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Abstract

The body measurement ratios and indices used in this study are all 3D female measurement data of the two
countries were obtained from Size Korea Project and SizeUSA Project. The purpose of the study is to compare
and analyze body measurement data between two countries. The results of this research are helpful for the
clothing manufacturer and company to trade with America. The samples were 1,988 Korean and 6,306 American
females. Thirty-five body measurement ratios and indices were chosen as the principal measurements in making
garments. The conclusion of this research was as follow; First, U.S. females have measurements that exceed
Korean women, except for crotch length total and shoulder slope. Second, the correlation coefficients of height
and weight are relatively higher than other measurements in the two countries’ body measurements. Finally,
American women's height ratios are significantly bigger than Korean women's in most height ratios. On the other
hand, Korean are significantly bigger than American in weight ratios. The drop values of Korean females are also
smaller than those of American. It was recognized that American women are much bigger, wider and more obese
than Korean according to the results by utilizing the girth ratios, BMI, Rohrer and Vervaeck index.
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I. Introduction

New developments within the apparel industry and
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now enable the customization of clothing fit through
automatic measuring with 3D body scanning, in addi-
tion to enabling a better understanding of the adjust-
ments that need to be made that might allow better fit
for mass market(Lee et al., 2007).

Laser scanning systems have the advantage of
speed in comparison to measurement methods using
measuring tapes and calipers(Istook & Hwang, 2001).
These data obtained from 3D scanners are used in
many ways, especially these are applicable to estab-



102

Journal of the Korean Society of Clothing and Textiles

Vol. 32 No. 6, 2008

lish sizing tables for garment(ASTM, 2006a, 2006b;
ISO, 2006a, 2006b, 2006¢; KATS, 2004b, 2004c¢).

Between 2003~2004, Korean government success-
fully finished a nationwide project: Size Korea to
collect body measurements of Korean peoples from
infants to the elderly people(KATS, 2004a). The U.S.
also conducted SizeUSA project, which collected
American adult body measurements using 3D scan-
ner([TC)%, 2004).

After Size Korea and SizeUSA, the apparel indus-
try and relevant university researchers have utilized
3D body measurement data in each country. How-
ever, the comparative studies between Korean and
American body measurements using these projects’
data are extremely rare except for Yi's study in 2007.

Therefore, this study was conducted to compare
the body characteristics between the U.S. women and
Korean women by utilizing body measurement ratios
and indices based on 3D body measurements. The
findings obtained from this research probably are
helpful for apparel manufacturers, exporters and
importers to make garments. It also will be very help-
ful to understand body proportion and shapes as well
as body traits in the two countries' females.

I1. Methods

1. Subjects

3D scanned anthropometric measurement data of
1,988 Korean female adults from Size Korea and
6,306 American female adults from SizeUSA were

analyzed in this study.
Demographic distribution of subjects by age groups
and ethnic category is shown in <Table 1>.

2. Body Measurements

There are no nationwide current body measure-
ment data based on 2D in U.S., owing to Conven-
tional 2D body measurement was substituted by 3D
scanning and measurement since 1990's. 3D scanned
anthropometric data include not only body measure-
ments also body shapes. However, 3D scanned body
shapes are inaccessible in both countries because
these data were very confidential to others except for
a few researchers who were responsible for Size
Korea or SizeUSA. Even body measurement data
from 3D scanning were considered as the confiden-
tial data to foreign researchers in both countries.
Therefore the scope of the research was limited to 3D
body measurement data not 3D scanned shapes.

Measurements used in this study were obtained
from the 3D scanning.

Thirty five body measurement ratios and indices
were selected and computed which were considered
critical in analyzing body characteristics(Table 2).
All variables were divided into 4 categories such as
weight ratios, obesity ratios, height ratios and drop
values.

The comparison of direct body measurements was
done in previous study(Yi et al., 2007), some find-
ings were summarized according to this previous
study. Namely, it was determined that American

Table 1. Demographic distribution of the subjects used

American
Korean

White Black Hispanic Others Group Total

Count % Count % Count % Count % Count % Count %
18~25 463 233 707 1.2 293 4.6 271 4.3 266 4.2 1537 24.4
26~35 518 26.1 653 10.4 290 4.6 233 3.7 271 4.3 1447 229
36~45 382 19.2 686 10.9 268 4.2 176 2.8 210 3.3 1340 21.2
46~55 272 13.7 682 10.8 194 3.1 106 1.7 159 2.5 1141 18.1
56~65 194 9.8 413 6.5 54 9 44 ) 94 1.5 605 9.6
66~ 159 8.0 187 3.0 6 1 8 1 35 6 236 3.7
Total 1988 100.0 3328 52.8 1105 17.5 838 13.3 1035 16.4 6306 100.0
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Table 2. Ratio measurements and computed value used

Measurements Measurements

Bust girth/weight Back neck height/height
Waist girth/weight Bust height/height
Abdomen girth/weight Waist height/height
Hip girth/weight Abdomen height/height

Weight ratios (9) Mid neck girth/weight Hip height/height
Neck base girth/weight Crotch height/height
Armscye girth/weight Waist length(front)/height
Upper arm glrt.h/welg.ht Height ratios (16) Waist length(back)/.helght
Center trunk girth/weight Across shoulder/height
Bust girth/height Cross-back width/height
Waist girth/height Cross-chest width/height
Abdomen girth/height Neck to bust point/height

Obesity ratios (7) Hip girth/height Trunk length/height
BMI Arm length/height
Vervaeck Arm length(BNP to wrist)/height
Rohrer Total crotch length/height
Bust girth-waist girth

Drop values (3) Hip girth-waist girth
Hip girth-bust girth

Note: 1) BMI=weight(Kg)/height(m®)
2) Vervaeck=[(weight+bust)/height]x 100
3) Rohrer=weight/(height)’x 10’

women were larger and longer than Korean women
in all measurements except shoulder slope measure-
ment. According to the t-tests of same age groups
between Korean & American female measurements,
American female measurements were larger and longer
than Korean in all measurements except crotch length
total, shoulder slope, “hip girth-bust girth” and “hip
girth-waist girth”,

Even though t-tests between Korean and American
body measurements are not conducted, the statistical
significances of direct measurements in the two coun-
tries are expected to be very different from each other
owing to distinct differences of each measurement.
Therefore body measurement ratios and some indices
were used to verify the discrimination of ratto and
index values 1n this study.

3. Statistical Methods

Statistical data were analyzed using SPSS 15.0. T-
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tests of Korean/American body measurement ratios
and indices were utilized in the study to examine the
differences in the two counties' data.

II1. Results and Discussion

1. Korean/American Comparison of Body
Measurements

<Table 3> shows the differences between Korean
and American females' body measurements through
conducting t-tests of 30 anthropometric dimensions.

All measurements except “crotch length total” were
significantly different between Americans and Kore-
ans. In most measurements, American females were
significantly higher, bigger and longer than Korean
females. On the other hand, “shoulder slope” of
American females was smaller than those of Korean
females.

Conclusively, the result indicates that U.S. females



104 Journal of the Korean Society of Clothing and Textiles Vol. 32 No. 6, 2008

Table 3. American/Korean differences of the body sizes (unit: cm, Kg, %)
Measurements - Korean American  t-value
Mean S.D. Mean S.D.

Bust girth 89.88 9.45 103.67 12.85 44, 1 2%**
Waist girth 76.60 10.87 87.40 13.83 31.40%**
Hip girth 93.01 9.02 109.61 12.75 54.33%%*
Mid neck girth 32.62 3.35 35.77 3.51 35.15%**
Neck base girth 37.55 3.62 38.32 3.21 7.86%**
Armscye girth 35.14 3.73 42.27 5.11 57.64%%*
Elbow girth 23.16 2.19 26.39 3.20 4] .88***
Thigh max girth 55.24 5.65 62.52 7.49 30.73%%x
Thigh mid girth 49.27 5.04 51.26 6.35 11.95%%**
Knee girth 35.04 3.40 39.06 3.80 42.37%**
Calf girth 33.97 3.45 38.14 4.00 4] 95x**

2.49 25.58 2.31 34,39%%*

Ankle girth 23.49

: Height R —

13.57 162.74 6.98 30.81***
Back neck point height 13191 11.58 139.85 6.37 45.02%%*
Waist height 96.36 8.94 100.29 6.00 22.58%++
Hip height 75.15 7.10 81.37 6.81 35.68%**
Crotch height 69.59 6.66 73.42 4.77 28.85%**
Knee height 39.97 3.75 4431 3.04 55.78%**
Ankle height 5.28 0.68 6.98 1.00 70.73%**
Waist length front 32.27 291 37.57 4.23 52.33%%x*
Waist length back 38.28 3.14 44.01 2.99 77 11%%%
Cross back width 35.22 3.18 36.75 3.72 15.86%**
Cross chest width - 33.66 3.08 37.75 494 34 49%**
Arm length(Shoulder to wrist) 50.59 3.82 53.54 3.86 30.11%**
Arm length(BNP to wrist) 71.13 5.13 72.64 447 11.79%**
Bust point to bust point 15.56 1.69 - 21.04 2.41 95.14%**

Neck to bust point

. ht(Kg) 56.32

23.20%4*

35.30%***

**%p<.001, *p<.05, NS: no significance

have measurements that exceed Korean women,
except for crotch length total and shoulder slope.

However, the results from the comparison of the
direct measurements between Korean and American
females can be expected distinctly before the analysis
will be done.

Therefore, the body ratios were used in this study
for minimizing the relationship of most strong fac-
tors such as bust girth, waist girth, height and weight
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influencing other body measurements' size according
to previous researches(Kim & Choi, 2004; Yi &
Choi, 1994).

2. Correlation Analysis for Extracting
Representative Variables

<Table 4 and 5> illustrates the result of Correlation
analysis of Korean and American women's major
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measurements. These analyses were done to select Therefore, body measurement ratios divided by
representative ratios and indices. Previous researches height and weight are more efficient to understand
(Kim & Choi, 2004; Yi & Choi, 1994) pointed that the body characteristics of each country's women.
strong measurements such as weight, height and bust In addition, several computed measurements and
girth have higher correlation coefficients with other indices were used in this study because drop values
measurements. To reduce influences over other mea- and some indices show that obesity or body propor-
surements, ratios and indices divided by these strong tion is very effective for analyzing their body shapes.
measurements should be analyzed. According to the

results of <Table 4 and 5>, the correlation coefficients 3. Korean/American Comparison of Body

of height and weight are relatively higher than other Measurement Ratios and Indices
measurements. It 1s concluded that height and weight

measurements are most influential in other measure- <Table 6> shows the differences of height ratios
ments not only in Korean but also in American. between two countries’ women. Because bust height

Table 4. Correlation coefficient of major measurements in Korean females

Measurements Height | Weight | Bust Waist |Abdomen; Hip Thigh lgnﬁi 311:) (;::1((11:; lilnngth B;s;g tt ©
Height 1

Weight 0.29%* 1

Bust girth -0.10** | 0.82%* 1

Waist girth -0.23%* | 0.75%* | 0.92** 1

Abdomen girth -0.09** | 0.77** | 0.85%* | 0.88** 1

Hip girth 0.32*%* | 0.88** | 0.66** | 0.59** | (.68** 1

Thigh girth 0.24** | 0.76*%* | 0.57** | 0.49** | 0.55%* | 0.85%* 1

Waist length(B) 0.31*% | 0.53%* | 041%*% | 0.44** | 040%*% | 0.43%* | (.31** 1

Shoulder slope(R)| -0.02 -0.09*%* | -0.14%* | -0.12** | -0.12** | -0.08** | -0.18%* | -0.01 1

Arm length 0.76** | 0.31** | 0.05** | -0.01 0.06** | 0.28%* | 0.16** | 0.27*%*% | -0.06** 1

Bust to bust 0.09** | 0.56** | 0.57**% | 0.45%* | 0.44%*% | 0.48** | (0.32%% | (0.22** | 0.08%* | 0.13** 1
**p<.001

Table 5. Correlation coefficient of major measurements in American females

Height | Weight | Bust | Waist |Abdomen| Hip | Thigh 1‘::1 a;; iﬁ)‘;‘gg l::tll;lh Bgzts tt°
Height 1
Weight 030%* | 1
Bust girth 0.11%* | 0.91** 1
Waist girth 0.09%% | 0.91% | 093+ | 1
Abdomen girth | 0.09%* | 091%* | 0.91** | 095 | 1
Hip girth 0.18%% | 0.94%* | 0.86%* | 0.89%* | 094%* | 1
Thigh max girth | 0.24%% | 0.89%* | 0.75% | 0.75%F | 0.79%* | 0.89%* | 1
Waist length(B) | 0.45%* | 0.12%% | 0.03** | 0.12%* | 0.10%* | 0.05%* | 0.03* 1
Shoulder slope | 0.09%* | [0.06%* | -0.12%* | -0.06%* | -0.03** | [0.04** | .0.05%* | 0.15%* | 1
Arm length 0.68+* | 0.52%% | 043+ | 041%* | 039% | 043+ | 042+ | 026%* | 0.03**| 1
Bust to bust 0.13%% | 0.74%* | 0.83%% | 0.74%% | 0.72%% | 0.70% | 0.63** | 0.02* | -0.09%* | 0.38%* | 1
+%p< 001

~ 963 -



106

Journal of the Korean Society of Clothing and Textiles

Vol. 32 No. 6, 2008

was not measured in the U.S. females, bust height/
height ratio was not compared in this study. By the
result from t-tests between Korean women and U.S.
women, significant differences were observed at
99.9% significance level in all measurement ratios
except for waist height/height and arm length(BNP
to wrist)/height.

American women's height ratios are significantly
bigger than Korean women's in most height ratio

such as back neck height/height, abdomen height/
height, hip height/height, crotch height/height, waist
length(front)/height, waist length/height, cross-chest
width/height and arm length/height. On the other
hand, Korean women's body measurement ratios
significantly differ from American women's in a few
height ratios such as across shoulder/height, trunk
length/height and cross-back width/height.
Conclusively, it can be summarized that American

Table 6. Comparison of height ratios in Korean & U.S. females

_ Korea(n=1981) U.S.(n=6306)
Measurement ratio t-value
Min Max | Mean | S.D. Min Max | Mean | S.D.
Back neck height/height 082 | 08 | 084 | 001 0.68 1.03 0.86 0.01 -158.81***
Bust height/height 0.66 | 0.75 0.71 0.01 /
Waist height/height 0.57 066 | 062 | 0.01 0.41 0.75 0.62 0.02 0.00™
Abdomen height/height 0.49 064 | 0.55 0.02 | 0.37 0.68 0.56 | 0.02 -39.70%**
Hip height/height 043 0.53 0.48 0.01 0.38 0.63 050 | 0.04 -39.7Q%*x*
Crotch height/height 040 | 049 0.44 0.01 032 | 0.58 0.45 0.02 -39.70%*x*
Waist length(front)/height 0.17 0.26 0.21 002 | 012 | 046 0.23 0.03 -52.94%*x*
Waist length(back)/height 0.12 0.29 0.24 0.01 0.20 0.51 0.27 0.02 -119. 11%%*
Across shoulder/height 0.12 0.31 0.25 0.01 0.16 0.34 0.24 0.02 39.7(pk**
Cross-back width/height 0.19 0.29 0.24 0.01 0.14 0.36 0.23 0.02 390.70%%*
Cross-chest width/height 0.18 0.26 0.22 0.01 0.09 0.47 0.23 0.03 -26 47%**
Neck to bust point/height 011 | 023 | 017 | 002 | 011 | 029 | 017 | 0.02 0.00™°
Trunk length/height 0.84 1.10 0.95 004 | 0.73 1.22 | 093 0.06 26.47***
Arm length/height 0.29 0.36 032 | 0.01 0.25 042 | 033 0.02 -39, 70%**
Arm length(BNP to wrist)/height 041 | 050 | 045 | 001 | 034 | 055 | 045 | 0.02 0.00™°
Total crotch length/height 039 | 060 | 046 | 0.02 0.16 | 0.72 0.45 0.05 15.88***
***p<.001, NS: no significance
Table 7. Comparison of weight ratios in Korean & U.S. females
. Korea(n=1981) U.S.(n=6306)
Measurement ratio t-value
Min Max | Mean | S.D. Min Max | Mean | S.D.
Bust girth/weight 1.15 2.71 1.62 0.14 0.84 6.71 1.51 0.21 41.59%**
Waist girth/weight 0.95 2.35 1.38 0.14 | 0.68 592 1.27 0.16 54.59%**
Abdomen girth/weight 1.11 2.54 1.58 0.14 0.87 7.22 1.49 0.20 35.773%%*
Hip girth/weight 1.22 2.88 1.69 0.16 0.96 7.80 1.60 0.23 31.07%**
Mid neck girth/weight 0.41 1.20 | 0.59 0.07 0.27 276 | 0.53 0.10 47.64%*x*
Neck base girth/weight 0.45 1.39 | 0.68 0.09 0.27 2.93 0.57 0.10 87.34%**
Armscye girth/weight 045 | 1.11 | 063 | 006 | 030 | 308 | 062 | 0.11 7.20%%%
Upper arm girth/weight 0.38 1.06 0.57 0.06 0.24 2.18 0.45 0.06 158.81***
Center trunk girth/weight 1.76 4.89 2.69 0.29 1.02 11.10 | 2.23 0.40 91.3]1***
**%p< 001
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females have longer lower limbs and wider body
trunk compared to Korean.

<Table 7> illustrates the comparison of weight ratios
between Korean and American females.

This result shows that all weight ratios of Korean
females are significantly bigger than those of Ameri-
can at level 99.9%.

According to <Table 3>, American women are bigger
and longer than Korean women in all girth and length
measurements. However, weight ratios for same girth
and length measurements used in the previous study are
totally different from the result of direct measurements.

Conclusively, it can be summarized that Korean
women are bigger and longer than American in com-
parison of each girth and length for weight.

The differences of drop values between Korean
and American females are given in <Table 8>. Drop
values are good criteria to discriminate the shapes of
body trunk. By the result of t-tests between Korean
and American females, the statistical significances of
each country were recognized in all drop value.
Namely, Korean females were much smaller than
American in aspect of drop values. This result indi-
cates that American women's body shapes are much

more curved in their body trunk than Korean. In
addition, it is determined that hip girth and bust girth
of American are bigger than those of Korean.

<Table 9> indicates the comparison of ratio for
judging obesity in Korean & U.S. females. There are
statistical significances between Korean and Ameri-
can females by the results of the differences in two
countries. It is recognized that American women are
much bigger than Korean in bust, waist, abdomen,
and hip ratio for height. In aspects of BMI and
Rohrer index, it can be concluded that American
women have a tendency of being overweight or
obese. Lastly, it is verified that American women
have much wider body trunk shape compared to
Korean women.

IV, Conclusions

This research aims to compare the U.S. females'
body measurements with Korean females' in order to
understand the body characteristics of each countries'
females.

Thirty-five body measurement ratios and some
indices of Korean and American females were used

Table 8. Comparison of drop values in Korean & U.S. females

Korea(n=1981) U.S.(n=6306)
Measurement ratio ‘ r 1 t-value
Min Max Mean S.D. Min Max Mean S. D.
Bust girth—waist girth 25.10 13.31 4.03 36.28 16.26 4.87 25.10 13.31 -125.70%**
Hip girth-waist girth 33.00 16.74 7.98 46.23 22.20 6.08 33.00 16.74 -118.68***
Hip girth~bust girth 19.50 3.41 5.92 34.09 5.94 6.56 19.50 3.41 -316.22%**
***p<.001
Table 9. Comparison of ratios for judging obesity in Korean & U.S. females
Measurement ratio Rorea(n=1981) U-5.(#=6306) t-value
Min Max Mean S.D. Min Max Mean S.D.
Bust girth/height 0.45 0.77 0.57 0.06 - 0.43 1.01 0.64 0.08 -69.48***
Waist girth/height 0.35 0.76 0.49 0.07 0.36 0.95 0.54 0.09 -44 1 1%**
Abdomen girth/height 0.40 0.80 0.56 0.06 0.43 1.07 0.63 0.09 -61.76%**
Hip girth/height 0.49 0.78 0.60 0.04 0.50 1.13 0.67 0.08 -69.48***
BMI 0.15 0.39 0.23 0.03 0.05 0.70 0.27 0.06 -52.94%*x*
Vervaeck 67.50 137.23 93.10 9.99 62.20 212.12 107.08 17.73 -62.61***
Rohrer 0.94 2.50 1.45 0.22 0.30 4.34 1.64 0.40 -37.72% %%
*¥%p<.001
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in this study.

First, it is determined that U.S. females have mea-
surements that exceed Korean women. However,
Shoulder Slope of American female was smaller
than that of Korean.

Second, height and weight are verified as a good
ratio factors to analyze the body characteristics by
the results of correlation analysis.

Third, according to analyses of body measurement
ratios and indices, there are significant differences
between two countries' female body measurement
ratio analysis. The height ratio analysis of Korean and
American women establishes that Korean women's
body measurement ratios significantly differ from
American women's height ratio in a few height ratios
such as across shoulder/height, trunk length/height
and cross-back width/height. Korean females' girths
and lengths are bigger than American in the same
weight group by the comparison of weight ratio
analysis. In case of hip girth-waist girth, bust girth-
waist girth and hip girth-bust girth, American females
are bigger than Korean. It is determined that the body
trunk shapes of American females are more curved
than Koreans. Finally, American women are much
bigger, heavier and wider than Korean by the
comparison of height ratios and indices related to
obesity.

The comparison of body measurement ratios and
indices in each country's measurements could be
meaningful and practical data for suggesting convert-
ible sizing system between two countries.

It is necessary to research on the 3D information
including body shape and posture in further study. It
will be also feasible to investigate the changes of
body shapes and measurements by age groups.
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