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been written on what QR is, how it can be
implemented and the results to be expected
from its implementation. Yet very little has
been written on the impact that product design
may have on its eventual success.

Abstract: The apparel industry needs to adopt
a geographic segmentation strategy to better
fit its target market. Early knowledge of body
shapes and sizes of one’s target market is one
of the key ingredients to arrive at an efficient
and shortened product cycle. This paper
presents the results of geographical and
demographic variables observed in the
analysis of sizes and body shapes of women’s
lower bodies using the data generated by the
“size USA” national survey conducted in the
early 2000’s and demonstrates how these
findings may be used to better serve the
consumer while improving the apparel supply
chain.

We demonstrated, in previous papers [1] [2],
focusing on women’s pants, that apparel
manufacturers adapt their size specifications to
their target market somewhat regardless of
national standards or order initiator’s
measurement specifications. We confirmed
that identically size labelled women pants
often have different measurements. Finally, we
also found that order initiators’ tolerances are
so generous as to allow for overlapping sizes
thereby decreasing the fit identification value
of existing size labels. The immediate
consequences of these findings are consumer
dissatisfaction and supply chain inefficiency.

Keywords: apparel, target marketing, apparel
fit, supply chain.

These observations led us to hypothesize that
product design, and more specifically sizing, is
at the core of SCM efficacy and efficiency
rests.

1. INTRODUCTION
Consumer
expectations,
volatility
and
seasonality have led the apparel industry to
implement
innovative
Supply
Chain
Management (SCM) techniques and tools. In
the 1980’s, the industry developed a modified
version of SCM known as Quick Response
(QR). The innovativeness of this approach rest
on its attempt at satisfying both final
consumers’
and
channel
members’
expectations.

This article focuses on geographical and
demographic variables observed in the analysis
of sizes and body shapes of women’s lower
bodies using the data generated by the “size
USA” national survey conducted in the early
2000’s and demonstrates how these findings
may be used to better serve the consumer
while improving the apparel supply chain’s
performance.

Although the industry has implemented
various versions of QR, from the Zara Quick
Fashion model to the Peerless Clothing Quick
Replenishment model, consumers are still
dissatisfied with the products offered and
retailers still have to contend with high levels
of product returns. A number of articles have

2. SCM AND APPAREL VOLATILITY
The apparel industry is, by definition, highly
volatile. Selling seasons are short [3] and ever
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optimal and that organizations should evaluate
the possibility of developing hybrid SCM
models.

shortening to the point where some have
weekly style changes [4]; the number of styles
and variety of product is high when compared
to what may be found in other; demand is
uncertain [6] [4] [7],. As Cho et al [8; p. 542]
state: “The competitive pressure from markets
and consumers has forced many firms to
improve the quality of their products and to
lower the cost of bringing them into the
market.”

So when does QR become a viable SCM
alternative? We propose that two factors are
fundamental for QR to attain its full potentials:
(1) a targeted marketing strategy, and (2)
precise manufacturing specifications to support
this strategy.

In theory, QR is a strategy conceived to enable
fashion retailers to rapidly respond to
consumers’ tastes and demands and thereby
take advantage of early sales trends. Moreover
they should also be able to adjust their orders
and to maintain their inventories to a
minimum. Fiorito et al. [9; p. 237) define QR
as a “strategy where the manufacturer strives
to provide products and services to its retail
customers in exact quantities on a continuous
basis with minimum lead times, resulting in
minimum inventory levels throughout the
pipeline”.

3. APPAREL SIZING
As stated by Carrier [14; p. 161] “In order to
understand the apparel industry, we must first
look at what it sells and who are its customers.
What immediately comes to light is that this
industry deals with a wide range of products,
of highly varying prices, and targeted at a wide
spectrum of population…Some manufacturers
concentrate on an assortment of highly trendy
items such as blouses, skirts, jackets for which
fashion changes every season, and sometimes
even more frequently in terms of design,
textile and colour. Others deal in much less
time dependant categories such underwear,
socks, stockings and T-shirts. ”

QR has now been a strategy of choice in the
apparel industry for more than 20 years yet
results are, to say the least, mitigated. Hunter
[10] and Jones [11] conclude in separate
articles that there has been very little
improvement in the apparel supply chain since
the inception of QR. Fiorito [9] even goes as
far as stating that the best QR results have been
achieved without the use of a QR strategy.

Price is another element of differentiation in
the apparel industry; prices vary between items
and within product lines. Winter coats rarely
retail at less than a $100 whereas most men’s
underwear rarely exceeds a price of $40. On
the other hand, one may buy a man’s suit for
$ 99 yet others sell for upwards of $ 5 000

Some authors suggest that the relative lack of
success of the QR strategy rests on the fact that
all apparel items are managed in the same
manner although they are highly different.
Sabath [12] suggests differentiating between
volatile and non-volatile (i.e. a woman’s
blouse and a basic man’s underwear); likewise
for low and high volume items (i.e. an
expensive winter coat versus black socks). Au
[13] proposes to differentiate between new and
standardized products.

Everyone consumes apparel: all age groups, all
social classes, all races and religions. Apparel
is intended for work, leisure, vacations and
special occasions. Consumers’ expectations
and behaviour differ when shopping for a work
shirt, a ski jacket or a tuxedo.
The list of differentiation factors is endless.
Yet one is probably more important than all
the previously mentioned ones put together:
garment fit. Regardless of the style, price or
type of garment he or she may be looking at,
for a consumer to be satisfied, he or she has to
find a garment that fits properly: One of the
approaches adopted to arrive at this fit has
relied on the creation of standard sizing charts.

Another important point that may impact the
apparel industry’s ability to truly take
advantage of QR is the number of sizes
currently offered. For example, a Canadian
retailer wishing to carry one unit of every size
of a garment would have more than 30 units in
stock. This obviously forces a choice, to either
target a narrow market or to reduce the
selection, and renders the purchasing and
inventory management extremely complex.

Measuring methods, standard sizes, grading
systems, size labelling and apparel fit have
been discussed for the past seven decades [15]
[16] [17] [18] [19] [20]. For some, national
surveys leading to the elaboration of size

Christopher [6] advocates that a uniform
application of the QR strategy may not be
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standards based on anthropometric data were
the solution [18]. Nowadays more and more
authors agree that standards originating in
national surveys have not served their purpose;
they generally argue that the spectrum of
female body shapes and measurements is too
wide [21] [22] [23]. Manufacturers therefore
prefer grading their garments based on a body
shape adapted to their target market [24].

4. RESEARCH ON SIZING AND
DEMOGRAPHY
We demonstrated in previous papers [2] that
apparel order givers and manufacturers do not
adhere to established national standards. A
literature review enabled us to identify a
number of causes for this situation ranging
from standards obsolescence (based on a
population survey conducted more than 60
years ago and updated irregularly for different
purposes) to niche marketing (adapting sizes to
please a specific group of consumer) or vanity
sizing (using larger measurements than a given
size calls for to appeal to the consumer’s
vanity). The ready-to-wear industry has clearly
chosen not to respect size standards; on the
other hand, it has not yet acquired the tools to
offer tailor-made in the most price sensitive
market segments. This has created a
nightmarish situation: not only are there more
than 30 different standard sizes in women’s
wear (in Canada) but the consumer can not
even rely on the size label to identify a fitting
garment and must therefore spend an undue
amount of time finding the right one.

Numerous articles dealing with female apparel
market segmentation based on age, size,
ethnicity, and a number of other factors have
been written [25] [26] [27] [28]; yet body
shapes have received little attention [29] [30]
(figure 1). Rasband & Liechty [30] argue that
an ideal figure does not exist but that
characteristics such as height, bone size,
weight and proportions between body areas are
useful for shape determinations and fittings.
Somewhat along the same line, Mullet & Chen
[31], propose that two elements need to be
considered when developing apparel: the
intended wearer’s body size (anthropometric
measurements) and the garment size (key
measurement points). In both cases, they add,
measurement procedures are complex.

We contend that a viable choice exists between
the tailor-made and imposed size standards
extremes of the mass customization versus
total standardization spectrum: allow order
givers and manufacturers to size their products
however they wish yet propose or impose a
labelling system precisely reporting garments’
specific
measurements. This approach
recognizes that order givers may target and fit
specific consumer segments while ensuring the
provision of pertinent information to the
consumer. It also improves supply chain
management by allowing distributors and
retailers to order garments fitting their target
market; on whatever criteria they may wish to
segment this market.

Figure 1 From “Fabulous Fit Speed Fitting
and Alteration” Rasband & Liechty [30; cover
page]

It therefore appears that arriving at size
standards is complex. Fan et al. [32] state that
today’s challenge is to get accurate body
measurements while Whitestone & Robinette
[33] and Ashdown [15] underline that the need
to identify proper statistical tools to arrive at
precise measurements also is a challenge.

Based on our research conducted on the data
gathered by [TC]2 in its “Size USA” [34]
survey, we show that ethnicity could provide
one possible starting point for the selection of
specific targets and apparel sizing.
[TC]2’s Size USA, Let’s Size Up America
survey consisted in body scanning 6 310
women in thirteen locations throughout the
USA. The database is comprised of discrete
variables (socio-demographic data) and
continuous variables (key measurement
points). Only selected variables were analyzed.

This challenge becomes all the more important
in an environment where the lack of it risks
creating
confusion
and
dissatisfaction
throughout the supply chain.

Women filled a 12-item questionnaire on:
o scan location (13 possibilities),
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o ethnicity group (4 possibilities),
o income group (5 possibilities),
o age group (6 possibilities),
o lifestyle (4 possibilities),
o marital status (5 possibilities),
o educational level (5 possibilities),
o weight perception (4 possibilities),
o current employment (5 possibilities),
o clothing sizes (4 possibilities),
o stores to shop (14 possibilities),
o clothing types (16 possibilities).
We used socio-demographic variables to
ascertain sample representativeness and to
verify possible correlations with body
measurements and silhouettes.

Table 1 Lower body, 34 key measurements
retained

The [TC]2 survey identifies more than 200 key
measurement points (figure 2). As mentioned
in the literature, body scanners can provide
almost unlimited measurement data, the
challenge rests in selecting significant and
reliable variables (McKinnon & Istook, 2002;
Fan et al., 2004).

hHHv

Key
points
H
K
tB
hB
tT
hT
tHH

hHHw
tH
hH
tHC
tHCv

Numerous measurements dealt with the upper
body and were therefore not pertinent for this
study. All were eliminated the exception of
bust girth and bust height which are widely
cited in the literature and temporarily kept to
ensure that they were truly irrelevant to lower
body specifications. Insofar as lower body
measurements were concerned, we opted to
retain only those 34 points highlighted in the
literature.

tHCw
hHCv
hHCw
tC
tCv
tCw

Figure 2 Body scan [34; p. 112]

hCv
hCw
tG
hG
hGv
hGw
tM
tMv
tMw
tA
hA
hAE
hAI
cF
hF
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Avera
Key measurement
ge
points description
Total height in
inches
63,91
Weight in pounds 155,64
Bust girth
40,71
Bust height
45,79
Waist girth
34,33
Waist height
39,37
High hip girth
40,23
High hip height
right side
36,11
High hip height
left side
37,32
Hip girth
43,04
Hip height
31,95
High thigh girth
24,54
High thigh girth
right side
24,44
High thigh girth
left side
24,30
High thigh height
right side
27,33
High thigh height
left side
27,33
Thigh girth
20,13
Thigh girth right
side
20,13
Thigh girth left
side
20,08
Thigh height right
side
22,96
Thigh height left
side
22,97
Knee girth
15,34
Knee height
17,40
Knee height right
side
17,40
Knee height left
side
17,42
Calf girth
14,98
Calf girth right
side
14,97
Calf girth left side
8,99
Ankle girth
10,78
Ankle height
2,74
Ankle height right
side
2,59
Ankle height left
side
2,81
Distance waistcrotch-waist
28,42
Crotch height
(inseam)
28,82

Stand.
Dev.
2,81
38,61
5,06
2,40
5,45
2,36
5,64
2,26
2,15
5,01
2,67
2,94
2,92
2,91
1,93
1,93
2,49
2,49
2,50
1,49
1,48
1,49
1,20
1,20
1,19
1,57
1,55
0,77
2,83
0,39
0,35
0,37
3,55
1,88

With the exception of the ankle measurement
which presented a specific problem for some
300 women, all variables were either
symmetrically distributed or slightly skewed to
the right (considered normal since there is limit
to how “small” a woman can be but not to how
"blooming” she can be).

(black) line whereas women with a smaller
waist-hip variation (H silhouette) fall below
the diagonal. One can clearly see from this
figure that Hispano-Americans are over
represented below the diagonal whereas
African-American women represent a high
percentage above the diagonal.

Some 212 women were eliminated from the
initial database either because their data
showed aberrant or unreliable values, such as a
weight of 29 pounds for example. We
therefore only confirmed that body scanning
provided reliable data for close to 97 % of the
subjects.

Our objective being to group women based on
silhouette and size (measurements), we
performed a data clustering analysis. The data
cloud slope (waist circumference - hip
circumference)
shows
a
proportional
augmentation of the two dimensions according
to the “general dimension” of each subject.
The cloud gives the impression that abscissa
and ordinate could be turned 45o. Rotation of
the axes enables one to determine the two
principal directions of each subject (1)
“general dimension1”, (2) the variations in the
population (A, X or H silhouette), (3) as well
the lesser variations between extremes of a
same class.

Circumference measurements analysis
Principal component and factor analyzes
confirmed that we could retain the two
measurements most frequently mentioned in
anthropometric surveys and used in practice
for sizing: waist and hip circumference.
We only retained subjects with measurements
within the Canadian sizes 4 to 24 (i.e. waist
between 27.5 and 45.5 inches and hips
between 36.5 and 53.5 inches) which added up
to 87,7 % of the original sample or 5615
individuals. In figure 3, these would be the
subjects falling within the highlighted square.
One may note that women’s hips more or less
exceed waist measurements by 5 to 15 inches.

This approach assumes an a priori established
number of clusters. Some authors suggest that
one should use no less than 57 sizes to cover
80% of the female population; others try to
dress the entire population with small, medium
and large sizes or even try to fit them all
within one size fits all. We opted to use eleven
size groups as this is the most common number
of sizes on the Canadian market (sizes 4 to 24,
increments of 2).

Figure 3Waist/hip sample space, limited to
pants measurements sizes 4 to 24 (color for
ethnicities and slope: fuchsia for AfricanAmerican women, Navy for CaucasianAmerican, and turquoise for HispanoAmerican)

Our initial clustering results showed two
silhouettes. Although the literature states that
silhouettes can be divided into eight groups
[30] we chose to work with three as we before
[2] that manufacturers generally produce for A,
X or H silhouette.
The data cloud can therefore be sliced
vertically in eleven sections and broken down
horizontally in three layers.
We tested both equal numbers and equal
amplitude clustering. Figure 4 shows our
results with equal numbers clustering. Both
graphics use our Canadian retailer’s
specifications for sizes (S1 to S12, leaving us
with 11 in-between classes).

1

General dimension in this case should be
interpreted as general size from smaller
(underweight) to blooming sizes (obese).

Women with an important waist-hip variation
(A silhouette) are located over the diagonal
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differences between products targeting two
adjoining clusters would need to be more
important.

Figure 4 Graphic representation of equal
numbers with three silhouettes and eleven
groups size. Number of subjects for each A, X
and H class are listed to the right

The table within figure 4 shows the number of
subjects for each of the 33 clusters (11 sizes, 3
silhouettes). When the cloud of potential
measurements is divided equally into 33 sizesilhouette clusters, some clusters cover loosely
distributed population while others cover
denser areas; e.g. cluster 11 (A shape &
blooming size) covers slightly less than 0,7 %
of the population while cluster 14 (X shape &
third size) covers close to 8 %. From a
producer point of view, this means that any
specific
combination
of
waist-hip
measurement would adequately fit a larger
number or women in the more densely sections
of the graph (around the diagonal).

KE 33 classes + 1
equal effective
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29.00
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30.00

5.00
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tH :Hip

9.00
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50.00

13.00
14.00
15.00
16.00
17.00
18.00

40.00

19.00
20.00

It is of interest to note that, should this be the
objective of the researcher, the average and
upper-lower limits of each equal numbers
clusters, or equal amplitude for that matter,
could provide the basis to establish new size
standards for the industry.

21.00
22.00
23.00

30.00

24.00
25.00
20.00

30.00

40.00

50.00

60.00

26.00

tT :Waist
KA 33 classes + 1 equal amplitude

Valid

1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00
18.00
19.00
20.00
21.00
22.00
23.00
24.00
25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
Total

Frequency
118
183
221
222
227
180
142
110
85
54
44
331
438
490
398
314
286
169
139
90
65
60
67
166
171
170
143
97
72
54
39
30
30
706
6111

Percent
1.9
3.0
3.6
3.6
3.7
2.9
2.3
1.8
1.4
.9
.7
5.4
7.2
8.0
6.5
5.1
4.7
2.8
2.3
1.5
1.1
1.0
1.1
2.7
2.8
2.8
2.3
1.6
1.2
.9
.6
.5
.5
11.6
100.0

Valid Percent
1.9
3.0
3.6
3.6
3.7
2.9
2.3
1.8
1.4
.9
.7
5.4
7.2
8.0
6.5
5.1
4.7
2.8
2.3
1.5
1.1
1.0
1.1
2.7
2.8
2.8
2.3
1.6
1.2
.9
.6
.5
.5
11.6
100.0

Cumulative
Percent
1.9
4.9
8.5
12.2
15.9
18.8
21.2
23.0
24.3
25.2
26.0
31.4
38.5
46.6
53.1
58.2
62.9
65.7
67.9
69.4
70.5
71.4
72.5
75.3
78.1
80.8
83.2
84.8
85.9
86.8
87.5
88.0
88.4
100.0

Although validating that women can be
classified on three basic silhouettes, the
number of classes necessary to cover the entire
population is such that it can hardly lead to a
functional size standardization system. The
above data also clearly points to the fact that
some population clusters would hardly be well
fitted with a standardized product.
Figure 5 Women’s height measurements
descriptive statistics in [TC]2’s survey
Height
Percentage Petite, Regular & Tall

Tall
11%
Petite
48%

The classes along the diagonal cover a smaller
graph area than those further away from the
diagonal. From a producer’s point of view, this
means that the population is more densely
distributed in this region and that it is therefore
possible to satisfy a large number of
consumers with a specific combination of
waist-hip measurement, the measurement
differences between adjoining clusters being
small. As we move away from the diagonal,
the population is distributed over larger areas:
any given waist-hip combination of
measurements will adequately fit a much
smaller number of consumers, measurement

Regular
41%

Most authors, as well as the Canadian retailer
who contributed to our research agree on the
following sizes and limits:
o petite refers to women smaller than
5’4”;
o regular identifies women between
5’4” to 5’7”;
o tall covers women taller than 5’7”.
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regular category need a shorter inseam
between 27.01 and 28.5 compared to 3.26%
for African-American and on the opposite
close to 15% of African-American regular
need an inseam of between 31.51 and 33 inch
compared to less than 3% for CaucasianAmerican and Asian-American and a little
more than 3% for Hispano-American. We also
note that young regular women’s inseam is
longer than women’s over 55 years old.
Similar results were found in petite and tall.

Figure 5 shows height measurements statistics
from the [TC]2 Size USA, Let’s size up
America survey.
It shows that nearly 50% of [TC]2’s sample
falls in the petite category while 11 % are taller
than 5’7”. Table 2 shows almost 70% of the
Hispano-American and Asian-American and
others are shorter than 5’4”.
Table 2 Percentages of petite, regular and tall
according to the Ethnicity

Table 4 Summary of inseam measurements for
regular by Ethnicity

Ethnicity
Ethnicity

47%

25%

27%

13,%

15%

3%

4%

Table 3 shows, as an example, how the women
surveyed, once classified as regular and tall, as
defined based on the Canadian standards
should measure at the inseam.
Table 3 Example of inseam measurements for
women identified as regular and tall per
CS215-58

0.00
0.06
0.57
16.89
49.34
30.11
2.97
0.00

0.00
0.00
0.77
3.26
34.17
47.79
13.24
0.77

0.00
0.47
1.90
18.01
50.24
26.07
3.32
0.00

0.00
0.35
2.09
18.47
50.17
25.78
2.79
0.00

0.06
0.00
100

0.00
0.00
100

0.00
0.00
100

0.00
0.35
100

Table 5 Extraction of inseam measurements
table for tall women by Ethnicity

16R

18R

20R

22R

281/2

285/8
10T

283/4
12T

287/8
14T

29

291/4
20T

293/8

16T

291/8
18T

307/8

311/8

311/4

313/8

311/2

Although a relationship exists between total
height and inseam, one cannot suggest any
generalization to the effect that a regular or a
tall would need an inseam of such or such a
length. One can see in table 4, that more than
75% of Caucasian-American, AfricanAmerican, Hispano-American and AsianAmerican women in the regular category need
an inseam between 28.51 and 31.5; more than
15% of the Caucasian-American, HispanoAmerican and Asian-American women in the

Ethnicity
Asian-American/
Other

14R

HispanoAmerican

12R

AfricanAmerican

10R

Caucasian
American

8R

Inseam
measurements

Siz.
(regular)
Inseam
in inch.
Siz.
(tall)
Inseam

AsianAmerican/Others

47%

Hispano-American

68%

African-American

71%

Caucasian
American

37%

Inseam
measurements

AfricanAmerican

39%

x ≤ 24
24 <x≤25½
25½ <x≤27
27 <x≤28½
28½ <x≤30
30 <x≤31½
31½ <x≤33
33 <x≤
34½
34½ <x≤36
36 <x
total

AsianAmerican/
Others
HispanoAmerican

CaucasianAmerican
Petite x
< 5’4”
Regular
5’4” ≤
x
≤
5’7”
Tall x >
5’7”

30.01
–
31.5
31.51
- 33

41.91

20.36

23.08

32.50

35.70

46.11

34.62

37.50

In Faust et al. [2] we presented our
measurements on more than 800 pants of
different styles taken at a large Canadian
retailer. The pants styles identified as “D” and
“E” came from the same manufacturer and
their measurements (waist, high hip, hip, thigh
girth, front and back rise) were highly similar.
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Table 6shows the distance measures of
similarity between these two styles.
Table 6 Distance measures of similarity
between pants D and E

The one important difference between these
two pants was in the crotch height or inseam.
Neither was labelled as either a petite or tall.
Pants D’s inseam for sizes 6 to 16 varied from
31,05-inch to 31,43-inch whereas pants E’s
inseam varied from 32,78-inch to 33,05-inch.
Pants E’s inseam exceeded pants D’s inseam
by at least one inch in every size.
The Canadian retailer who contributed to our
research provided us with the list of every
single purchase and return for both styles
during a 4-month period. Our analysis showed
that the return percentages were 7% to 31%
higher for pants E than for pants D: the pants
with the longer inseam (generally between 32
and 33-inch as opposed to 31-31,5 for pants
D).

Height
Survey_ID
Crotch_Height
20-21
21-22
22-23
23-24
24-25
25-26
26-27
27-28
28-29
29-30
30-31
31-32
32-33
33-34
Total

Petite
Age groups
18-25
0,14%
0,00%
0,00%
0,14%
2,17%
6,22%
15,92%
28,22%
28,51%
14,04%
3,76%
0,29%
0,14%
0,43%
100,00%

26-35
0,00%
0,15%
0,31%
0,46%
2,61%
7,37%
18,74%
29,65%
28,11%
10,14%
2,30%
0,00%
0,15%
0,00%
100,00%

36-45
0,00%
0,00%
0,00%
0,47%
3,00%
7,58%
22,27%
30,33%
27,01%
7,42%
1,58%
0,16%
0,16%
0,00%
100,00%

46-55
0,00%
0,00%
0,18%
0,53%
2,85%
11,03%
25,62%
29,18%
22,95%
6,23%
1,25%
0,18%
0,00%
0,00%
100,00%

56-65
0,00%
0,00%
0,00%
2,10%
6,59%
13,77%
22,46%
30,54%
18,86%
4,79%
0,60%
0,30%
0,00%
0,00%
100,00%

66+
0,00%
0,00%
0,65%
1,29%
3,23%
11,61%
22,58%
32,26%
18,71%
9,03%
0,65%
0,00%
0,00%
0,00%
100,00%

Height
Survey_ID
Crotch_Height
24-25,5
25,5-27
27-28,5
28,5-30
30-31,5
31,5-33
33-34,5
34,5-36
>39
Total

Regular
Age groups
18-25
0,00%
0,45%
8,86%
41,59%
39,94%
8,56%
0,45%
0,15%
0,00%
100,00%

26-35
0,00%
0,63%
11,71%
47,31%
35,60%
4,59%
0,00%
0,00%
0,16%
100,00%

36-45
0,36%
1,46%
15,88%
47,81%
30,84%
3,65%
0,00%
0,00%
0,00%
100,00%

46-55
0,00%
1,28%
17,70%
49,68%
26,87%
4,26%
0,21%
0,00%
0,00%
100,00%

56-65
0,45%
0,00%
26,82%
49,09%
21,82%
1,82%
0,00%
0,00%
0,00%
100,00%

66+
0,00%
3,08%
20,00%
44,62%
30,77%
1,54%
0,00%
0,00%
0,00%
100,00%

Height
Survey_ID
Crotch_Height
24-25,5
25,5-27
27-28,5
28,5-30
30-31,5
31,5-33
33-34,5
34,5-36
36-37,5
Total

Tall
Age groups
18-25
0,00%
0,56%
1,11%
5,56%
38,33%
37,78%
13,33%
2,78%
0,56%
100,00%

26-35
0,61%
2,42%
1,82%
11,52%
32,12%
38,18%
11,52%
1,82%
0,00%
100,00%

36-45
0,00%
1,88%
1,88%
14,38%
31,25%
36,88%
13,13%
0,00%
0,63%
100,00%

46-55
0,00%
0,90%
0,90%
11,71%
35,14%
40,54%
9,91%
0,90%
0,00%
100,00%

56-65
3,85%
0,00%
1,92%
5,77%
48,08%
36,54%
3,85%
0,00%
0,00%
100,00%

66+
0,00%
0,00%
0,00%
6,25%
37,50%
50,00%
6,25%
0,00%
0,00%
100,00%

CONCLUSION
This research first demonstrated that 3D body
scanning is a relatively reliable source of body
measurements. It also confirmed that, for the
lower female body, some measurements were
more important than others. It further
established that body height measurements are
not correlated to any body circumference
measurement;
although
height
and
circumference measurements are generally
highly correlated within themselves. Four
conclusions stand out: (1) that although
women vary in height, this measurement is not
highly correlated with weight, (2) that the
female body comes in three basic silhouettes:
A, H, and X, (3) that waist and hips
circumference measurements are initial key
points in describing the female lower body and
(4) that women of different ethnic origins
cluster both in terms of body silhouette and in
terms of height measurements.

The data obtained from the [TC]2 confirms this
result as it shows that a 32-inch inseam is
much too long for petite, long for regular
women (especially in this case where the style
is not really designed for African-American
and fairly reasonable for tall women (see table
5).
These results clearly confirm that women of
different ethnic origins vary in height and, for
similar heights, need different inseam lengths
for a fitting garment. On can see that the same
type of analysis and observation may be made
on age groups (table 7).
Table 7 Crotch height variations between age
groups

In other words, it is possible for some in the
apparel industry to adopt a marketing strategy
targeted to a specific ethnic group while taking
full advantage of an efficient QR or SCM
strategy thereby reducing confusion within the
channel and at the consumer level.
Our findings open a number of avenues for
further research. The first should try to answer
the question whether apparel manufacturers,
distributors, and consumers would prefer this
data to be used for the development of new
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demand in an uncertain world’’ in
Harvard Business Review, May-June
[8] Cho J., J. Kang. 2001. “Benefits and
challenges of global sourcing: perceptions
of US apparel retail firms” in
International Marketing Review, 18/5, pp.
542-561,
[9] Fiorito S.S., L.C. Giunipero, H. Yan. 1998.
”Retail buyers’ perceptions of Quick
Response systems” in International
Journal of Retail & Distribution
Management, 26/6, pp. 237-246
[10] Hunter N.A. P. Valentino. 1995. “Quick
Response-Ten
years
later”
in
International Journal of Clothing Science
and Technology, 7/4, pp. 30-40
[11] Jones R.M. 2002. “Not quite a seamless
supply chain” in Journal of Fashion
Marketing and Management, 6/4, Editorial
[12] Sabath R. 1995. “Volatile demand calls
for quick response: the integrated supply
chain”
in
Logistics
Information
Management, 8/2, pp. 49-52
[13] Au K.F., D.C.K. Ho. 2002. “Electronic
Commerce and supply chain management:
value-adding
service
for
clothing
manufacturers”
in
Integrated
Manufacturing Systems, 13/4, pp. 247-254
[14] Carrier S. 2005 “Is Quick Response the
Ideal Manufacturing Strategy ?” in Book
of Abstracts, The Society of Operations
Management, Tata McGrawHill, NewDelhi, pp. 159-171
[15] Ashdown, S. P. (1998), “An investigation
of the structure of sizing systems: A
comparison of three multidimensional
optimized sizing systems generated from
anthropometric data with the ASTM
standard
D5585-94”,
International
Journal of Clothing Science and
Technology, Vol. 10 No. 5, pp. 324-341.
[16] Diffrient, N., Tilley, A.R. & Bardagjy,
J.C. (1974), Human scale 1 / 2 / 3.
Cambridge: Massachusetts Institute of
Technology, The MIT Press.
[17] ISO (1976)
http://www.standardsglossary.com , The
ISO Standard Glossary
[18] O'Brien, R. & Shelton, W.C. (1941),
Women's measurements for Garment and
Pattern Construction, Bureau of Home
Economics, Textiles and Clothing
Division, Miscellaneous Publication, No.
454, US Department of Agriculture and
Work
Projects
Administration,
Washington, DC.

size standards or only to provide better size
label information, leaving the order givers
entirely free to size their garments the way
they chose.
The second two are somewhat parallel. One is
that this same type of analysis should be
conducted on the upper female body to
determine if one can arrive at similar
conclusions and, from these, at a full body
label conveying all necessary information
parsimoniously. A similar avenue would
obviously be to perform the same type of
research on the male body as well as on
different age groups.
Finally, from a marketing point of view, that
targeting women of specific origins could
represent an initial step to mass customization
in what Pine [35] labels as the easiest to start
on the path to mass customization: marketing
customized services over standardized
products. “Completely standardized products
can be customized before being offered to
customers by people of marketing.” [35;
p.172].
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