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The present. study condneted two experiments to examine the effects of syntactic
primning in sentence comprehension, using a cross-modal priming task which required
participants to make acceptability judgment of Japanese sentences with canonical and
scrambled word orders. Experiment 1 investigated whether or not the speed of tar-
get sentence processing would be affected by the syntactic structure of prime sentences.
Prime sentences matching target sentences in word order facilitated processing of Larget
sentences even though prime-target pairs shared no content words. while prime-target
pairs with mismatched word orders demonstrated weak facilitation effects. Experiment
2 examined the processing speed of target sentences primed by a sequence of nonns
without any svntactic structure. The weak priming effects disappeared in the noun
prime condition, which suggested that those observed in the mismatch condition in
Experiment 1 were due to partial overlap of the svntactic stracture. The overall results
showed that the priming effects observed in these experiments were syntactic in nature
and independent of lexical/semantic priming.
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1. Introduction

An extension of the Modularity Hypothesis
(e.g. Fodor. 1983; Forster. 1979) conceives the
language faculty as being divided into subcom-
ponents. Under this view, phonology, syntax. se-
mantics and the lexicon are ‘sub-modules’ within
the language module. The modularity of the
symtactic parsing mechanism. among other as-
pects in senlence processing such as phonologi-
cal/orthographic processing or lexical/semantic
processing. has been a central rescarch question
of late. Many efforts Lo address this question use
behavioral and physiological approaches.

[n behavioral studies, there have been conflict-
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ing reports as to how the phonological, syntac-
tic, and semantic levels of language affect each
other. For example, Marslen-Wilson (1973) pre-
sented experimental data that phonological or
lexical processes affect syntactic or semantic pro-
cesses. However, Swinney (1979) reported exper-
imental evidence for the independence of lexical
processing from contextual information by using
the cross-modal lexical priming method. In some
ERP studies (e.g., Friederici, 2002; PFriederici
L Kotz, 2003), it was suggested that syntac-
tic and semantic processing are independent of
cach other by presenting Lhe existence of different
IXRP components sensitive to conceptual (i.e., se-
mantic and pragmatic) violations (N-100) or syn-
tactic violations (LAN or Left Anterior Nega-
tivity and P600). In studies of aphasia (e.g..
Hagiwara. 1998) and fMRI studies (e.g.. Fm-
bick. Marantz, Mivashita, O'Neil. & Sakai, 2000:
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Hashimoto & Sakai, 2002; Suzuki & Sakai. 2003).
a wealth of data demonstrated the functional in-
dependence of syntactic and semantic processing
in terms of the brain area activated in certain
specific processing, especially the Broca's area
when engaged in syntactic processing.

Building upon these previous studies, the pur-
pose of the present research is to provide a new
set of data for the functional independence of
svntactic parsing by considering syntactic prim-
ing effects in Japancse sentence processing. A
large body ol observational and experimental ev-
idence indicates that people teud to use a partic-
ular syntactic structure if that structure has re-
cently been employed. As an example of this ten-
dency (i.e., syntactic priming) in sentence pro-
duction, Bock (1986) reported syntactic priming
effects by using the guise of a memory test. In
her experiments, participants were instructed to
repeat a prepositional object (PO) sentence like
(1a) or a double object {(DQO) sentence like (1b)

as prime.

(1) a. The rock star sold some cocaine to an un-
dercover agent.
b. The rock star sold an undercover agent

some cocaine.

Participants were presented a picture that was
not semantically related with a prime sentence
and could be represented by using PO or DO sen-
tences immediately after repeating one of these
sentences. Then participants tended to describe
the picture by using the same syntactic form as
prime sentence. Bock (1986) also found priming
effects with active and passive sentences. Other
studies have demonstrated syntactic priming ef-
fects by using sentence completion (e.g.. Picker-
ing & Branigan, 1998; Pickering, Branigan, &
McLean, 2002), sentence recall (e.g.. Potter &
Lombardi, 1998) and picture description (e.g.,
Branigan. Pickering, & Cleland. 2000; Cleland &
Pickering, 2003). Syutactic priming effects were
observed not only in English but also in Dutch

(e.g., Hartsuiker & Kolk, 1998) and Japanese
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(e.g., Yamashita, Hirose, & Chang, 2003).
There have been efforts to investigate syntac-
tic priming eflects in sentence comprehension.
In terms of materials and design, these previ-
ous experiments, however, were not sufficient
to separate syntactic information and lexical in-
formation, and results on syntactic priming ef-
fects in sentence comprehension were inconsis-
tent. For instance, I'razier, Tafl. Roeper, Clifton,
& Ehrlich (1984) reported shorter reading times
for the second clause of a conjoined sentence
when the syntactic forms of first and second
clause were similar than when these were differ-
ent. However, since the same verbs were used in
two clauses in this experiment., the results could
be interpreted as the facilitative effect of not only
syntactic processing but also lexical processing,.
Likewise, Branigan, Pickering, Liversedge, Stew-
art, & Urbach (1993) reported syntactic prim-
ing effects in sentence comprehension only for
sentences with local syntactic ambiguities. Al-
though they claimed that the priming effects ap-
peared when (lie parser has to choose among
competing syntactic alternatives, they also im-
plied that the svntactic priming effects could be
observed in the absence of competition.

In addition, in the field of brain imaging re-
search, Noppeney & Price (20041) demonstrated
syntactic priming effects by using behavioral and
physiological (BOLD signal in N\RI) measures.
In their fMRI study, activity in the left temporal
pole decreased when subjects read a series of sen-
tences with similar syntactic form than dissimi-
lar syntactic form. These authors argued that
when successive sentences followed thie same syn-
Laciic structure, it was less demanding for the
reader to assign thematic roles to the sentence
arguments. However, this study relied on large
number of repetitions and that areas of the right-
hemisphere that are not normally thought to be
involved in syntactic parsing showed substantial
activation. And they implied that further re-
search would be needed to specifyv the contribu-

tions of lexical /sentential semantics and syntac-
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tic frames in the processing of semantic-syntactic
integration.

As such. there remains considerable scope for
improvement upon previous studies of syniactic
priming effects in sentence comprehension, espe-
cially with respect to experimental materials and
methodz. The most important point in investi-
gating syntactic priming effects is Lo separate the
effect of syntactic processing from other aspects
of language processing.

The present study used Japancse sentences
with canonical and serambled word (or more pre-

cisely, phrase) ovder.
(2) a. Takashi-ga tabcta.
Takashi-Nom apple-Acc ate

ringo-o

“Takashi ate an apple.’
b. Ringoj-o Takashi-ga  [t;] tabeta.
apple-Acc Takashi-Nom gap; ate

“Takashi ate an apple.”

Studies in theoretical linguistics (e.g., Saito.
1985) suggested that the accusative NI’ in a
scrambled sentence like (1b) is fronted in the ini-
tial position leaving a gnp in its original position.
That is, Japanese scrambled sentences like (2b)
have a more complex structure than (2a).

This implication was supported by some exper-
immental results that found the reading times or
grammatical judgment times of scrambled sen-
tences like (2b) were louger than canonical sen-
tences like (2a) (e.g.. Tamaoka, Snkai. Kawa-
hara. Liin, Miyaoka, & Noizumi, 2005; Koizumi
& Tamaocka. 2004; Mazika, lvo, & Kondo, 2002;
Mivamoto & Takahashi, 2002a, 2002b, 2004).
For instance. Tamaoka et al. (2005) reported
that the reaction times of canonical sentences
were faster than scrambled sentences in Japanese
active sentences with transitive verbs, active sen-
tences with ditransitive verbs, passive sentences
with transitive verbs and potential sentences.
These consistent results supported the theoret-
ical linguistic accounts provided by Saito (1985)
and implied that the parser relates the initial po-
sition of the accusative NP with the original po-

sition.  Mivamoto & Takahashi (2002a. 2002b.
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2004) also suggested the existence of filler-gap
dependencies in Japanese sentence processing by
reporting longer reading times of scrambled sen-
tences and priming effecis by reactivation of a
scrambled constituent at the gap position.
Since there is only a word order differ-
ence between (2a) and (2b), while phonologi-
calforthographic and lexical/semantic processes
are equivalent, the scrambling phenomenon in
Japanese is ideal as an experimental stimuli for
separating syntactic provesses from other as-
pects of sentence processing such as phonolog-
icalforthographic or lexical/semantic processes.
We thus use sentences with canonical and scram-
bled word order to investigate the nature of syn-

tactic priming effects in sentence comprehension.

2. Outline of Experiments

In the present study, lwo experiments were
conducted to examine whether the effects of syn-
tactic priming could be extracted independently
[rom the effects of lexical/semantic priming by
using acceptability judgment task with a cross-
modal priming paradigm. Experiment 1 investi-
gated whether or not the speed of target sentence
processing is different when the synactic form
of the target sentence and the prime sentence
were congruent or incongruent.  We predicled
that priwing effects could be observed when the
syntactic form of the target sentence was iden-
tical to that of the prime sentence because par-
ticipants would process the same syntactic form
siccessively, [n Experiment. 1, however, all of Lhe
prime stimuli were sentences. which have syn-
tactic structure, except the control baseline of
white noise; that is to say, the effects of the prime
sentence which have syntactic siructure and the
prime stimulus which has no syntactic structure
could not be distinguished. It was not enough
to conclude whether the effects of prime resulted
from the similarity of the syntactic form by lix-
periment. 1 itself. Therefore, Experinient 2 was
conceived to further investigate this problem.

Experiment 2 examined whether or not the
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speed of target sentence processing is different
when the prime stimulus is a sentence or n se-
quence of nouns. We predicted that priming ef-
fects could be observed when the syntactic forin
of the prime sentence and the target sentence
were identical. as in Experiment 1 and wonld
not be evident when the prinme was a sequence
of nouns due to a lack of syntactic structure.

In either of these two experiments, a cross-
wodal priming design is used in order to avoid
facilitation eflects at the level of visual or au-
ditory processing level. Acceptability judgment
task was required in each trial to ensure pro-
cessing of stimuli sentences.  Although judg-
ment component itself included lexical or seman-
tic factors, these potential confounding factors
are strictly controlled and counter-balanced by
comparing reaction time for exactly the same tar-
get sentences with congruent primes or incongru-
ent primes that contains exactly the same lexical
or semantic contents. It is thus possible 1o say
that syntactic processing can be separated from
other aspects of language processing if priming
effects could be observed only in the prime-and-

target congruent condition.

3. Experiment 1

Using the priming paradigm, the first exper-
iment tested whether or not native Japanese
speakers take shorler reaction times for the
canonical (SOV)

and scrambled (OSV) structures than for the

prime-and-target congruent

prime-and-target incongrucnt. canonical (SOV)
and scrambled (OSV) strucinres. The first pre-
diction is that reaction times of the congrient
condition are significantly shorter than those of
the control condition. The second prediction is
that reaction times of the incongruent condition
are significantly longer than those of the control
condition or significant difference is not observed
between two conditions. If the results tuned out
as predicted. Japanese sentence comprehension
would be shown to be affected by syntactic prim-

ing (i.e.. priming effects). Ifurthermore, if the
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congruent condition showed larger priming fa-
cilitation effects than the incongruent condition,
priming effects would be caused by the congru-
ency of svntactic structure between primes and

targets.

3.1 Method

3.1.1 Participants

Fortv-eight graduate and undergraduate stu-
dents (20 females and 28 males) at Hiroshinma
University in Japan, all native speakers of
Japanese. participated in the first experiment.
Ages ranged from 19 years and 1 month to 36
vears and 6 months, with the average age being

21 vears and 5 months on the day of testing.

3.1.2 DMaterials

120 correct and 120 incorrect scniences were
prepared for the target sentence correctness de-
cision task. Correct ‘Yes' responses (i.e. ac-
ceptable Japanese sentences) consisted of 120 ac-
tive sentences with transitive verbs. These 120
sentences were arranged in canonical order, and
nominative case marked subjects (NP-ga) and
accusative case marked objects (NP-o0) were then
swapped to create sentences of scraunbled order.
FFor example, the sentence Ken-/Ichi-ga shukudai-
o wasureta (‘Kenichi forgot his homework’) was
altered to read shukudai-o Ken-Ichi-ga wasureta
(ssune meaning, only in scrambled order). Since
the canonical and scrambled sentences were iden-
tical in terms of word used, the difference in syn-
tactic structure can be directly compared in re-
action times and correct rates.

As shown in Table 1., six types of correct prime-
target stimuli pairs were used in Experiment 1.
The first and second types of stimuli were white
noise primed sentences. The presentation time of
white noise (1.990ms) was the same as the aver-
age of the presentation time of sentence primes.
The third and fourth types of stimuli were canon-
ical order (SOVY) primed sentences. of which 40
were prepared. The same number of the fifth

and sixth stimuli was scrambled order (OSV)
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Table 1

Syntactic Priming Effects 1

-]
-1

Examples of stimuli in Experiment )

prime

examples of prime

target examples of target

White Noise White Noise

Kenichi-ga shukudai-o wasureta.
SOV Kenichi-NOM homework-ACC forgot
*Kenichi forgot his homework’
shukudai-o Kenichi-ga wasureta.
OSV  homework-ACC Kenichi-NOM forgot
*Kenichi forgot his homework”

Shinya-ga kimono-o nurashita
Shinya-NOM cloth-ACC wetted

canonical order (SOV)
*Shinya wetted the cloth’

Miyoko-ga gakkou-o yvasunda.

SOV Mliyoko-NOM! school-ACC absented
‘Miyoko was absent from school’
gakkou-o \iyvoko-ga vasunda.

OSV  school-ACC Miyoko-NOM absented
*Miyoko was absent Irom school’

shokubutsu-o Hitomi-ga sodateta. SOV
plants-ACC Hitomi-NOMI grew

scrambled order (OSV)
‘Hitomi grew plants’

Nobuko-ga kaidan-o nobotta.
Nobuko-NOM stairs-ACC climbed
‘Nobuko climbed the stairs’
kaidan-o Nobuko-ga nobotta.
OSV  stairs-ACC Nobuko-NOM! climbed
‘Nobuko climmbed the stairs’

Note: SOV refers 1o canonical word order (Subject-Object-Verb) while OSV refers ta scrambled word ovder
(Object-Subject-Verb), NOM refers to nominative case while ACC refers to accusative case.

primed sentences. These three types of white
noise. SOV and OSV prime stimuli were further
divided into SOV canonical or OSV scrambled
target sentences. Classified in this way, the ex-
periment examined the effects of syntactic prim-
ing on Japanese sentence processing.

It was expected that reading times would be-
come faster when participants saw sentences con-
taining the same words. Thus, to prevent the
problein of repeatedly encountering the same
words, a Latin-square design was used to assign
different sentences to participants.  Six lists of
sentences were given to six groups of partici-
pants. Fach list consisted of 20 sets of prime-
target stimuli in each category. In other words,
there was a total 120 sets of prime-target stimuli
for correct “Yes' responses in each list.

The equal number of correct *No' responses

(i.e. 120 unacceptable sentences) were constructed.

Scrambled sentences were created on the basis of
canonicnl sentences. For exaunple, the phrase or-
der of the canonical sentence Kazushige-ga iwa-o
matta (*Kazushige waited for the rock’) was re-
arranged 10 iwa-o Kazushige-ga matia. Six types
of prime-target stimuli pairs were created in the

same way as correct "Yes' responses. The first

ad second types of stimuli were white noise
primed sentences. The third and fourth types of
stimuli were primed sentences that had the same
synmtactic form as target sentence. The fifth and
sixth stimuli were primed sentences that had dif-
ferent syntactic forms than the target. These two
Lypes of white noise, congruent and incongru-
ent prime stimuli were further divided into SOV
canonical or OSV scrambled target sentences. A
counter-halanced, Latin-square design was used
to assign different sentences to participants. In
other words. six lists of sentences were given to
six groups of participans. Each list consisted of
20 sets of prime-target stimuli in each category.
There was therefore a total 120 sets of prime-
target stimuli for correct *No' responses in each
list.

In addition. as fillers, various types (e.g. tran-
sitive. intransitive, copular) of primne-target stim-
uli were prepared. with 60 sets of stimuli for both
correct “Yes  and *No' responses used for each list.
Consequently, a total of 360 sets of prime-target
stimuli in each list consisted of 150 stimuli for
correct *Yes' responses and 180 stimuli for cor-

rect *No' responses.
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Table 2 Reaction Times (ins) and Correct Rates (%) in Experiment 1

Reaction Times (ms)

Correct. Rates (%)

target prime
M SO prime A M SD prime A
White Noise 1434 282 97.60  4.23
SOV Cong. (SOV) 1.352 273 AS82 96.46  4.49 Al
Incong. (OSV) 1,388 263 A6 96.77  3.79 A0.83
White Noise 1.603 366 092,40 8.38
osv Cong. (OSV) 1,542 319 A6} 90.73 8,57 AL1.67
Incong. (SOV) 1,563 337 A0 89.08  9.04 A2.61

Note: M refers to means while S refers to standard deviations.

3.1.3 Procedure

The presentation was controlled by a computer
program, Microsoft Visual Basic 6.0 + Microsoft
DirectX 8. A cross-modal priming task was used
in order to avoid surface eflects of the phonolog-
icalforthographic process. For each trial, a row
of crosses (+++++-+), indicating an eve fixa-
tion point, was first presented in the center of
a screen. When subjects pushed the NEXT but-
ton, a prime sentence was aurally presented from
headphones, immediately after which a target
sentence appeared on the screen.  Participants
were instructed to respond as quickly and as ac-
curately as possible in deciding whether or not
the sentence made sense. Responses were reg-
istered by the pressing of keys marked *Yes' or
‘No'. The items were presented in random order.
Twelve practice trials were given to the partici-
pants prior to the commencement of the actual

tesling.

3.2 Analysis and Results

Extremes among sentence correctness decision
times (less than 500 milliseconds and longer than
5,000 milliseconds) were recorded as missing val-
ues. Only one data point fell into this extreme
category. Since reaction times nand error rates for
correct. *No' response might include extra cog-
nitive or emotional reaction caused by semantic
anomaly and might not reflect natural processes
of sentence processing. we only report results for
correct *Yes' responses.  The means of correct
*Yes' reaction times and correct rates for sen-

tence correctness decisions are presented in Ta-

ble 2. Before performing the analysis, reaction
times outside of 2.5 standard deviations at both
the high and low ranges were replaced by bound-
aries indicated by 2.5 standard deviations [romn
the individual means of participants in each cat-
cgory. A total of 122 data points of correct ‘Yes’
responses or 2.12 percent of the total of correct
‘Yos' responses (120 responses x <8 participants
= 3.760) were replaced in Experiment 1. The
statistical tests which follow analyze both sub-
ject (F1) and item (f3) variability. Only stim-
ulus items of correct responses were used in the
analysis of reaction times and correct rates.

3.2.1 Reaction times for correct 'Yes’

responses

The data for raw reaction times replicated find-
ings by Tamaoka et al. (2005) and others. Re-
peated t-tests showed that reaction times for
the white noise-SOV condition were significantly
faster than those for the white noise-OSV con-
dition in both subject analysis [f;(47) = 5.811,
p < .001] and item analysis. both in cases with
[t2(119) = 7.15), p < .001] and without strange
or awkward items [!2(117) = 6938, p < .(l()l].
This result revealed scrambling effects on the
processing of Japanese unambiguous active sen-
tences for correct *Yes' responses.

The priming effects were calculated by sub-
tracting the congruent and incongruent prime
condition from the white noisc prime condi-
tion. The averages of the priming effects arc
A series of a 2 (SOV or

OSV target syntactic structure) x 2 (congru-

reported in Table 2,
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ent or incongruent priming cffects) analyses of
variance (ANOVA) with repeated measurcs for
priming effects of reaction times of correct *Yes'
responses were conducted on reaction times (mil-
liseconds). using subject (F1) and item (F2) vari-
ability. The main effect of the target syntac-
tic structure was not significant either in sub-
jeet analysis [F(1.47) = .290, n.s] or in item
analysis [F2(1.119) = .260. n.s.]. The main ef-
feet of the prime-and-target congruency was sig-
nificant in subject analysis [F1(1,47) = -L641.
p < .03, and marginally significant in item anal-
vsis [F2(1.119) = 3.88. p = 077}

the item analysis did not indicate any signifi-

Because

cant difference. we checked to see if there was
any item that was particularly strange and lound
that there were two items whose error rates
were over 30% "), After eliminating the strange
items, the main effect of the prime-and-target
congruency yielded significant in item analysis
[F2(1. 117) = 1.339, p < .05]. The present study
suggests that the priming effects of the prime-
and-target congruent condition (A 72ms) vielded
significantly larger than those of the prime-and-
target incongruent condition (A 43ms). The in-
teraction between the target syntactic structure
and the prime-and-target congruency was not
significant in subject analysis [Fy(1.47) = .262,
n.s.] or in item analysis [/2(1.119) = 245, n.s].

Since the main effect of the prime-and-target
congruency was significant for correct *Yes' re-
sponses, one-way ANOVA with repeated niea-
sures were conducted to make sure that prim-
ing conditions were significantly faster than the
base line of the white noise SOV and OSV con-
ditions. The prime-and-target SOV congruent
(hereafter, SOV congruent) condition (1.352ms)
was significantly faster than the base line of
white noise SOV (hereafter. white nose SOV)

condition (1.434ms) both in subject analysis

1) The deleted items are as follows.

“Junko-ga pinto-o awaseta. (Junko brought (a cam-
era) into focus. )"

*Akira-ga noruma-o konashita (Akira managed his
assigned work.)"
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[F1(1.17) = 16.760. p < .001] and in item anal-
ysis [F2(1,119) = 14.647. p < .001]. The SOV
incongruent condition (1,388ms) was also signif-
icantly faster than the white noise SOV condi-
tion both in subject analysis [F1(1.47) = 6.847.
p < .05] and in item analysis [Fa(1, 119) = 4.508,

p < .05]. For the OSV conditions, the prime-and-
target OSV congruent (hercafler OSV congru-
ent) condition (1,542ms) was significantly faster
than the white noise OSV condition (1,6031ns)
both in subject analysis [Fi(1,47) = 1.927. p <
05) and in item analysis [Fa(1,119) = 5.375,
p < .03]. However, the OSV incongruent condi-
tion (1,563ms) was not significantly faster than
white noise OSV condition in either subject anal-
vsis [Fi{1,47) = 2350, n.s] or item analysis
[#2(1.119) = 2.659. n.s]. Consequently, these
results suggest that syntactic priming facilitates
the processing of target sentences in the prime-
and-target cougruent conditions. However, the
SOV incongruent condition was also significantly
[aster than the white noise SOV condition. We
will discuss about the reason why the SOV in-
congruent. condition showed significant priming

effects in 3.3,

3.2.2 Correct rates for correct ‘Yes' re-
sponses

A2 (SOV or OSV target syntactic structure)
X 2 (congruent or incongrnent priming eflects)
analyses of varinnce (ANOVA) with repeated
measures were also applied to the correct rates
of corrected *Yes' responses. The main effect
of the target syntactic structure was not signifi-
cant in either subject analysis [Fy(1.47) = 1.011,
n.s) or item analysis [F2(1.119) = 1460, n.s.).
The main effect of the prime-and-target congru-
ency was not significant in cither subject anal-
vsis [F1{1.47) = .279. n.s] or in item analy-
sis [#5(1,119) 306, n.s].

between the target synactic structure and the

The interaction

prime-and-target. congruency was not significant
in cither subject analysis [F1(1,47) = .756. n.s.]
or item analysis [F2(1, 119) = 1141, n.sl.
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3.3 Discussion

The results of I'xperiment 1 indicated that
priming effects of the prime-and-target congru-
ent condition were significantly larger than those
of the incongruent condition for correct ‘Yes' ro-
sponses. In other words, when the prime and
target. have identical syntaclic structures, the
prime items facilitated the speed of target sen-
tence processing for correct *Yes™ responses. This
means that syntactic priming cffect was observed
in the processing of Japanese sentences. In ad-
dition, reaction times of white noise-SOV condi-
tion were significantly faster than those of white
noise-OSV condition. These results replicated
studies which investigated processing of Japanese
scrambled sentences (e.g.. Tamaoka et al., 2005;
Koizumi & Tamaoka, 2004: Mazuka et al., 2002;
Mivamoto & Takahashi, 2002a, 2002b, 2004).

In Experiment 1, however, the prime-and-
target incongruent condition (i.e., OSV-50V
incongruent condition) was significantly faster
th:n the white noise condition, A possible expla-
nation for this weak facilitation effect is as fol-
lows. Since any pair of sentences contains at least
some degree of syntactic similarity, this similar-
ity was enough to cause partial syntactic prim-
ing eflects. In other words. 1he processing of any
seutence in the Japanese language generally f{a-
cilitates the processing of target sentences com-
pared to the white-noise condition. Furthermore,
in Experiment 1, it was maybe easy for partic-
ipants to process the target sentences when the
word orders of prime sentences are not identi-
cal to those of target sentences because partici-
pants often encountered prime-and-target incon-
gruent itemns (i.e., one-third of the experimental
malerials). Another possibility is that weak fa-
cilitation cffects are caused by activation of lex-
ical/semantic processing mechanism. Since no
linguistic processing is required for white-noise
prime. lexical/semantic processing mechanisimn is
nol at all activated.  In contrast, presentation
of any prime sentences involves lexical/semantic

processing. To decide between these two possi-
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bilities, an additional experiment was conducted
to compare the priming effects of sentences and
those of linguistic materials with lexico-semantic
content but no syntactic structures, namely a se-
quence of nouns. In addition, we should inves-
tigate the effects of the ratio of the incongru-
ent condition in the experimental materials to
decrease the number of prime-and-target syutac-
tically incongruent items. [f the reaction times
of the only prime-and-target syntactically con-
gruent condition proved faster than those of the
nouns prining conditions and white noise con-
ditions, the present study could conclude that
priming etfects are created by the identical syn-
tactic structure between prime and target sen-
tences. In contrast. if the reaction times of hoth
the prime-and-target congruent condition and
the noun prime condition are {aster than those of
the white noise condition, the result would sug-
goest the lexical/semantic processing mechanism

is the source of weak priming effects.

4, Experiment 2

Fixperiment 1 indicated a general trend that,
regardless of SOV or OSV word order. syntactic
priming facilitates the processing of both SOV
and OSV targets. Thus, lxperiinent 2 further
compared two different conditions of lexical and
SOV syntactic priming with SOV and OSV tar-
gets.

4.1 Method
4.1.1 Participants

Forty-eight graduate and undergraduate stu-
dents (23 females und 25 males) at Hiroshima
University in Japan, all native speakers of
Japanese, participated in the second experiment.
Ages ranged from 18 years and 11 months to 37
vears and 11 months, with the average age be-
ing 24 yvears and 2 months on the day of tesiing.
These participants were not the same as the ones

in Experiment 1.
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Table 3 LExamples of stimuli in Experiment 2

prime examples of prime

target examples of target

White Noise White Noise

Kenichi-ga shukudai-o wasureta.
SOV Kenichi-NONM homework- ACC forgot
‘Kenichi forgot his homework’
shukudai-o Kenichi-ga wasureta.
OS5V homework-ACC Kenichi-NOMI forgot
‘Kenichi forgot his homework”

Shinya-ga kimono-o nurashita
canonical order (SOV)  Shinya-NOM cloth-ACC wetted

‘Shinya wetted the cloth’

Mivoko-ga gakkou-o yvasunda.

SOV Miyoko-NONM school-ACC absented
*Miyoko was absent from school’
gakkou-o Niyoko-ga yasunda.

OSV school-ACC Mivoko-NOM] abisented
*Miyoko was absent from school

chikoku kudatono yuki
lateness fruit snow
‘lateness fruit snow’

nouns

Nobuko-ga kaidan-o nobotta,
SOV Nobuko-NOM stairs-ACC climbed
‘Nobuko climbed the stairs’
kaidan-o Nobuko-ga nobotta.
OSV  stairs- ACC Nobuko-NONM climbed
‘Nobuko climbed the stairs’

Note: SOV refers to canonical word order (Subject-Object-Verb) while OSV refers to scrambled word order
(Object-Subject-Verb). NOM refers to nominative case while ACC refers to aceusative case.

4.1.2

120 correct. and 120 incorrect. sentences used in

Materials

Experiment | were also used for the target sen-
tence correctness decision task in Experiment 2.
Since the canonical and scrambled sentences were
identical in terms of word used, the difference in
syntactic structure caun be dircetly compared in
reaction times and correct rates.

As shown in Table 3, six types of correct prime-
target stimnuli pairs were used in Experiment 2.
The first and second types of stimuli were white
noise primed sentences. The presentation time of
white noise (1,990 ms) was the same as the aver-
age of the presentation time of sentence primes.
The third and fourth types of stimuli were SOV
primed sentences, of which 40 werc prepared.
An equal number ol the fifth and sixth stimuli
consisted of sentences primed by a sequence of
three nouns that had no obvious semantic re-
lation to each other. The average presentation
time of noun primes was matched with the aver-
age presentation time of sentence primes. These
two types of white noise, SOV and nouns prime
stimuli were further divided into SOV canonical
or OSV scrambled target sentences. Classified in

this way, the experiment examined the effects of

syntactic priming on Japanese sentence process-
ing.

To prevent the problem of repeatedly encoun-
tering the same words, a Latin-square design was
used to assign different sentences to participants
in the same way as Experiment 1. Six lists of
sentences were given to six groups of partici-
pants. Each list consisted of 20 sets of prime-
target stimuli in each category. In other words,
there was a total 120 set= of prime-target stimuli
for correct “Yes' responses in each list. Correct
‘No' responses and various types of fillers were
created in the same way as Experiment 1. Con-
sequently, a total of 360 sets of prime-target stim-
uli in each list consisted of 180 stimuli for correct
*Yos' responses and 180 stimuli for correct ‘No’

responses.

4.1.3

The procedure was identical ro Experiment, 1.

Procedure

4.2  Analysis and Results

[ixtremes among sentence correctness decision
times (less than 300 milliseconds and longer than
5,000 milliseconds) were recorded as missing val-

ues. Three data points fell into this extreme cat-
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Table 4 Reaction Times (ms) and Correct Rates (%) in Experiment 2

Reaction Times (ms)

Correct Rates (%)

target prime
M SD  prime A hS | SD prime A
White Noise 12841 256 96.35  1.58
SOV SOV 1,242 248 A42 95.94 5.98 A0.A41
nouns 1,294 295 A-10 96.77 .30 A~ (L2
White Noise 1,393 2090 91.46G 8.81
osyV SOV 1,426 390 A-33 88.96 10.26 A2.50
nouns 1407 339 A-11 91,46  9.73 A0.00

Note: M refers to means while SD refers to standard deviations.

egory. The means of correct 'Yes' reaction times
and correct rates for sentence correctness deci-
sions are presented in Table . Before performing
the analysis, reaction times outside of 2.5 stan-
dard deviations at hoth the high and low ranges
were replaced by boundaries indicated by the 2.5
standard deviations from the individual means of
participants in each category. A total of 122 data
points of correct "Yes' responses or 2.12 percent
of the total of correct ‘Yes' responses (120 re-
sponses X 48 participants=5.760) were replaced
in lixperiment 2. The statistical tests which fol-
low analyze both subject (Fy) and item (F.) vari-
ability. Only stimulus items of correct responses
were used in the analyses of reaction times and

correct rates,

4.2.1 Reaction times for correct ‘Yes’
responses

Priming cflects were calenlated by subtract-
ing SOV and nouns prime condition from the
white noise prime condition. The averages of
the priming effects are reported in Table 4. A
series of 2 (SOV or OSV Larget syntactic strue-
ture) x 2 (SOV or nouns types of-prime) anal-
vses of variance (ANOVA) with repeated mea-
sures for reaction times of correct “Yes’ responses
was conducted on reaction times (milliseconds),
using subject (/) and item (F2) variability.
The main effect of the target syntactic struc-
ture was not significant in cither subject anal-
ysis [Fi(1,47) = 1.020, p = .051] or item analy-
sis [F2(1,119) = 1.524, n.s.]. The main effect of

the types of primne was not significant in either

subject analysis [/ (1.47) = 1.165, n.s.] or item
analysis [F2(1.119) = 1.976, n.s.]. The interac-
tion between the target syntactic structure and
the types of prime was significant both in sub-
ject analysis [/(1,47) = 1.346, p < .03] and in
item analysis [F2(1.119) = 4.568, p < .05). The
prime-and-target congruent condition (i.e., SOV
SOV condition; A 42ms) yielded significantly
larger priming cffects than the prime-and-target
incongruent condition (i.e., SOV OSV condition;
A ~ 33). the noun SOV (A — 10) condition, and
the noun OSV condition (A — 14),

Since the interaction between the target syn-
tactic structure and the types of prime was
significaut lor correct *Yes' responses, one-way
ANOVA with repeated measures were condncted
to ascertain that only the prime-and-target SOV
(hereafter, SOV congruent) conditions were sig-
nificantly faster than the base line of the white
noise SOV (hereafter, white nose SOV} con-
ditions. For the SOV target conditions, the
SOV congruent condition (1,242ins} was signifi-
cantly faster than the white noise SOV condition
(1,284ms) both in subject analysis [Fi(1.17) =
5.992, p < .05] and in item analysis [F2(1,119) =
6.011. p < .05]. However, the condition of prime
nouns and target SOV sentences (1,294ms) was
not significantly faster than the white noise SOV
condition in either subject analysis [F1(1,17) =
.339. n.s.] or item analysis [/2(1.119) = .314,
n.s.). For the OSV target conditions, the prime-
and-target OSV incongruent (hereafter OSV in-
congruent) condition (1.426ms) was not sig-

nificantly slower than the white noise OSV
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condition (1.393ms) both in subject analysis
[F1(1,47) = 1.609. n.s] and in item analysis
[F2(1,119) = .894, n.s.]. The noun OSV condi-

tion (1,407ms) was not significantly slower than

white noise OSV condition in cither subject anal-
ysis [F1(1.47) = 453, n.s.] or item analysis
[Fa(1.119) = .137, n.s.).

As for the raw reaction times, repeated t-1est
showed that reaction times of white noise-SOV
condition were significantly aster than those of
white noise-OSV condition in both subject anal-
vsis [{1(1T) = 5.788, p < .001] and item analysis
[£2(119) = 4.852. p < .001]. This result repli-
cated the result of Experiment 1.

4.2.2 Correct rates for correct "Yes’ re-
sponses

A 2 (SOV or OSV target syntactic structure)
x 2 (SOV or nouns types of prime) analyses of
variance (ANOVA) with repeated measures was
also applied to the correct rates of corrected “Yes’
responses. The main effect ol the target syntac-
tic structure was not significant in either subject
analysis [F1(1.47) = .979. n.s.] or item analysis
[F2(1,119) = 764, n.s.). The main effect of the
types of prime was marginally significant in sub-
ject analysis [F1(1,47) = 2.892, p = .096], and
significant in item analysis [/%(1.119) = 5.249,
p < .03]. The interaction between the target syn-
tactic structure and the types of prime was not
significant in cither subject analysis [F7(1.47) =
984, n.s.] or item analysis [F2(1.119) = 1.134,

n.s.).

4.3 Discussion

The syntactically congruent condition (SOV
prime and SOV target) showed larger priming
facilitation efleets than the incongruent condi-
tion (SOV prime and OSV target) and the noun
prime condition in Experiment 2. These results
did not replicate the results of Experiment I, in
which the OSV-SOV condition was significautly
faster than white noise-SOV condition. As we

discussed in 3.3, one possibility of the conflict re-
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sults was caused by the effects of the ratio of the
incongruent condition in the experimental ma-
terials.  In other words, the number of incon-
gruent conditions were 40 for correct *Yes' re-
sponses and 10 for correct ‘No' responses in I9x-
periment 1, whereas 20 for correct ‘Yes' responses
and 20 [or correct *no’ responses in l<xperiment
2. Because the chances for encountering the in-
congruent condition in Experiment | were twice
as many as those of Experiment 2 and the pro-
cessing load for the change of word orders was de-
creased in Experiment 1, it might cause the facil-
itation of the OSV-SOV condition. An implica-
tion of this result for the source of syntactic prim-
ing is discussed in general discussion. Since prim-
ing cffects were observed only in the congruent
condition in Experiment 2, we can assume that
these priming effects were causes by the struc-
tural similarity between prime and target sen-
tences, Experiment 2 showed significant interac-
tion between the target and the types of prime
of reaction times for correct ‘Yes' responses as
well.  This meant that the priming effects of
the congruent condition were larger than those
ol the incongruent. condition and the sequence
of noun SOV conditions. although the priming
effects of the latter were not larger than that of
the sequence of noun OSV condition. This result
indicated that the priming effects of the prime-
and-target congruent condition were significantly
larger than those of the incongruent and the se-
quence of noun condition.  Consequently, lexi-
cal/semantic processing docs not facilitate the
processing of target sentences. The comparison
between reaction times of white noise-SOV con-
dition and those of white noise-OSV condition
for correct. *Yes’ responses indicated that the pro-
cessing of OSV sentences required more process-
ing cost than thar of SOV sentences. The resuits
replicated those of previous studies on seran-

bling effects mentioned in section 3.3.

5. Genceral Discussion

The purpose of the present study was to exam-
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ine svntactic priming effects in Japanese canon-
ical and scrambled sentence comprehension. To
achieve this, two experiments to test these effects
using cross-modal priming and target sentence
correciness decision task were conducted.
Experiment 1 indicated that the priming ef-

fects of the prime-and-target congruent con-

dition werc significantly larger than those of

the prime-and-target incongruemt condition. In
other words, the primed items facilitated the
speed ol the processing of target sentences when
the prime and target shared an identical syntac-
tic structure. However, the reaction times of the
prime-and-target incongruent condition were sig-
nificantly faster than those of the white noise
condition. Since any two .Japanese sentences
sharce at least some degree of syntactic similar-
ity, it might be deduced that sentence process-
ing in the Japanese language generally facilitates
the processing of target sentences. Alternatively,
lexical/semantic processing involved in the mis-
match condition was enough to yield weak facil-
itation effects. To decide hetween these two ac-
counts, an additional experiment was conducted
to compare the priming eflects of the sentence
prime and the noun prime.

Experiment 2 showed significant interaction
between the targel syntactic structure and Lhe
types of prime. The priming effecis of the priine-
and-targer congruent condition (i.e.. SOV prime
and SOV target condition) were larger than those
of the prime-and-target incongruent condition
(i.e.. SOV prime and OSV target condition) and
the noun SOV conditions. although the prim-
ing effects of the incongruent condition were not
larger than those of the noun OSV condition.
In other words. compared with the incongruent
and noun priming conditions, significantly larger
priming effects of the prime-and-target congru-
ent condition were observed.

The facilitation effect cannot be attributed to
visual or auditory processing because prime scn-
tences share no sensory input with target sen-

tences. Neither can it be attributed to lexical
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or semantic priming effects because there is no
overlap of lexical or semantic content between
prime and target. Furthermore, syntactic prim-
ing effects appeared without syntactic ambigui-
ties, because Japanese sentences with canonical
and scrambling order were used as prime and tar-
get sentences and these sentences had no ambigu-
ities at all. The present study has thus removed
many potentially confounding factors of previous
studies by using Japanese sentences with canon-
ical and scrambled word orders. The fact that
priming effects are still observed in the present
study therefore supports the view that the source
of priming is syntactic in nature. The overall
results serve as a new basis for future research
about the role of syntactic parsing mechanisms
in human sentence processing,.

However, there are some limitations of the
present study that have to be overcome in {uture
research. First, the question of what counts as
a perfect baseline is one of the important issues
in priming st udies. It might be argued that non-
linguistic stimuli. such as the white noise used in
this experiment, would cause inhibition effects
for some reason and thus do not serve as an ap-
propriate baseline. We are aware of the impor-
tance of comparison between various linguistic
stimuli and ook measures Lo compare between
congruent and incongruent conditions in order
to avoid such methodological criticisin. At the
same tine, we thought that some nonlinguistic
stimuli with absolutely no learning effects should
be included to confirm that there are no prim-
ing effects in the bascline condition. Although
white noise and a sequence of nouus are potential
sources of inhibition, we did not find any prim-
ing effects in the OSV incongruent condition, the
OSV white noise condition, or the OSV nouns
condition in Experiment 2. Thesc results sug-
gested that white noise and a sequence of nouns
do not cause inhibition in this kind of experiment
design.

The second potential problem is the ralio of

transitive sentences and intransitive sentences in
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the experimental materials. The number of filler
sentences was restricted to a minimum and the
transitive/non-transitive sentences ratio was set
as 2 to 1 in both experiments due to time lim-
itations. The lower filler ratio and the higher
ratio of transitive sentences might leave room to
develop a particularly different strategy. At the
same time. the lower filler ratio could not have
cansed a serious problem in the current experi-
ment as it appears because experimental mate-
rials were simple transitive sentences, which the
participants frequently encounter in their daily
lives, and are less likely 10 devclop strategies spe-
cific to experimental materials in this case. Fu-
ture rescarch is needed to eliminate these poten-
tial confounding factors and replicate the result
of the present study.

Finally, the results of this study are by no
means decisive cvidence for functional inde-
pendence of syntax module in human cogni-
tive function. There are other potentially rele-
vant lexical/semantic factors. repetition of case
particles, effects of noun phrase animacy, etc..
which were not considered in the present re-
search.  Despite such limitations, the present
study made a unique contribution by removing
many confounding factors of the previous re-
searches by making use of the Japanesc sentences
with canonical and scrambled word orders. We
hope that future research on this topic will push
forward and reveal the role of syntactic parsing

mechanisms in human sentence processing.
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Appendix:

for Experiment 1 & 2

9.

10.

11.

13.

14

16.

L Ra MY EEE msE.

Makoto-Nom alarm-Ace sounded
“Makoto sounded an alarm.”

L AHANWAE R

Isao-Nom cap-Acc put on
“Isao put on a cap.”

Ay a Fug FL.

Yuko-Nom fortume-telling-Acc believed in
“Yuko believed in fortune-telling”

X Iadd mEANE b7

Emiko-Nom bahy-Acc snatched away
*Emiko snatch a baby away.”

LTV Bt % ED T

Tetsuya-Nom project-Ace advanced
“Tetsuya advanced a project.”

CAaAYAN IR MILL

Yoshio-Nom beards-Acc grew
“Yoshio grew beards.”

L eaadtiE s L

Hiroko-Nom a crop ficld-Acc devastated
“Hiroko devastated a crop field.”

LTI aA—-FEF DRI

Mayumi-Nom a cord-Ace connected
“Mayumi connected a cord.”
YA EAaLARZILE BT
Takeshi-Nom corns-Ace hoiled
“Takeshi boiled corns.”

vuouh 1 -7

Jiro-Nom umbrella-Acc opened
“Jiro opened an umbrelln.”

PO BIELEE T
Tomoko-Nom marbles-Ace set in line
*“Tomoko set marbles in line.”

2. 77 an W% Aoz

Nobuko-Noin stairs-Acc went up
“Nobuko went up stairs.”

o4 FA R Sh
Kenichi-Noin homework-Acc forgot
“Kenichi forgot his homework.”

1 Faud KiE Ko7z,
Ichiro-Nom mistake-Acc laughed at
“Ichiro laughed at a mistake.”

. B aN JHEE mT

Yoko-Nom play-Acc began
“Yoko began to play.”
EF I IFUsE Mo L7

Experimental materials

Cognitive Studies

17,

19.

t
-1

30.

31
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Hideko-Nom bell-Acc rang
“Hideko rang a bell.”

R+TTH BT BRI
\anabu-Nom answer-Acc gave
“Manabu gave the answer.”
H7u KIELE Fovl.
Saburo-Nom friend-Acc invited
“Saburo invited a friend.”

L4 adt {kgie fL.
Reiko-Nom job-Acc looked for
“Reiko looked for a job.”

LFEAENR S EDEE LA

Naoki-Nom proverh-Acc memorized
“Naoki memorized a proverb.”

L Aan piEAE prZ

Keiko-Nom bag-Acc held

“Keiko held a bag.”

Fh kET dLi.

Chie-Noin thread-Ace got throngh
“Chie got the thread through.”
FEIN NEE EILL
Tomomi-Nom promises-Acc realized
“Tomomi realized her promises.”
IHA R Bl L7

Misa-Nom moving to Tokyo-Ace decided
“Misa decided Lo move to Tokyo.”

LT T AR BB

Kenzo-Nom cartoon-Acc put on the screen
“Kenzo put a cartoon on the screen.”

5. A X WA S E BELT

IKazuhisa-Nom punishment-Acc made a
decision

“Kazuhisa made a decision on somcone'’s
failure.”

L TED e HiL

Aki-Nom dinner-Acc prepared
“Aki prepared dinner.”

LIt &EE WELL

Namie-Nom conversation-Aec saved
“Namie saved a conversation.”

. Toeon Bt 2L

Atsuhiro-Nom elcctric waves-Ace received
“Atsubiro received electric waves.”
2HFN REEY LBLL.

Masaki-Nom encmy country-Ace attacked
“Masaki attacked an enemy country.”
FH A AINE BHLI

Chisato-Nom frog-Ace dissected

“Chisato dissected a frog.”

L THINREEY AL

Asami-Nom name-Acc wrote down
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66.

68.

69.

“Takuro puzzled out a diflicult task.”

5. Lo ENE BEEHLI

Hiroo-Nom inside of the school-Acc kept an
eve on

“Hiroo kept an eye on the school.”
Faadtaar BAE

Kyoko-Nom jewels-Ace stole

“Kyoko stole jewels.”

TR OUE L

Sayuri-Nom elbow-Ace injured
“Sayuri injured her elbow.”

2 RN BITE ko 7.

Yuki-Nom assistant-Acc hired

“Yuki hired an assistant.”
YHTINFEREY FEFLL
Takalumi-Noin beauty parlor-Acc ran
*Takafumi ran a beauty parlor.”

I3 ah FRE KA

Mivoko-Nom school-Ace was absented from
“Miyoko was absent from school.”

L Thad KEGk S8l

-1
[V

Wakako-Nom big stage-Ace went through
*Wakako went through a hig stage.”

2. FALHDIATE fis L

Takashi-Nom cradle-Ace rocked
“Takashi rocked a cracdle.”

T3okobhIA B BEHLL

=1
vt

8l.

Hirotoshi-Nom insurance - Acc signed up for
“Hirotoshi signed up for an insurance.”
IFAFMOZ)EE RELA:
Michiko-Nom paper airplane-Acc flew
“Michiko flew a paper airplane.”

. WA ID WA ML

Masumi-Nom physics-Acc studied
“Masumi studied physics.”
saah FLLEEY Kol
Taro-Nom children-Acc yelled at
“Taro velled at the children.”

CHFNR BT AE BIELT

Saori-Nom windowpane-Ace broke
“Saori broke a windowpane.”

2 3R ldgx HRL.
Noriko-Nom country-Ace accused
“Noriko accused the country.”

b I TR b,

Hitomi-Nom plan-Acc decided
“Hitomi had her plan completed.”

LTI REE BEL /.

Shingo-Nom visitor-Ace welcomed
“Shingo welcomed the visitor.”

¥ LA INEE BT

Cognitive Studies

84,

86.

o
2

88.

90.

91.

9.

96.

¢
N

June 2007

Tadashi-Nom difficulties-Acce avoided
“Tadashi avoided difficulties.”

2.V A% IEEE BUEL 2.

Natsumi-Nom Hiroshima-Ace went
sightsecing

“Natsumi went sightseeing in Hiroshima.”

3. THRN LR T

Akane-Nom paper waste-Acc threw out
*Akane threw the paper waste ont.”
wHEFA Nk ML
Masahide-Nom building-Ace managed
“Masahide managed the building.”
LN BEANE sl

Shigeru-Noimn girlfriend-Ace turned down
“Sigeru turned his girlfriend down.”
vulht hx ko

Hiroshi-Nom hody-Acc rested

“Hiroshi rested his body.”

R = b/ Rl - Kl (e VAN

Kazuko-Nom meat-Ace ate
“Kasuko ate meat.”
ZINFANNLEE LD
Emi-Nom belt-Acc loosencd
“Emi loosened her belt.”

v b AA PR BT
Tsutomu-Nom villa-Ace huilt
“Tsutomu built a villa.”

NVE 2/ PN Ak 18 S AN
Minoru-Nom lid-Acc took off
“Minoru took the lid off.,”
FFah alr i
Sachiko-Nom name tag-Acc pinned on
“Sachiko pinned on a name tag.”
I aA W E AN
Mieko-Nom suger-Acce added
“Micko added sugar.”

3. THLA FiE AL

Masaru-Nom opponent-Acc beat
“Masaru beat an opponent.”

1 Lh BIEE Wz
Isamu-Nom fHowers-Ace planted
*lsamu planted Howers.”

. LY AR AR E 3

Etsuko-Nom her dog-Acc praised
“Fitsuko praised her dog.”
FUIHEEE R

Narumi-Nom suspicion-Acc came under
“*Narumi came under suspicion.”

L A XFH R R,

Kazuo-Nom study-Ace stopped
“Kazuo stopped studyving.”
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33.

31

35.

36.

37.

3x.

39.

40.

4,

46.

48.

“Asami wrote down her name.”

Iy HH HET EHFLL.
Kivotaka-Nom his house-Ace remodeled
*“Kivotaka remaodeled his house.”
HXbTAH TAREX ITELL
Kazutoshi-Nom sewer-Acce did the work of
constriction

“Kazutoshi did sewer work.”

FHvh AWEE FERL
Chinatsu-Nom pediatric-Acc entered
practice

“Chinatsu eutered practice as a pediatric.”
<HaN itk NELL.

Masako-Nom her assets-Acc disclosed
publicly

“Nasako publicly disclosed her asserts.”
A4 A Kkt r BELL

Kaori-Nom marriage-Acc promised
“Kaori got engaged.”

XA REY Ehm L.

Mie-Nom killing-Acc planned to

“Mie planned to kill someone.”
Fryh a—rx @Al

Kenta-Nom coat-Acc put in

“Kenta put in his cort.”

7 h XA HEEkE WL L7
Takayuki-Nom knowledge-Ace absorbed
*Takayuki absorbed knowledge.”

kA GIFEE R,

Miho-Nom stamp-Acc collected

“*Miho collected stamps.”

2. Y AH R HIBLZ

Sayaka-Nom daughter-Acc boasted about
“Savaka boasted about her daughter.”

3. R RE B

Satoshi-Nom younger brother-Acc helped
“Satoshi helped her younger brother.”

L7 1A R T BERL 7.

Harufumi-Nom lawmaker-Ace resigned
“Harufumi resigned as a lawmaker.”

L7 1A NtEE (B

Kimniko-Nom business-Acc stated
“Kumiko stated her business.”
%A SAE M2

Hideki-Nom wish-Acc made it reality
“Hideki made his wish reality.”

CARXHPEEE BT

Kazuya-Nom early rising-Acc continued
“Kazuya continued to wake up early.”
AN BILE BA

Mika-Nom bills-Acc counted
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“Mika counted hills.”
IFRAMET oA
AMiki-Nom thief-Acc apprehended
“Aliki apprehended a thief.”
FARHEE 7

Toru-Nom tears-Acc wiped
“Toru wiped his tears.”

TR H L T k.

Tatsuya-Nom away-Acc gazed
“Tatsuyva gazed away.”

LA R R

Takaharu-Nom clothed-Acc changed
“Takaharu changed his clothes.”

a3, JEA T EL & .

o
-1

Ut
[°4

9.

60.

61,

63.

6.

Rie-Nom child-Ace sent to bed
“Rie sent a child to bed.”

L TYUN HAY BRI

Atsushi-Nom muscle-Acce developed
“Atsushi developed his muscle.”

XD BEE #iT

Takuya-Nom money-Ace made
“Takuya made money.”

L IHLE RS

Yumi-Nom mind-Acc calmed
“Yumi calmed herself down.”

AN ABBLEE LT

Mai-Nom bundle handkerchief-Acc spread
out
“Mai spread out a bundle handkerchief.”

CTAAFHEyFy—% LI

Daisuke-Nom pitcher-Ace changed
*Daisukn changed pitchers.”

FaIA EWUE T/
Kiyoshi-Nom thoughts-Ace focused
“Kiyoshi focused his thoughts.”
Fuadh wlix ML
Teruyoshi-Nom wasteland-Acc brought
under cultivation

*Teruyoshi brought a wasteland under
cultivation.”

T4 IRE Wotil,

Aiko-Nom error-Ace found out

“Aiko found out an error.”

2. 1A AR ML

Manami-Nom hostage-Acc released
“Nanami released a hostage.”

T AMNH THAAL HEL.

Azusa-Nom morning glories-Acc looked on
“Azusa looked on morning glories.”
yrouh $ELY Bkl

Takuro-Now difficult task-Ace puzzled out
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98, RALH IHFA Nt BELIE.
Susumu-Nom missile-Ace launched
“*Susumn launched a missile.”

99. £V ay &PYhz b ¥/
Setsuko-Nom a picce of paper-Acc tore
“Setsuko tore a picce of paper.”

100. 420 BFHET % gL

Hisanori-Nom phone number-Acc searched

for
“*Hisanori searched for a phone number.”

101, AH L BAL F{onl
Osamu-Nom bad person-Acc blamed
“Osame blamed a bad person.”

102, UFrH wriary WL
Rina-Nom a condominium-Acc built
“Rina built a condominium.”

103, =¥ BEEE UL 7.

Maya-Nom breed variety-Ace improved
“Maya immproved breed variety.”

104, P e HREZE SRl
Toshihisa-Nom workshop-Acce set up
“Toshihisa set up a workshop.”

105, V4 b oH BRax ML/
Tsunetoshi-Nom exhibition-Acc held
“Tsunetoshi held an exhibition.”

106, 25 AN BEE EX 7
Yutaka-Nom rooms-Ace changed
“Yutaka changed rooms.”

107, 34 M) FRME WYL 7.
Misato-Nom defectives-Ace recalled
“Misato recalled defectives.”

108. S FYA DAZTH H L7
Midori-Nom apple-Ace munched
“Midori munched an apple.”

109, 29 XAH B+ BHLL 7=

Yuya-Nom land for farming-Acc developed

*Yuya developed land for farming.”
110, /7 Fnh 5EE L.
Noboru-Nom picture-Ace took
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“Noboru took pictures.”

LY 37 ah ass oL,
Ryoko-Nom cell-phone-Ace cancelled
“Ryoko cancelled the contract of her
cell-phone.”

112, # b ahs k% it
Satoko-Nom trouble-Ace caused
“Satoko caused trouble.”

13, 7=eod 75270 % L/
Kunihiro-Nom a plastic model-Ace
refurbished
“Kunihiro refurbished a plastic model.”

A, 7 ¥d brang Lot
Kenji-Nom tunnel-Ace passed throngh
“Kenji passed through a tunnel.”

115, YI 45 4E% S L7
Yayoi-Nom lifestyle-Ace improved
“Yayoi timproved her lifestyle.”

16, ¥ 1A BEE F/i
Yukie-Nom tea-Acc poured
“Yukie poured a cup of tea.”

7. #vAa SHEAZE &L 7.
Tatsuo-Nom foreigner-Acc discriminated
“Tatsuo discriminated against foreigners.”

118, 2% %4 #ifte K&l
Yukio-Nom salary-Acc paid
“Yukio paid a salary.”

119, Yarad Er b Hhir,
Junko-Nom focus-Ace adjusted
*Junko brought a cancra into focus.”

120, 7% 74 /=% Zhll
Akira-Nom assigned work-Acc managed
“Akira managed his assigned work.”

Note: All sentences in this appendix have canon-
ical word order. Nominative case marked sub-
jects (NP-Nom) and accusative case marked
{(NP-Acc) were swapped to create sentences of
scrambled order.



