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U.S. and Korean Children’s Comprehension of Fraction Names:
A Reexamination of Cross-National Differences

Jae H. Paik and Kelly S. Mix

Two experiments tested the claim that the transparency of Korean fraction names promotes fraction concepts
(Miura, Okamoto, Vlahovic-Stetic, Kim, & Han, 1999). In Experiment 1, U.S. and Korean first and second
graders made similar errors on a fraction-identification task, by treating fractions as whole numbers. Contrary
to previous findings, Korean children performed at chance when a whole-number representation was included.
Nonetheless, Korean children outperformed their U.S. peers overall. In Experiment 2, U.S. children’s
performance improved when fraction names were used that explicitly referred to part-whole relations like
Korean fraction names. U.S. children’s scores actually exceeded those of Korean children. Thus, although the
differences in fraction names may influence children’s performance, this may not account for the reported cross-

national differences.

Even after years of formal instruction, children have
difficulty understanding fractions (Kouba et al.,
1988). They commonly make procedural errors, such
as adding numerators and denominators (e.g.,
3/8+2/4=5/12). Even when children apply proce-
dures correctly, they often fail to grasp the reasoning
behind them (Behr, Lesh, Post, & Silver, 1983; Behr,
Wachsmuth, & Post, 1985; Behr, Wachsmuth, Post, &
Lesh, 1984; Kerslake, 1986; Kouba et al., 1988). For
example, 12- to 14-year-olds who correctly solve
fraction calculation problems, such as 1/4+2/3, still
cannot explain why a common denominator is
needed. Apparently, students simply carry out the
procedure they have been taught in school without
understanding it.

Although several explanations for these difficul-
ties have been advanced (see Mix, Levine, &
Huttenlocher, 1999, for a review), the current study
focused on one idea in particular—that poor
performance on fraction tasks is caused by confusion
about the conventional symbols and terms for
fractions. Specifically, it has been proposed that the
mapping between English fraction names and their
conceptual referents is not as direct as the mapp-
ing in other languages, such as Korean (Miura,
Okamoto, Vlahovic-Stetic, Kim, & Han, 1999). This
lack of transparency is thought to hinder U.S.
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children’s performance on conventional fraction
tasks. The present study investigated this claim.

The idea that language differences lead to
conceptual lags is not unique to fraction concepts.
It underlies several cross-cultural studies showing
that U.S. children trail behind their Asian peers on a
variety of mathematical tasks (e.g., Miller & Stigler,
1987; Miura, Kim, Chang, & Okamoto, 1988; Miura,
Okamoto, Kim, Steere, & Fayol, 1993; Miura et al,,
1999; Song & Ginsburg, 1987; Stevenson, Lee, &
Stigler, 1986). For example, Miller and Stigler (1987)
compared Chinese and U.S. children’s ability to
count. Whereas the English counting system has
irregularly formed decade names (e.g., twenty,
thirty, and forty) and “teen” structures (e.g., eleven,
twelve, and thirteen), the Chinese counting system is
much more regular (e.g., 11 is literally translated
“ten-one”’, 12 is translated “ten-two”’, etc.). Miller
and Stigler found that 4-, 5-, and 6-year-old Chinese
children counted substantially higher and made
fewer number-word errors than did U.S. children.
From this, Miller and Stigler concluded that system-
atically organized number names facilitate Chinese
children’s understanding of counting.

Language effects also have been found for
children’s understanding of place value (i.e., the
meaning of the individual digits in a multidigit
numeral). Miura et al. (1993) found that Chinese,
Japanese, and Korean-speaking first graders used
canonical base-10 constructions to represent num-
bers using blocks more often than did English-,
French-, and Swedish-speaking children. For exam-
ple, whereas English-speaking children used 42
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single-unit blocks to represent the number 42, Asian
children used 4 tens blocks and 2 single-unit blocks.
Miura et al. attributed this difference to the
transparent base-10 structure of Asian counting
systems.

Fraction-naming systems also differ between East
Asian languages and English. In Korean, Chinese,
and Japanese, the notion of fractional parts is
explicitly embedded in fraction names. For example,
the Korean name for one fourth is roughly translated
of four parts, one (Miura et al., 1999). Recent cross-
cultural research suggests that the transparency of
part-whole relations in these fraction names helps
East Asian children understand fractions (Miura
et al.,, 1999). Children in Croatia, Korea, and the
United States were given a fraction-identification
task. Only first and second graders were included to
avoid prior school instruction on fractions. On each
trial, children saw a written fraction and heard it
read aloud in their native language. Then they were
asked to circle the picture that showed the same
fraction from among four choices. The main finding
was that Korean children performed significantly
better than either Croatian or U.S. children. By the
end of first grade, Korean children performed
significantly above chance, correctly answering an
average of 3 of 8 problems (chance=2). By the
beginning of second grade, Korean children ob-
tained nearly perfect scores (M =7.73). Miura et al.
concluded that the transparency of Korean fraction
names facilitated children’s understanding of frac-
tion concepts.

Another finding was that children from all three
nations tended to make the same error. They
frequently chose the picture that represented the
number of parts for the numerator and denominator
as if they were addends. For example, when the
target fraction was 2/3, children erred most fre-
quently by selecting the fraction 2/5, which con-
tained two shaded portions and three unshaded
portions (see Figure 1, Option 3). The numerator+
denominator (henceforth, N+D) foil accounted for
more than 75% of the errors in Miura et al.’s (1999)
study. Taken together with the evidence of cross-
national differences, Miura et al. concluded that,
although children from all language backgrounds

Correct Representation
Figure 1.
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made this error, Korean children made it less
frequently because of their transparent fraction
names.

Miura et al.’s (1999) findings raise three questions.
First, the fact that all children, regardless of
nationality, made the same systematic error suggests
that children’s poor performance may be due to one
particular misconception. What would happen if this
misconception were no longer an option? In other
words, would U.S. children answer correctly if the
N+D foil were not available? If so, it would suggest
that Korean children perform better in this task
because they can overlook this interpretation. On the
other hand, if U.S. children still perform at chance, it
would indicate a general failure to grasp fraction
names. In this case, the N+D foil would simply be
the preferred default.

Second, do Korean children perform better on the
fraction-identification task because of their language
background? In cross-national comparisons, other
cultural differences are usually confounded with
linguistic differences. For example, Korean and U.S.
attitudes toward mathematics education may vary
greatly. After-school courses, educational television
programs, and other mathematics-related activities
are well implemented in Korea. Song and Ginsburg
(1987, 1988) argued that the amount of time Korean
parents and educators spend on mathematics educa-
tion is greater than for U.S. parents and educators.
These achievement differences seem to result in
stronger motivation in mathematics (Stevenson et
al., 1986; Stigler, Lee, Lucker, & Stevenson, 1982).
Such cultural differences, rather than linguistic
differences per se, could account for Korean chil-
dren’s superior performance on Miura et al.’s (1999)
fraction-identification task.

Last, if Korean fraction names are helpful, how
specifically do they help? There are at least two
differences between Korean and English fraction
names that might affect children’s learning. One
difference is the degree to which the idea of equal
parts is made explicit. Fraction names are only
meaningful in reference to pieces that are the same
size. This idea may be more obvious in Korean,
where there is direct reference to the idea of parts
(e.g., of four parts, one). Another dimension that
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A sample test item—adapted from a figure used by Miura, Okamoto, Vlahovic-Stetic, Kim, and Han (1999).
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might matter is the order of the numerator and
denominator. In the Korean terms for fractions, the
denominator comes first (e.g., of four parts, one).
English uses the reverse order (e.g., one fourth).
Children might interpret fraction terms more easily
if they are oriented toward the overall number of
parts before attending to a specific subset of parts.

The present study addressed these three ques-
tions. In Experiment 1, we tested whether children’s
performance on the fraction-identification task im-
proved when the N+D foil was removed. In
Experiment 2, we eliminated nonlinguistic cultural
differences by testing whether English translations
of Korean fraction names improve U.S. children’s
performance on the fraction-identification task. We
also used several wording variations to deter-
mine what specific aspect of the Korean fraction
names improved performance. Our findings suggest
that the relation between language and concepts in
this situation is more complex than it might at first
seem.

Experiment 1
Method

Participants. In Experiment 1, 102 children parti-
cipated. The Korean sample included 28 first graders
(age: M =7,0; range = 6,9-7,4) and 25 second graders
(age: M =7,9; range = 7,2-8,4). Four of the classroom
teachers refused to provide birth dates for the
children in their classrooms (32% of the sample), so
the mean ages reported here are estimates based on
the birth dates provided for the remaining children.
The U.S. sample included 25 first graders (age:
M =7,2; range = 6,7-8,0) and 24 second graders (age:
M=8,1; range=6,9-8,11). These mean ages are
based on birth dates provided for the entire sample.
Each group included approximately the same
number of boys and girls.

U.S. children were drawn from four local elemen-
tary schools that served a predominantly White,
middle-class population. All children spoke English
as their primary language. Korean children were
drawn from a middle-class population attending
two public schools in Seoul, Korea. Both grade levels
were tested at each of the participating schools.
Although the Korean math textbook for second
graders and some of the U.S. textbooks contained
an introduction to basic fraction concepts, such as
equal parts of a whole and some fraction names (e.g.,
one half, one third, and one fourth), a questionnaire
given to the teachers of the participating schools

confirmed that fractions had not been formally
introduced in these classrooms.

Materials and Procedure

Children completed an identification task
for which they circled the correct pictorial represen-
tation of a target fraction from among four
choices. For example, given the target fraction 2/3,
the correct choice was a rectangle divided into
three portions with two portions shaded (see
Figure 1, Option 1). Children marked their answers
on a test sheet with eight test items targeting seven
fractions (1/3,2/3,2/4,3/4,2/5,3/5, and 4/5). As
in Miura et al’s study, the fraction 2/4, appeared
twice.

Children from each grade were randomly as-
signed to one of two conditions. Children in the with
N+D condition received eight trials with the N+D
foil included. Recall that this foil had the same
number of shaded portions as the target numerator
and the same number of unshaded portions as the
target denominator (see Figure 1, Option 3). These
materials were the same as those used by Miura
et al. (1999). Children in the without N+D condition
had the same materials except that the N+D foil was
replaced with another foil. Children were tested in
small groups of 5 to 10. This allowed the experi-
menter to monitor whether children understood the
task and followed the directions, and it ensured that
each child worked independently.

Each child was given a test sheet. On the top of
the test sheet there were four numeric fractions
along with the fraction names written in the child’s
native language (e.g., 1/2=one half, 1/3 =one
third, 1/4 = one fourth, 1/5 = one fifth). Following
Miura et al’s (1999) procedure, the experimenter
pointed to these sample fractions and explained that
these numbers were called fractions. Then, the
experimenter read the fraction names aloud, one at
a time, while pointing to the appropriate fraction
symbols. There were no drawings included with
these samples. Below the samples were the eight test
items. In the test phase, the experimenter explained
that she would read the fraction at the left of the
page. Children were told: “Look and listen carefully
to how I read the fraction. Try to find a picture that
goes with the fraction and draw a circle around the
picture.” The test phase began when children
acknowledged that they understood the procedure.
No further prompts or feedback were given. The
experiment took approximately 10 to 15min. A
bilingual experimenter tested both the Korean and



U.S. children. This ensured that the testing proce-
dures were consistent across groups.

Results and Discussion

Every child completed the entire task. Figure 2
shows the mean percentage correct for children in
each condition. A three-way ANOVA was performed
on these scores, with nationality (Korean and U.S.),
grade (first and second grade), and condition (with
N+D and without N+D) as between-subjects
factors. There was a main effect of nationality, F(1,
94) =5.72, p<.02. There also was a significant main
effect of condition, F(1, 94) =29.94, p<.001, which
reflected better performance on the without N+D
condition (M =5.66, SD =2.10) than on the with
N+D condition (M =2.77, SD = 3.17). As in previous
research, Korean children obtained higher scores
than did U.S. children across grade level and
condition (with N+D condition: Korean first gra-
ders: M =23.33, SD =3.64; Korean second graders:
M=292, SD=337, US. first graders: M =2.54,
SD =3.15; U.S. second graders: M =2.17, SD = 2.59;
without N+D condition: Korean first graders:
M=654, SD=1.85 Korean second graders:
M=646, SD=1.81; US. first graders: M =5.58,
SD =1.51; U.S. second graders: M = 3.92, SD =2.23).

Two-tailed t tests revealed that U.S. first and
second graders’ performance on the without N+D
condition was significantly above chance (first
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graders: M =558, SD=151; second graders:
M=392, SD=223), first graders: t(11)=6.45,
p<.01; second graders: #(11) =2.10, p<.05. Korean
first and second graders also performed significantly
above chance when the N+D foil was omitted, first
graders: #(12)=6.38, p<.01; second graders:
£(12) = 6.29, p<.05. However, both Korean and U.S.
children performed at chance when the N+D foil
was included (Korean children: first graders:
M=3.33, SD=3.64; second graders: M =292,
SD=3.37; US. children: first graders: M =2.54,
SD = 3.20; second graders: M =2.17, SD =2.59). No
other significant main effects or interactions were
found. Because scores on this task are proportional
(X of 8), we conducted a parallel ANOVA using
arcsin transformations of children’s scores. This
analysis yielded the same patterns of significance
as before.

An examination of children’s individual
performance revealed the same patterns as the
group results. In Table 1, we present the percen-
tage of children whose scores reached a criterion
of at least 5 of 8 correct (p<.05). More children
reached this criterion in the without N+D con-
dition. This was true for both the U.S. and Korean
samples. In fact, the patterns of above-chance
performance were strikingly parallel between the
two nations. The main difference was that more
Korean children reached ceiling, a difference that
can account for the higher scores by Korean children
overall.

Percent Correct

1st grade

Korean Children

2nd grade

| With N+D foil
B Without N+D foil

1st grade
U.S. Children

2nd grade

Figure 2. Korean and U.S. children’s mean scores in the with N+D and without N+D conditions in Experiment 1.
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It is not surprising that the worse performance in
the with N+D condition was caused by children
choosing the N+D foil. Indeed, this accounted for
77% of the errors made by Korean children and 78%
of the errors made by U.S. children. An ANOVA
with nationality and grade as between-subjects
factors confirmed that this difference was highly
significant, F(1, 88) =224.75, p<.001. Children from
both countries chose the N+D foil much more
frequently than the other foil choices when given
the option. This suggests that U.S. children’s
difficulty with this task is not due to a general
failure to comprehend fractions, but rather to a
specific misconception that is tapped by the N+D
foil. Our results also suggest that this misconception
has a significant impact on children from both
cultures and is not easily overcome by children
learning Korean fraction names.

Why is the N+D choice misleading? One reason
may be that it invites a whole-number interpretation
of the fraction terms, based on children’s knowledge
of counting and whole-number algorithms, such as
addition. In this foil, the numerator and denomi-
nator are represented as unrelated quantities within
the same whole. It is akin to counting up the number
of boys and girls in a classroom without considering
the proportion of each group relative to the total.
Thus, the N+D foil would be preferred if children
were using a counting strategy that did not take
part=whole relations into account. This explanation
is consistent with the argument made previously
that children have an intuitive grasp of fractions but
perform poorly on conventional tasks because of
interference from the conventional counting system
(Mix et al., 1999; Nunes & Bryant, 1996). On this
interpretation, it was not surprising that children

Table1
The Percentage of Scores Exceeding Chance in Experiment 1

from both cultures made the same error because they
are both familiar with conventional counting and
calculation.

However, it was surprising that Korean children
performed at chance when the N+D foil was
included. Using the same procedure and identical
materials, which included the N+D foil, Miura et al.
(1999) found that by the end of first grade, Korean
children performed significantly above chance.
Korean second graders in that study obtained nearly
perfect scores. In the present experiment, children
from neither country performed above chance when
the N+D foil was included. Moreover, even when
the N+D foil was omitted, the scores of Korean
children did not approach ceiling.

One possible explanation is that the difference
was due to sampling bias. Perhaps the Korean
children who participated in the present study were
somehow disadvantaged compared with those
tested by Miura et al. (1999). However, this seems
unlikely given that both samples were drawn from
middle-class populations. Furthermore, because the
Korean educational system is highly standardized,
children from different communities have very
similar school experiences. For example, the same
textbooks are used at each grade level throughout
Korea. Thus, children in the two samples should
have had similar educational backgrounds generally
speaking (i.e., in addition to the fact that none of the
children were taught about fractions in school).
Although there is no guarantee that both samples
represented the same population, there is no obvious
reason to suspect that they did not.

Another possibility is that the discrepancy was
due to minor but potentially important procedural
differences. One difference was that, in Miura et al.’s

Korean children

First grade

Second grade

Without N+D With N+D Without N+D With N+D
85 (55) 40 (83) 77 (70) 33 (50)
U.S. children
First grade Second grade
Without N+D With N+D Without N+D With N+D
83 (10) 31 (50) 83 (0) 17 (50)

Note. The criterion used was 63% (5 of 8) correct (p<.05). The numbers in parentheses represent the percentage of children within this

group whose scores also reached ceiling.



(1999) study, the classroom teachers collected data
from their own students using written instructions.
Although the instructions may have been straight-
forward, it is still possible that there were variations
in the way different classroom teachers conducted
the experiment. It is also possible that some teachers
were more objective than others in assessing their
students’ ability. For example, just one teacher
instructing children and boosting the scores could
explain the discrepancy. In the present study, the
first author collected data for both Korean and U.S.
children. Classroom teachers were not told the
details of the procedure before data collection. A
second difference was that the entire class was tested
as one group in Miura et al.’s study. This may have
made it difficult to monitor whether children were
working independently. In the present study, the
task was administered to small groups of 5 to 10
children, which allowed the experimenter to monitor
them closely.

Although there were no significant effects invol-
ving grade, an inspection of the means revealed an
unexpected pattern—U.S. first graders outper-
formed second graders in the without N+D condi-
tion. Two-tailed f tests confirmed that this difference
was significant, #(22) =2.14, p<.05. In the Korean
sample, the same trend was observed but there was
no significant difference between grade levels. Still,
it is remarkable that Korean children showed no
improvement from first to second grade.

Although performance on most tasks improves
with age, reverse age effects have sometimes been
reported (Bowerman, 1982; Bybee & Slobin, 1982;
Miller & Paredes, 1990). For example, Miller and
Paredes (1990) found that children’s addition ability
seemed to suffer temporarily while they were in the
process of learning multiplication. When given
blocks of addition and multiplication problems,
third graders were faster at solving multiplication
problems than addition problems. Also, in a long-
itudinal study, Miller and Paredes demonstrated that
children’s performance on the addition problems
became slower and less accurate when they were
learning to multiply. This suggests that acquiring a
new mathematics concept or strategy can interfere
with old and related ones.

A similar mechanism could underlie U.S. second
graders’ lower performance on the fraction-identifi-
cation task. Second graders have had more exposure
to whole-number addition and subtraction than
have first graders. Furthermore, they are likely to
be more experienced with counting-based strategies
for making computations, such as counting-on, that
develop during first grade (Ashcraft, 1982; Groen &
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Parkman, 1972; Siegler, 1987). If second graders were
immersed in these counting-based approaches to
problem solving, they may have been especially
vulnerable to the N-+D foil, which represents
fractions in terms of two separate numbers without
regard for part-whole relations. In contrast, first
graders may have approached the fraction task with
fewer preconceptions. They may have made fewer
errors because they have not had enough input to
adopt these whole-number strategies as rigidly.

In summary, Experiment 1 sought to replicate and
extend the cross-cultural differences reported pre-
viously on this fraction-identification task. Although
Korean children performed better than U.S. children
overall, they did not perform above chance in the
N+D version, as they had in Miura et al.’s (1999)
study. Instead, children from both nations per-
formed at chance in this condition, mainly due to
their tendency to choose the N+D foil. Children in
the U.S. sample did perform above chance when the
N+D foil was omitted, lending further support to
the idea that their previous difficulties were due to
one particular misconception rather than a general
inability to grasp fractions. Notably, there was no
improvement across grade levels and, in fact,
younger children outperformed older children in
the U.S. sample.

Experiment 2

Although the evidence for cross-cultural differences
in Experiment 1 was not as straightforward as in
previous research, Korean children’s overall perfor-
mance on the fraction-identification task was still
better than that of their U.S. peers. Thus, there may
be support for Miura et al.’s (1999) claim that Korean
fraction names promote conceptual understanding.
However, evidence of cross-national differences
does not necessarily constitute evidence of cross-
linguistic effects. As we discussed, there are many
cultural differences, such as availability of extra-
curricular mathematics instruction and parental
attitudes toward mathematics, that could account
for differential performance between Korean and
U.S. children.

Miura et al. (1999) recognized that differences in
exposure to fraction names could influence perfor-
mance on the fraction-identification task, but they
concluded such effects would nonetheless depend
on language differences. For example, they wrote the
following statement about the exposure to fraction
terms in the home:



150 Paik and Mix

Out-of-school experiences also might account for
differential performance. The extent to which
children are exposed to fraction terms and frac-
tional representations or objects is unknown.
Certainly, simple unit fractions like one half or
one third may be encountered in everyday life. ...
If children make the connection between one third
and its visual counterpart, that understanding
may be extended to other fractions and their part-
whole representations when the language (as in the
case of Korean) supports the connection (emphasis
needed). Conversely, the absence of such linguistic
support in Croatian and English may account for
the absence of change across time in the perfor-
mance of the Croatian and U.S. children. (p. 363)

Thus, the claim seems to be that even if there are
cultural differences, the effect of these differences is
mediated by differences in language.

To evaluate such claims, it is important to gauge
the effects of language independent of other cultural
differences. One way to do so is to test children from
the same culture under conditions that vary the
structure of fraction names in the children’s native
language. For example, if Korean children’s superior
performance on fraction tasks is due to the transpar-
ency of their fraction names, U.S. children should
perform better when fractions are named “Of X
parts, Y” (the Korean wording) than they do when
fractions are named using English conventions.
Experiment 2 examined whether this is the case.

Method

Participants. A total of, 99 U.S. children partici-
pated including 51 first graders (age: M =7,6;
range = 6,7-8,8) and 48 second graders (age:
M =711; range=7,3 months-9,4). There were ap-
proximately the same number of boys and girls in
each age group. Children were drawn from five local
elementary schools that served a predominantly

Table 2

White, middle-class population. Both grades
were tested at each of the participating schools.
All children spoke English as their primary lan-
guage. A questionnaire completed by the teachers of
the participating schools confirmed that fractions
had not been formally introduced in their
classrooms.

Materials and procedure. The materials and proce-
dure were identical to those used in Experiment 1,
except that all children received a test sheet with the
N+D foil included.

Different  fraction wording conditions. Children
were randomly assigned to one of four conditions
that tested specific language differences between
Korean and English that might promote under-
standing of fraction symbols (see Table 2). The four
wording conditions resulted from crossing two
dimensions: (a) explicitness of parts and (b) nu-
merator-denominator order. Thus, in two of the
conditions, the notion of fractional parts was
explicitly mentioned in the fraction names, but the
numerator came first in one condition and the
denominator came first in the other condition (e.g.,
“of four parts, one” vs. “one of four parts”). In
another two conditions, the explicit reference to
parts was removed, but the difference between
numerator-denominator orders was still contrasted
(e.g., “four-one” vs. “one-four”). The number of
children in the four conditions was roughly equal.
Children’s scores from the conventional English
condition (e.g., “one fourth”) of Experiment 1 were
used for comparison in some analyses.

Results and Discussion

An inspection of Figure 3 indicates that perfor-
mance was better in both of the “explicit parts”
conditions. This difference was confirmed with a
three-way ANOVA performed on children’s total
number correct, with grade (first and second),
fraction name (part-whole relations explicit,

The Five Wording Conditions in Experiment 2 Numerator—denominator order

Ideal of part-whole relations

Denominator —» Numerator

Numerator - Denominator

Explicit

Not explicit four-one

Control condition (standard English fraction names)

of four parts, one

one of four parts
one-four

one fourth
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Percent Correct
3
i
.+
—

25

L]

B 1{st grade
@ 2nd grade

L

One of four parts Of four parts, one

One-four

Four-one One-fourth

Fraction Wording Conditions

Figure 3. U.S. children’s mean scores for the different fraction name conditions in Experiment 2.

Table 3
The Percentage of Scores Exceeded Chance in Experiment 3

First grade

One of four parts Of four parts, one One-four Four-one One fourth (Exp. 1)
57 (75) 67 (50) 25 (67) 15 (50) 31 (50)
Second grade
One of four parts Of four parts, one One-four Four-one One fourth (Exp. 1)
33 (50) 42 (20) 25 (67) 8 (0) 17 (50)

Note. The criterion used was 63% (5 of 8) correct (p <.05). The percentages in parentheses represent the number of children within this

group whose scores reached ceiling.

part-whole relations not explicit, and standard
English fraction name), and order of the numerals
(numerator-denominator and denominator-nu-
merator) as between-subjects factors. Children’s
scores were significantly higher in the explicit parts
wording conditions (M =4.1, SD =3.3) than they
were in the other nonexplicit parts wording condi-
tions (M = 1.88, SD = 2.88), F(2, 114) = 8.75, p<.0001.
As in Experiment 1, first graders performed margin-
ally better (M = 3.28, SD = 3.39) than second graders
M=223, SD=286) across conditions, F(1,
114) = 3.21, p<.08, No other significant main effects
or interactions were found. Notably, performance
did not differ based on numerator-denominator
order, F(1, 114) =0.73, p< 4.

Table 3 shows the percentage of children whose
scores exceeded chance performance in each condi-

tion (i.e., 5 of 8 correct, p<.05). More children
performed above chance in the explicit wording
conditions, “one of four parts” and “of four parts,
one.” This suggests that the results of the group
analysis are unlikely due to extreme individual
differences.

Pairwise comparisons (Tukey HSD) confirmed
that across grade level, children’s scores were
significantly higher in the explicit wording condition
than in the nonexplicit wording condition (p <.0001).
These scores were also significantly higher than U.S.
children’s scores in Experiment 1 where the stan-
dard English fraction name condition was used
(p<.05). Moreover, t tests confirmed that first
graders performed significantly above chance in
the explicit wording conditions, #(50) =3.23, p<.01,
two-tailed. As reported in Experiment 1, both first
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and second graders performed at chance when the
standard English fraction names were used (first
graders: M =254, SD=23.20; second graders:
M=217, SD=259). No other significant main
effects or interactions were found. As before, an
ANOVA using arcsin transformed scores yielded the
same pattern.

By testing only U.S. children under different
naming conditions, the present study equated
cross-cultural factors such as parental attitudes,
after-school programs, and so forth, which could
have influenced children’s performance in Experi-
ment 1 as well as Miura et al.’s (1999) study. Thus,
the present findings are particularly important
because they demonstrate the effects of fraction-
naming language independent of other cross-cultur-
al differences. These results also suggest that it is the
explicitness of the part-whole relations in particular
that might lead to Korean children’s superior
performance on the fraction-identification task.

However, if this interpretation is correct, it is
surprising that U.S. children exposed to translations
of Korean fraction names performed better than
Korean children in Experiment 1. U.S. children were
exposed to these terms only briefly. Assuming that
children from both nations heard these terms for the
first time in this experiment, there would be no
reason to expect one nation to outperform the other.
If there were a significant difference, it should favor
the Korean children given that they may have
overheard these terms in conversation even if they
had not been taught them directly. Until now, it has
been assumed that the translation “Of X parts, Y”
accurately represents how Korean fraction names are
heard by Korean children. However, the pattern
obtained in this experiment suggests that the
translation used here and in previous research may
not be quite right. Specifically, the word parts used in
the translated fraction names may be more trans-
parent for U.S. children than the Korean equivalent
is for Korean children.

In English, the word parts is in children’s every-
day vocabulary. By the time children enter grade
school, they usually understand the word parts, even
if they have not mastered the idea of equal parts. In
contrast, the Korean word for parts that is used in
fraction names (i.e., boon) is not in children’s every-
day vocabularies before formal schooling. This word
is actually borrowed from Chinese and is not
introduced to children until they are taught fractions
in school. Until then, children use informal words to
refer to parts in their daily lives (e.g., jo-gak). In fact,
this discrepancy is explicitly discussed in the
second-grade Korean math textbook. An analogy

would be if we called 1/4 “of four morceaux one” in
English. Children might come to learn that morceaux
meant parts, but this would not be immediately
apparent from their informal experiences. Thus, it
may take some time for Korean children to grasp the
meaning of the word, boon. Korean children in the
present study probably did not have a good under-
standing of their own fraction names because they
had not been formally introduced to the mathema-
tical term for parts in school. For this reason, it seems
unlikely that the higher scores of Korean children in
the present task were due to linguistic differences.
Still, as we consider in the General Discussion,
exposure to these fraction names may lead to
improved performance on more complex tasks, once
children can grasp the terms’” meaning.

Finally, as in Experiment 1, these results indicated
that U.S. first graders tended to outperform second
graders in all five wording conditions. Thus, the
reverse-age effect in Experiment 1 appears not to be
anomalous. As noted previously, second graders
may have invented a faulty whole-number strategy
based on approaches they have learned for solving
other whole-number problems (e.g., counting fingers
to solve addition problems). Because of their extra
experience, they may be more prone to apply this
approach and ignore the information given in the
fraction names. In contrast, because first graders
have had less practice with whole-number strategies
in general, they may attend to the novel fraction
names more.

General Discussion

To explain why children have difficulty grasping
fractions, some researchers have turned to cross-
national comparisons. This work has focused on
linguistic differences that may promote fraction
understanding in some cultures more than others.
Specifically, it has been argued that East Asian
languages, such as Korean, promote children’s
understanding of fractions because part-whole
relations are transparent in their fraction names.
Although we found support for the general idea
that differences in fraction names can influence
children’s performance on fraction tasks, our
results indicate that this may not explain the cross-
national differences obtained here and reported
previously.

As in Miura et al.’s (1999) study, Korean children
in the present study outperformed U.S. children on
the fraction-identification task. However, in contrast
to Miura et al’s findings, neither Korean nor U.S.
children performed above chance when the N+D



foil was included. Recall that in this and previous
research, choosing the N+D foil was the most
common error for children from both nations. Miura
et al. argued that Korean children are better able to
overcome this error with the support of their
fraction-naming system. Our results cast doubt on
this claim. Instead, we found that this error leads to
random performance regardless of language or other
cultural differences. When the N+D foil was not one
of the distracters, children from both nations
performed above chance. Still, Korean children’s
scores were significantly higher than those of the
U.S. children overall. Thus, it is possible that Korean
fraction names are helpful when the N+D foil is not
available, but not enough to help children avoid the
N+D error. Alternatively, this finding may reflect
the influence of nonlinguistic cultural differences
discussed previously.

The results of Experiment 2 lend support to
the latter interpretation. The main finding was
that English translations of Korean fraction
names helped U.S. children overcome the N+D
error, leading to significantly higher scores com-
pared with children who received conven-
tional English terms. On the surface, this seems
to suggest that Korean fraction terms support
performance in this task. However, the improve-
ment was so great that U.S. children’s scores
surpassed those of Korean children. How is it
possible that U.S. children exposed to such wording
for the first time would outperform Korean children
for whom these terms must be at least as familiar
and transparent?

We conclude that it must be because these terms
are not as transparent to Korean children as
previously assumed. As we noted before, the word
for parts used in Korean fraction names is a formal
word that may not be as familiar to Korean children
as the word parts used in the explicit fraction names
is for U.S. children. Thus, although highly transpar-
ent fraction names like those used in Experiment 2
may be easier to interpret, this might have little to do
with the superior performance of Korean children
found in Experiment 1 and in previous research.
Instead, these performance differences are likely
due, either entirely or in large part, to cultural
differences other than language.

Of course, it is possible that an advantage for
Korean fraction names emerges later in development
on more complex tasks. Once Korean children
become more familiar with the word boon and
formal fraction names become as transparent to
them as the English translations were for U.S.
children in the present study, they might exhibit
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greater understanding of fraction concepts. How-
ever, this may take several years and, thus, may only
be evident on more complicated tasks, such as
fraction addition or reduction.

If this interpretation is correct, several new
predictions follow. First, if Korean children have
difficulty understanding their fraction terms because
the formal word for parts (i.e., boon) is unfamiliar,
they should perform better if boon were replaced
with a more familiar word for parts. This would
more closely parallel the “of X parts, Y’ condition
that led to big improvements for U.S. children in
Experiment 2. It also would be interesting to see
how children from other East Asian countries,
such as Japan and China, perform on this fraction-
identification task. Both Japanese and Korean frac-
tion names are derived from Chinese. Formal
fraction names may be immediately transparent for
Chinese children if the word used for parts is in their
everyday vocabularies. However, this should not be
the case for Japanese children, who, like Korean
children, would only know this term from formal
schooling.

With respect to the main question addressed in
this research—namely, why U.S. children have such
difficulty understanding fractions—it is ironic that
the answer seems to come not from cross-national
differences but from a striking cross-national simi-
larity. Across studies, both Korean and U.S. children
misinterpreted fraction names the same way—by
trying to map the numerator and denominator onto
the number of shaded and unshaded portions of the
fraction (i.e., the N+D error). The fact that children
were misled by the N+D foil suggests that they tried
to apply whole-number strategies to this task. The
N+D foil allows one to map the fraction name onto a
picture with no regard for part-whole relations.
When this mapping is not available (i.e., the without
N+D condition), children from both language back-
grounds chose the correct picture most often. Thus,
it seems that both Korean- and English-speaking
children have developed some informal understand-
ing of fractions but that, for both groups, whole-
number experience interferes with their performance
on conventional tasks.

The finding that U.S. first graders outperformed
U.S. second graders lends support to this interpreta-
tion. By second grade, children have mastered the
conventional counting system and whole-number
problem-solving strategies for addition and subtrac-
tion. Because second graders have had greater
exposure to whole-number problems, they may be
more committed to whole-number interpretations of
any mathematical problem than are first graders.
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This would explain why, in Experiment 2, second
graders benefited less from the transparent fraction
names than did first graders. Perhaps first graders,
with fewer preconceptions, can more readily inter-
pret transparent fraction names in terms of part-
whole relations and overcome the N+D error.

In conclusion, cross-national comparisons have
consistently shown Asian children’s superiority over
their U.S. peers on mathematical tasks. This super-
iority is often interpreted in terms of language
differences (Miura et al., 1999; Song & Ginsburg,
1987; Stevenson et al., 1986). However, the present
study suggests that, at least in the case of fractions,
the contrast between U.S. and Korean children is
more complex. The present results point out the
need to specify both the problems that interfere with
learning and the mechanisms by which cultural tools
such as language might facilitate it, to make the most
of cross-national comparisons.
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