2008;
Brouwer, Fitz and Hoeks, 2012; Kuperberg, 2007 for review):

(4) a. Passive Control: The hearty meal was devoured by the kids.
b. Violation: *The hearty meal was devouring the kids.

Given the traditional assumption of the syntax-first model and the functional
interpretation of the N400 and P600, this finding is unexpected for two reasons:
First, according to the syntax-first model, the English parser should assign an
AGENT role to ‘the hearty meal based on information related to its syntactic posi-
tion and the inflection of the verb. Because the semantic processor should subse-
quently detect the thematic implausibility of ‘¢he hearty meal’ as an AGENT, the
processor should judge (4b) as a semantically anomalous sentence. However, (4b)
does not elicit an N400 effect compared with (4a) (but see Hoeks et al., 2004 for
the N400-P600 pattern). The second unexpected result is that (4b) elicited a P600
effect, although it is grammatically well-formed.

To account for these two findings, some researchers have challenged the tradi-
tional sentence processing models instead of challenging the functional interpreta-
tion of ERP components. For example, Kim and Osterhout (2005) propose that
the semantic combinatorial processor can compute a semantically attractive analy-
sis even when it contradicts simple unambiguous syntactic information. Under
this model, the semantic processor analyses ‘¢he hearty meal’ as a THEME in (4b)
because a meal is much more likely to be devoured than to devour. Accordingly,
the sentence processor fails to detect the semantic anomaly of the sentence. Thus,
the N400 is not elicited (cf. semantic illusion, Hoeks et al., 2004). In such a case
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wherein the semantic attraction to the THEME interpretation is so compelling,
the semantic processor overwhelms an analysis dictated by the syntactic informa-
tion and forces the syntactic processor to erringly perceive a grammatically well-
formed sentence as being ill-formed. This incorrect recognition of the syntactic
anomaly triggers a syntactic repair process, leading to the P600 effect in (4b).

'The semantic P600 phenomenon, in the case where the syntactic reanalysis
of unambiguous syntactic information is triggered by thematic implausibility, is
seemingly unexpected in the syntax-first model. This is because the model assumes
that the syntactic processor guides sentence processing. Thus, it has been argued
that this finding constitutes evidence against the model. According to Kim and
Osterhout (2005), the semantic P600 effect indicates the existence of a syntax-
independent semantic processing stream and that a semantic processor can chal-
lenge a syntactic analysis.

4. Counterarguments to syntax-independent semantic processing

The essential assumption of the multi-stream models is that the N400 is tied to
a semantic integration difficulty and the P600 to a synzactic integration difficulty.
However, accumulating ERP evidence challenges the traditional functional inter-
pretation of the N400 and P600. The N400 is not always sensitive to semantic/
pragmatic violations (e.g., Fischler et al., 1983; Urbach & Kutas, 2010). Thus, the
semantic integration view of the N400 fails to account for this observation.

A number of previous studies found that the N400 is sensitive to seman-
tic relatedness and word predictability (see Kutas and Federmeier, 2011, 2000
for review). This observation suggests that the N400 reflects the ease of lexical
retrieval of a word from long-term memory. From this perspective, N400 reduc-
tion to semantically related words is attributable to the fact that lexical access to
relevant lexical representation is facilitated by the preceding semantically related
words that activate it to some extent via automatic spreading activation. The fact
that a more predicted word attenuates the N400 amplitudes can be explained by
suggesting that comprehenders pre-activate the meaning of upcoming words in
advance of their actual input. Accordingly, the lexical retrieval of more predicted
words is easier than that of less predicted words.

The lexical retrieval view of the N400 can account for the absence of an N400
effect in the thematically reversed sentence in (4). The retrieval cost for the criti-
cal verb should not differ between the conditions because the critical verb has an
identical semantic relatedness with the subject-noun phrase (NP) (i.e., the hearty
meal/devour) (Brouwer et al., 2012; Chow and Phillips, 2013). Once the N400
is interpreted to reflect pre-integrative lexical access, the absence of an N400 in
role-reversed sentences should not be taken as evidence that the independent
semantic processor computes a semantically plausible analysis that is inconsistent
with the syntactic information and thus does not encounter a semantic integration
difficulty.

With regard to P600, recent ERP experiments have demonstrated that the
P600 is not specific to syntactic (repair) processes. For example, a P600 is found



The Interaction of Morphosyntactic and Semantic Processing in Japanese Sentence Comprehension 47

for a word that establishes a new reference in a discourse, an ironic word in a given
situation or a grammatical sentence that incorrectly describes a picture (Burkhards,
2005, 2006; Ragel, Gunter and Friederici, 2011; Vissers et al., 2008). Considering
the one-to-many relationship between a P600 effect and its antecedent conditions,
it is difficult to infer what factor triggers a P600 effect. In other words, the P600
effect in role-reversed sentences does not necessarily reflect the syntactic repair
process triggered by a semantic-thematic implausibility.

We have reviewed two different views on the time course of syntactic and
semantic processing. The first view assumes a syntax-first single processing stream
model. Under this view, the N400 reflects lexical access, and the P600 reflects a
more general process than syntactic processing. The second view posits a multi-
stream model in which the independent semantic processor computes a seman-
tically plausible analysis and sometimes challenges an analysis dictated by the
syntactic information. The proponents of this view interpret the N400 as an index
of semantic integration difficulty and the P600 as an index of syntactic integration
difficulty (Kim and Osterhout, 2005).

Given that the functional interpretation of the N400 and P600 differs between
the two views, we cannot use these ERPs to reliably evaluate which model is more
adequate for the architecture of human sentence comprehension. It is appropri-
ate to use a morphosyntactically related component, or a phasic LAN. There are
several advantages to using the LAN to investigate whether morphosyntactic pro-
cessing difficulty arises due to thematic implausibility in morphosyntactically well-
formed but semantically anomalous sentences. The LAN reflects more automatic
process than the P600. Crucially, the functional interpretation of a LAN effect is
relatively unambiguous and widely acknowledged: a LAN relates that there are
morphosyntactic processing difficulties. For example, a morphosyntactic violation
elicits a greater LAN, whereas a semantic violation, such as in (1), does not elicit
a LAN. Assuming a LAN effect reflects an automatic morphosyntactic processing
difficulty but not a semantic process, it is more credible to infer that the sentence
processor detects a morphosyntactic anomaly if we observe the LAN effect under
certain conditions (but see the Discussion below).

Using the LAN as an index of the morphosyntactic process, we aim to re-
evaluate the single-stream model and the multi-stream model. The crucial differ-
ence between these models is that only the latter assumes that morphosyntactic
processing may be susceptible to thematic plausibility. The multi-stream model
assumes that the independent semantic processor computes a semantically coher-
ent analysis and interacts with a morphosyntactic processor. On the other hand, in
the single-stream model, the morphosyntactic processor initially begins to analyse
an input based on word category and agreement information, regardless of the
semantic and thematic plausibility of the sentence. The semantic processor sub-
sequently computes a semantic analysis based on the parsed structure. Thus, this
model predicts that the thematic plausibility of an argument does not have any
influence on morphosyntactic processing when morphosyntactic information is
unambiguous.
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Considering these different assumptions, if the LAN is enhanced by the
thematic implausibility of an argument despite the absence of morphosyntactic
violations, then the implication is that the morphosyntactic analysis is challenged
by the semantic processor and that the sentence processor wrongly perceives a
morphosyntactically well-formed sentence as morphosyntactically anomalous (by
analogy to Kim and Osterhout’s (2005) interpretation of the semantic P600 phe-
nomenon). In other words, a semantic LAN effect would be evidence in favour of
multi-stream models. By contrast, if the LAN is not modulated by the thematic
plausibility of an argument, then there is no essential need to assume independent
semantic processing, thus offering weak support for the single-stream model.

To test whether a morphosyntactic analysis respects the thematic plausibility
of an argument and to re-evaluate which processing model is more adequate, we
conducted an ERP experiment that examines apparent Case-assignment violations
in Japanese.

5. ERP experiment

The present study employed Japanese sentences with apparent Case-assignment
violations to elicit LAN and P600 effects. A Case-assignment violation has repeat-
edly been found to elicit biphasic LAN-P600 effects in English and German sen-
tences (Coulson et al. 1998, Friederici and Frisch, 2000). Taking into consideration
the well-established observation that Case-assignment anomalies elicit LAN
effects, it is appropriate to use such anomalies to elicit a LAN effect and to test
whether a LAN effect is enhanced by the thematic implausibility of an argument.

5.1. Stimuli

We used verbs with transitive/intransitive alternations in Japanese (e.g., agar-u
‘rise’ vs. age-ru ‘raise’; ak-u ‘open vi vs. ake-ru ‘open vt.’). The experimental sen-
tences, which consisted of two phrases, were adopted from Sakamoto, Arao, and
Suwazono (2011). A total of 120 sets of stimuli were created by combining two
types of Case particles (nominative/accusative) and two types of verbs (unaccusa-
tive intransitive/transitive).

(5) Intransitive constructions:
a. Intransitive verbs with a nominative NP (Ga-intransitive)
Nedan-ga  agaru.
price-NOM  rise
‘Price rises.’
b. Intransitive verbs with an accusative NP (O-intransitive)
“Nedan-o  agaru.
price-Acc  rise
Lit. “rises price.’
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(6) Transitive constructions:
a. Transitive verbs with an accusative NP (O-transitive)
pro nedan-o ageru.
(Someone) price-acc raise
‘(Someone) raises price.’
b. Transitive verbs with a nominative NP (Ga-transitive)
*Nedan-ga  pro ageru.
price-NoM  (something) raise
Lit.“Price raises (something).’

'The intransitive verb agaru ‘rise’ can assign a nominative Case to its argument
but cannot assign an accusative Case. Thus, (5b) involves a Case-assignment viola-
tion, whereas (5a) does not. The ungrammatical (5b) is supposed to elicit a LAN-
P600 effect compared with the grammatical (5a).

The transitive verb ageru ‘raise’ can assign both a nominative Case and an
accusative Case to its argument. However, (6b) is less acceptable than (6a) because
nedan ‘price’ is more likely to be a THEME than an AGENT of ageru ‘raise’ (i.e.,

role-reversed sentence).

5.2. Procedure for the ERP experiment

A total of 120 sets of stimuli in (5) and (6) were distributed into four lists such
that the participants did not see more than one item of the same set. The lists and
response buttons were counterbalanced among the participants. The stimuli were
presented randomly between the participants using Presentation 16.3 software
(Neurobehavioral Systems).

'The participants were seated in a dimly lit soundproof room with a CRT
monitor positioned approximately 130 cm in front of them. The presentation of
the stimuli occurred in the centre of the screen in a non-cumulative manner. Each
trial started with the fixation of 1,000 ms followed by a blank for 300 ms. After
the blank, the first phrase (i.e., nedan-ga/o ‘price-nom/acc’) was presented for
700 ms, with an inter-stimulus interval of 600 ms. The second phrase (i.e., agaru/
ageru ‘rise/raise’) was presented for 800 ms followed by a blank for 500 ms. After
the blank, an acceptability judgement task was given in each trial to check how
acceptable the experimental sentences were to the participants.

5.3. Participants

The participants were 16 native speakers of Japanese at Kyushu University (14
females and two males, M = 21.5, SD = 2.5). All participants were classified as
right-handed based on the Edinburgh handedness inventory (Oldfield, 1971), and
all of them had normal or corrected-to-normal vision. None of the participants
had a history of reading disability or neurological disorders. Written informed
consent was obtained from all participants prior to the experiment, and the par-
ticipants were paid for their participation.
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5.4. Electrophysiological recording

EEGs were recorded from 19 Ag electrodes (Nihon Kohden, NE-113A) located
at Fp1, Fp2, F3, F4, C3, C4, P3, P4, O1, O2, F7, F8, T3, T4, T5, T6, Fz, Cz, and
Pz according to the international 1020 system (Jasper, 1958). Additional elec-
trodes were placed on the left side of and beneath the left eye to monitor horizon-
tal and vertical eye movements. The C3 and C4 electrodes served as online refer-
ences, and EEGs were re-referenced to the average value of the earlobes offline.
The impedances of all electrodes were maintained at less than 5 kQ throughout
the experiment. The EEGs were amplified with a bandpass of 0.03 to 60 Hz and
digitised at 200 Hz.

5.5. Electrophysiological data analysis

Trials with large artefacts (exceeding +80 pV) were automatically removed from
the analyses (0.78%). All EEGs were filtered offline with a 30 Hz low-pass filter.
'The baseline was set to 100 ms prior to the onset of the second phrase. The ERPs
were quantified by calculating the mean amplitude for each participant relative to
the baseline using the following three time windows: 350-500 ms (LAN), 500—
700 ms (early P600), and 700-1000 ms (late P600) (cf. Kaan & Swaab, 2003a,
2003b; Molinaro, Barber and Carreiras, 2011).

The analyses were conducted separately at the midline (Fz, Cz, and Pz), lateral
(F3,F4,C3,C4, P3,and P4), and temporal (Fp1, Fp2, F7,F8,T3,T4,T5,T6,01,
and O2) arrays. The method, in which ERP data from all electrodes are divided
into sub-groups, is standard in ERP experiments on sentence comprehension (e.g.,
Chow & Phillip, 2014; Kim & Osterhout, 2005; Kuperberg et al., 2003, 2006,
2007; van Herten et al., 2005). The midline analysis consisted of repeated measures
of the analyses of variance (ANOVAs) with three within-group factors: CAsE
(nominative/accusative) x VERB (intransitive/transitive) x ANTERIORITY. The lat-
eral and temporal analyses consisted of four within-group factors: CASE x VERB x
LATERALITY x ANTERIORITY. The Greenhouse-Geisser correction was applied for
all effects involving more than one degree of freedom (Greenhouse and Geisser,
1959). We report the original degrees of freedom and the corrected p-value.

5.6. Prediction

The O-intransitive sentence in (5b) involves a Case-assignment violation. Thus,
it should elicit a LAN-P600 effect. The focus of the experiment is on whether a
similar LAN effect is elicited in the Ga-transitive condition compared with the
O-transitive condition.

'The single-stream processing model assumes that morphosyntactic processing
is completed before semantic combinatorial processing. Although nedan (‘price’)
is thematically plausible as a THEME, this model predicts that the morphosyn-
tactic processor would analyse nedan-ga ‘price-NOM’ as an AGENT based on
unambiguous morphosyntactic cues, such as a Case particle and the subcategorisa-
tion information of a verb. Thus, the processor cannot perceive a nominative Case
marking as a Case violation. As a result, this model predicts no LAN effect related
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to morphological error detection in the Ga-transitive condition. In other words,
only the ungrammatical O-intransitive condition may elicit a LAN effect relative
to the other three conditions. Note that this model may expect P600 effects in the
Ga-transitive condition, reflecting difficulty in updating/reorganising a mental
representation because the output of the subsequent semantic processing would
contradict world knowledge (cf. Brouwer et al., 2012).

The multi-stream model offers a different prediction. This model assumes that
thematic plausibility can affect morphosyntactic analysis even when morphosyn-
tactic information is unambiguous and less complex to process. Thus, the thematic
plausibility of nedan ‘price’ as a THEME may immediately affect morphosyntactic
analysis, leading the parser to wrongly perceive a Case-assignment violation in
the Ga-transitive condition and result in a LAN-P600 effect. In other words, the
two unacceptable conditions (i.e., the Ga-transitive and O-intransitive conditions)
would elicit larger LAN effects than the acceptable conditions.

5.7. Results

5.7.1. Behavioural data

At the end of each trial, the acceptability judgement task was conducted to assess
the extent to which Japanese speakers accept each condition of the experimental
sentences. Figure 1 shows the mean acceptability of each condition across the
participants.

* *

100 « 9625 95.83

80 T

60 T

20 T
1.67 1.04

Ga-intransitive  O-intransitive  Ga-transitive O-transitive

Figure 1. Mean acceptability in the acceptability judgement
task. Error bars indicate standard errors.

The repeated measure ANOVA was conducted with two within-group factors:
Cask (nominative/accusative) x VERB (intransitive/transitive). The main effects of
Cask and VERB were not significant (Case: (1, 15) = 0.12, p = 0.72, Vers: F(1,
15) = 1.57, p = 0.22). Because the interaction was significant (F(1, 15) = 1531.48, p
< 0.001), we conducted a planned comparison. The result showed that both of the



52 Masataka Yano anp Tsutomu SAkaAMOTO

simple main effects were significant (ps < 0.001). This result indicates that the par-
ticipants judged the O-intransitive and Ga-transitive conditions to be unaccept-
able and the Ga-intransitive and O-transitive conditions to be acceptable, which is
consistent with the five-scale offline acceptability judgement test (Sakamoto, Arao

and Suwazono, 2011).

5.7.2. Electrophysiological data

Figure 2 shows the grand average ERPs in the second phrase. A visual inspec-
tion suggested that the ERPs of the unacceptable conditions (O-intransitive and
Ga-transitive) elicited a greater negativity with an anterior focus compared with
those of the acceptable conditions (Ga-intransitive and O-transitive) at 350 ms.
In the following time window, a positive-moving shift with a posterior focus was
observed in the O-intransitive and Ga-transitive conditions compared with the
Ga-intransitive and O-transitive conditions.

Ga-intransitive =~ =——————— O-transitive
_____ *O-intransitive - = = = = *Ga-transitive

Figure 2. Grand average ERPs in the second phrase. The solid black line indicates the Ga-
intransitive condition, the dotted black line indicates the O-intransitive condi-
tion, the dotted grey line indicates the Ga-transitive condition, and the solid grey
line indicates the O-transitive condition. The X-axis represents the time dura-
tion, and each hash mark represents 100 ms. The Y-axis represents the voltage,

which ranged from -3 to 7 uV. Negativity is plotted upward.
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5.8.2.1. The LAN time window (350-500 ms)

Figure 3 shows the amplitudes of the LAN effects at 4, F3, and Fz. Figure 4
shows their topographical distributions at the intransitive (left) and transitive
(right) conditions.

oy
Wl T wl T

F7 F3 Fz F7 F3 Fz

Figure 3. The amplitude differences in 350-500 ms in the intransitive (left) and transi-
tive (right) conditions. Negativity (uV) is plotted upward. Error bars indicate
standard errors.

Intransitive condition Transitive condition

Figure 4. The topographical isovoltage map at 350-500 ms. The intransi-
tive condition represents the mean difference calculated as the
O-intransitive condition minus the Ga-intransitive condition. The
transitive condition represents the mean difference calculated as the
Ga-transitive condition minus the O-transitive condition. Negative
deflection is indicated in grey.

The interaction of VERB x CASE was significant in all arrays (MiprLiNe: F(1,
15) = 5.148, p < 0.05, LaTERAL: F(1, 15) = 5.673, p < 0.05, TemPoRraL: F(1,15) =
4.883, p < 0.05). The planned comparison revealed that the O-intransitive condi-
tion elicited a negative ERP component compared with the Ga-intransitive condi-
tion (MipLiNe: F(1, 30) = 4.203, p < 0.05, LaTeraL: F(1, 30) = 4.228, p < 0.05,
TemporaL: F(1, 30) = 4.229, p < 0.05). The Ga-transitive condition also elicited

a negativity compared with the O-transitive condition in the midline and lateral
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arrays, although only marginal effects were observed (MipLine: F(1, 30) = 2.961,
p =0.09, LateraL: F(1, 15) = 3.406, p = 0.07). The interaction of VERB x CASE x
ANTERIORITY was marginally significant in the midline because the negativity was
pronounced more anteriorly (F(2, 30) = 2.758, p = 0.07).

One may think that the LAN effect for the O-intransitive condition is
greater than that for the Ga-transitive condition. However, the primary purpose
of this experiment is to examine the presence/absence of the LAN effect in the
Ga-transitive condition. The amplitude difference between the Ga-transitive and
O-intransitive conditions or the duration/timing of the LAN effect is of no inter-
est in the present study. Thus, we do not address the issue any further.

5.8.2.2. The Early P600 time window (500-700 ms)

In the temporal array, ANOVA revealed a significant interaction of VErRB x CAsE
x ANTERIORITY and VERB x CAsE x LATERALITY (F(4, 56) = 5.553, p < 0.01,
F(1, 14) = 8.163, p < 0.01). The planned comparison showed that the anterior
negativities in the O-transitive and Ga-transitive conditions continued into this
time-window in the anterior electrodes (O-transitive: Fp1/2: F(1, 14) = 19.334,
p <0.01, F7/F8, Ga-transitive: Fp1/2: F(1, 14) = 4,012, p = 0.06). In other arrays,

the significant effect of interest was not observed.!

5.8.2.3. The Late P600 time window (700-1000 ms)
Figure 5 shows the amplitudes of the P600 effects at P3, Pz, and P4.

25 T 25T

] |
Nl ] } |

05 T 05 T

0 0
P3 Pz P4 P3 Pz A

Figure 5. The amplitude differences in 700-1000 ms in the intransitive (left) and
transitive (right) conditions. Positivity (uV) is plotted upward. Error bars
indicate standard errors.

In the midline and lateral arrays, the interaction of VERB x CASE x ANTERIORITY
was significant (MipLine: F(2, 30) = 18.010, p < 0.01, LaTeraL: F(2, 30) =
15.215, p < 0.01). In the temporal array, a four-way interaction of VERB x CASE x
ANTERIORITY x LATERALITY was observed.

The planned comparison revealed that the O-intransitive condition elicited
a posterior positivity and a frontal negativity compared with the Ga-intransitive

1 . . . . .
This analysis was conducted in accordance with the reviewer’s comment.
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condition. The Ga-transitive condition also elicited a posterior positivity and a
frontal negativity relative to the O-transitive condition.

Repeated measures ANOVAs confirmed that there was no significant main
effect of Case or interaction with Laterality/Anteriority in any time window at
the first phrase (all ps > 0.10). Thus, the baseline of the second phrase was not con-
taminated by the potential ERP difference of the preceding region.

Overall, these analyses confirmed our visual inspection. Both the O-intransitive
condition and the Ga-transitive condition elicited left anterior negativities at

350 ms, followed by a posterior positivity from 700 to 1000 ms.2

6. General discussion

This study employed Japanese sentences with (apparent) Case-assignment viola-
tions to examine the interaction of morphosyntactic and semantic processing.
Importantly, the results of the ERP experiment showed biphasic LAN-P600
effects for unacceptable intransitive and transitive sentences.

Previous studies suggest that the LAN effect is a manifestation of processing
difficulty caused by a morphosyntactic mismatch (Coulson et al., 1998; Friederici
and Frisch, 2000; Miinte, Matzke and Johannes, 1997). In the case of the ungram-
matical O-intransitive condition, the parser encounters an intransitive verb follow-
ing the accusative NP. Thus, the parser recognises the Case mismatch between a
nominative-taking verb and an accusative Case, which is reflected in a LAN effect.
'The posterior positivity has been repeatedly observed for syntactic constraint viola-
tions. According to Kaan and Swaab (2003a, 2003b), the posterior P600 (at least
partially) reflects a syntactic repair process, although there is controversy concern-
ing the functional interpretation of the P600. In our experiment, the posterior
P600 in the O-intransitive condition may indicate syntactic repair difficulties due
to a Case mismatch.

The major finding in our experiment is that the Ga-transitive condition also
elicited similar LAN effects compared with the O-transitive condition. If seman-
tic processing operates only after morphosyntactic processing, in accordance
with the single-stream model, then it would not detect a Case mismatch in the

2 One may consider that ERP effects in transitive constructions reflect the differences of
pro-drop positions. In Japanese, object pro-drop is less frequent than subject pro-drop
(Ueno and Polinsky, 2008). However, a previous ERP study showed no ERP effect in any
time window between a subject pro-drop and object pro-drop construction when there was
no semantic attraction between a verb and its argument (proper name) (Yano, Tateyama and
Sakamoto, 2014). Thus, the LAN and P600 effects are not solely due to processing difficulty
induced by object pro-drop.

(i) a. Kinoo Ichiro-ga pro  hinanshita
Yesterday  Ichiro-nom criticised
‘Ichiro criticised (someone) yesterday’ (object pro-drop)
b. Kinoo pro  Ichiro-o hinanshita
Yesterday Ichiro-acc  criticised

‘(someone) criticised Ichiro yesterday’ (subject pro-drop)
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Ga-transitive condition. Thus, under the single-stream model, it is less clear why
the LAN effect was observed in the Ga-transitive condition.

On the contrary, the LAN effect can be explained in the multi-stream model:
In this model, semantic information and morphosyntactic information may inter-
act with one another. When semantic information contradicts an analysis dictated
by morphosyntactic information, the semantic processor may challenge a morpho-
syntactic analysis. In the transitive condition, nedan (‘price’) is highly plausible as
a THEME but not as an AGENT. Thus, the sentence processor misperceives the
Case marking in the Ga-transitive condition as morphosyntactically anomalous.
'This may lead to a LAN effect in the Ga-transitive condition.

It is noteworthy, however, that recent ERP studies suggest that (E)LAN may
reflect the violation of expecation for upcoming functional morphology or phrase
structures (Molinaro et al., 2011; Lau et al., 2006). For instance, Lau et al. (2006)
report that the ELAN is enhanced by the violation of expectation for the subse-
quent word category (e.g., “Although Erica kissed Mary’s mother, she did not kiss
the Dana’s of the bride (NP ellipsis possible) vs. *Although the bridesmaid kissed
Mary, she did not kiss Dina’s of the bride (NP ellipsis impossible)). In transitive
conditions, the nominative Case attached to the inanimate noun may trigger an
expectation for an unaccusative verb, whereas the accusative Case may lead to the
anticipation of a transitive verb. In the Ga-transitive condition, the appearance of
transitive verbs may violate such an expectation. Accordingly, the LAN effect in
the Ga-transitive condition may reflect such an expectation violation rather than
morphosyntactic processing difficulty. If this is the case, then the LAN effect does
not falsify the single-stream processing models. Therefore, to examine the interac-
tion mechanism of morphosyntactic and semantic processing, future research must
take the effect of expectation on the ERPs of verbs into consideration.’

7. Conclusion

The present study explored the interaction of morphosyntactic and semantic pro-
cessing during Japanese sentence comprehension. The result of our ERP experi-
ment showed that violations of Case assignment elicited left anterior negativity
and posterior P600 effects relative to their grammatical counterpart. Similar elec-
trophysiological patterns were observed in an apparent Case assignment violation
induced by the thematic implausibility of an NP. Provided that the LAN effects
can be interpreted as morphosyntactic violation effects, these results offer support
for the immediate interaction of syntactic and semantic processing in Japanese.
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