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1. Introduction

The question we address in this paper is whether there is any
discernible relationship between theoretical claims made with regard to wh-
in-situ languages such as Japanese and particular brain responses. Recent
advances in neural imaging technologies allow the testing of linguistic
theories using real-time sentence processing. For instance, event-related
brain potentials (ERPs) show electrical activity in the brain that is time
locked to an external event, such as the onset of a word presented visually
or auditorily (cf. Kutas and Van Petten 1994). ERPs offer
electrophysiological indices of neural activities with resolutions on the
order of tens of milliseconds, without the need for an additional task such as
a button press to a grammaticality judgment during on-line language
comprehension.

This paper introduces a subpart of the data from our ERP study on the
processing of Japanese wh-questions (Ueno and Kluender in prep.). We
discuss an ERP component, right anterior negativity (RAN), that seems to
index a dependency between an in-situ wh-element and its corresponding
QJuestion]-particle, and argue that RAN thus reflects the relationship
between wh-in-situ and COMP as discussed in linguistic theory.
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We discuss theoretical and experimental claims concerning wh-in-situ
in Section 2, and then describe two ERP experiments studying the
processing of Japanese wh-questions in Section 3. Section 4 shows the
implications of the experimental results for whi-Q dependencies and
linguistic theory, followed by a conclusion in Section 5.

2. Japanese wh-questions

Consider (1): the wh-object what is displaced to the beginning of its
clause compared to its canonical object position (indicated by the underline)
in English. In the psycholinguistic literature, the displaced wh-element is
called a “filler” while its canonical position is called a “gap,” and these are
said to be dependent on each other (cf. Fodor 1989). Several ERP studies
on the processing of filler-gap dependencies in wh-movement languages
(e.g., Kluender and Kutas 1993; King and Kutas 1995; Fiebach,
Schlesewsky, and Friederici 2001) argue that associating a displaced wh-
filler with its gap increases verbal working memory load, and that this
processing cost is reflected in an ERP component known as left anterior
negativity (LAN).

(1) What did Calvin bring __ ?
FILLER GAP

Japanese is a wh-in-situ language in which a wh-object does not have to
be displaced to its clausal scope position, as shown in (2).

2) Calvin-ga  nani-o mottekita-ndesu-ka.
Calvin-N what-A brought-POLITE-Q
‘What did Calvin bring?’

Although it is also possible in Japanese to displace wh-objects, this involves
a scrambling operation that can be applied to non-wh-objects as well.

While scrambling is optional, Japanese wh-words always require a Q-
particle ka or no (meaning ‘whether’) at the end of the clause.! This Q-
particle ka determines the interrogative scope of a wh-element; rather than
the surface position of a wh-element itself (as in wh-movement languages),
the position of an associated Q-particle in Japanese indicates the
interrogative clausal scope of a wh-phrase. Thus while the wh-elements in
the embedded clause wh-question (3a) and the matrix clause wh-question
(3b) remain in situ in the embedded clause, the Q-particle ka appears at the
end of the interrogative clause, whether embedded (3a) or matrix (3b).

1. Except for a rising intonation in speech (which can be interpreted as a prosodic
version of a Q-particle).
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(3) a. Embedded clause wh-question

[Hobbes-wa [Calvin-ga  nani-o mottekita-ka] itta-ndesu-ka].
Hobbes-T  Calvin-N  what-A brought-Q  said-POLITE-Q
‘Did Hobbes say what Calvin brought?’

b. Matrix clause wh-question

[Hobbes-wa [Calvin-ga nani-o mottekita-to] itta-ndesu-kal].
Hobbes-T  Calvin-N  what-A brought-that said-POLITE-Q
‘What did Hobbes say Calvin brought?’

For matrix clause wh-questions like (3b), a non-question particle fo ‘that’ is
attached to the embedded verb.

Given the above syntactic differences, theoretical claims have been
made regarding wh-in-situ. These claims can be roughly classified into two
categories, namely, movement and Q-coindexing. Both claims are based on
the assumption that a wh-clement is a variable that needs to have its
interrogative scope licensed.

The movement analyses argue that although wh-movement and wh-in-
situ languages yield different surface word orders, they occur in the same
order at LF. They argue that wh-elements in wh-in-situ languages are
displaced to their clausal scope positions, just as in wh-movement
languages (Huang 1982; Lasnik and Saito 1984; Nishigauchi 1990).

On the other hand, the Q-coindexing analyses focus on the relationship
between wh and Q. Nishigauchi (1990) and Cheng (1991) argue that wh-in-
situ languages require Q-particles that determine the quantificational (i.e.,
interrogative, existential, or universal) force of wh-elements. Further,
several linguists (Baker 1970; Pesetsky 1987; Watanabe 1992; Aoun and Li
1993; Cole and Hermon 1994) propose the mechanism of binding by a Q-
operator. In this mechanism, the scope of a wh-element is represented by a
coindexing Q-operator rather than by the moved wh-element. As shown in
Figure 1, a covert Q-operator is postulated in the spec of CP, with an
overt/covert Q-particle in C linked by spec-head agreement. Then the
operator, ecither base-generated (Baker; Pesetsky; Cole and Hermon) or
moved (Watanabe; Aoun and Li), is said to bind the wh-element.

Figure 1 Q-operator binding mechanism.
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These two types of analyses appear different at first glance, yet they
share a common property: the scope of a wh-in-situ needs to be licensed by
something in its interrogative clausal CP. This “something” can be either
the moved wh-element itself or a moved/base-generated operator that is
linked with its Q-particle.”

There has been experimental evidence suggesting some type of
relationship between Japanese wh-elements and Q-particles. In their ERP
study, Nakagome et al. (2001) examined the processing of mono-clausal
wh-questions with and without Q-particles at the sentence-final verb
position. The results showed a P600 effect (more positivity around 600ms
post-stimulus onset) in response to wh-questions in which the sentence-final
Q-particle was missing. Nakagome et al. attributed the P600 effect to
syntactic processes related to the operation of movement.

In a self-paced reading experiment, Miyamoto and Takahashi (2002)
reported that matrix clause wh-questions were read more slowly than
embedded clause wh-questions at the embedded verb position when there
was no Q-particle attached to the embedded verb. Miyamoto and
Takahashi argued that just like the dependency between a displaced wh-
filler and its gap position in wi-movement languages, there is a dependency
between a wh-word and a related Q-particle in wh-in-situ languages. Due to
this dependency, Japanese readers expect a Q-particle as soon as they see a
wh-word.  Matrix clause wh-questions were read more slowly than
embedded clause wh-questions because they violated this expectation
(Typing Mismatch Effect, henceforth, TME). Similarly, Aoshima, Phillips,
and Weinberg (this volume) observed TME slowdown even when a wh-
element was scrambled out of the embedded clause.

The above studies suggest that there is some psychologically real
relationship between Japanese wh-elements and Q-particles. Although their
interpretations differ, the focus of these studies was on the Q-particle itself.
This goes along with the theoretical claims that wh-in-situ has to have its
scope licensed by something in its interrogative clausal CP (either moved
wh, Q-operator, or Q-particle).

Given the above, we wanted to test if there was any detectable neural
relationship between Japanese wh-elements and corresponding Q-particles
in the on-line ERP processing of Japanese wh-questions. We predicted that
if such a relationship exists, it may be similar to filler-gap dependencies in
wh-movement languages and elicit LAN. Further, we wanted to see if there
was any relationship between the experimental data and linguistic theory.

2. Pesetsky (2000) argues that all wh-phrases require overt movement and that the
in-situ versus fronted contrast is a question of whether to pronounce the foot or the
head of the chain. This analysis can also be subsumed under the generalization that
something in [Spec, CP] binds wh-in-situ.
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3. ERP experiments on Japanese wh-questions

This section presents the results of two ERP experiments on the
processing of mono-clausal and bi-clausal Japanese wh-questions
respectively. Note that ERPs consist of positive and negative voltage peaks
distributed over time. ERP effects are examined in terms of differences
between waveforms compared to control conditions in polarity (e.g., N for
negative or P for positive), latency, amplitude, morphology (shape of the
waveforms), and distribution over the scalp. In the present study our focus
is on anterior (frontal) negativities in both slow potential (ERP differences
lasting several seconds) and phasic (ERP differences a few 100 msec in
duration) forms. Negativity is conventionally plotted up.

3.1. Mono-clausal wh-questions

As a first step, we investigated the processing of mono-clausal wh-
questions. 20 native speakers of Japanese participated in the study. Stimuli
included (4a) scrambled object wh-questions and (4b) yes/no-questions with
scrambled demonstrative objects.

(4) a. Scrambled wh-questions

Ano jimotono shinbun-ni yoruto

the local newspaper-to  according
nani-o sono yukanna bokenka-ga toto _ mitsuketa-ndesu-ka.
what-A the brave adventurer-N finally discovered-POL-Q

‘According to the local newspaper, what did the brave
adventurer finally discover?'

b. Scrambled yes/no-questions

Ano jimotono shinbun-ni yoruto

the local newspaper-to  according
sore-0 sono yukanna bokenka-ga toto  mitsuketa-ndesu-ka.
that-A the brave adventurer-N finally discovered-POL-Q

‘According to the local newspaper, did the brave adventurer finally
discover that?'

200 sets of experimental sentences were placed in a Latin square design to
create four parallel lists, such that no one subject saw more than one
sentence from each set. 200 filler sentences were added to each list, and
lists were pseudorandomized and divided into 20 sets of 20 sentences each.
Stimuli were presented on a computer screen in Japanese characters
one word at a time with 650 ms stimulus onset asynchrony. In order to
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maintain subjects’ attention, comprehension questions were inserted in the
stimuli every five sentences on average. The electroencephalogram (EEG)
was recorded from 19 positions with a sampling rate of 250 Hz.
Recordings were referenced to the left mastoid, and re-referenced to the
average of both mastoid electrodes off-line.

Single-word averages consisted of 1000 ms epochs including a 100 ms
prestimulus baseline, and two-word averages consisted of 2000 ms epochs
including a 200 ms prestimulus baseline. Four-word averages consisted of
3000 ms epochs (4 x 650 ms SOA plus a 400 ms prestimulus baseline).
The statistical analyses were done separately on midline (Fz, Cz, Pz),
parasagittal (Fpl/2, F3/4, C3/4, P3/4, O1/2), and temporal (F7/8, T3/4,
T5/6) electrodes, using condition, anteriority, and hemisphere as factors.
Original degrees of freedom are reported with the corrected probability
level using the Huynh-Feldt method.

Figure 2 shows the comparison of words following displaced wh- and
demonstrative pronouns up to and including the verb-Q complex (‘brave
adventurer-NOM finally discovered-Q’ in (4)). ANOVAs performed in the
latency window of 500-800 ms poststimulus onset of ‘finally’ (1800 to
2100 ms from the onset of ‘brave’) revealed a significant or marginal main
effect of condition [midline: F(1, 19)=6.34, p=.021; parasagittal: F(1,
19)=6.21, p=.022; temporal: F(1, 19)=3.97, p=.061], indicating scrambled
wh-questions were more negative than scrambled yes/no-questions. In
addition, there was a significant interaction between condition and
hemisphere in the parasagittal array [F(1, 19)=10.84, p=.004], with the
ERPs to scrambled wh-questions more negative over the right hemisphere.
Separate ANOVAs performed in the 300-600 ms region of ‘discovered-Q’
(2250 and 2550 ms from the onset of ‘brave’) also showed a significant
main effect of condition in all three arrays [midline: F(1, 19)=5.46, p=.031;
parasagittal: F(1, 19)=5.58, p=.029; temporal: F(1, 19)=5.75, p=.027]. In
addition, there were significant interactions between condition and
anteriority in the midline array [F(2, 38)=4.66, p=.042] and between
condition and hemisphere in the parasagittal array [F(1, 19)=8.06, p=.011].
These interactions were due to greater negativity over right anterior regions
in response to scrambled wh-sentences.

To summarize, scrambled wh-questions in comparison to scrambled
yes/no-questions elicited greater negativity, especially at right anterior
electrodes, both at the adverbial and at the verb-Q complex positions. We
termed this effect the RAN (right anterior negativity) effect. The RAN
effect seems to indicate some type of relationship between Japanese wh-
words and question particles. This is consistent with both theoretical and
experimental claims previously made about Japanese wh-questions, as
discussed in Section 2. Thus, our preliminary conclusion at this point is
that the brain is sensitive to the relationship between a wh-word and a
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following Q-particle. However, since the effect was more phasic than long-
lasting, there could be two possible interpretations. It could be interpreted
as an index of the parser’s expectation for a Q-particle as argued by
Miyamoto and Takahashi (2002) (termed “wh-Q expectation hypothesis”
hereafter), or as more of a local mental operation associated with the verb-Q
position. We suspected that this might be an index of wh-scope integration
at the Q-particle position that disambiguates the scope of the wh-element
(termed “wh-scope calculation hypothesis™ hereafter). We investigated the
processing of bi-clausal Japanese wh-questions to tease apart these two
possibilities.

FP1 FP2

15 20 BRARRES L S & 5 BT A T,
Scrambled Wh: ...what-A the; brave adventurer-N finally discovered-Q.

EREED BERRREN E D & D RO AT,
__ Scrambled Yes/No:..that-A the; brave adventurer-N finally discovered-Q.

Figure 2 ERPs (n = 20) at frontal (Fp1/2, F3/4, Fz) electrodes relative to a
400 ms prestimulus baseline. Shown are the ERPs covering the adjective,
subject noun, adverbial, and verb-Q positions of scrambled wh- vs. yes/no-
questions. Negativity is plotted up, on a scale of +/-5 pv.

3.2. Bi-clausal wh-questions

We essentially used the same ERP procedure as in the previous
experiments with a different group of 20 native speakers of Japanese.
Stimuli were a modified version of Miyamoto and Takahashi (2002) and
included bi-clausal wh-questions (with embedded and matrix clause scope
wh, and with a scrambled embedded clause) and their structurally
equivalent yes/no-question counterparts, as shown in (5).
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(5) a. Embedded clause wh-questions

[senmu-ga donna pasokon-o katta-ka] keiri-no kacho-ga kikimasita-ka.
director-N what PC-A  bought-Q acc.-of manager-N asked-Q

‘Did the accounting manager ask what kind of PC the director bought?’
b. Matrix clause wh-questions

[senmu-ga donna pasokon-o katta-to]  keiri-no kacho-ga iimasita-ka.
director-N what PC-A  bought-that acc.-of manager-N said-Q

‘What kind of PC did the accounting manager say the director bought?’
c. Embedded clause yes/no-questions

[senmu-ga atarasii pasokon-o katta-ka] keiri-no kacho-ga__kikimasita-ka.
director-N new PC-A bought-Q acc.-of manager-N asked-Q

‘Did the accounting manager ask if the director bought a new PC?’
d. Matrix clause yes/no-questions

[senmu-ga atarasii pasokon-o katta-to] keiri-no kacho-ga__iimasita-ka.
director-N new PC-A bought-that acc.-of manager-N said-Q

‘Did the accounting manager say the director bought a new PC?’

Comparisons were made between all wh- and all yes/no- questions in the
embedded clause region, and between matrix and embedded clause wh-
questions at the embedded verb position and in the matrix clause region.
Figure 3 shows ERPs to all wh-questions in comparison to all yes/no-
questions at the embedded object position. Visual inspection showed a
sustained anterior negativity in response to all wi-questions. ANOVASs run
in the window of 300-1300 ms revealed a significant or marginal main
effect of condition in all three arrays [midline: F(1, 19)=3.28, p=.086;
parasagittal: F(1, 19)=5.83, p=.026; temporal: F(1, 19)=4.81, p=.041], as
well as a marginal condition x anteriority interaction in the temporal array
[F(2, 38)=3.75, p=.063]. These results indicated that wh-questions were
more negative than yes/no-questions especially over anterior regions of the
scalp. This effect of anterior negativity cannot be an effect of wh-scope
calculation (i.e., in support of the wh-scope calculation hypothesis), as, at
this point in the sentence, subjects would not have seen any Q-particle that
would disambiguate the scope of the wh-element they had seen. On the
other hand, an effect of this type is entirely consistent with the wh-Q
expectation hypothesis, in so far as the introduction of a wh-word triggers
the parser’s expectation for a Q-particle.

The wh-Q expectation hypothesis was also supported over the wh-
scope calculation hypothesis by the following comparison. The wh-scope



Ueno and Kluender 499

FEN g Ry avEBolon/t  REO BRED BE/EVEL),
[Director-N iwhat.kind.of PC-A ibought-Q/that] accounting-of manager-N__ asked/said-Q.

_ All'Yes/No
FEN LAY arvziBofin/e  REO ARED H&/EWVE Lo
[Director-N i new PC-A | bought-Q/that] accounting-of manager-N __ asked/said-Q.

Figure 3 ERPs (n=20) at frontal (Fp1/2, F7/8, F3/4, Fz) electrodes relative to a
200 ms prestimulus baseline. Shown are the ERPs to the embedded object
position of all wh- vs. yes/no-questions.

calculation hypothesis predicts that we should see the RAN effect at the
verb-Q position that disambiguates wh-scope, namely, at the embedded
verb-Q position of embedded clause wh-questions, and at the matrix verb-Q
position of matrix clause wh-questions. On the other hand, the wh-Q
expectation hypothesis predicts that we should see a RAN effect at the
embedded verb position of matrix clause wh-questions, as subjects’
expectation for a Q-particle would not yet have been met in this condition.
Consistent with the prediction by the wi-Q expectation hypothesis, a RAN
effect was seen in response to matrix clause whi-questions at the embedded
verb position, rather than to embedded clause wh-questions (see Figure 4).
ANOVAs in the 300-900 ms window revealed a marginal condition x
anteriority x hemisphere interaction in the temporal array [F(2, 38)=2.88,
p=-071], indicating that matrix clause wh-questions in comparison to
embedded clause wh-questions were more negative especially over the right
anterior regions of scalp. In order to re-examine the validity of the wh-
scope calculation hypothesis, matrix clause wh-questions were compared
both to embedded clause wh-questions and to matrix clause yes/no-
questions at the matrix verb-Q position, but no RAN effect or other
apparent ERP effects were found (cf. Ueno and Kluender in prep.).
Returning now to the comparison between matrix vs. embedded clause
wh-questions, we extended the latency window to the end of the sentence in
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Embedded Wh

WS SR Avargk (Hotks BEO MER  BEELEL
[Director-N what.kind.of PC-A bought-Q] giccounting-of manager-N _ asked-Q.

_____ Matrix Wh

SN CAB svark Hokl | @O MER  FVELED,
[Director-N what.kind.of PC-A bought-that] accounting-of manager-N __ said-Q.

Figure 4 ERPs (n=20) at frontal (Fp1/2, F7/8, F3/4, Fz) electrodes relative to a
100 ms prestimulus baseline. Shown are the ERPs to the embedded verb
position of embedded vs. matrix wh-questions.

FP1 FP2

Al

_____ Embedded Wh

FHR LA AYavE Hoth KEO MER  BEELEL

[Director-N what.kind.of PC-A bought-Q] accounting-of manager-N _ asked-Q. i
Matrix Wh

HHER LA SvarvEk Hok: ®KEO  BER S0ELEN
[Director-N what.kind.of PC-A bought-that] accounting-of manager-N __ said-Q. |

Figure 5 ERPs (n=20) at frontal (Fp1/2, F3/4, Fz) electrodes relative to a 400
ms prestimulus baseline. Shown are the ERPs to the region from embedded to
matrix verb position of embedded vs. matrix wh-questions.
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order to look for slow potentials effects (long-lasting ERP differences)
between the presentation of a wh-word and its associated Q-particle that
would lend further support to the wh-Q expectation hypothesis. Figure 5
shows ERPs to the region between the embedded and matrix verbs (as in
‘bought-Q/that accounting-of manager-N asked/said-Q’) for embedded vs.
matrix clause wh-questions. The trend of anterior negativity continued.
ANOVAs run in the 300-2600 ms window revealed a significant main
effect of condition in the parasagittal [F(1, 19)=4.95, p=.038] and temporal
[F(1, 19)=5.41, p=.031] arrays, as well as a significant or marginal
condition x anteriority interaction in the parasagittal [F(4, 76)=3.72,
p=-060] and temporal [F(2, 38) = 4.44, p = .047] arrays. These results
indicated that matrix clause wh-questions were more negative than
embedded clause wh-questions especially over anterior regions of the scalp.

4. Discussion

To summarize, we have seen effects of anterior negativity in response
to wh-questions in multiple comparisons, some of them not reported here.
In the majority of cases, the effects were lateralized to the right side of the
head. While they were sometimes bilateral in distribution, they were never
left-lateralized. This pattern of results was consistent only with the wi-Q
expectation hypothesis: (R)AN seems to be a reliable neural processing
correlate of the dependency between wh-elements and Q-particles.

This effect seems similar to the effect indexing the dependency
between wh-elements and their gaps in wh-movement languages. We have
seen that both filler-gap dependencies and wh-Q dependencies elicit
anterior negativity, often in the form of slow potentials. Slow anterior
negative potentials have been generally associated with a working memory
load caused by both sentential (King and Kutas 1995; Miiller, King, and
Kutas 1997; Miinte, Schiltz, and Kutas 1998; Fiebach et al. 2001) and non-
sentential (Ruchkin, Johnson, Canoue, and Ritter 1990) linguistic stimuli.
Therefore, it seems feasible to interpret the anterior negative slow potentials
found in our study as an index of working memory load due to a
dependency between a wh-element and its corresponding Q-particle in
Japanese, as the parser would have to actively maintain a wh-element until
its scope is licensed by the Q-particle. This may well be similar to the
working memory load for associating a wh-filler with its gap in wh-
movement languages. However, the question remains: why RAN instead
of LAN?

First, it should be kept in mind that ours is not the first or the only
study to report bilateral and/or right-lateralized slow negative potentials in
response to syntactic dependencies (King and Kutas 1995; Miiller et al.
1997) However, to account for the lateralization difference, it might be a
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good idea to review the underlying cognitive process involved in the
processing of wh-movement and wh-in-situ. With respect to wh-movement
languages, it has been argued that holding a wh-filler without a grammatical
function and a thematic role, until it is associated with its gap, taxes
working memory (Kluender and Kutas 1993; King and Kutas 1995).> On
the other hand, what is ambiguous about Japanese wh-elements is their
interrogative scope, until they are linked with their corresponding Q-
particles. For both wi-movement and wh-in-situ languages, the parser has
to hold something in anticipation of missing syntactic and semantic
information for some extent of time, yet the type of missing information is
different, and this may be the factor that causes the difference between left-
and right-lateralization.

In terms of the relationship between linguistic theory and brain
responses, recall from Section 2 that linguistic theories argue that the scope
of a wh-in-situ needs to be licensed by something in the Spec or head of its
interrogative clausal CP. The Q-coindexing analyses focus on the
relationship between wh-elements and Q-particles, in that wh-in-situ either
requires a Q-particle in [C, CP] (Nishigauchi 1990; Cheng 1991) or needs
to be bound by a Q-operator by spec-head agreement with the Q-particle in
CP (Baker 1970; Pesetsky 1987; Watanabe 1992; Aoun and Li 1993; Cole
and Hermon 1994) in order to have its scope licensed. If we assume
rightward movement of wh-in-situ and rightward projection of Spec, as
shown in Figure 6, these claims basically entail a relationship between a
wh-element and its Q-particle at the end of the clause. The LF-movement
analyses (Huang 1982; Lasnik and Saito 1984; Nishigauchi 1990) can also
be fit into this model, in that a wh-element moves to the Spec of CP and
binds its trace at LF, again in spec-head agreement with a Q-particle in C.

Figure 6 Relationship between wh-in-situ and CP.

3. Fiebach et al. (2001) take a more syntactic approach and claim that LAN is
linked to “a syntactic working memory process that maintains the filler actively
available until the gap is licensed and the syntactic chain between filler and gap can
be established (p. 327).” In essence, these researchers all claim that the process of
holding a filler that is temporarily unlicensed (in terms of either grammatical
function, thematic role, or syntactic chain) taxes working memory.
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This seems to be quite relevant to the (R)AN effects found between
Japanese wh-elements and Q-particles in the present study. The parser
actively expects a Q-particle after seeing a wh-element, and this is probably
due to the need to determine its scope. We have abandoned the “RAN as an
index of local wh-scope calculation at the verb-Q position” hypothesis, yet
we could still say that the scope of a wh-element is licensed by the long-
distance relationship between a wh-element and its corresponding Q-
particle, as indexed by (R)AN.

In this sense, our result is compatible with both Q-coindexation and
LF-movement analyses. This is plausible since (as pointed out in Section 2)
in both analyses the scope of a wh-in-situ needs to be licensed by something
in the CP that marks its scope (or COMP, to use a term that covers both
Spec and C). Therefore, we can say that there is in general a dependency
between wh-in-situ and COMP, and the wh-Q dependency observed in
processing studies mirrors in a more or less direct way the wh-COMP
dependency posited by linguistic theory.

5. Conclusion

In conclusion, the present study on the processing of mono-clausal and
bi-clausal Japanese wh-questions suggests a reliable neural processing
correlate (as indexed by (R)AN) of the dependency between wh-elements
and Q-particles. Theoretical claims about w#-in-situ argue for a mechanism
inside COMP that licenses the scope of a corresponding wh-element, either
by a Q-particle, a Q-operator, or the moved wh-element itself. This is
consistent with our data showing that the brain actively seeks a Q-particle
in COMP. From all of the above, we can say that the brain responses we
measured reflect the complex relationship between a wh-in-situ and its
licensing COMP as proposed in various linguistic theories.
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