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Abstract

Two experiments explored two-to five-year-old Mandarin-speaking children’s acquisition of
classifiers, mandatory morphemes for expressing quantities in many Asian languages. Classifiers
are similar to measure words in English (e.g., a piece of apple; a cuyp of apples), with the main
difference being that classifiers are also required when counting sortals (e.g., yi ge pinguo or “one
unitapple” in Mandarin means “one apple”). The current study extended prior studies (e.g., Chien
et al., J East Asian Linguist 12:91-120, 2003) to examine Mandarin-speaking children’s
understanding of classifiers as indicating units of quantification. Children were also tested on their
knowledge of numerals to assess the relationship between children’s acquisition of numerals and
classifiers. The findings suggest that children first notice that sortal classifiers specify properties
such as shape. Only after learning some numerals do they begin to work out how classifiers
indicate units of quantification. By age four, children scored above chance on most classifiers
tested.
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1 Introduction

In order to talk about exact quantities, one needs to know the unit of quantification. Some
kinds of things come in natural units; there is a clear sense of what constitutes a whole unit
or an individual and what constitutes a portion or part. Catsand fab/es are instances of such
whole units. Our knowledge and understanding of cats and tables allow us to determine that
the tail of a cat or the leg of a table cannot be a whole cat or a whole table, respectively, but
are instead parts of whole individuals of these kinds. On the other hand, substances, such as
water or wood, do not have easily determinable natural units. Noun phrases provide the
means to talk about sets and quantities of all kinds of things, regardless of whether the nouns
refer to things with natural units. In learning language, a child must figure out how nouns
combine with elements such as numerals, quantifiers, measure words, and morpho-syntax to
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talk about sets and quantities. This paper explores the development of Mandarin-speaking
children’s abilities to talk about exact quantities.

1.1 Mandarin as a classifier language

In many languages with count-mass syntax, such as English, a numeral can directly co-occur
with nouns for which the criterion for the whole unit is clear (e.g., three cats, five tables).
Here, the implicit and unspecified unit of quantification is whole individuals of that kind,
and the numeral in combination with the noun specifies the number of individuals. This
direct co-occurrence is in contrast to talking about quantities of substances, in which the
individual unit is difficult to discern. A measure word is required to specify the unit of
quantification (e.g., three bowl/s of water, *three waters).

For many other languages (e.g., Asian languages like Mandarin Chinese or Japanese, and
Mayan languages like Yucatec or Tzotzil), the unit of quantification has to be explicitly
specified regardless of what the noun denotes. For example, the noun in Mandarin for table
(zhuozi) provides the criterion for individuation—Mandarin-speaking adults know that the
leg of a table is not a whole table, or that two tiny tables are more tables than three gigantic
pieces of one broken table (Li, Cheung, and Barner, in prep.). Yet, the unitizer zhang ‘sheet’
is needed when counting the number of whole tables. Thus, the expression for “three tables”
is san zhang zhuozi ‘three sheet table’. Mandarin and other languages that always require a
unitizer are called “classifier languages” because the required unitizer (i.e., classifier)
classifies nouns according to properties such as shape, animacy, functionality, flexibility,
and size (Allan 1977). In the case of tables, zhang is a shape-based classifier that is
generally used to count entities labeled by nouns referring to flat objects.

Many researchers suggest that there are two general types of classifiers: sortal and mensural
classifiers (e.g., Allan 1977; Tai 1994; Cheng and Sybemsa 1998, 1999; Zhang 2007).1 To
borrow the term “sortal” from Locke (1975) and other philosophers, sortal classifiers
indicate quantificational units for sortal nouns (i.e., nouns that name things with natural
quantificational units). Sortal classifiers belong to a closed class, and sortal nouns usually
have a relatively fixed and rigid association with a particular sortal classifier; using the
correct classifier often requires rote memorization. That is, simply knowing the meaning of a
noun and the meanings of a range of sortal classifiers would not necessarily allow one to
select the proper classifier. For example, although both yez/ ‘leaf’ or tiezhi ‘sticker’ denote
flat objects, the two nouns take different classifiers that classify flat objects (p/anand zhang,
respectively).

Mensural classifiers, on the other hand, form a more contingent or temporary relationship
with the nouns (Tai 1994). These classifiers are often open-class words and are typically
nouns that are co-opted as units of quantification. For instance, wan ‘bow!’ is a noun, and
like any noun, it can be counted with its associated sortal classifier (CLggrtal), €.9., 5817 ge
wan ‘three CLgqortq bowl’. However, wan can also be used as a classifier to indicate quantity,
as in san wan shui ‘three bowls of water’ or san wan bianshi ‘three bowls of pennies.’

In summary, classifiers indicate the unit of quantification and function like measure words
in English. The main difference between English and Mandarin in this regard is that sortal
classifiers are required to indicate the quantificational unit of sortal nouns. It should be
noted, however, that sortal classifiers can also provide units of quantification for (1)
substances that do not have readily individuated units (e.g., san zhang/kuai/pian sujiao ‘three
sheets/chunks/slices of plastic’ or (2) sortal nouns that can flexibly refer to the substance or

Linstead of sortal and mensural classifiers, some linguists adopt the terms count- and mass-classifiers to describe these two types of
classifiers.
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part of wholes (e.qg., san pian pinguo ‘three slices of apple’. In these cases, the sortal
classifier is not the one that is memorized and associated with the sortal noun to specify the
whole. These uses of sortal classifiers are analogous to uses of English measure words such
as “piece” or “chunk,” to refer to parts.

As noted earlier, a child must figure out how nouns combine with elements such as
numerals, quantifiers, and classifiers in order to talk about sets and quantities. In this paper,
we explore how Mandarin-learning children come to that understanding. Specifically, we
chart the ages and phases when children come to understand the function of classifiers. The
long-term goal, however, is to explain what leads to the development of children’s abilities
to talk about sets and quantities cross-linguistically. In the conclusion of this paper, we
relate our findings to English-speaking children’s language acquisition and speculate on how
children’s growing conceptual capacities might support the acquisition of words to express
quantities.

1.2 Past to present studies

Extensive research on children’s acquisition of classifiers in Chinese, Japanese, Thai, and
other languages has been conducted over the past few decades using a range of
methodologies including diary or corpus analysis, elicited production tasks, and
comprehension tasks (e.g., Sanches 1977; Erbaugh 1986; Matsumoto 1987; Yamamoto and
Keil 2000; Carpenter 1991; Uchida and Imai 1996; Sumiya and Colunga 2006; see Chien et
al. 2003 for a review). However, many of these studies focused only on the acquisition of
sortal classifiers. These researchers use the acquisition of sortal classifiers as a means to
explore categorical learning; the relative amount of time and effort needed to learn certain
classifiers indicates which kinds of conceptual categories are difficult for children. For
example, researchers asked whether ontological-based classifiers (classifiers for animals) are
easier to learn than shape-based classifiers, whether the number of dimensions matters for
shape-based classifiers (1-D vs. 2-D vs. 3-D; see, e.g., Loke and Harrison 1986; Erbaugh
1986; Tse et al. 2007), and whether more specific classifiers (i.e., classifiers that specify
more features) are harder to learn than general classifiers (e.g., Hu 1993; Tse et al. 2007).

Despite the extensive research on children’s acquisition of classifiers, surprisingly very little
research has been conducted on children’s understanding of classifiers as units of
quantification. Only recently have researchers contrasted the acquisition of sortal classifiers
with that of mensural classifiers (Chien et al. 2003; Li et al. 2008). Inspired by linguistic
analyses that drew parallels between the sortal-mensural distinction and the count-mass
distinction (see Cheng and Sybesma 1999; Li et al. 2008), these studies focused on whether
the count-mass distinction exists at the level of classifiers in Mandarin Chinese, and whether
children and adults are sensitive to the distinction.

In Chien et al. (2003) study, native Mandarin-speaking children were introduced to a
Mickey Mouse puppet who came from the United States and spoke limited Mandarin
Chinese. For each trial, the experimenter brought out three items as choices and named them
for the child. Mickey, with his limited Chinese and inability to remember the names for the
items would ask for one of them without the noun (“I want one CL something”). The child’s
task was to interpret for the experimenter which choice Mickey indicated among the three.
Crucially, the classifier (CL) used was the only means for distinguishing between the three
choices as to what Mickey wanted.

Chien and colleagues found that children’s performance on sortal and mensural classifiers
did not differ. Even at the youngest age tested (i.e., three-year-olds), children often scored
above chance in selecting what Mickey requested based on the classifiers. They also more
often chose an individual object over a container of substances for sortal classifiers and vice
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versa for mensural classifiers. They suggest this finding parallels studies showing that
English-speaking children are more likely to pick objects over substances when novel words
are used in count syntax than in mass syntax (e.g., Soja et al. 1991). The authors interpreted
this finding as indicating that Mandarin-speaking children honor the count-mass distinction.
However, there is no reason why mensural classifiers must serve as quantificational units
only for substances and not for collections of objects. Chien et al.’s finding was driven by
their choice of stimuli (see Li et al. 2008 for a critique and new experiments testing for and
showing parallels between English and Mandarin).

Importantly for the current study, Chien et al.’s choice of stimuli was not ideal for one
reason. As with many classifier studies, their test items consisted of familiar objects and
nouns. As such, children’s success at matching the classifier with the noun/test item could
be due purely to associations formed from prior exposures to the classifier and noun/test
item pairings in the speech input. In fact, there is reason to suspect that children’s success
was driven by pairings that are frequent in the input. For example, when testing mensural
classifiers such as wan ‘bowl!’ or bei ‘cup’, no bowls or cups were present. The substances,
cooked rice (fan) and water (shui), were placed into square containers that were neither
bowl- or cup-shaped. Yet, children selected the cooked rice and water for classifiers wan
‘bowl’ and bei “‘cup’, respectively, at above-chance level. Because children’s success on the
mensural classifiers can only be explained by prior learned associations between the
classifier and the noun/test item, Chien et al.’s data leave open whether children truly know
the meanings of the classifiers and can extend the use of these classifiers to novel test items
or situations.

The current study modified Chien et al.’s paradigm to assess children’s understanding of
classifier meanings. In the new paradigm, children cannot simply use common classifier and
noun/test item pairings to determine their answers. For example, Experiment 1 tested
children’s sortal classifier knowledge by using novel, handcrafted objects that they had
never seen before and did not have names for. The purpose was to assess children’s
knowledge of how sortal classifiers classify nouns and their referents based on shape and
function properties. Experiment 2 tested children’s classifier knowledge as units of
quantification by providing the same kind of object for all three choices. For example, in one
trial, children might see a toy orange, toy oranges in a cup, and toy oranges in a pile. Only
understanding the meaning of classifiers ge ‘individual’, bes ‘cup’, or dui ‘pile’ would allow
the children to pick the correct choice.

2 Experiment 1

2.1 Methods

In this experiment, we asked whether children pick the novel object that matches the
properties specified by the classifier. For example, do children know that for a classifier like
zhang, which classifies 2-D flat objects, the novel object has to be flat?

2.1.1 Participants—Based on the work of Chien et al., who tested three-to seven-year-
olds, we tested two-to five-year-old children. Since the three-year-olds in their study scored
above chance on two-thirds of the classifiers tested, we included two-year-olds to explore
younger children’s knowledge of classifier meanings. We tested children up to five years of
age because their six-and seven-year-olds were near or at adult-level performance, scoring in
the ninety percent correct range for the classifiers.

Altogether, we tested 69 children plus 16 adults as a control group. The number of children
and their mean ages for the four age groups were: 21 two-year-olds (M= 2;7; range = 2;1-
2;10); 20 three-year-olds (M= 3;6; range = 3;0-3;10); 16 four-year-olds (M= 4;4; range =
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4;0-4;10); and 12 five-year-olds (M = 5;4; range = 5;0-5;9). All children were acquiring
Mandarin Chinese as their first language and were recruited from daycare centers and
kindergartens in greater Taipei, Taiwan. The adult participants consisted of teachers working
in the daycare centers and kindergartens. The adults participated voluntarily without
compensation whereas the children received stickers for their participation.

2.1.2 Stimuli and procedure—The instruction followed Chien et al.’s script (see
Appendix A for the Mandarin instruction). Children were introduced to Mickey Mouse, a
puppet who did not speak Mandarin very well. The task was to figure out what Mickey
wanted based on his requests. For each test trial, the experimenter presented three objects,
and Mickey would then request one of them using a classifier (i.e., “l want one CL
something”).

Ten high-frequency sortal classifiers were selected from Chien et al. (2003) and Myers
(2000) for the test trials. Among the 10 classifiers, one selected for animals (z/4), one for
shape functionality (ba, for artifacts with handles), and eight for shapes varying in number
of dimensions (e.g., zhang for two dimensions, kwai for three dimensions) or sizes (e.g., ke
for small round objects). Table 1 lists the classifiers used in the experiment (column 1) and
provides information about their meanings (column 2). The last two columns show, for each
classifier, the test items designated as the preferred target response. These two columns are
divided on the basis of two conditions, one in which children received known objects as
choices (column 3) and one in which they received novel objects (column 4). For each trial,
in addition to the designated target item, two other items from the same condition were
randomly selected as foils with the rule that each item must appear as the foil in exactly two
trials. This ensured that each item was presented with equal frequency, once as a target and
twice as a foil.

Altogether, children received twenty test trials because each of the ten classifiers was tested
twice, once with known objects and once with novel objects. The order of the two conditions
(known objects vs. novel objects) was counter-balanced, such that half of the children were
tested first on ten known object trials, and half were first tested on ten novel object trials.
The order of the classifiers tested was randomized, such that half of the participants received
the classifiers in one random order, and the other half received the classifiers in the reverse
order. The locations of the target and the foils were also randomized beforehand.

Additionally, two practice trials were administered before each of the two conditions. These
trials served to familiarize the children with the task and to check whether they were paying
attention. The first practice trial always involved color, and the second always involved
shape. For the color trials, children were presented with three toy bricks, each in a different
color (e.g., red, yellow, blue), and Mickey would request one of them by color (e.g., “I want
something red”). For the shape trials, children were presented with three objects, each in a
different shape (e.g., round ball, rectangular block, and a triangular block), and Mickey
would request one of them (e.g., “l want something round”). Children were near perfect on
these trials, and so no further analyses were conducted on them.

We first examined the adult speakers’ performance to verify whether our selection of test
items was appropriate for testing children. The majority of the adults agreed with our
classifier-object pairings (see Table 2, last column). The adults were in 100% agreement for
known objects, meaning that all adults selected what the authors designated as the “correct”
answer. For the novel objects, four of the ten classifiers were not in 100% agreement, but
only the classifier zh/ (75%) differed statistically from 100%. The problem stems from the
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fact that randomly paired novel foils could also be described by other target classifiers.
Particularly, zA7is a homonym (
£

e

). Besides animals (
1

), Zhi
53

)can pick out a long, thin, and rigid object (e.g., a pen or a twig). One of the foils included a
long, fat, cigar-shaped object meant for the classifier gen. Some of the participants (four of
16) chose the fat rod for zA/ instead of the animal-looking novel object, lowering the overall
average of correct choices for this classifier and novel object pair. We thus excluded the zA/
trials from subsequent analyses. However, overall, the adult speakers’ intuitions matched
what we had anticipated.

Given that the adults’ near-perfect performance verified that our stimuli were appropriate,
we next asked how the children performed (see Table 2, which also lists the children’s data
by age). The question was whether children in Chien et al.’s study were succeeding merely
because they had memorized the classifier—-noun pairs. If so, our children should perform
better for known objects than for novel objects. Alternatively, if they know the meanings of
the classifiers and understand how these words pick out objects of similar shape or
functionality, performance on the novel objects should be comparable to known objects. We
therefore compared how children did with known objects versus unknown objects.
Participants’ response (either correct or incorrect) for each classifier was analyzed using a
logistic regression model? to examine the effect of Familiarity (known objects and novel
objects), the effect of Age (two, three, four, five, and adults), and the effect of Classifier (ba,
gen, tiao, kuai, duo, ke, pian, mian, and zhang), as well as interaction effects.

The results showed no significant effect of Familiarity (known objects: 69% correct vs.
novel objects: 69% correct; Wald X2 (1) =.081, p=.76, n.s.), suggesting that children were
not merely succeeding through classifier-noun associations. They were capable of
generalizing the classifier to pick out novel objects.

There was a significant effect of Age (Wald Xz (4) =602.42, p<.001). The percentage
correct for each age, combining known and unknown object trials, were 38% for the two-
year-olds, 56% for the three-year-olds, 67% for the four-year-olds, 86% for five-year-olds,
and 98% for the adults. Pairwise £tests and Mann—Whitney U'tests (MWUS) indicated a
significant age-related improvement (all p’s < .05). That is, adults were better than the five-
year-olds, five-year-olds were better than the four-year-olds, and so forth.

There was also an effect of Classifiers (Wald XZ (8) = 36.51, p<.001), indicating that some
classifiers were more difficult to acquire than others. The average percentage correct ranged
from 58% (for mian) to 78% (for gen). The variation in acquisition timetable among
classifiers is likely attributable to factors such as frequency of the classifiers being heard and
ease of figuring out the category based on common instances encountered in the input. There
was also a Classifier x Age interaction (Wald X2 (30) = 101.42, p<.001), indicating that the

2\We used the Generalized Estimating Equation Module of SPSS (Statistical Package for the Social Sciences).
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ease of the classifiers differed for different age groups. Finally, there was a Familiarity x
Classifier x Age interaction (Wald x 2 (30) = 134.25, p < .001), indicating that Familiarity
mattered for some classifiers and its effect also differed across each age group. However,
this 3-way-interaction is likely to be noise since paired #tests without correcting for multiple
t-tests indicated that Familiarity mattered only for a few classifiers (notice that only three
pairs out of 45 possible pairs3 in Table 2 are significant as indicated by a “*’, i.e., ba for
two-year-olds, genand auo for four-year-olds).

Finally, Table 3 lists the performance for each classifier, combining the results of known
and novel object tasks by age, and each classifier was tested against chance of 33.3%. Most
two-year-olds scored at chance on the majority of the classifiers, and with increasing age,
children scored significantly above chance.

2.3 Discussion

Experiment 1 extended Chien et al.’s results to include data from younger children (i.e.,
two-year-olds). In general, the two-year-olds knew very little about classifiers; their
performance was above chance on only one third of the classifiers. The three-year-olds were
statistically better than the two-year-olds and scored above chance on two thirds of the
classifiers. By four years of age the children scored above chance on all but one of the
classifiers. The data corroborated Chien et al.’s data, in which three-year-old children also
scored above chance on roughly two thirds of the classifiers tested, and four-year-olds
scored above chance on all the classifiers tested.

Importantly, our experiment also tested children on novel objects and found no difference in
whether the classifiers were paired with familiar objects or novel objects. It suggests that by
3 years of age, children can make generalizations regarding how a classifier categorizes a
class of known objects/nouns and can spontaneously figure out whether a novel object
would fit into that class of objects/nouns. Future studies could teach children novel
classifiers to examine the ease at which children are able to make generalizations from
limited instances (see Uchida and Imai 1999 for evidence that Japanese children can learn
the meanings of animal- or shape-based novel classifiers with little input). In general, the
present finding more conclusively supports Chien et al.’s (2003) claim that three-and four-
year-old children have abstracted the fact that many classifiers often categorize things by
shape similarities.

In the next experiment, we explored children’s understanding of classifiers as units of
quantification. Specifically, the experiment addressed at what age children begin to
understand the meanings of mensural classifiers. While sortal classifiers are a closed class,
mensural classifiers are often derived from open-class, basic-level nouns that are frequent in
children’s input (e.g., wan ‘bowl’, bei *cup’). Since basic-level nouns are easily learnable
(Gentner and Boroditsky 2001), perhaps mensural classifiers are acquired earlier than sortal
classifiers by virtue of also being nouns.

3 Experiment 2

In Experiment 2, children were tested on four mensural classifiers. Two were container
classifiers (/e ‘box’ and bei ‘cup’) derived from common container nouns that toddlers
know [see MacArthur-Bates CDI (Fenson et al. 1993; Hao et al. 2008)]. Two were
configurational classifiers (aui “pile’ and pars ‘row’)that pick out collections of individuals in
which the shape configuration matters. These two classifiers are also common verbs (i.e., ‘to
pile’ and ‘to line in a row’, respectively). The mensural classifiers were contrasted with the

3There were nine classifiers after excluding zAi. 9 classifiers x 5 age groups = 45 pairs.
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classifier ge. Geis a sortal classifier memorized for many nouns (e.g., balls, people, dolls)
whose referents do not necessarily share shape or size similarities or functionality. Geiis also
used with nouns that denote abstract entities, such as hopes and wishes. As can be seen, ge,
meaning ‘individual’, functions to indicate individuation. It is known as the default or
general classifier because colloquially it can also substitute more specific sortal classifiers
(Li and Thompson 1981) or be used to indicate the unit of substance kinds (e.g., )7 ge kafei
‘one coffee’).4 Not surprisingly, geis the most frequent Mandarin classifier. It is also the
earliest classifier to appear in children’s speech production (Erbaugh 1986). However,
production data alone cannot provide strong evidence for children’s understanding of the
classifier’s meaning. Children could simply be inserting the classifier whenever they
produce a numeral without appreciating why. The current experiment assesses whether
children understand that the most commonly used classifier in their vocabulary (ge) picks
out individuals.

Additionally, after being tested on classifier knowledge, children were tested on their
number word knowledge to examine how number word acquisition is tied to classifier
acquisition. The goal of counting is to provide an exact numerical quantity, and in order to
know what to count, one needs to know the unit being counted. Given the dependent
relationship of numerals to units being counted, the current study explores the relationship
between children’s number word knowledge and classifier acquisition.

Prior research established that children work out the meanings of number words between the
ages of two and four (e.g., Wynn 1990; Le Corre and Carey 2007). The meanings of number
words are learned one by one over the course of many months, starting with “one”, then
“two”, and then “three.” Some time after that, by the age of four, children realize how the
count list they have learned to recite months earlier is used to determine the cardinality of
sets. Given the overlapping acquisition timetable of classifiers and numerals, and the
meaning dependence between these two kinds of words, working out how classifiers pick
out units could very well impact how children acquire numerals and vice versa (see Bloom
and Wynn 1997; Barner et al. 2009; Sarnecka et al. 2007 for various proposals on how
classifier acquisition might slow numeral acquisition).

3.1.1 Participants—The same children and adults who participated in Experiment 1 also
participated in Experiment 2. The order of the two experiments was counter-balanced, and
they took place either within the same day with a few hours in between or within one day of
each other.

3.1.2 Stimuli and procedure—The procedure again followed Chien et al.’s (2003)
procedure. The children were introduced to Mickey, who cannot speak Mandarin very well.
For each trial, Mickey requested something (“l want one CL N) and the participant had to
select for the requested item among three choices. The three choices consisted of items that
could be named by a single noun (N). Of the five classifiers in this experiment, each was
tested twice, making a total of 10 test trials. For each trial, the two foils were randomly
chosen with the requirement that one of the choices always had to be one whole object. The
other choice could come from any of the remaining categories. (See Table 4 for the targets,
foils, and nouns used.) As in Experiment 1, the stimuli consisted of physical three-
dimensional objects. With the exception of the candies, rings, and pens, in which real
objects were used, all other stimuli consisted of toy miniatures of real objects. There were

4such uses are typically permissible in the context of ordering at a restaurant, much as in English: “I want a coffee.”
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also two practice trials in the same format as Experiment 1 to familiarize the children with
the task.

3.1.3 Number word knowledge assessment: Give-a-Number Task—After
participating in Experiments 1 and 2, the children were tested on their number word
knowledge. To obtain children’s number word knowledge, children were administered the
Give-a-Number task (Wynn 1990; Le Corre and Carey 2007). The experimenter provided a
tub of ten plastic strawberries; each time she asked the child to “Please give me N-CL
strawberry”, with N (number) starting at “one” and possibly ending at “six”. A titration
method was used to determine the next number requested. If the child succeeded at giving N
strawberries, then the experimenter next requested N + 1. If the child failed at N + 1, N was
requested on the next trial. The requested number continued to decrease until the child could
not correctly give the smallest number at least two out of three times, or continued to
increase until “six” was reached. Each time the child was thanked for his or her effort. In our
Give-a-Number variant, children were not asked to check or correct their answers.

The mean percentage correct for each of the age groups by classifier is shown in Table 5.
The adults (Table 5, last column) were in 100% agreement with the authors’ intuitions of
how the classifiers indicate units. Having established that adults responded in line with our
intuitions, we turned to two questions: (1) At what age did the children become aware of
how classifiers indicate units of quantification? (2) Were some types of classifiers easier to
learn than others? To address these questions, the percentage correct was entered into a
logistic regression model to examine the effects of Age (two, three, four, five, and adult),
Classifier Type (individual, configuration, and container), and the interaction between Age
and Classifier Type. The analysis revealed a significant effect of Age (Wald XZ 4)=
518.33, p<.001). Pairwise comparisons using either #tests or MWUs indicated that two-
year-olds did not differ from three-year-olds (two: 33% correct vs. three: 38% correct, £test:
p=.58). However, all other comparisons were significant (p’s < .001), indicating
improvement with increasing age (four: 78%, five: 91%, adults: 100%). There was also a
significant effect of Classifier Type (Wald XZ (2) = 67.6, p<.001). Pairwise comparisons
revealed that the general sortal classifier (ge: 86% correct) was better than the other
classifiers (#tests, p’s < .01). Container classifiers (be/ ‘cup’: 67% and he ‘box’: 70%;
average: 69%) were the next best. Finally, configuration classifiers were the worst (both dui
‘pile’ and par ‘row’ were 58% correct) and differed from the other classifier types (all p’s <.
01). There was also a significant Classifier Type x Age effect (Wald XZ (8) =75.94, p<.
001), suggesting that the amount of improvement for each classifier type was not uniform
across the ages. For example, the improvement for container classifiers was quite big
between three-year-olds and four-year-olds and was the smallest for sortal ge classifier (see
Table 5).

In general, children under 4 years of age were not very knowledgeable of most mensural
classifiers. In contrast, children were better at the general individuating classifier, ge. While
testing, it was also apparent some children employed the strategy of always picking the
choice with exactly one individual object. If this preference was prevalent, it would
artificially increase children’s performance on the ge ‘individual’ trials and worsen their
performance on the configuration and container classifiers. To explore this possibility, we
computed how often children selected the one object for the configuration and container
classifiers trials. That is, we summed up how many times out of eight total trials the child
selected the one object choice (e.g., one pen) over the multiple object choices (e.g., pile of
pens or a box of pens).
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We classified children as having a one-object bias if they picked the individual object in
seven or more trials. The probability of picking the individual object in seven or more trials
out of eight is .0025 by binomial distribution. Ten children (4 two-year-olds and 6 three-
year-olds) fell into this group. We split the children into two groups based on their bias to
pick the individual object and then examined how each group performed. Table 6 lists the
mean percentage for the children classified by their bias (see also Table 5 for comparison).
Percentage correct on the ge ‘individual’ classifier trials declined with the removal of the
children with a bias to pick individuals. Two-year-olds no longer scored above chance on
the getrials, but three-year-olds still scored above chance (Table 6, first two columns).
There was also a small improvement for the configuration and container classifiers.
However, overall, children still did not score above chance level on these trials.> Thus, this
new analysis again revealed that children under four knew very little about how mensural
classifiers pick out units for counting. In comparison, these same three-year-old children,
when tested on sortal classifier in Experiment 1, were beginning to understand how
classifiers classify nouns and objects on the basis of shape.

3.2.1 Comparing Experiments 1 and 2—Next, we asked whether quantificational unit
information (Experiment 2) or shape-based property information (Experiment 1) was
acquired earlier (see Fig. 1 for data summary). The percentage correct was entered into a 5
Age (two, three, four, five, and adults) x 2 Experiment (Exp 1, Exp 2) ANOVA with
Classifier type as within-subjects factor. The analysis revealed a significant main effect of
Age (A4, 80) = 52.83, p<.001), indicating that there was improvement across the ages
(two: 36%, three: 47%, four 72%; five: 88%; adult: 99%). There was no effect of
Experiment (Exp. 1: 69% correct vs. Exp. 2: 68% correct, p = .47). There was, however, an
Experiment x Age interaction (A4, 80) = 8.75, p<.001), indicating that the magnitude of
difference between the two Experiments differed according to age. Pairwise #tests at each
age determined that the interaction effect was due entirely to three-and four-year-olds.
Three-year-olds understood how classifiers select for nouns and referents based on shape
information better than how they select for individuals or collection of individuals (Exp. 1:
56% correct vs. Exp. 2: 38% correct, {19) = 4.79, p < .001). For four-year-olds, the
performance was reversed (Exp. 1: 67% vs. Exp. 2: 78%, #15) = 2.273, p< .05), possibly
because the children who understood classifiers as quantificational units drew upon their
lexical knowledge of the mensural classifiers as nouns or verbs (bef ‘cup’ or aui “pile’).
Eventually, by five years of age, children were equally proficient on either the sortal or the
mensural classifiers.

3.2.2 Number word and classifier knowledge—Lastly, we explored the relationship
between number word knowledge and classifier knowledge. Children were classified as N-
knowers by their number word knowledge using Wynn’s (1990) criterion. To be considered
an N-knower, the child had to give N objects at least two thirds of the time correct when the
experimenter requested N objects and not give N objects more than half as often when the
experimenter asked for a different number. The criterion ensured that children reliably gave
N objects only when N was requested. Figure 2 shows the distribution of number knowers
by age.

Zero-knowers are children who cannot even give “one” reliably when the experimenter
asked for “one.” CP-knowers are Cardinality Principle Knowers; they can give all numbers
requested. As Fig. 2 indicates, age was highly correlated with knower level (Pearson’s n(67)

SThe same generalized linear model excluding the biased children was conducted as before. Again, there was a significant effect of
Classifier Type (Wald XZ (2) = 34.18, p<.001), Age (Wald XZ (4) = 343.52, p<.001) and Classifier Type x Age interaction (Wald
x2 (8) =43.91, p<.001). Pairwise comparisons indicated the same trend of improvement by Age, with only two-year-olds not
differing from three-year-olds. The relative order of which classifier type was easier held also.
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=.77, p<.001). Our data is consistent with prior experiments showing that by four years of
age, the majority of children figure out how counting is used to determine the cardinality of
sets (Wynn 1990; Sarnecka et al. 2007).

In our analysis, we focused on two-and three-year-old children since there was virtually no
variation among the four-year-olds and five-year-olds in their knower-level or classifier
knowledge. Because age was highly correlated with knower-level (#(38) =.59, p < .0001),
we examined the relationship between knower-level and how children performed on the
classifier tasks, controlling for age. The partial correlation analysis revealed that children’s
knower-level was not correlated with their scoreon Experiment 1 (/(38) = .27, n.s.) but with
their score on Experiment 2 (/(38) =.32, p<.05). In other words, there was no correlation
between children’s number knower-level and sortal classifier knowledge. In contrast,
knower-level was positively correlated with knowledge of how classifiers pick out units. We
also examined the relationship between age and how children performed, controlling for
knower-level. Here, the reverse pattern occurred. Children’s age was positively correlated
with Experiment 1 (/(38) =.36, p < .05) but not with Experiment 2 (#(38) = -.06, n.s.).

Since number knower-level and knowledge of classifiers as quantificational units correlated,
we asked whether there was a clear causal direction of influence. Here, whichever one
initially led in development could serve to benefit the one that lagged. It is more likely that
the acquisition of some number words helped the acquisition of mensural classifiers as
quantificational units rather than the reverse. The analyses above showed that there were
children who did not seem to understand how classifiers indicate units of quantification but
knew the meaning of at least one number word. Specifically, recall the ten children who
always picked the one individual object over a collection of individuals (Experiment 2,
Table 6). Of these biased children, all but one were at least a 1-knower. In contrast, there
were no children who scored high on classifiers and were on the low end of their knower-
level knowledge. Of the 0-and 1-knowers, no children remotely came close to scoring well
on Experiment 2. Only two out of these 24 children got at least six questions out of 10
correct (A6 out of 10) = .06).

The whole pattern of data suggests that children can notice how sortal classifiers pick out
items that share similarities in shape or shape functionality without knowing that they
indicate units of quantification. It may be after learning some number words that children
begin to realize that these classifiers indicate units of quantification.

3.3 Discussion

The experiment revealed that at three years of age, some children were aware that the sortal
classifier ge picks out individuals (Tables 5, 6). On the other hand, as the percentages
correct also revealed, these three-year-olds did not know many mensural classifiers. They
often did not choose the correct item on the basis of the mensural classifier, despite the fact
that the mensural classifiers are common nouns and verbs that the children ought to know.
Their performance on the mensural classifiers in Experiment 2 was also worse than their
performance on the sortal classifiers in Experiment 1; they did not score above chance on
any of the mensural classifiers while they did so for some sortal classifiers. However, by
four years of age, there was a sudden improvement on mensural classifiers (Table 5; Fig. 1).

The correlational analyses also showed that while both age and knower-level were highly
correlated with each other and with classifier knowledge, they differed in which aspect of
classifier meaning acquisition they best predicted. Age predicted how well children could
classify the object on the basis of shape and shape-dependent functionality, possibly because
age is a proxy for amount of exposure to classifiers. In contrast, knower-level best predicted
understanding of classifiers as quantificational units. That is, children at higher knower-
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levels were more aware that one could count units consisting of more than one individual.
Below, we speculate on why this may be so.

4 General discussion

In order to express notions regarding sets and quantities, children are faced with the problem
of figuring out the combinatorial nature of their language. Using Mandarin as a case study,
this paper is one of the first few studies to explore children’s understanding of how nouns
combine with number words and classifiers to generate the meaning of noun phrases. Our
starting place wasChien et al. (2003)’s seminal work contrasting sortal and mensural
classifiers. Their study suggested that three-year-old children were at least aware of noun-
classifier pairings for familiar nouns. We extended their paradigm and tested children on
novel entities. We asked whether children truly appreciate the fact that sortal classifiers
categorize nouns and their referents on the basis of properties such as shape and shape
functionality (Experiment 1). Varying the number of individuals of a kind (one vs. a
collection in a container vs. a collection in a configuration), we also asked whether children
appreciate the fact that classifiers indicate quantificational units (Experiment 2).

Testing a wide age range, the emerging picture is that two-and three-year-olds are still
working out the function of classifiers. It is not until 4 years of age that children begin to
realize how classifiers specify units for quantification. Several new findings contribute to
our knowledge of the developmental progression. First, learning how sortal classifiers
categorize nouns and their referents based on properties such as shape and ontological
categories may initially develop independent of any awareness that these classifiers indicate
the natural unit of sortal nouns. At 3 years of age, children in general performed better when
asked to pick out referents on the basis of shape properties than on unit information
(Experiment 1 vs. 2). Acquisition of sortal classifiers also improves gradually with age, with
no initial correlation to number word knowledge.

On the other hand, the acquisition of classifiers as quantificational units (measured by
performance on Experiment 2) is correlated with number word knowledge. In fact,
knowledge of classifiers as quantificational units may first require robustly knowing the
meanings of some number words and possibly also knowing how the general classifier ge
picks out individuals. The responses given by the two-and three-year-old children are
consistent with this order of acquisition. First, children with little or no number word
knowledge (0-knowers and 1-knowers) scored around one-third correct for Experiment 2, as
expected by chance. This is despite the fact that some of these classifiers are derived from
frequent nouns and verbs that children this age know (e.g., be/ ‘cup’). Among the children
who knew some number words, there were even those who, in hearing “one CL N”, always
chose one individual object and ignored the classifier completely. Thus, it does appear that
children are initially unaware of how number words combine with classifier and noun to
indicate quantity. However, with increasing certainty of number word meanings and how
they pick out discrete individuals determined by the noun ()7 ‘one’ for one individual, /iang
‘two’ for two individuals, etc.), children may begin to notice instances when the number and
noun do not pick out the number of individuals they expected.6 Here, knowing nouns and
verbs for which they already know the meaning (be/ ‘cup’ or dui ‘pile’) could help them
come to the realization of how each morpheme jointly contributes to meaning. This
realization may then lead children to reconsider the role of sortal classifiers as indicating
whole objects are being counted rather than simply as words that classify referents according

6This account is similar to Bloom and Kelemen’s (1995) account of how English-speaking children might use their knowledge of
count-mass syntax to learn novel collection nouns when the noun phrase (“a blicket” or “one blicket”) is used to reference a collection

of individuals.
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to properties such as animacy, functionality, or shape. This reanalysis likely does not occur
until four years of age or after since works elsewhere indicate that children are quite willing
to accept expressions with the numeral, sortal noun, and its associated sortal classifier as
referencing broken pieces of objects (see, e.g., Brooks et al. 2010; Huang and Lee 2009;
further discussion follows).

In summary, while Erbaugh’s (1986) study on children’s production of classifiers indicated
that even young two-year-old children know to insert the default classifier alongside the
numeral in uttering noun phrases, our study suggests that there is much more these young
children have yet to learn about the functions of classifiers. Our findings align with more
recent studies showing that the acquisition of the classifier system may take years (Li et al.
2008; Huang and Lee 2009) but differ from those ofChien et al. (2003), who suggested that
“Chinese children as young as three years of age were fairly adept in comprehending both
count-and mass-classifiers” (p. 112).

Note, however, our study and others do not really address why learning classifiers goes
through these stages. Why is the period of acquisition protracted when it comes to realizing
that classifiers specify units of quantification? Why does knowledge develop when it does?
Here, it may be useful to draw upon prior developmental research. For example, research
indicates that children do not necessarily possess the same abilities as adults in using
measurement units in determining quantity. Huntley-Fenner (2001) showed that (English-
speaking) three-year-olds and young four-year-olds do not make use of units such as cups
and glasses to compare quantities of non-cohesive substances when the two amounts of sand
are very close in volume. He demonstrated that although children were perfectly able to
determine which side has “more glasses” when comparing three identical glasses full of sand
with two other identical glasses full of sand, they scored at chance when asked to determine
which side has “more sand” for the same visual display. It is not until children are four years
old or older that they can successfully compare quantities in such a task. Thus, the use of
containers in quantification may not be the kind of relationship that children typically
process and notice. This is perhaps why our two-and three-year-old Mandarin-learning
children sometimes ignored the container classifiers in their choice and preferred the one
individual.

Researchers have also suggested that children privilege spatially discrete physical objects in
word learning (Markman 1989; Bloom 2000; Gentner and Boroditsky 2001; Huntley-Fenner
1995, Chap. 4; Bloom and Kelemen 1995). If learning words for object kinds is conceptually
easier than learning words for collections (e.g., “bunch”, “pile”, “army”), this could also
explain why learning the configuration classifiers might pose some difficulties for
Mandarin-speaking children. Future research using direct within-subject comparison of
children’s conceptual development and their linguistic skill could shed light on how

language learning might rely upon conceptual development.

Comparison between Mandarin-speaking children and children learning a count-mass
language, such as English, could also aid our understanding. For a count-mass language like
English, children do not have to learn a complex system of sortal classifiers because
numerals in English directly co-occur with most’ sortal nouns. Unlike Mandarin, English
also has obligatory plural markings that could facilitate acquisition of measure words
(Sarnecka et al. 2007; Barner et al. 2009). For example, the plural on the noun “cow” in the
phrase, “one herd of cows,” might clue children into the fact that a collection of cows is
being referenced and help children uncover the meaning of the novel word “herd.” In sum,

7Exceptions are object-mass nouns such as “furniture” or “jewelry.” “One piece of furniture” can reference one whole table but not a

leg of a table.
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cross-linguistic differences very likely affect the ease by which English-and Mandarin-
speaking children come to understand how their native language encodes quantities.
However, the two groups of children could still show relatively similar developmental
trajectories despite cross-linguistic differences. This would suggest that conceptual
underpinnings and developments that support language acquisition (e.g., ability to think
about collections or package substances) are universally affecting both groups.

In two recent studies, Barner and colleagues (Melgoza et al. 2008; Brooks et al. 2010) made
progress charting English-speaking children’s evolving understanding of how quantifiers,
numerals, and nouns contribute to meaning. They noted that children start using quantifiers,
number markings, and number words very early, even prior to learning many nouns. For
example, by 2 years of age, English-speaking children use singular-plural morphology to
talk about individuals and sets of multiple individuals though nouns only make up a small
percentage of their overall vocabulary of around 300 words (Kouider et al. 2006; Barner et
al. 2007). Because children do not know many nouns, Barner et al. suggested that children
might not initially rely on the criteria of individuation supplied by the noun to figure out
quantifier or number meanings. Instead, children might figure out quantifier meanings based
on their analysis of the number of spatio-temporally discrete individuals being talked about.
Indeed, infant research has demonstrated that pre-linguistic infants represent and quantify
spatio-temporally discrete individuals (e.g., Wynn 1992, 1996; Wood and Spelke 2005; Xu
2007), and such ability could initially support learning of quantifiers and numerals.

Barner and colleagues’ hunch of how children learn quantifiers was influenced by Shipley
and Shepperson (1990), who asked English-speaking preschoolers to count broken objects
(e.g., forks broken into pieces among whole forks). Unlike adults, children would oddly
count each individual piece. In other words, a fork broken into two pieces would be counted
as “two forks” rather than “no forks” or “one (broken) fork.” Children’s tendency to count
discrete individuals is also observed when counting events with temporally discrete
subparts, attached parts of discrete individuals, and collections (Wagner and Carey 2003).
For example, when asked to indicate number of families, some children are inclined to count
the number of individuals in the family rather than the number of families. In general, the
odd counting behavior does not subside until 5 or 6 years of age.

Importantly, Barner and colleagues explored whether the behavior is limited to
counting.Melgoza et al. (2008) showed that even when making quantity judgments, the
majority of preschoolers tend to select one fork broken into three pieces as having “more
forks” than two whole forks. They are also more likely to pluralize and describe the three
pieces as “forks” or call one broken piece “a fork.”Brooks et al. (2010) have since replicated
the finding, showing that English-speaking four-year-olds happily treat broken pieces as
units of counting across a host of quantifiers tested (rmore, every, both, a, and singular-plural
morphology). Thus, it does seem that English-speaking preschoolers take number of discrete
individuals as sufficient units for counting and as the basis from which hypotheses about
quantifier meanings are formed.

This is not to say that children are not paying attention to the noun. They realize that the
noun factors in: when counting dogs, cats should not be considered in the count. For
example, Wagner and Carey (2003) showed that despite strong tendencies to count the
discrete individuals, children were sensitive to the nouns (see also Giralt and Bloom 2000).
They were more likely to count families when asked to count families than when asked to
count people. Furthermore,Brooks et al. (2010) showed that children understand that sortal
nouns provide criteria for determining what constitutes a natural whole unit. When children
were asked to count objects glued together, they counted each of the individual objects (i.e.,
two cups glued together was counted as “two cups”). Thus, it appears that children also
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realize that nouns provide criteria of individuation and can in some circumstances override
their tendencies to count discrete physical individuals. They do not lack the conceptual
knowledge about objects and can tell when an object is or is not a whole (see Brooks et al.
2010 for more evidence). What they may need to learn is divisity of reference (i.e., how
parts are named). That is, if a fork is broken in half, a broken piece is no longer “a fork” but
rather “a piece of fork.” Preliminary data from our laboratory show that this is a distinction
that some four-year-old children do not make; they are perfectly happy in comprehension
studies to accept the expressions “one fork” or “one piece of fork” interchangeably to
describe either a broken piece or a whole fork.

In the case of Mandarin, the acquisition of quantifiers and numerals may also initially be
through the analysis of discrete individuals. Some Mandarin-speaking children in the current
study ignored the classifier but always picked one individual in the presence of the numeral
yi*one’. Furthermore, new evidence from Huang and colleagues (Huang and Lee 2009;
Huang 2009) and from our laboratory showed that Mandarin-speaking children also treat
broken pieces as units of quantification. We robustly replicated Brooks et al. (2010) for
Mandarin-speaking children. Preschoolers have a tendency to count each broken part and to
make quantity judgments on the basis of broken parts (i.e., one fork broken into three pieces
is “more” than two forks). This is in contrast to Mandarin-speaking adults who consider two
whole forks as more than the three broken pieces. It is likely that once Mandarin-speaking
children notice and realize that broken pieces can no longer be counted with the same
classifier as whole objects they start to behave like adults.

More research remains to be conducted to directly compare English-and Mandarin-speaking
children. Importantly, the current paper makes a first step in charting Mandarin-speaking
children’s developmental progress in talking about quantities through the use of classifiers.
It also makes contact with children’s conceptual development. We take the stance that
children must have some preexisting conceptual abilities to support the acquisition of
quantifiers and classifiers/measure words. As such, we try to link up children’s linguistic
development with their conceptual development, drawing upon existing literature. However,
it is possible that the process of understanding how numerals combine with measure words/
classifiers and nouns could benefit how children reason about quantities (Gordon 2004;
Spelke 2003). Cross-linguistic differences in linguistic structures and discoveries of
differences in acquisition timetable could allow us to eventually make inroads into the
question of the relationship between language and conceptual development. We have no
doubt that future work will further our understanding of this complex relationship.
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Appendix: Instructions for Experiments 1 and 2 (taken from Chien et al.
2003)
Practice trials
Mickey: Wo
yao ADJ-de something.
I want ADJ-de something.
Experimenter: Milaoshu
yao ADJ-de
shemo.
Mickey Mouse want ADJ-de what
(Example ADJ: yuan = round)
Test trials
Mickey: Wo
yao
yi CL something.
I want one CL something.
Experimenter: Milaoshu
yao
yi CL shemo.
Mickey Mouse want one CL what
(Example CL: gen = rod shape sortal classifier; dui = pile, mensural
classifier)
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Fig. 1.

Comparison of Experiments 1 and 2 by Age
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Table 1

Classifiers and stimuli for Experiment 1

Sortal classifiers Meanings Known objects Novel objects
£ (ba) objects with handles
(e.g., scissors,
umbrella) /
B (gen) rod shape -
e.g. cigar, banana
o | -
% (tiao) thin, flexible, long
shape
(e.g. string, river)
# (kuai) chunk, lump
(e.g., toy block,
rock)
ﬁ (duo) bloom
(e.g., cloud, flower)
B (ke) small objects
(e.g., ball, bead) - -
H (pian) flat, slice
(e.g. CD, leaf) -
E (mian) flat and smooth
surface objects &
(e.g., mirror, wall)
3 (zhang) sheet, flat object
(e.g., table, paper) n
£ (zhi animals
- o
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Table 2

Percentage correct for known vs. novel object trials in Experiment 1

Classifier  2-year-olds 3-year-olds 4-year-olds 5-year-olds Adults

U ba 62vs. 29F 35vs. 35 56 vs. 75 92 vs. 92 100 vs. 100
i gen 62 vs. 52 70 vs. 70 63vs.88%  75Vvs.100 100 vs. 100
% tiao 33vs. 33 70 vs. 65 81 vs. 69 100vs. 92 100 vs. 100
B kuai 67 vs. 57 80 vs. 60 50 vs. 69 83 vs. 58 100 vs. 94
< duo 10 vs. 24 45 vs. 50 81vs.50%  92vs.83 100 vs. 81
W ke 29 vs. 48 55 vs. 55 56 vs. 81 92 vs. 83 100 vs. 94
J'r pian 33vs. 52 35vs. 60 69 vs. 63 100vs.92 100 vs. 100
Il mian 33vs. 24 35vs. 50 50 vs. 56 58 vs. 75 100 vs. 100
il zhang  10vs. 33 65 vs. 70 81 vs. 69 92 vs. 92 100 vs. 100
1 zhi 48 vs. 38 60 vs. 50 81vs.50% 92vs. 75 100 vs. 75

Significance test of each pair:

*
p< .01
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