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1. Introduction 

Japanese is one of the languages that has a numeral classifier system (e.g., 

Aikhenvald, 2000).  The use of numeral classifiers is obligatory when 

enumerating, and numeral classifiers occur as a bound morphemes attached to a 

number.  The selection of numeral classifiers is determined by the semantic 

properties of the referent being counted.  Cross-linguistic studies of numeral 

classifiers indicate that animacy, shape, and function are often the crucial 

semantic properties on which the selection of numeral classifiers is based (e.g. 

Adam & Conklin, 1973).  In addition, the primary function of classifiers in 

general is not referential, unlike nouns that identify referents; rather they denote 

the membership of referents in different categories based on the ways we 

perceive and interact with them (Denny, 1976).  As such, numeral classifiers are 

considered a linguistic system that reflects conceptual categorization (e.g., 

Aikhenvald, 2000; Yamamoto, 2000, 2005).  Therefore, investigations into how 

children acquire numeral classifiers could serve as a window onto the processes 

by which categorization develops over a period of time.  

There are about 150 Japanese numeral classifiers, of which approximately 

30 are used regularly and daily (Downing, 1996).  When selecting appropriate 

numeral classifiers, Japanese uses the crucial semantic properties observed 

cross-linguistically.  First, the distinction between animate and inanimate 

referents is respected.  For example, when counting people, a numeral 

classifier -ri for one or two people or -nin for more than two people is used as in 

(1), whereas counting non-human animates requires another numeral 

classifier -hiki as in (2). 

(1) Kodomo ga futa-ri iru. 

 child    SUB two-CL exist 

 (there are two children.) 

(2) Nezumi ga   ni-hiki iru. 
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 mouse SUB two-CL exist 

 (there are two mice.) 

Further, there is a function-based classifier -dai for land vehicles and 

machineries as in (3). 

(3) Kuruma ga ni-dai aru. 

 car    SUB two-CL exist 

 (there are two cars.) 

Second, different numeral classifiers are required depending on the shape 

properties of the referent, whether they are one-dimensional long objects (-hon), 

two-dimensional flat objects (-mai), or three-dimensional small objects (-ko). 

In terms of acquisition of numeral classifiers, it has been noted that children in 

general acquire the syntactic position of numeral classifiers relatively early at 

around 2 years old, whereas the acquisition of semantic properties of numeral 

classifiers is slow and gradual (e.g., Carpenter, 1991; Matsumoto, 1985, 1987, 

1993; Sanches, 1977; Uchida & Imai, 1996, 1999).  In other words, children 

start producing some kind of numeral classifier rather early, but acquisition of 

adult-like usage continues well into the early teens.  Previous research also has 

found that children acquire general numeral classifiers earlier than numeral 

classifiers for more specific categories.  One of the most common strategies 

young children employ is the use of general classifiers to fill the gap between 

the early acquisition of the syntactic slot and the slow and gradual acquisition of 

semantic properties of numeral classifiers.  Matsumoto (1985) states that the 

first numeral classifier that appears in production by Japanese children is -tsu 

and/or -ko, which are used for inanimate objects in general.  Other numeral 

classifiers used by children at the age of 6 include -ri/-nin for human 

beings, -hiki for non-human animate beings, -dai for land vehicles and 

machineries, -hon for one-dimensional long objects and -mai for two-

dimensional flat objects, with the acquisition taking place in the order given. 

The above-mentioned numeral classifiers acquired by children by age 6 

coincide with “a ‘basic’ set of six numeral classifiers” (Sanches, 1977, p. 58).  

Used frequently by adults, these six basic numeral classifiers are also resilient to 

changes over generations, especially the two animate classifiers, -ri/-nin 

and -hiki (Sanches, 1977).  In addition, they also correspond to the hierarchical 

structure of numeral classifiers (see Figure 1) cross-linguistically among four 

languages, Thai, Chinese, Vietnamese, and Japanese (Yamamoto, 2005) and to 

the general (rather than more restricted) level of the hierarchy.  

In the current study, we investigate children’s comprehension of the six 

basic numeral classifiers.  The use of the six basic numeral classifiers that are all 

at the general level importantly differs from the selections of numeral classifiers 

examined by previous studies in which general and restricted numeral classifiers 

were contrasted (Matsumoto, 1985; Yamamoto, 2000, 2005).  For the purposes 



  

of our study, these numeral classifiers are divided into two types of classifiers: 

shape-based and category-based classifiers, in order to investigate the effect of 

two kinds of semantic transparency associated with the two types of classifiers.  

Numeral classifiers -hon (one-dimensional), -mai (two-dimensional), and -ko 

(three-dimensional) are grouped together as shape-based classifiers, 

whereas -ri/-nin (people), -hiki (non-human animate), and -dai (vehicles and 

machineries) are category-based classifiers.  In the previous research on 

acquisition of numeral classifiers, it has been noted that semantic transparency 

affects the order of acquisition (e.g., Matsumoto, 1987).  However, it has not 

been clear what exactly semantic transparency means.  Therefore, the present 

study attempts to define two kinds of semantic transparency and makes 

predictions about the order of acquisition based on the kinds of semantic 

transparency associated with shape-based and category-based classifiers. 

Figure 1:  Hierarchical structure of numeral classifiers (adopted from 

Yamamoto, 2005, Figure 1.6, p. 50) 

Under one definition of semantic transparency, shape-based classifiers are 

more semantically transparent than category-based classifiers.  Given that 

physical shapes are readily available to children, we can predict that shape-based 

classifiers are semantically more transparent and therefore easier to acquire.  

Indeed, shape plays an important role in the formation of basic categories. For 

example, research on acquisition of nouns has shown that approximately 70% of 

early nouns are considered shape-based and that shapes are easily generalized to 

novel and unfamiliar items (e.g., Gershkoff-Stowe & Smith, 2004; Samuelson & 

Smith, 1999).  One advantage of shape-based classifiers is that children do not 

have to identify what the referents are or what their functions are when selecting 

a numeral classifier, because the perceptual availability of shapes should be able 

to guide their choice. 

In contrast, category-based classifiers are semantically transparent in a 

different way.  Instead of one-, two- or three-dimensional objects that could 

come from various ontological categories, the referents enumerated by category-

based classifiers come from a limited number of ontological categories.  For 

example, one-dimensional items enumerated by -hon range over pens, sticks, 

fingers, trees, a pair of pants, etc.  On the contrary, the referents enumerated 

by -ri/-nin are human beings, those by -hiki are non-human animate, and those 

by -dai are vehicles and machineries in general.  In other words, the boundaries 

of ontological categories overlap with those of numeral classifiers for category-
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based classifiers, whereas the boundaries of shape-based classifiers cut across 

those of ontological categories.  Overlapping boundaries between ontological 

categories and numeral classifiers, therefore, offer another kind of semantic 

transparency for children with category-based classifiers. 

Keeping the two kinds of semantic transparency in mind, the present study 

investigated three research questions:  (a) What is the order of acquisition of the 

six basic numeral classifiers in a comprehension task? (b) How does semantic 

transparency affect the order of acquisition? (c) If semantic transparency affects 

the order of acquisition, how does it interact with familiarity?  The condition of 

familiarity is implemented in order to examine children’s ability to generalize 

their knowledge level.  As has been stated by Matsumoto (1985), we reasoned 

that if children have developed abstract knowledge of a particular numeral 

classifier, children should demonstrate their knowledge not only with familiar 

referents, but also with less familiar referents by extending the abstract 

knowledge. 

2. Method 

Participants.  A total of 90 Japanese monolingual children were recruited 

from the daycare centers and kindergartens located in three areas in Japan: 

Tokyo, Nagoya, and Shiga prefecture.  They consisted of three age groups of 3-, 

4-, and 5-years old with the mean ages of 3;6 (3;0 to 3;9), 4;6 (4;1 to 4;9), and 

5;6 (5;2 to 5;9) respectively. 

Design and Materials.  There were two between-participant factors: age (3-, 

4-, 5-year-olds) and familiarity (familiar, unfamiliar). The six basic classifiers 

according to Sanchez (1977) were tested in a mixed-factorial design; with 3 

category-based classifiers (-nin, -hiki, -dai) and three shape-based classifiers 

(-ko, -hon, and -mai) examined within-participant. 

Real objects were used as stimuli.  Familiar stimuli were chosen after 

consulting the Japanese version of MacArthur Communicative Developmental 

Inventories (MacArthur CDI) to make sure that children at age 3 should know 

the stimuli, whereas unfamiliar stimuli consisted of some real objects that were 

not found in the MacArthur CDI and some made-up objects.  Four exemplars 

were prepared for each numeral classifier, two of which were used as targets and 

the other two were used as distracters.  The stimuli used in the study are given in 

Table 1. 

Procedure.  Each child was tested individually in a separate room without 

distraction from other children. A forced-choice paradigm was used:  The 

experimenter showed two sets of two real objects on a tray that had a divider in 

the middle, and asked children to choose one set that matched the 

experimenter’s question. 

At the beginning of each session, a practice phase was conducted using 

objects that were different from the stimuli used for testing.  During the practice 

phase, the child was asked to choose one set of stimuli by counting with nouns 

and classifiers.  For example, the experimenter would ask a question as in (4): 



  

(4) kamera ni-dai    dotchi? 

 Camera  two-CL which one 

 “Which one is two cameras?” 

The child was expected to indicate to the side of the tray with two cameras 

(but not two caterpillars) and feedback was provided by the experimenter 

accordingly.  This practice phase showed children what they were expected to 

do during the testing phase that followed, and it showed them that the task was 

not about counting how many items were on the tray. 

After making sure the child understood and could do the task, the 

experimenter proceeded to the testing phase.  During the testing phase, children 

were asked to do the same forced-choice task.  However, the crucial difference 

was that the counting in the experimenter’s question was done without nouns, 

but with classifiers only as in (5) below: 

(5) ni-dai  dotchi? 

 two-CL which one 

 “which one is two-CLvehicle/machineries?” 

The number of stimuli in each set was kept consistent; there were always 

two of each object. Only one of the two alternatives matched the numeral 

classifier used in the question. 

Children saw the target stimuli for each of the six numeral classifiers four 

times, for a total of 24 trials. The position of target and distractors in the left and 

right sides of the tray was counterbalanced across classifier. 

 

Table 1:  Stimuli for each of the six numeral classifiers (CLs) 

 Familiar Stimuli Unfamiliar Stimuli 

CLs Target Distracter Target Distracter 

-nin Woman, Kid Man, Baby Stick figure, 

Crown 

Astronaut, 

Bendi-man 

-hiki Rabbit, Frog Cat, Ladybug Aliencreature, 

Stingray 

Manatee, Jelly 

fish 

-dai Car, Washing 

machine 

Truck, Vacuum 

cleaner 

Space bulldozer, 

Helicopter 

Sawing 

machine, 

Sculpey 

-ko Block, Egg Ball, Apple Pompom, Clip Kiwii, Eraser 

-hon Carrot, Spoon Banana, 

Crayon 

Plastic wire, 

Asparagus 

Paint stick, 

Green beans 

-mai Paper, Toast Picture, Cookie Blue sheet, 

Feather 

Tray, Mask 



  

3.  Results 

First we look at the order of acquisition for comprehension of the six basic 

classifiers suggested by the performance of children in our study. Order of 

acquisition of the six numeral classifiers was determined by setting a threshold 

of 75% or higher (i.e., three or four correct out of four possible correct).  

Specifically, when children displayed a stable performance level at 75% or 

above for a particular classifier, it was determined that the classifier had been 

acquired.  The order of acquisition was as follows:  -ri/-nin at 4;8, -hiki at 

5;0, -dai at 5;3, -mai and -hon at 5;4.  Among the six numeral classifiers, the 

performance of -ko never reached 75%, but stayed around 50%, even with the 

oldest child tested at 5;9. 

 

5;0 5;4 5;9

Age in Months

NIN HIKI DAI
HON

KO?

MAI

4;8 5;3

 
Figure 2:  Order of acquisition. The order of acquisition for classifiers with 

our measure of comprehension is consistent with previous findings on 

measures of production, except for the case of -ko. 

The mean proportion of correct answers to category-based and shape-based 

classifier trials were submitted to a 2 (Familiarity) x 3 (Age) x 

2 (Classifier Type) mixed analysis of variance (ANOVA), with classifier type as 

the within-subject factor. There was a significant main effect of age, F(2, 84) = 

35.96, p < .001; as the children got older, their performance level increased from 

50.56% correct for 3-year-olds, 64.42% for 4-year-olds, to 84.17% for 5-year-

olds.  Further, there was a significant main effect of classifier type (category-

based vs. shape-based classifiers), F(1, 84) = 15.16, p < .001; overall children 

performed better with category-based classifiers (71.58%) than with shape-

based classifiers (61.10%). There was no main effect of familiarity (p>.5) and 

no significant interactions. The poor performance of -ko, however, made us 

suspect that the main effect of type of classifier observed in the overall mixed 

ANOVA mentioned earlier was driven by the performance of -ko.  This 

speculation was dissolved after conducting yet another ANOVA excluding -ko, 

which still indicated that the type of classifier (category-based vs. shape-based 

classifiers) was significant, F(2, 84) = 32.21, p < .001. 

Separate mixed ANOVAs were conducted for each age group. The general 

pattern described above was found for 3-year-olds and 5-year-olds, but not 4-

year-olds. More specifically, 3-year-olds showed a marginally significant effect 

of classifier type (F(1,28) = 3.68, p=.06); children’s performance was 55% for 



  

category-based trials and 45% for shape-based trials, neither was different from 

chance. Three-year-old’s performance showed no main effect of familiarity nor 

interactions.  Five-year-olds showed the same pattern: a main effect of 

classifier type (F(1,28) = 12.67, p<.002; category-based = 91% correct, shape-

based = 77% correct, both better than chance), and no main effect of familiarity 

nor interactions.  Four-year-olds showed a somewhat different pattern of 

performance. There were no main effects of classifier type or familiarity, but a 

marginally significant interaction: F(1, 28) = 2.935, p=.09. This interaction 

results from the fact that 4-year-olds perform better with category-based 

classifiers than with shape-based classifiers in the unfamiliar condition, but there 

is no such effect of classifier type in the familiar condition. 
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Figure 3:  A three-way interaction among type of numeral classifier, age, 

and familiarity.  The total possible number correct was 4. 

We then looked at the percentage of successful children – children who got 

3 or 4 correct out of the 4 possible correct.  The age effect, the effect of type of 

numeral classifier, and the trend of children’s performing better in the unfamiliar 

condition than in the familiar condition were also observed (see Figure 4). 

4. Discussion 

The results showed an age effect that was in line with previous studies (e.g. 

Matsumoto, 1985; Uchida & Imai, 1996, 1999; Yamamoto, 2000, 2005); as 

children’s age increased, their performance improved.  However, what was 

striking were the different levels of children’s performance for category-based 

classifiers versus shape-based classifiers. That is, children clearly performed 

better with category-based classifiers than with shape-based classifiers, 

indicating that semantic transparency does matter. Although shape information 

is readily available and children do in fact appear to favor it in some tasks (e.g., 

Colunga & Smith, 2005), when generalizing classifiers, children do it more 

along the lines of ontological categories than along the lines of shape categories. 

There are three possible explanations for this intriguing finding. First, it is 

possible that these children are too old. Perhaps shape is only important at the 



  

beginning of acquisition, when children have little else to go on, but by age three 

and certainly by age five, their conceptual knowledge forms a rich foundation 

that is favored in this task. A second possibility is that the shapes required for 

generalizing classifiers are just too abstract. Research supporting the primacy of 

shape-based categories typically uses shapes that are highly similar if not 

identical. For example two juicers made out of different materials. In contrast, 

the shapes that characterize the different shape-based classifiers are more 

variable and only appear similar under some abstract description, for example, a 

slice of pizza, a sheet of paper, and a cookie, are similar in that they are flat, but 

they all have different shapes in 2D – a triangle, a rectangle, and a circle. Finally, 

this difference may be an artifact of the syntactic differences between nouns and 

classifiers. Although classifiers, like nouns, denote categories in a matter of 

speaking, they are not referential in the same way as nouns are. Previous 

research has shown that children’s semantic biases depend on the part of speed, 

for example, attending to shape for nouns and to surface properties for 

adjectives (Jones & Smith, 2002). Further research is needed to tease these 

possibilities apart. 
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Figure 4:  The successful children 

One surprising finding was that in general children did not perform better in 

the familiar than in the unfamiliar condition. This result suggests that once 

children learn a classifier well enough to apply it to different familiar instances 

(e.g., -hiki for frog and for cat) they have no problem extending it to novel 

instances (e.g., jellyfish and manatee). This observation contrasts with findings 

that suggest that children learn lexical items in specific contexts first and only 

truly generalize after much learning (e.g., Tomasello, 2002). Once again it is 

unclear whether this is a result of the kind of category classifiers tend to elicit 

(fairly abstract ones) or of the type of syntactic function of classifiers (non-

referential). One possible clue comes from the curious performance of 4-year-

olds. In the unfamiliar condition 4-year-olds were able to generalize their 

knowledge of the category-based classifiers, but their performance fell apart 

with the shape-based classifiers. The divergent performance between the 

category-based and shape-based classifiers with the unfamiliar condition among 

4-year-olds could imply that they are in transition from one level of knowledge 



  

to another; they are solidifying their knowledge with the familiar referents, but 

their knowledge is not abstract enough to generalize to the unfamiliar referents 

with the shape-based classifiers. 

Among the shape-based classifiers, the performance of -ko, a classifier for 

three-dimensional small objects, stayed at chance level even for 5-year-olds.  

This result may seem puzzling at first because it appears inconsistent with the 

results of previous studies. First, production of -ko has been noted among young 

children starting around 2 years of age (Naka, 1995). In addition, several studies 

have shown that the acquisition of numeral classifiers proceeds from classifiers 

that capture more general categories to those that capture more specific and 

restricted categories. The classifier -ko seems to have more general properties 

than do the other shape-based classifiers tested in the present study (i.e., -hon 

and -mai) (e.g., Denny, 1979, Matsumoto, 1985, 1987; Shimojo, 1997).  For 

example, Denny states that -tsu is “the general or unmarked classifier” but “-ko 

seems to retain sufficient unmarkedness” (p. 325) and -ko is used like a general 

numeral classifier for counting unknown objects. Lastly, Yamamoto (2005) 

tested 3- to 8-year-olds and found an 80% performance level even with the 3-

year-olds.  The overall performance level of -ko stayed much higher than that of 

other shape-based classifiers, -hon and -mai, and reached 90% at age 5 and 

100% at age 8.  The highest performance level reached for -hon was 70% at age 

7 and for -mai 55% at age 8. (see also Matsumoto, 1985) The poor performance 

of -ko in the current study could be explained by its low frequency in input, as it 

has been noted that frequency is one of the factors that has an impact on 

facilitating word acquisition.  Downing’s (1996) study, which is often cited for 

input data, provides frequency counts from 500 form samples collected from 

five works of Japanese modern fiction and oral data from transcribed 

conversations and oral narrative.  Based on Downing’s frequency counts, the 

frequency of -ko is rather low (3% of her oral data and 1% of her written data), 

compared to other shape-based classifiers -hon and -mai (5% of her oral data 

and 7% of her written data for -hon, and 7% of her oral data and 6% of her 

written data for -mai).  However, it also should be noted that the frequency 

of -dai is even lower than that of -ko, with only 1 instance in oral data (no 

percentage given) and 1% of written data. 

A second possibility is suggested by work that tracks a recent change in the 

status of -ko and an increased use of -ko, especially among younger generations 

(e.g., Matsumoto, 1985, Shimojo, 1997, and Yamamoto, 2005).  Matsumoto, for 

instance, states that many young speakers prefer to use -ko over -tsu, and that the 

referential domain of -ko seems to have widened, which include domains where 

only -tsu was used in the past.  As a matter of fact, Yamamoto (2005) collapsed 

children’s responses with -tsu and -ko when analyzing her data in Experiment 1 

because her adult control subjects also responded with both classifiers for the 

referents originally prepared for the classifier -ko.  Shimojo’s study, which 

examined the diachronic changes in the Japanese numeral system, focusing on 

the role of general classifiers, also found a gradual replacement of the neutral 

classifier -tsu by the newer classifier -ko with a corresponding gradual increase 



  

of -ko. In addition, he found that -ko has been developing as a general classifier 

while retaining its semantic core marking for three-dimensional objects.  Further, 

Shimojo’s examination of the use of -ko in conversation and acceptability 

judgments of use of the numeral classifiers for counting nouns by the same 

speakers yielded paradoxical results: The speakers’ use of -ko was extended to 

the nouns they judged as low acceptability in a written questionnaire.  That is, in 

a formal judgment task, the speakers seem to know the “core” use of -ko and did 

not accept the new, extended use of -ko; however, in their spontaneous speech, 

they actually used -ko in these newer domains.  This discrepancy in the 

frequency (and the acceptability judgments) of -ko between spontaneous speech 

and written forms may provide an explanation for the low frequency of -ko in 

Downing’s (1996) data, which was mostly based on written data. 

Higher frequency in the use of -ko has also been observed in young 

children’s input. Yamamoto (2000) collected spontaneous verbal data from 

teachers’ conversation with children at daycare centers.  Her data indicated 

that -ko was the third most frequently used classifier (20%), after -ri (21%) 

and -tsu (30%).  Further, Naka (1995) also found that mothers of 2- to 4-year-

olds used -ko frequently (the second most frequent after the use of -tsu).  This 

was especially true for younger children -- mothers of 2-year-olds used -ko 38% 

of the time, whereas mothers of 3-year-olds used it 24% and mothers of 4-year-

olds 19% of the time.  The decreasing usage of -ko was complemented by an 

increased usage of more specific numeral classifiers (e.g., -mai and -hon) , 

suggesting that mothers tune their speech to their children’s ability. In any case, 

examining more closely what kinds of input children are getting is very much 

needed in order to understand the effect of frequency on the order of acquisition.  

In particular, the discrepancy that has been observed in children between the 

production and comprehension of -ko cannot be solely understood by its 

frequency in input.  Furthermore, we need to keep in mind that children’s 

production alone can inflate the “correct” use of -ko and provide us with a false 

picture of their understanding and ability to use -ko, because the newer 

developing usage of -ko in general domains will be more forgiving and allow 

more production of -ko by children. 

The poor performance of -ko in the current study also forces us to 

reconsider various kinds of semantic transparency, the order of acquisition 

proceeding from more general to more specific numeral classifiers, and the 

definition of “general” numeral classifiers.  One speculation can be made that 

children will acquire the newer general domain of -ko after they acquire more 

specific numeral classifiers.  As has been observed for the performance of 

shape-based classifiers in the familiar and unfamiliar conditions by 4-year-olds 

in the present study, children seem to require a certain amount of experience 

and/or exemplars in order to abstract the general properties of numeral 

classifiers.  It was also observed among the adult informants for the 

acceptability ratings in Tanihara, Yen, and Lee’s (1990) study that the 

informants gave higher acceptability ratings to typical referents of a particular 

numeral classifier than to atypical referents, and they gave higher acceptability 



  

ratings to the use of a general classifier if the referent was not a typical referent 

of a particular numeral classifier.  This latter observation also indicates that their 

acceptability ratings for the use of a general classifier became lower if a referent 

was a typical referent of a particular numeral classifier.  In other words, it was 

by elimination of typical referents of specific classifiers that use of a general 

classifier gained acceptability, which could suggest a lack of typical referents to 

identify the use and boundary of a general classifier.  It is therefore speculated 

that it is harder to acquire -ko in its new use as one of the general classifiers, and 

that its acquisition can occur only after sorting out the typical referents of other 

specific numeral classifiers.  In addition, -ko having dual functions, with its core 

use of marking three-dimensional objects and the newer developing use of 

general domain, could offer another challenge to children in terms of 

acquisition: Because general domain use for -ko seems to be pervasive, it could 

delay children’s awareness of the core use of -ko.  This is a different kind of 

semantic transparency from the ones discussed earlier in the present study, 

overlapping boundaries for category-based classifiers and availability of shapes 

for shape-based classifiers. 

In conclusion, the current study found that children do not have a good 

grasp of six basic numeral classifiers (-nin, -hiki, -dai, -ko, -hon, and -mai) until 

almost the age of 5, and that -nin, -hiki, and -dai were acquired first followed 

by -hon and -mai.  That is, that category-based classifiers are learned earlier than 

shape-based classifiers.  This order suggests how different kinds of semantic 

transparency affect the acquisition.  The performance level of the numeral 

classifier -ko, a three-dimensional shape-based classifier, stayed unexpectedly at 

the chance level even among the 5-year-olds.  This result might be due to the 

newer developing general property of -ko that could be defined only after 

children establish the use of other numeral classifiers, and due to the fact that the 

pervasive general use of -ko could be obscuring the core use of -ko.  The 

frequency factor remains to be further investigated and awaits to have more 

comprehensive data concerning what young children receive as their input. 
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