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1. Introduction 
 

This study investigates the feasibility of syntactic bootstrapping in a radical 
argument drop language, Japanese. Previous studies propose that children use 
syntactic cues (e.g., the number of arguments) to infer the meanings of novel 
verbs in a process known as syntactic bootstrapping (e.g., Landau & Gleitman, 
1985; Gleitman, 1990; Naigles, 1990; Fisher et al., 2010). For syntactic 
bootstrapping to work, the syntactic cues must be observable in the input. 
However, these cues are frequently absent in Japanese child-directed speech 
(Rispoli, 1995; Matsuo et al., 2012), which raises questions as to whether the 
syntactic bootstrapping is a viable strategy to learn verb meanings in Japanese.  

In Japanese, argument noun phrases and post-nominal case markers that 
typically signal grammatical relations to verbs may be omitted if they are 
recoverable from the context, as in (1) (Kuroda, 1965; Kuno, 1972). The case 
marker is always omitted when the argument is omitted but not vice versa.  
 
(1) a. Hanako-ga  Taro-wo  home-ta. 

  Hanako-NOM Taro-ACC praise-PAST 
  ‘Hanako praised Taro.’ 
b. Taro-wo   home-ta. 
  Taro-ACC  praise-PAST 
c.  Hanako-ga  home-ta. 
  Hanako-NOM praise-PAST 

 
In addition, case markers do not always signal particular grammatical 

relations. First, the mappings between case markers and grammatical relations 
are not one-to-one (Shibatani, 1978). For example, depending on the verb 
semantics, the dative -ni that typically marks the object can be used to mark the 
subject, and the nominative -ga that typically marks the subject can be used to 
mark the object, as in (2a). Second, the case marker is always omitted when a 
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topic marker such as -wa, which links to old information (Kuno 1972), is used, 
as in (2b, c).  

 
(2) a. Hanako-ni  Eigo-ga   wakar-u. 

  Hanako-DAT  English-NOM understand-PRES 
  ‘Hanako understands English.’ 
b. Hanako-wa  Eigo-ga   wakar-u. 

Hanako-TOP  English-NOM understand-PRES 
c.  Hanako-ni  Eigo-wa   wakar-u. 

  Hanako-DAT  English-TOP  understand-PRES 
 

These properties of arguments and case markers in Japanese seem to present 
challenges for syntactic bootstrapping. The observable cues would often be 
identical even for the coarse distinction between transitive and intransitive verbs. 
If verbs generally appear in these contexts in the input, there would be few 
syntactic cues to distinguish different verb classes. Indeed, corpus studies have 
shown that arguments and case markers are very frequently absent in Japanese 
child-directed speech (Rispoli, 1995; Matsuo et al., 2012). However, behavioral 
experiments have reported that Japanese children are able to use the number of 
arguments and case markers to infer the meaning of novel verbs (Matsuo et al., 
2012; Suzuki & Kobayashi, 2017). This gap between impoverished input and 
learners’ ability to use syntactic cues is still unexplained. 

By focusing on children’s learning of transitive and intransitive verbs, our 
goals in this paper are to examine (i) whether the Japanese input really lacks 
syntactic cues for verb learning, particularly the number of overt arguments and 
the accusative case marker -wo that typically indicates the object, and (ii) 
whether these cues can help predict verb transitivity.  

To address these questions, we explore another mode of input, picture 
books for children. Picture books are known to play an important role in 
children’s language development (Whitehurst, 1988). For instance, they contain 
a wider range of vocabulary than child directed speech (Montag, 2015). In the 
context of this study, picture books are more accessible and transparent for the 
purpose of annotating null arguments than child-directed speech in ordinary 
conversational settings, where situational context and background knowledge 
are not apparent a priori to researchers.  

This paper is organized as follows. First, we describe the Japanese picture 
book predicate-argument structure corpus that contains systematic annotations 
of predicate-argument structure. Next, we examine the syntactic cues in picture 
books. Results indicate that Japanese picture books contain more overt 
arguments and accusative case markers and that these cues significantly 
influence the prediction of verb transitivity. These results suggest that syntactic 
bootstrapping is a feasible strategy even in a radical argument-drop language, 
Japanese, if learners can access and make use of these cues in picture books. 
These results also suggest that a different form of input may contain different 
kinds and amounts of evidence, highlighting the importance of examining a 
variety of input available to learners.  
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2. Japanese Picture Book Predicate-Argument Structure Corpus 
 

The corpus consists of 50 best-selling Japanese picture books for children 
aged 0 to 5 years. Table 1 shows the number of picture books for each target age 
in our corpus and the average number of predicates in the books for each age 
group.  
 
Table 1: Number of picture books and predicates by target age 

Target age Number of books Average number of predicates (token) 
0 8 14 (min: 5; max: 28) 
1 7 37.14 (min: 18; max: 67) 
2 5 36.6 (min: 8; max: 103) 
3 16 53.13 (min: 16; max: 101) 
4 13 135.77 (min: 32; max: 234) 
5 1 189 

 
A transcribed text and corresponding picture for each page were paired for 

the purpose of annotation. Figure 1 presents a sample annotation for the 
sentence “The cat gave a flower (to the bird),” where the symbol Φ indicates a 
null argument.  
 

 
Label 

Neko-ga Φ (tori-ni) ohana Ageta-yo. 
cat-NOM  (bird-DAT) flower-Φ gave-PART 

PREDICATE NA NA NA ditransitive 
ARGUMENT overt null overt NA 
GRAMMATICAL REL. subject indirect obj direct obj NA 
ANIMACY +animate +animate -animate NA 
VISUAL PRESENCE +visual +visual +visual NA 
NUMBER OF ANIMATE NA NA NA 3 
NUMBER OF INANIMATE NA NA NA 1 

Figure 1: Example annotation 
 

The annotations were done manually using BRAT (Stenetorp et al., 2012) 
by two trained Japanese-native graduate students of linguistics. The same 20 
picture books were first annotated by these two annotators. The inter-annotator 
agreement for predicates and arguments in the data set was above 90% in F1 
measure, indicating the reliability of the annotation procedure. The remaining 30 
picture books were annotated by either of the two annotators. A total of 3,359 
predicate-argument structures were found in the 50 picture books.  
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Each predicate’s category (see Table 2), its argument(s) (overt or null), and 
the grammatical relation(s) between the predicate and its argument(s) (subject, 
direct object, indirect object) were annotated, while adjunct phrases were not. 
Complementizer phrases and event nouns were separately annotated and 
excluded from later analyses. Linguistic tests such as passivization and 
reflexivization were used when the verb’s transitivity was unclear. Table 2 
shows the breakdown of predicates by category, along with the five most 
frequent tokens in each category.   
 
Table 2: Frequencies of predicates in 50 Japanese picture books 

Predicate category Frequency The five most frequent predicates  
Intransitive 1,339 iku “go,” kuru “come,” aru/iru “exist,” 

deru “leave,” yattekuru “come up” 
Transitive 1,184 iu “say,” miru “see,” taberu “eat,” 

hipparu “pull,” omou “think” 
Ditransitive 79 yaru “give,” oshieru “teach,” miseru 

“show,” kiseru “dress,” noseru “put” 
Adjective 204 oishii “delicious,” ii “good,” omoshiroi 

“funny,” hidoi “terrible,” tanoshii “fun” 
Copula 553  
Total 3,359 Copula, iu “say,” iku “go,” kuru “come,”  

miru “see,” taberu “eat” 
 

In addition to annotating predicate-argument structures, we annotated three 
kinds of non-linguistic information: animacy of the referent, visual presence of 
the referent, and the numbers of animate/inanimate entities present in the picture. 
These annotations are not included in the following analyses, but future work 
will incorporate the information to test how and to what extent discourse-
pragmatic factors play a role in children’s learning of verb meanings. We 
selected these factors based on the findings that children in various languages 
are sensitive to these aspects of information to some extent when they choose 
referring expressions such as null vs. overt forms (e.g., Allen et al. 2008).  
 
3. Results 
 

The analyses focused on transitive and intransitive verbs. Verbs that take 
complement clauses and event NPs that do not refer to entities were excluded. 
Verbs with voice markers that take an exceptional/additional argument were 
also excluded. After these exclusions, 1,325 intransitive verbs and 945 transitive 
verbs are remained for the analyses.  

3.1. Syntactic cues in picture books 
 
 Table 3 presents frequencies of intransitive and transitive verb frames 
defined by the combination of null and overt arguments. The symbol Φ indicates 
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a null argument. Counts in brackets show the number of tokens. Note that 
Rispoli (1995) counted Φsubj NPobj V and NPsubj Φobj V frames together.  
 
Table 3: Frequencies of intransitive and transitive verb frames 

 
Verb frame 

Picture books  
(this study) 

CDS  
Rispoli 
(1995)  

CDS  
Matsuo et al. 

(2012)  

Picture books 
Top 5 verbs 
(translated)  

Intransitive NPsubj V 71.7% (897) 37.5% (84) 54% (486) come, go, exist, 
come up, leave  

Φsubj V 28.3% (354) 62.5% (140) 46% (419) go, come, wait, 
play, run away 

 
 

Total 1251 224 905 go, come, exist, 
leave , come up 

Transitive NPsubj NPobj V 47.3% (387) 9.9% (22) 16.5% (144) see, pull, eat, 
ride, make 

Φsubj NPobj V 28.6% (234)  
57.4% (128) 

63% (551) see, put, eat, 
make, have 

NPsubj Φobj V 9.3% (76) 4.5% (39) follow, peek, 
pick up, chase, 
welcome 

Φsubj Φobj V 14.9% (122) 32.7% (73) 16% (140) eat, open, match, 
draw, see  

Total 819 223 874 see, eat, pull, 
make, have  

Accusative -wo 55.8%  (457)  6.6% (19)  8.5% (58)   

Overall, the picture books contained more overt arguments than child-
directed speech. In particular, transitive verbs with overt subjects and overt 
objects accounted for nearly half of all the transitive verbs in the picture book 
corpus. The number of NPsubj NPobj V frames in the picture books was 
significantly higher than that of child-directed speech: 𝜒2(1, N = 1168) = 162.65, 
p < .0001 with regard to the data in Rispoli (1995), and 𝜒2(1, N = 1819) = 
506.97, p < .0001 with regard to the data in Matsuo et al. (2012). 

Moreover, the accusative case marker -wo that typically signals an object 
appeared in more than half the total transitive verbs in the corpus, in clear 
contrast to child-directed speech. The number of accusative case markers in the 
picture books was also significantly higher than child-directed speech: 𝜒2(1, N = 
1168) = 108.93, p < .0001 with regard to the data in Rispoli (1995), and 𝜒2(1, N 
= 1819) = 207.2, p <.0001 with regard to the data in Matsuo et al. (2012).  

In sum, we found that overt arguments and the accusative case marker -wo 
occur frequently in picture books compared with child-directed speech. These 
results suggest that picture books could provide richer input for syntactic 
bootstrapping. The following examines whether these cues could make a clear 
contrast between transitive and intransitive verbs.  
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3.2. Influence of syntactic cues on prediction of verb transitivity 
 

To test whether the number of overt arguments and the accusative case 
marker -wo in picture books have a significant influence on predicting verb 
transitivity, we created a mixed effects model that predicted whether the verb 
was transitive, with the number of overt arguments and the accusative case 
maker -wo as fixed effects and picture book IDs as a random effect.  

Table 4 summarizes the coefficient estimates β$ , standard errors SE(β$ ), 
associated Wald z-score, and the significance level p for the predictors described 
above. Positive (negative) coefficients indicate a higher (lower) probability of 
transitive verbs. We used the variance inflation factor to assess multicollinearity 
between the two fixed effects and found no significant influence on the 
reliability of the parameter estimates (VIF < 1.1).  

The significant positive correlation with the accusative case marker -wo 
indicates that this case marker could be a strong cue that signals a verb’s 
transitivity. The significant negative correlation with one overt argument 
indicates that this cue was more associated with intransitive verbs. The two 
overt arguments cue showed a high positive coefficient, suggesting that this cue 
was a strong predictor for transitive verbs.  
 
Table 4: Mixed effects model predicting the transitivity of verbs 
Predictor & β SE(&β) z p 𝜒2(df) p𝜒 
ACCUSATIVE -wo 5.6 0.6 9.3 <.001 973.8(1) <.001 
N OF OVERT ARGUMENTS 1 ARG -0.49 0.14 -3.4 <.001 250.7(2) <.001 

2 ARGS 18.7  39.5  0.47  0.64  

 
These results suggest that the picture books contained distributional 

differences between transitive and intransitive verbs. Assuming that children are 
sensitive to the distribution of these observable cues, we argue that there are 
sufficient syntactic cues for Japanese learners to learn verb transitivity.  
 
4. General Discussion 
 

To assign meanings to verbs using a syntactic bootstrapping strategy, there 
must be distributional differences in the input given to children. This study 
provides evidence for this learning assumption in Japanese, which was reported 
to have few cues in child-directed speech. Assuming that learners are sensitive 
to these syntactic cues, the ongoing work simulates the acquisition of various 
verb classes in Japanese by computational modeling, using non-linguistic cues
such as animacy, as well as the syntactic cues examined in this study.  

This study lays the groundwork for testing the role of picture book reading
in children’s verb learning. If children are able to detect syntactic cues present in
picture books and use these cues to assign meanings to verbs, then the prediction
is that children who are being read picture books would have a better
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understanding of transitivity than children who are not exposed to picture book
reading. We plan to test this prediction in a controlled experiment with children.  

Researchers have conjectured that learners may be able to infer the presence 
of null arguments of novel verbs using discourse-pragmatic knowledge and use 
the inferred argument as a cue to learn verb meanings, based on previous 
findings that children learning various languages are sensitive to discourse-
pragmatic factors when they choose referring expressions such as null vs. overt 
forms (e.g., Allen et al., 2008; Naigles et al., 2011). Yet, the input to Japanese 
children seems to pose challenges. Previous corpus studies that examined the 
use of referring expressions in Japanese child-directed speech have reported that 
overt NPs were rarely used to refer to new referent and that the majority of 
referring expressions were null forms and pronouns (Mishina, 2007; Smith & 
Frank, 2012). At this point, it is unclear whether, how, and to what extent 
Japanese learners can draw on discourse-pragmatic knowledge along with 
syntactic cues to learn verb meanings. As we briefly described in Section 2, the 
picture book corpus includes annotations for discourse-pragmatic factors to 
investigate the role of such cues. We leave this question for future research.  
 
5. Conclusion 
 

While there are few observable cues for syntactic bootstrapping purposes in
Japanese child directed speech, we showed that overt arguments and accusative
case marker -wo occur frequently in picture books and that these cues provide a
clear contrast between transitive and intransitive verbs. These results provide
support for the feasibility of syntactic bootstrapping in a radical argument-drop
language, Japanese, and demonstrate that a different form of input may contain
different kinds and amounts of evidence, suggesting the importance of
examining a variety of input available to learners. 
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