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Abstract While data mining has been widely used in many
fields, little research has been done on its applications to siz-
ing systems for the manufacturing of garments. The goal of this
study was to establish systems for using a decision tree technique
to determine the pants sizes of army soldiers. We first defined
the subject and constructed a large anthropometric database.
Second, we prepared and analyzed data, performed factor ana-
lyses, and then extracted important sizing variables. Third, we
used the decision tree technique to mine data in an effort to
identify and classify significant patterns in the body shapes of
soldiers. The use of decision tree-based data mining to estab-
lish sizing systems is advantageous because it can (1) allow for
a wider coverage of body shapes with a fewer number of sizes,
(2) generate regular sizing patterns and rules, and (3) provide
manufacturers with reference points to facilitate production. The
newly developed sizing system can provide garment manufactur-
ers with size specifications, design development, pattern grading,
and market analysis. Moreover, when production plans can be
made more realistic, inventory costs due to mismatches can be
minimized.

Keywords Anthropometric data - Data mining - Decision tree -
Garment manufacturing - Sizing systems

1 Introduction

Among textile manufacturing industries, garment manufactur-
ing produces products with the highest added value [1]. In the
garment manufacturing industry, large-scale machine production
has replaced manual production, which has greatly increased
output and reduced manufacturing costs. Because certain stan-
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dards and specifications must be followed in large-scale machine
production, each country must have its own standard-sizing sys-
tems for manufacturers to follow.

The standard-sizing systems have been used as a communi-
cation tool among manufacturers, retailers, and consumers. The
use of such a system can provide manufacturers with size speci-
fication, design development, pattern grading, and market analy-
sis. Manufacturers can produce different types of garments with
various allowances for specific market segmentation. Further-
more, standard-sizing systems can predict production numbers
and proportion of sizes to be produced, resulting in accurate pro-
duction planning and material control [2, 3].

Garment-sizing systems were originally based on those de-
veloped by tailors in the late 18th century. Before then, all gar-
ments were hand-made to order. Tailors measured the body di-
mensions of each customer, and then drew and cut patterns for
each garment, for the specific customer. After many original pat-
terns had been accumulated, the tailors discovered correlations
between bodily dimensions, regardless of the individual differ-
ences. Tailors gradually developed these patterns into a system of
garment storage, which could be used to make clothes for people
with similar figures [4].

In 1959, Emanuel et al. determined a set of procedures for
formulating standard sizes for all figure types [5]. According to
this system, people of all figure types were first classified into
one of four bodyweight groups. These bodyweight groups are
further subdivided by height. People were, thus, divided into
eight categories based on similar heights and weights. Other
countries were using similar sizing systems with classifications
based on two or three sizing variables [6]. The sizing variables
for female garments are height, bust girth, and hip girth; the
sizing variables most commonly used for male garments are typ-
ically height, chest girth, and waist girth [7, 8].

In 1998, McCulloch et al. proposed criteria by which sizing
systems could be evaluated [9]. They stated that the sizing sys-
tems should ideally: a) cover the greatest number of people and
b) require the fewest number of sizes. At times, these criteria
conflict with each other. Depending on circumstances, one may
take priority over another.
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To minimize costs, manufacturers must be able to determine
how to accomplish both using a sizing system. We propose to
use decision tree-based data mining to best accomplish that goal.
Data mining, a major step of knowledge discovery in database
(KDD), has been successfully applied in many fields, including
finance [10], health insurance [11], biomedicine [12], manufac-
turing [13], and e-commerce [14]. However, research on estab-
lishing sizing systems using data mining is lacking.

One of the most important data mining methods is the deci-
sion tree technique, which can be used to classify data according
to rules deduced from input variables, to display the data in
a tree-shaped form, and to explore the significance of influencing
factors.

Different decision tree algorithms suit different types of data.
Of the many available algorithms, the most appropriate method
for processing continuous data, such as anthropometric data, is
the classification and regression tree (CART) [15,16]. CART
puts pre-processed data into the tree root, and then, through
a series of classifying processes, determines the best separating
points, which it uses to form a tree-shaped structure. The mined
data is split by classification rules according to the purity or im-
purity of the child nodes [17].

2 Subject definition for data mining

Because of the urgent need for accurate sizing systems for
producing army uniforms, a large database was created based
on 265 static anthropometric variables measured in a sample
610 soldiers in Taiwan, resulting in around 160000 pieces of
data. Because standard-sizing systems for soldiers’ pants were
outdated and incomplete, this study uses the CART data min-
ing technique to identify systematic patterns in body dimen-
sions. Based on these body dimension patterns, the bodies of
Taiwanese soldiers can be classified into representative figure
types, and standard-sizing systems can be established. This work
will be beneficial to the production of military uniforms in
Taiwan.

3 Data preparation and analysis for data mining
3.1 Data preparation

Before the data are mined, they must be examined and purified.
In this study, samples containing missing or abnormal data were
omitted. Twenty of the 610 samples had missing or abnormal
data and were thus deleted, leaving a total of 590 valid sam-
ples for further processing. Because all body dimensions were
measured in millimeters with decimals, they were converted
into integers in centimeters, allowing comparison and calculation
with commonly used international garment-sizing units. Addi-
tionally, two anthropometric variables, body weight and height,
were converted into a new variable, the body mass index (BMI).
The World Health Organization defines BMI as weight divided

by height squared. It is used in medical science as a reference
for judging obesity-related diseases and whether a figure type is
standard or not. Taiwan’s military only selects military personnel
with a BMI between 16.5 and 32 [18]. In this study BMI served
as the target variable of the decision tree and could be used to
facilitate data mining.

3.2 Factor analysis

Not all of the 265 anthropometric variables were useful for es-
tablishing the sizing systems of pants; hence, the body dimen-
sions commonly used in garment manufacturing are first con-
sidered. Domain experts were consulted to determine eight an-
thropometric variables that are strongly associated with garment
production.

Using all eight anthropometric variables to establish sizing
systems would be very difficult. To simplify, we attempted to
extract the most important factors. Using Kaiser’s eigenvalue cri-
terion, we selected two factors with eigenvalues over one [19].
Factor loadings were calculated to determine the coefficients
of correlation between the two factors and the anthropomet-
ric variables. Consequently, anthropometric variables with factor
loadings of greater than 0.7 were found to be clustered in Fac-
tors 1 and 2, as shown in Table 1. Most of the variables that
appeared in Factor 1 were girth-related variables and included
waist girth, hip girth, thigh girth and weight. The variables ap-
peared in Factor 2 were height-related variables and included
outside leg length, crotch length, and height. Thus, Factor 1
was called the girth factor, and Factor 2 was called the height
factor.

The results of the factor analysis presented in Table 1 re-
veal that, besides weight, the top three anthropometric variables
most closely correlated with the girth factor were waist girth, hip
girth, and thigh girth. Although hip girth was the anthropometric
variable most closely correlated with the girth factor, waist girth
is the most important variable in establishing sizing systems of
pants in garment making [8, 20]. Therefore, waist girth was se-
lected to represent the girth factor. Because the anthropometric
variable that correlated most closely with height was outside leg
length, it was selected to represent the height factor.

Table 1. Factor loadings (un-rotated)

Factor 1 Factor 2
Waist girth —0.831* 0.363
Hip girth —0.903* 0.265
Thigh girth —0.823* 0.395
Outside leg length —0.490 —0.819*
Crotch height —0.419 —0.811*
Total crotch length —0.631 0.262
Body height —0.586 —0.758*
Weight —0.937* 0.162
Variance explained 4.219 2.357
Total proportion 0.527 0.295

* Marked loadings are > 0.7



3.3 CART analysis

Once waist girth and outside leg length were selected by fac-
tor analysis to be the most important sizing variables, the CART
decision tree technique was used to mine data. This study takes
BMI as the target variable, with waist girth and outside leg length
being predictors used to classify the target variable. The follow-

ing stopping rules were set as follow.

e The greatest depth of the tree extends to the fourth level be-

neath the root node.

Fig. 1. CART branching
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e The minimum number of samples in the parent node is 100,
and the minimum number of samples in the child node is 40.

Figure 1 presents the results of CART analysis. The root node
was split according to waist girth, resulting in the first level.
A total of 436 samples with waist girth values were smaller than
or equal to 76.5 cm were grouped into Node 1, and 154 samples
with waist girths greater than 76.5 cm were grouped into Node 2.

Node 1 was then split according to waist girth, yielding the
second level of the tree. Grouped into Node 3 were 177 samples
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with waist girths of less than or equal to 70.5 cm, and grouped
into Node 4 were the other 259 samples, whose waist girths ex-
ceeded 70.5 cm. Node 2 was similarly split. Eighty-two Node 2
samples with waist girths of less than or equal to 80.5 cm were
grouped into Node 5; the other 72 Node 2 samples with waist
girths of over than 80.5 cm were grouped into Node 6.

The first three levels were split according to waist girths.
From the fourth level, outside leg length was used for splitting.
Eventually, only the four nodes generated at the second level
were chosen to represent the four figure types leaving us with
a reduced number of figure types.

Figure 2 plots a distribution graph of waist girth as the X-axis
against hip girth on the Y-axis to show the distribution of all
of figure types. Hip girth is also an important variable for siz-
ing male pants in many countries and it significantly correlates
with the girth factor. This study, as represented in Table 2, iden-
tifies the figure type of 177 samples with smaller waist girth
and hip girth as Y; the figure type of 259, the majority, as A;
the figure type of 72 samples with larger waist girth and hip
girth as C; and the figure type of the remaining 82 samples
as B.

A line graph was plotted to yield better insight into the dif-
ferences among the four CART-classified figure types. As shown
in Fig. 3, the four figure types showed differences in waist girth,
hip girth, and thigh girth. The four figure types also followed
aC> B> A >Y trend. Analysis of Variance (ANOVA) results
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Fig. 2. The scatter plot of waist girth vs. hip girth for four figure types

Table 2. Definitions of the four figure types

Nodes Figure types Classified rules Numbers
Node 3 Y Waist girth < 70.5 cm 177
Node 4 A 70.5 cm < Waist girth < 76.5 cm 259
Node 5 B 76.5 cm < Waist girth < 80.5 cm 82
Node 6 C 80.5 cm < Waist girth 72
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Fig. 3. The four figure types and the corresponding anthropometric variables

and Duncan’s multiple range tests further confirmed distinct dif-
ferences among the four figure types.

4 Establishing sizing systems

Waist girth, hip girth, and outside leg length are the most com-
monly used variables for sizing male pants. This section includes
relevant scatter plots of waist girth on the X-axis against hip girth
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on the Y-axis, at intervals of 4 cm. The waist girths were classi-
fied as follows.

e Y figure, 64 cm and 68 cm;

e A figure, 72 cm and 76 cm;

e B figure, 80 cm; and

e ( figure, 84 cm, 88 cm, 92 cm, 96 cm and 100 cm.

The sizing systems for the four figure types were established
using the methods of Emanuel [5].

Figure 4 shows a scatter plot for the Y figure of hip girth
on the Y-axis against waist girth on the X-axis. The waist girths
ranged from 61 cm to 70 cm. Since most countries use 4 cm as
the interval for waist girth [21], the 64 cm and 68 cm waist girths
were used for the Y figure. Another size of 70 cm was added
because more people have a Y figure.

Figure 4 shows a scatter plot of 177 samples of the Y fig-
ure. The scatter plots of the other types of figures are similar to
that of the Y figure type. Table 3 shows complete pants sizing
systems for all four-figure types. Samples less than 0.3% were
deleted in each size group. Out of the 590 samples, only 12 sam-

Table 3. The sizing systems for the pants of army soldiers with four figure
types

Figure =~ Waist  Hip Outside leg length (cm)
types girth  girth 92 96 100 104 108 %
Y 64 80 96 0.7
84 96 100 104 2.5
88 96 100 104 0.6
68 82 96 100 104 3.1
86 92 96 100 104 108 5.4
90 92 96 100 104 108 3.9
94 100 104 108 0.9
70 84 96 100 104 108 1.6
88 96 100 104 108 6.2
92 96 100 104 108 5.1
96 104 0.4
A 72 86 96 100 104 3.8
90 92 96 100 104 108 6.4
94 96 100 104 108 6.8
98 108 0.4
76 88 92 96 100 104 108 5.6
92 96 100 104 108 11.5
96 96 100 104 108 8.6
100 96 100 104 108 1.2
B 80 90 92 96 100 104 1.6
94 96 100 104 108 6.9
98 96 100 104 108 4.5
102 100 104 108 0.9
C 84 94 92 96 100 104 108 0.9
98 100 104 108 3.1
102 96 100 104 108 1.4
88 98 96 100 104 108 1.1
102 96 100 104 1.7
106 104 108 1.1
92 102 100 104 0.7
106 100 104 0.4
96 106 100 108 0.4
110 100 0.4
100 110 104 108 0.4
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Table 4. The simplified sizing systems for the pants of army soldiers

Figure Waist Outside leg length (cm)

types girth 92 96 100 104 108 %

Y 64 64S 64M 64L 3.8
68 68XS  68S 68M 68L  68XL 13.3
70 70S 70M 70L  70XL 13.3

A 72 72XS 728 72M 72L 72XL 17.4
76 76XS  76S 76M 76L  76XL 26.9

B 80 80XS  80S 80M 80L  80XL 13.9

c 84 84XS 84S 84M 84L  84XL 5.4
88 88S 88M 88L  88XL 39
92 92M 92L 1.1
96 96M 96XL 0.7
100 100L  100XL 0.3

ples were excluded; therefore, the proposed “waist girth and hip
girth” sizing systems covered 97.97% of the sample population.

When three sizing variables, waist girth, hip girth, and out-
side leg length, were taken into account, the total coverage of
the military garment-sizing systems was 94.58%, as shown in
Table 3. Furthermore, this study could generate simple sizing
systems from Table 3 according to the those used by previous
soldiers’ pants sizing systems, as shown in Table 4.

5 Discussion and application of results

The four figure types were obtained by applying the classifica-
tion rules based on the data mining decision tree technique. The
newly developed sizing systems exhibit the following three char-
acteristics.

(1) High coverage rates and few sizing groups

As stated above, the coverage of the sizing systems with the
two sizing variables (waist girth and hip girth) is 97.97%. Even if
outside leg length is added to each figure type, the total coverage
rate remains a high 94.58%.

This study generated simple sizing systems based on the for-
mat of the previous soldiers’ sizing systems. Forty-two groups
were found in the simple sizing systems, which was fewer than
the previously used systems. Additionally, the newly developed
sizing systems use the army’s labeling method: 76 M means that
the waist girth is 76 cm (figure A) with an outside leg length of
“M” (100 cm). Thus, the soldiers’ body dimensions can be ob-
tained using easy-to-understand garment manufacturing sizing
systems.

(2) Regular patterns and rules

The sizing systems, like sizing systems in other countries,
have regular patterns and rules. Four-centimeter intervals are
used for both waist girth and hip girth. Waist girths are 64 cm and
68 cm (Y figure), 72 cm and 76 cm (A figure), 80 cm (B figure)
and 84 cm, 88 cm, 92 cm, 96 cm and 100 cm (C figure). Another
size of 70 cm was added because more people have a Y figure.

The first corresponding hip girth for each size group is pre-
sented in order. They are 80cm, 82 cm and 84 cm (Y figure),
86 cm and 88 cm (A figure), 90 cm (B figure), and 94 cm, 98 cm,
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102 cm, 106 cm and 110 cm (C figure). The regularity for hip
girth classification is also obvious. Table 3 shows a clear regular
pattern and rule.
(3) Manufacturing reference points to facilitate production
Garment manufacturers who need to consult detailed produc-
tion information, can refer to Table 3. The B figure for example,
with a representative waist girth of 80 cm, matches hip girths of
90 cm, 94 cm, 98 cm, and 102 cm. Therefore, pants with four dif-
ferent hip girths can be produced for soldiers with a waist girth
of 80 cm. Of course, outside leg length should be taken into ac-
count when the production of pants of a certain size is planned.
The percentages people who have certain figure types and sizes
are also recorded in the sizing systems and may serve as good
reference points for the number of pants to be produced. With
this information, a realistic plan for producing army soldiers’
uniforms can be established.

6 Conclusion

A standard sizing system is for a necessity the garment manu-
facturing industry to develop effective production planning. This
study applies decision tree-based data mining to develop systems
for sizing pants of soldiers in Taiwan. The advantages to the re-
sulting system are as follows:

e The total coverage of the sizing systems is relatively high at
94.58%.

e The sizing systems based on the decision tree show regular
patterns and rules.

e The total number of size groups is only 42, much fewer than
the number in the previous sizing systems. They also outlined
the percentages of people for every figure type in each size
group.

These advantages provide manufacturers with detailed refer-
ence points for garment production. This newly developed siz-
ing system can accurately predict the requirements for different
sizes of uniforms, and thus generate a realistic production plan,
thereby minimizing unnecessary inventory costs due to sizing
mismatches between number of soldiers and produced garments.
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