r_

AL-TR-1991-0117
AD- ﬁ\25|0w 071
BRI
A .
R DEVELOPMENT OF SIZING SYSTEMS FOR
M NAVY WOMEN’S UNIFORMS (U)
S
T Kathleen M. Robinette Q ;
R CREW SYSTEMS DIRECTORATE ECTE §
(9) HUMAN ENGINEERING DIVISION MAYQ.4'192
N Sirvart A. Mellian '
G NAVY CLOTHING & TEXTILE RESEARCH . ..
FACILITY, NATICK, MASSACHUSETTS
L Cay A. Ervin
A ANTHROPOLOGY RESEARCE P£0 i"CT, INC.
B YELLOW SPRINGS, /10
o 9211882
A DECEMBER 1991 N
T
g FINAL REPORT FOR PERIOD SEPTEMBER 1990 TO DECEMBER 1991
Y

Approved for public release; distribution is unlimited.

| 4 2¢ 003
AIR FORCE SYCTIMS COMMAND

WRIGHT-PATTERSON AIR FORCE BASE, OHIO 45433.6573 ——--




NOTICES

When US Government drawings, specifications, or other data are used for any purpose other than
a definitely related Government procurement operation, the Government thereby incurs no
responsibility nor any obligation whatsoever, and the fact that the Government may have
formulated, furnishe ' or in any way supplied the said drawings, specifications, or other data, is
not to be regardeq « , ‘ication or otherwise, as in any manner licensing the holder or any other
person or corporation, ¢ conveying any rights or permission to manufacture, use, or sell any
patented invention that may in any way be related thereto.

Please dc not request copies of this report from the Armstrong Aerospace Medicui Reseatci
Laboratory. Additional copies may be purchased fre.n:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Federal Government agencies and their contractors registered with the Defense Technical
Information Center should direct requests for copies of this report to:

Defense Technical Information Center
Cameron Station
Alexandria, Virginia 22314

TECHNICAL REVIEW AND APPROVAL
AL-TR-1991-0117

This report has been reviewed by the Qffice of Public Arfairs (PA) and is releasable to the National
Technical Information Service (NTIS). At NTIS, it will be available to the general public,
including foreign nations.

This technical report has been reviewed and is approved for publication.
FOR THE COMMANDER
i/ = o A
(Gt /KLY
KENNETH R. BOFF, Chief

Human Engineering Division
Armstrong Iaboratory

—



REPORT DOCUMENTATION PAGE Form Approved

OMB No. 0704-0188

Public reparting burden tor this ccliection of INFOIMELIAP 15 ASUMATed 13 4000130 ° mLur 08 RsRarst ncluding the Lme (Or P IPw It 3 Ingtrurlinns sear v resting @ 1ta sourees,
e A e A S A A A T BT
Davis Highway, Suite 1204 Arhington. vA 22202-4307 and 1o the Ctfe e St hanggement ang dud jet £3peracre dndy tion Pro et il /C3-0188) W& ashingten, 0 20503
1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPCRT TYPE AND DATFS COVERED
December 1991 Final September 1990 to December 199]
4. TITLE AND SUBTITLE S. FUNDING NUMBERS
DEVELOPMENT OF SIZING SYSTEMS F33615-85-C~0531
FOR NAVY WOMEN'S UNIFORMS PE 62202F
6. AUTHOR(S) PR 7184
Kathleen M., Robinette TA 08
Sirvart A, Mellian WU50
Cay A. Ervin
7. PERFORMING ORGANIZATION NAME(S) AND ADODRESS(ES) ) 8. PERFORMING ORGANIZATION
Armstrong Laboratory REPORT NUMBER
Wright-Patterson Air Force Base, Ohio 45433
Navy Clothing and Textile Research Facility AL-TR-1991-0117

Natick, Massachusetts 01760
Anthropology Research Project, Inc., Yellow Springs, Ohio

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

Technical Report No. 183

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / S VAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

13. ABSTRACT (Maximum 200 words)

A proposed new sizing system for Naval women's clothing has been developed.
Based on the findings of a sizing evaluation of current women's uniforms
(Mellian, et al), the new system is designed to (1) better accommodate the
proportional diversity found ameng Navy women, particularly noted differences
between White and Black women, (2) bring sizing for Navy women's clothing into
closer conformity with commercial sizing, and (3) devclep a single gizing
system for all lower body garments. Sizing tables for the proposed system
presented in this report, are based ir pirt on proposed new commercial standards
and include sizes to accommodate short, wedium, and tall women as well as
proportional variations represented by junior, misses, and women's hip sizes.

An explanation of how various design values were arrived at is also included

in this report. The author's caution that the proposed system is as yet untried
and recommend thorough fit-testing bel{ore wholesale use is made of it.

4. 5UBJECT 1EHFAS , . T 5. NUMBER OF PAGES
Anthropometric sizing Sizing 4t
i i imer evioatoo V
Clothing Siving system 5 PRICE COOE
Navy Women
17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20, LIMITATION OF ABSTRACT
OF REPORT GF THIS PAGE OF ABSTRACT
llnclassified Unclassified Unclassified Unlimited
NSM 7540-01-280-5500 Stardard Form 298 Rey 2 89)

R UL B PP F R I - 1




GENERAL INSTRUCTIONS FOR COMPLETING SF 298

The Report Documentation Page (RDP) is used in announcing and cataloging reports. 1t is important
that this information be consistent with the rest ot the report, particularly the cover and title page.
Instructions for filling in each block of the farm follow. [t is important to stay within the lines to meet

optical scanning requirements.

Block 1. Agency Use Only (Leave biank).

Block 2. Report Date. Full publication date
including day, month, and year, if available (e.g. 1
Jan 88). Must cite at least the year.

Block 3. Type of Report and Dates Covered.
State whether reportisinterim, final, etc. If
applicable, enter inclusive report dates {e.g. 10
Jun 87 - 30 Jun 88}. -

Slock 1. Title and Subtitle A title ic tabon fram
the part of the report that provides the most
meaningful and complete information. When a
report is prepared in more than one volume,
repeat the primary title, add volume number, and
include subtitle for the specific volume. On
classified documents enter the titie classification
in parentheses.

Block 5. Funding Numbers. Toinclude centract
and grant numbers; may include program
element number(s), project number(s), task
number(s), and work unit number(s). Use the
following labeis:

C - Contract PR - Project

G - Grant TA - Task

PE - Program WU - Work Unit
Element Accession No.

Block 6. Author(s). Name(s) of person(s)
responsible for writing the report, performing
the research, or credited with the content of the
report. If editor or compiler, this should follow
the name(s).

Block 7. Performing Organization Name(s) and
Address(es). Self-explanatory.

Block 8. Performing Organization Report
Number. Enter the unique alphanumeric report
number(s) assigned by the organization
performing the report.

Block 9. Sponsorina/Monitoring Agency Name(s)
and Address(es). Seif-explanatory.

Biock 10. Sponsoring/Monitoring Agency

e AT ealayerd . Neas
Report Numoer. \’:’1‘ rl\n\'.'/v‘v:'?)

Block 11. Supplementary Notes. Enter
information notincluded elsewhere such as:
Prepared in cooperation with ., Trans of. ; Tobe
published in... When areportisrevised, include
astaternent whether the new report supersedes
or supplements the older report.

Block 12a. Distribution/Availability Statement.
Denotes public avarlability or limitations. Cite any
availability to the public. Enter additional
limitations or special markings in all capitals {(e.g.
NOFORN, REL, iTAR).

DOD - See DoDD 5230.24, "Distribution
Statements on Technical
Documents.”

DCE - See authorities.

NASA - See Handbook NHR 2209 2

NTIS - Leave blank.

Block 12b. Distribution Code.

DOD - Leaveblank.

DOE - Enter DOE distripution categories
from the Standard Distribution for
Unclassified Scientific and Technical
Reports.

MASA - Leave blank

NTIS - Leave blank.

Block 13. Abstract. Include a brief (Maximum
200 words) factual summary of the most
significant information contained in the report.

Block ©4. Subject Terms. Keywords or phrases
identifying major subjects in the report.

Block 15. Number of Pages. Enter the total
number of pages.

Block 16. Price Code. Enter appropiiate price
code (NTIS only).

Blocks 17.-19. Security Classifications. Self-
explanatory. Enter U.S. Security Classificationin
accordance with U.S. Security Regulations (i.e.,
UNCLASSIFIED). If form contains classified
information, stamp classification on the top and
bottom of the page.

Block 20. Limitation of Abstract. This biock must
be completed to assign a limitation to the
abstract. Enter either UL (untimited) or SAR (same
as report). Anentry in this block is necessary if
the abstractis to be limited. If blank, the abstract
15 assumed to be unhimited

Standard fForm 298 Back (Rev 2-8Y)




This research project was sponsored by the U.S. Navy Clothing and Textile Research Facility
(NCTRF) and jointly conducted by the U.S. Air Force Armstrong Aerospace Medical Research
Laboratory (AAMRL) and NCTRF. Editorial support was provided by Anthropology Research

PREFACE

Project, Inc. (ARP), under contract to AAMRL and by NCTRF. Ilse Tebbetts at ARP edited various

working drafts of this report and Donna Gray at ARP produced the manuscript. John Milotte of

NCTREF edited the final draft.

ii

Accession For P
NTIS GRAXI i
PTIC T4B O
Unannounced O

Justification .

By o

| _Distritutiony
Avallability Codea
TlAvaix EUOILUS

Dist Speolinl

A l
-




TABLE OF CONTENTS

Neck Circumference

Shoulder Circumaference, Chest Circumference at Scye, Caest Circumference
below Bust, Waist Back Length

Sleeve Insecam

Sleeve Outseam, Sleeve Length

Waist Height

Crotch Height

Crotch Length ..o oo e e i e e
Arm Circumference

Scye Circumference

Thigh Circumference

REFERENCE

APPENDIX A: Measurement Descriptions

APPENDIX B: Preliminary Sizing Tables in Development of a Sizing Program
for Navy Women'’s Uniforms




LIST OF ILLUSTRATIONS

Figure Page

1 Plot of Waist Circumference and Hip Circumference of

Navy sample ..ot i e e 6
2 Size Categories for Upper Body Based Upon Key

Dimensions (Inches) .o i i i i i e 9
3 Size Categories for Lower Body Based Upon Key

Dimensions (Tnches) . . oo vttt it i e e 10
4 Plot of Waist Back Length and Sieeve Inseam Length ........... 12
5 Final Sizes Size Prediction Chart for Lower Body

Garmments (Inches) ........ .. i i 24
6 Final Sizes Size Prediction Chart for Upper Body

Garments (Inches) ... .. i 25

LIST OF TABLES

Table
la Discriminant Analysis Pairwise Squared Generalized
Distances Between Groups ....... ..o i i 3
1b Discriminant Analysis Linear Discriminant Function ............ 3
2 ASTM-Proposed . . ... o 5
3 Key Sizing Dimensions 18-Size System ............ ... . ...... 8
4 Proposed Sizing System for Navy Women's Clothing (cont’d)
Misses Petite ..ot e e 15

Proposed Sizing System for Navy Women’s Clothing (cont’d)
Misses Regular ... oo 16

Proposced Sizing System for Navy Women's Clothing (cont’d)
Misses Tall . ..o e 17

Proposed Sizing System for Navy Women's Clothing (cont’d)
Women's Petite ... 18

Proposed Sizing System for Navy Women's Clothing (cont’d)
Women’s Regular .o o 19




LIST OF TABLES (Cont’c)

Proposed Sizing System for Navy Women'’s Clothing (cont’d)
Women'sTall ... .ot e

Proposed Sizing Systecm for Navy Women'’s Clothing (cont’d)
Juniors Petite . ..o v vttt e e

Proposed Sizing System for Navy Women’s Clothing (cont’d)
Juniors Regular ... ... . i i e

Proposed Sizing System for Navy Women'’s Clothing (cont’d)
Juniors Tall ...t e e e

20

21

22




SUMMARY

A sizing evaluation of six items of Navy women’s unitorm clothing, conducted in an carlier
study (Mellian et al., 1990), tumed up a number of design and sizing problems inherent in the
clothing itself. Garments included in the study were the service dress biue coat, slacks, and
skirt, the summer white skirt and siacks, and the short-sleeved white blouse. New sizing systems
for these garments were devised with a view toward (1) better accommodating the proportional
differences found among Navy women, (2) bringing Navy clothing sizes into closer conformity
with commercial sizing, and (3) developing a single sizing system for all lower body garments.

The chief source of proportional differences among Navy women appeared to investigators
in the earlier study to be differences between Black and White women. Further statistical
studies of the original Navy women’s sample and of a larger military data base confirmed that
for the same height and hip size, Black women have slightly smaller waists, shorter rises, similar
posterior crotch length and total crotch length, and higher buttock points than do White women.
For clothing applications this means that Black women not only require a shorter rise but a
point of maximum hip circumference should be higher in relation to the rise length. It was also

established that Blacks require longer sleeves and pants legs for the same torso sizes than do
Whites.

Separate sizing systems were considered infcasible. Instead, new sizing systems were
developed to accommodate both races better. This was done by having garment lengths based
on torso-to-height proportions rather than just on height, and by providing longer sleeve and ieg
lengths.

Commercial sizing practices were examined and found to offer a considerably wider variety
of proportions than are currently available to Navy women. That is, for the same waist size
women can choose commercial clothing in juiior sizes (narrow hips), misses sizes (medium hips)
or women’s sizes (wide hins)., The American Scoiety for Testing and Materials (ASTM) is
currently developing standard sizing systems for commercial clothing. An analysis of proposed
ASTM misses sizes (the only oncs availablc at the time this study was conducted) indicated that
these sizes fall almost exactly in the center of the distribution of Navy women.

A serics of sizing precedures were then undertaken to arrive at proposed new sizing
systems for the six Navy garments under study. Proposed ASTM musses values were used as a
starting point, and the observations and data gathered in the two  “dies of Navy women were
used to modify design values accordingly.

Sizing tables for the proposed system include sizes to accommodate short, medium, and tall
women as weil as proportional variations represented by junior, misses, and women'’s hip sizes.
Thorou h fit-testing should be conducted before any wider use is made of these recommended
values.




DEVELOPMENT OF SIZING SYSTEMS
FOR NAVY WOMEN’S UNIFORMS

INTRODUCTION

This research is part ot a larger ctfort focused on evaluating and developing sizing
programs for Navy women’s clothing. The initial study (Mellian et al, NCTRF Technical Report
No. 182) dealt with evaluating the size and fit of Navy women’s uniforms and developing size
prediction charts to guide individuals in selecting uniforms of best fit. In this second phacc of
the research, described in this report, obscrvations and data from the first study were used to
develop improved sizing systems from which new clothing can be designed.

In the earlier study, a team from the Navy Clothing and Textile Research Facility
(NCTRF) cvaluated six garments (service dress blue coat, slacks, and skirt, summer white skirt
and slacks, and short-sleceved white blouse). Subjects were asked to try on the six garments and
the size of best fit was determined. Body size dimensions crucial to the design of clothing were
also measured on a representative sample ot 906 Navy women. (Sce Appendix A for a
description of the measured dimensions.) During the sizing evaluation some problems inherent
in the design and sizing of the garments themsclves emerged. For instance, the shoulder/arm
arca for coats seemed to be too small, and there did not appear to be a sufficient varicty of
waist and hip combinations to accommodate the different body types found among Navy
women. It was also noted that the four lower body garments were all proportioned somewhat
differently, and, as a resuit, the size of best tit for some women was different for each garment.

Observations and data gathered during the carlier evaluative phase of this research effort
werce used to develop experimental sizing systems. Goals for the new system were to:

®  better accommodate he proportional diversity found among Navy
women;

®  bring sizing for Navy women’s clothing into closer conformity with
commercial sizing;

®  develep a single sizing system for all lower body garments.

PROPORTIONAL DIFFERENCES

The chicet source of proportional ditferences among Navy women appeared to investigators
in the earlier study to be differences between Black and White women. To further understand
these ditferences, a muitivariate discriminate analysis was performed.

The results, shown in Tables Ta and 1b, confirm the existence of proportional ditferences
between Black and White women in this sample. Table 1a indicates the distance (ID%) between
the racial groups. Group 1 is White, Group 2 is Black, and Group 4 is Hispanic. There were
too few members of Group 3 (Orientals) to usce in the evaluation. It appears that the White
and Black groups are farthest apart, (D*=3.13), and that Hispani~s and Blacks arc nearly as far
apart (D*=2.89). "Lhe Hispanics and Whites are fairiy ciose (D’=1.37). Tabie 1b shows ihic
linear discriminant function for cach group. This is the equation that sorts the obscrvations into
groups basced on their anthropometry. The numbers histed are the coctticients tor the variables
listed at the left. Ditferences in the coetlicients from group to group can be used to indicate
kow the groups differ.




TABLE . .. Discriminant Analysis Pairwise Squared Generalized
Distances between Groups
D* (I3) = (X, - X,)” COV* (X, - X,)
Generalized Squared Distaace To Race*

From Race* 1 2 4
1 0.00000000 | 3.12737069 | 1.36886300
2 3.12737069 | 0.00000000 | 2.89016587
4 1.36886300 | 2.89016587 | 0.00000000

TABLE 1b. Discriminant Analysis Linear Discriminant Function

Constant = -5 X", COV' X,

Coefficient Vector = COV! X,

Race

1 2 4
Constant -451.32585902 | -445.81504292 | 428.50782852
Stature 15.66887670 14.86418292 15.45730389
Hip Circumference -0.44976639 -0.31427587 -0.43060782 )
Neck Circumference 14.11574807 ) i;;8336745752 14.01260713
Shoulder Circumference 5.46675706 5.81847717 5.49240074
Chest Circumference |
at Scye -0.96458717 -1.12220129 -0.54620983
Bust Circumference 0.60229260 0.58186722 0.44058998
Chest Circurﬁfcrrernce )
below Bust 1.55192098 0.87502620 1.19586235
Waist Circumterence -1.78386455 -4.62581619 -4.73002641
Waist Back -1.19828219 -1.280081347 -1.50473546
Sleeve Inscam 3.00566034 3.75951389 3.36696(7)709
Sleeve Outseam -2.07762070 -1.:8103840 —1.66022432‘
Sleeve Lcngﬂl 0.64541478 0.72680254 0.72108261
Waist Height -5.83562038 -6.64602418 -6.42065026
Crotch Height -6.01193680 -4.46628411 -5.97516857

Black
Hispanic




Study of these differences reveal that for Whites and Blacks of equal stature Blacks tend to
have longer limbs along with shorter torsos. For clothing applications this clearly suggests that
Blacks require longer sleeves and pant legs for the sz ne drso sizes. In addition, Blacks appear
to be equal to Whites in waist height and, at the same time, longer in crotek berphit which
means that the rise for Blacks is much shorter. This could mean that, for Binchs, the location of
the maximum hip circumference measurement should be much higher with respect to the waist,
and would explain certain fit problems in the hip region which occurred tor Biack women. The
"fitted" coat gapped in the back on many Black women. This gap was probably caused by the
fact that, for many Black women, the swell of the hip occurred higher up than for White women
and the coat would have been tapered too narrowly at this point. There also appeared to be a
problem with the pants "riding up" in the hip area. Again this would result when the largest
part of the hip was higher with respect- to the waist.

To further explore these probiems, more specitic lower torso data were needed,
specifically, posterior crotch length measuremente, A larger military data base with a larger
number of lower trunk variables was utilized t) cvaluate the differcnces.

Analysis of the enlarged data base confirmed the following: for the same height and hip
size, Black women have slightly smaller waists, shorter rises, similar posterior crotch length and
total crotch lengrh, and higher buttock points than do wnite women. This reemphasizes that, in
terms of designing clothing that will better fit Black women, not only should the rise be shorter
than for Whites but the point of maximum hip should be higher in relation to the nse length.

It was determined that the creation of separate sizing systems would require too many
sizes and would not be feasible; rather, attempts would be made to be more accommodating to
both races. This would be done by having garment lengths based on torso-to-height proportions
rather than just on height, and providing longer sleeve and leg lengths. This means that, given
two women of the same height, a Black woman might achieve a better fit in & netite, while a
White woman might wear a regular.

COMMERCIAL SIZING PRACTICES

Next, commercial sizing practices were examined. During the fit tests many subjeers had
complained that the size they wore in Navy clothing was not the size they wore in comn.e:cial
clothing, Also, unlike current Navy sizing systems, commercial sizing is available in a wide
variety of proportions; i.e., for the same size waist women can choose from juniors (which have
narrow hips), misses (regular hips), or women'’s (larger hips). The American Society tor Tesiing
and Materials (ASTM) is currently developing standard sizing systems tor commercial clothing.
By incorporating some of the proposed ASTM standards, the Navy clothing sizing svstemn should
more closely resemble commercial sizing. However, at the time or this study, the ASTM
standards were still under development and only the proposed misses dimensions were available.
Table 2 shows the proposed ASTM standards used in this sizing analysis.

To determine the feasibility of utilizing ASTM standards to develop lower body sizing,
ASTM misses waist :
distribution of Navy women (sce Figure 1). The ASTM misses sizes are indicated by squares.
The crosses ( +) indicate the [ocation of individual Navy women. As can be scen, the ASTM
sizes fall almost directly in the center of the distribution ot Navy women, making this a good
starting point for creating a sizing system for Navy women’s clothing.

ind hlxn circumterences were p]()ttr'd on a bivarate table showing the




TABLE 2. ASTM-Proposed
Body Size Measurements: Misses

(inches)
2 4 6 8 10 12 14 16 18

Bust Circumference 3117 ] 322 | 332 | 342 | 36 3712 1 39 41 43

Waist Circumference 2312 [ 242 | 252 | 26¥2 | 28 2912 1 31 33 35

Scve Circumference 13V ] 133 | 14 | 1427 | 15 | 16 168 | 17%® | 18™

Upper Arm

Circumference 9B 10 10%2 | 10%* | 11Y% [ 11%# | 124 | 127 | 13%

Arm Length Center )

back Neck 2038 | 2978 | 3018 | 30 ;56011/ 31 ;}15/1 3153 ;56115/

Across Shoulder 1438 1 1498 | 143 | 158 | 152 | 1578 | 16%* | 16® 17

Across Back 1378 | 14 ] 143 | 14%# | 15 15 | 15 | 164 | 16

Back Waist Lergth 1™ 1 16 168 | 16Y* | 1612 | 16 | 17 17v4 174

Front Length HLP.S. 19 1 194 | 20 20174 1 207 ) 21 210 213 20
i Total Height 64 64 64 64 64 64 64 64 64

Neck Circumference
at Base 1372 1 13% | 14 v 14 ) 143 | 15 153 | 1577 16*®

High Hip Circumference | 31 32 {33 34 3521 37 | 38" | 40" | 427

Hip/Seat Circumference | 3¢ [ 35 |36 | 37 | 38 | 40 | 41'7 | 43'7 | 45+

Thigh 19% ] 20 | 20°% | 21'7 | 22 | 232 | 24'7 | 25%% | 27

Leg Length
(Waist to Floor) 3978 | 40 40" | 40" | 40 | 40%* | 41 41V | 41

Crotch to Floor 2915 298 | 291 | 298 | 2917 | 2917 1 291 | 2917 ) 29

Rise w102 10 |10 |1 | | n |1

27 2741 28 | 29" | 30 30%

(g%
h
£
([
D
tJ
[oy
3

Crotch Length
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DEVELOPING THE SIZING PROGRAMS

It was noted in the previous study that additional room was needed at given bust or waist
sizes by many women. In other words greater variety of garment shapes was required. To
achieve this, women’s and junior hip adaptations were developed from the ASTM misses sizes.
Three inches were added to the hip for women's sizes and two inches werc subtracted for junior
sizes. These adaptations were not deemed necessary for all sizes, given the distribution of
women. Women's sizes were added for sizes 4 to 14 and junior sizes for sizes 10 to 16.

Four measurements were selected as "key”, or sizing, ditnensions: bust circumference,
waist circumference, hip circumference, and height. The resulting sizes in terms of these key
dimensions are shown in Table 3 and in Figures 2 and 3. In the figures, the lower right corner
of each size category represents the key dimension values for the size. The categories extend to
cover all the individuals in the sample who are smaller than the key dimension values, and
constitute an educated guess at who will wear the size. The actual clothing size worn will vary
depending upon design, ease, and fabrc.

Proposed ASTM values for bust and waist circumference were corabined with the three
sets of hip circumferences and three stature values (Petite = 63.5", Regular = 67°, Tail = 707)
in four-step regression equations to arrive at sizing values for other variables in the 18-size
system. Due to noted differences between the races, Blacks and Whites were calculated
separately. The values are shown in Appendix B (Table B-1).

The next phase involved developing a composite sizing system, i.e., one which used data
from the Whites as a base but incorporated data from Blacks (scc Appendix B, Table B-2).

Regressed values shown in Table B-1 represent the average value (50th percentile) for
that variable, Practical considerations dictated that many of these values be adjusted to
accommodate a larger segment of the population. This was done by multiplying selected normal
probability values by the error term and adding to, or subtracting from, the regressed mean.
Adding and subtracting "1 x the crror term” will give (roughly) the range for the middle two-
thirds of the population. Adding and subtracting the "error term x 2.33" will give a range
approximating the middle 90 percent or the Sth to 95th percentile. In the development of the
composite program it was often assumed that taking a garment in is easier than letting it out, so
arcer values were selected. Where there were no significant differences between Blacss and
Whites, White values were used tor calculation purposes. The manncer in which each variable
was developed tor the final composite sizing system is described below.

Neck Circumference

Because the Black values were larger than the White values, the composite size was
developed from the Black values plus 1.25 inches (error term x 2.33).

Shoulder Circumterence. Chest Circumterence at Scve. Chest Circumference below Bust, Waijst

Back jength

For these measurements, no significant differences were found between Blacks and Whites.
Because the majority of the population is White, White values were sclected. These variables




TABLE 3. Key Sizing Dimensions: 18-Size System

(Inches)
MISSES
Size Bust Waist Hip
Circ Circ Circ
4 | 32'7 247 35
6 | 332 252 36
8 | 342 262 37
10 | 36 28 g
12 | 372 292 40
14 ] 39 31 41
16 | 41 33 43172
18 | 43 35 45'7
__ WOMEN’S
Size Bust Waist Hip
Circ Circ Circ
4| 327 247 38
6 | 332 254 39
8 | 3412 267 40
10 ] 36 28 412
12 | 37+ 29'7 43
141 39 31 4472
JUNIORS
Size Bust Waist Hip
Circ Circ Circ
10 | 36 28 367
12 | 37'* 297 38
14 ] 39 3_] 397
16 | 41 33 41'*
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are not particularly critical to the fit of the garment {and are related to bust circumference
which is used as a key dimension) so ro adjustments were made.

Sleeve Inseam™

In order to accommodate Blacks, who tend to have longer arms and shorter torsos than
Whites, a common inseam sleeve value was selected for all sizes of a given length as shown in
Figure 4. This is a bivariate table of waist back lengih (used as a torso length measurement)
and sleeve inseam length with subjects plotted in tcrms of race values (1 = Whites, 2 =
Blacks). The three lines represent Petite, Regular, and Tall coats. The symbols in the middle
of the lines show sleeve hem length, and the line extensions represent the alteration ranges.
That is, the Size 6 Petite jacket would have the came (adjustable) sleeve length as the Size 14
Petite. As noted, the garment lengths are based largely on torso length and so, conceivably,
taller Blacks could actually get a better fit in a Petite coat if it has longer sleeves.

Sleeve Qutseam, Sleeve Length**

The values were developed from an additional three-step regression cquaiion using the
sleeve inseam, scye circumference, and chest circumference values for each size as input. The
values from this additional equation were used so the related sleeve variables would fit together.

Waist Height

This value was derived by adding crotch height and rise.

Crotch Height

For this variable the 95th percentile value for Blacks was used for all sizes and lengths on
the assumption that shortening slacks is easier than lengthening them. Again, this was done to
accommodate Blacks who have longer legs but who would wear Petite sizes because of shorter
rise values.

Crotch Length

This value is based on an additional four-step regression using rise, waist circumference, hip
circumference, and stature values for each size as input. This was done so that the lower torso
variables would fit together.

* This is a body measurement of inncr arm length corresponding to the location of the sleeve
inscam.

**These are body measurements of outer arm and spine-to-wrist lengths, respectively.
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Arm Circumference

White valves plus 1.38 inches (2.33 x error term) will allow accommodation for larger arms
(an apparent problem in the current blue coat).

Scye Circumference

As with arm circumference, White values were used plus (2.33 x error term).

Thigh Circumference

Blacks appeared to have larger thigh circumferences, so those values plus (2.33 x error
term) were used.

Rise

The cuncedn for this variable was to accommodate a larger portion of the population
without making it too long for Blacks. Rather than add the same error term adjustment to all
three length values, we derived the rises for each of the three lengths differently. For Petite,
the White value minus "1 x error term" (.74) was used. This should produce a better fit for
Blacks. By keeping crotch height at the 95th percentile, Blacks with long legs could get a
better fit wearing Petite sizes. Rise for Regular length remains as is, while rise for Tall is
adjusted to accommodate people with longer rises: White value plus (2.33 x error term).

When the Navy Misses sizes are compared to ASTM sizes for dimensions other than the
key sizing variables it appears that the Navy women have the following size characteristics:

o Larger Neck Circumferences for the smaller sizes (4, 6, 8).
Differeuces in neck circumference measurements decrease in the
widdle range of sizes and, finally, cross over; at size 18, Navy
women have smaller Neck Circumterences.

Smalier Crotch Lengths, with differences between the two groups
increasing as the sizes increase.

*Larger Arm Circumferences for all sizes.

*Larger Thigh Circumferences for all sizes.

Shorter Waist Back Lengths.

Larger Scye Circumferences.

It should be noted that the above differences are a rcsult of comparing only the Navy
misses to ASTM misses values. The addition of the junior and womens sizes should provide e
greater accommodation. -

*These were garment regions which were too small in current Navy garments.
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The next step was working with pattern makers and graders from the Navy and industry to
develop realistic grading for those dimensions required by pattern makcers. Using the composite
system as a foundation, adjustments were based on recommendations from pattern makers and
graders with regard to the feasibility of indicated changes. For example, a 3-inch addition to the
hip area was thought to be too extreme, and one that might result in an oddly curved garment.
A two-inch addition was made, and a few sizes were added in exchange. The final numbers,
calculated in terms of + differences from size 12, are given in Table 4. The data are shown in
eighths of inches, the unit of measurement used by pattern makers. This final set of sizes are
shown by key dimensions in Figures 5 and 6. As with Figures 2 and 3, the key dimension
values for each size are represented by the lower right hand corner of each size category. A
single category .acloses all women in the sample who are smaller for both key dimensions,
except those who are small enough to be included in a smaller category. This is an educated
guess at who will wear each size. Actual clothing size will vary depending on design, ease, and
fabric.

Two cautions should ke emphasized for users of this sizing system: First, it is important to
remember that the values in these tables are body measurements and that appropriate
adjustments must be added for pattern making. Second, this sizing program is, as yet,
experimental and should be thoroughly fit-tested before wholesale use is made of it.




TABLE 4. Proposed Sizing System for Navy Women’s Clothing

Misses
Petite

4 6 8 10 12 14 16 18 20
Neck Cichmference R B s _1/4 147,'8 + /4 +3/8 +3,’8 + /8
Shoulder Circumference | - | - | 1V | -1V [ 4212 | 41 | +1% | +1%% | +3#
Chest Circumference
at Scye s o | g | e | gsie | qwe s | s | g
Chest Circ&mference
below Bust RS =L -1 -1 3178 | +1 +1M 1) 41
WaiSt Back LCngIh _a _1/4 1/4 _1/4 151/8 +‘/‘3 +l/4 +1/4 +1/4
Sleeve (‘)utseami _1/4 _1/4 1/4 _1/4 225/3 +- 1/4 + 1/4 + 1/4 + 1/4
Slecvc ungth* R% 4 3/3 s 323/4 + 3/8 + 12 -+ 12 + 12
Sleeve Inscam*® 0 |0 0 0 17721 0 0 0 0
Waist Height s | s 1B 18 4 | 48 L L 418
Crotch Height 0 0 0 0 210 0 0 0
Crotch Length N L IR Rl I IR T )
Arm Circumference Jdropan B LSR 13 4R + 7 +™ 10
Scye Circumference AN I I G B G Bl +3# +% 10
Thigh Circumference M AA gl s 2658 | 41 | 4118 | w1 |0
RISC _1/8 _1/5 _1/8 _1/3 101/1 + 1/8 + 1/8 + 1/8 + 1/8
Bust Circumference 1141 Q12 37 #1242 +2 +2
Waist Circumference o S| 5 LG S LG B ‘LG IS LG ) +2 +2
Hip Circumference -1 -1 1712140 +17 | 42 +2 +2

“Body measurcment




TABLE 4. Proposed Sizing System for Navy Women's Clothing (cont’d)

Misses
Regular
4 6 o 12 14 16 18 20 {

Neck Circumference s s . JU UL B +3R +3R +33
Shoulder Circumference | -® | -™® v WAICHN TS LARNE (RS LA S EAR S B
Chest Circumference
at SC}'C m _7/8 _-11/4 _11/4 353/4 +11/4 +15/8 +15/8 0
Chest Circumference
below Bust AN R -1 -1 317 | +1 NS AT S LA B b
WaiSt Back I_,Cngth 4 4 4 R ]61/8 +1I4 +1/4 +1/4 +1./4
Slecve OutSCam * _1/4 _l/4 _ll4 _1/4 235/3 + /4 + 1/4 + 1/4 + 14
Sleeve Le“gth* _1/4 _1/4 _3/8 _3/8 333/4 +3/3 + 12 + 12 + 12
Sleeve Inseam* 0 0 0 0 18" | 0 0 0 0
Waist I‘Ielght R 1B 1B 138 443/8 +1/8 +1/8 +1/8 +1/8
Crotch Height 0 0 0 0 331 Q 0 0 0
Crotch Length _3/8 _3/8 _5/8 _5,/8 283/4 + 5/8 + 3/4 + 3/4 0
Arm Circumference R RGN L 127 | 4B +78 + 10
Scye Circumference RGN I LR IR )0 R L CRE B RL IET K
Thigh Circumference S AR 2638 | +1 | +1PR | 1% |0
Rise _1/8 _1/8 _1/8 _1/8 111/8 +1/3 +1/B + 13 +1/8
Bust Circumference 11 B GO O R ICI iy CaN IS LI ') +2 +2
Waist Circumference 14 -1 12 V2 2912 ) 41 | 42 +2 +2
Hip Circumference -1} -1 A1 140 | +1 ) 42 +2 +2

*Body measurement




TABLE 4. Proposed Sizing System for Navy Women's Clothing (cont’d)

Misses
Tall

il 6| 8| w012 14| 16| 18] 2
Neck Circumference AN R S I S B VUL B +38 +3 +38
Shoulder Circumforénce SN DL IS LA IS LA I OO IS LEATE (S CA N S EA TN S R
Chest Circumference | "
at SCye _3/4 _3/4 -1 1/4 _1 1/4 357.’8 + 11/4 + 15/3 + 15/3 O
Chest Circumference 7
below Bust AR B -1 -1 31 | +1 +1¥ | 418 e
Waist Back un(gth _1,’4 R 4 R 171/8 + 1/4 + 1/4 -+ 174 4 1/4
Slecve Outseam* -1/4 _1/4 _1/4 _1/4 245/8 +1/4 +l/4 -+ 1/4 +1I’4
Sleeve Iﬁngth* __1/4 _1/4 _3/8 _3/3 343/4 +3/8 + 12 + n + 172
Sleeve Inseam* 0 |0 0 0 19 1 0 0 0 0
W’aist Hcight 1B _1/8 s 8 463/8 + 1/8 + 178 + 13 + 178
Crotch Height 0 10 0 0 341 0 0 0 0
Cl’OtCh ungth 38 _3/8 _5/8 58 305,’3 + 5/8 + 3/4 + 3/4 (J
Arm Circumference S RO I A I VA B + 7 +™ 10
Scye Circumfcrence SR LI I ISR /(R B LG IS G S L 0
Thigh Circumterence A 20 1 #1410
RISC _1/8 _1/8 _)./8 _1/5 121/8 + 1/8 4 1/8 + 13 + 173
Bust Circumterence S | AV 37V 41 42 +2 +2
Waist Circumference 1] V2V 29 | 1 | 42 +2 +2
Hip Circumfcrence -1 |40 +1% | +2 +2 +2

*Body mecasurement




TABLE 4. Proposed Sizing System for Navy Women'’s Clothing (cont’d)

Women'’s
Petite

& 8 10 12 14 16 18
Neck Circumference | -1® | -V | V4 | 1478} 418} 438 ) 43
Shoulder SUCEEE IO CARN I LA I O RO IS CAT IS EA IS R
Circumference
Chest Circumference
at Scye | g | g | 357 | g | g 0
Chest Circumference
below Bust Sl I | -1 3178 | +1 +1 L 41
Waist Back Length | - | v | | g5 | 4w | g | g
Sleeve Qutseam* A A B Al 414 14
Sleeve Length* AT B 3234 | 438 +12 +17
Sleeve Inseam* 0 G 0 1721 0 0 0
Waist Height RLE I A IR I VA L B L L I
Crotch Height 0 0 0 RMI0 0 0
Crotch Length | s | | g | 48 |0 0
Arm Circumference | -2 | -# | ® | 1453 458 | 0 0
Scye Circumference | -® | -2 | -2 | 19® | +12 {0 0
Thigh Circumference | -** | -1 | .18 | 288 | +1"® | 0 0
Rise e e N R S I
Bust Circumference | -1 | -1'2 | -1V | 372 | +1'2 | +2 +2
Waist Circumference | -1 | <12 | 212 ¢ 28 | +1% | 42 +2
Hip Circumference A a2 a2 +1'7% | 42 +2

*Body measurement




TABLE 4. Proposed Sizing System for Navy Women’s Clothing (cont’d)
‘Women'’s
Regular
6 8 10 12 1 16 18

Neck Circumference A I R T I T A BT A S IS G

i Shoulder Circumference | -7® | 1% | -1¥ | 42V2 | +1Y¢ | +1%% | 1%
Chest Circumference

| at Scye o | e | 3e |41 | o 0
Chest Circumference
below Bust AR S| -1 317 | +1 +1" | +1
Waist Back Length SATE I A I B UL B LA IR I
Sleeve Outscam* A IS A Xl +14 +14
Sleeve Length* R L T O %S IR R DT
Sleeve Inseam* 0 0 0 182 10 | 0 0

l Waist Height S I B VG B L L I L I
Crotch Height 0 v 0 B0 0 0
Crotch Length SGEN L S B2 B L L ) 0
Arm Circumference S I R i IS K 0
Scye Circumference L I I O TS PRI I 0
Thigh Circumference AR a1 P28 | 41" | 0 0
Risc S B R 117} 418 + 1 A1
Bust Circumference o N S LG B G I RGO IS L ) +2
Waist Circumference 1A 2 29 #1242 +2
Hip Circumference 11 42 +17 | +2 +2

*Body measurement
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TABLE 4. Proposed Sizing System for Navy Women'’s Clothing (cont’d)

Woman’s
. Tall
e 6 8 10 12 14 16 18

| Neck Circumference B R e | 3 43R
Shoulder Circumference | - | -1 | -qV¥ | 4212 | 414 | 4194 | 1%
Chest Circumference
at Scye ROV 1 36 ] +14 | 0 0
Chest Circumference
below Bust AT | -1 317 | +1 +1V4 | 41w
Waist Back Length RS IS IS I AL B LA L A
Sleeve Outseam* R RO IR A 25 S L L IR
Sleeve Length® | |8 |38 [3gm |4 | 4w | 4m
Sleeve Inseam* 0 0 0 192 1 0 0 0
Waist Height JBLIR B 4630 | 4B ) 4B 418
Crotch Height 0 0 0 344 10 0 0
Crotch Length ST IR L ) S R 0
Arm Circumference RO L LI B K LA B L Y 0
Scye Circumference SRz 20 +2 10 0
Thigh Circumference S 18 ] 28 +1% 1 0 0
Risc R I VL L T R
Bust Circumference = N P LG IS RO 5 LG IS GO ) +2
Waist Circumference 1 297 ) #1242 +2
Hip Circumference 111 | 42 +17% | +2 +2 |

*Body measurement
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TABLE 4. Proposed Sizing System for Navy Women’s Clothing (cont’d)

Junior
Petite

10 12 14 | 16
Neck Circumference R 148 + 14 43
Shoulder -1 4217 +111 | 4134

i Circumference

Chest Circumference
at Scye S L I ST IS LU BT
Chest Circumfzrence |
below Bust -1 31" | +1 L1
Waist Baék Length A 1513 | 4.1 +V4
Sleeve Outseam* R 225% | 414 414
Sleeve Length* R 334 | 48 12
Sleeve Inseam*® 0 172 10 0 7
Waist Height -1 424 | 4| 4@
Crotch Height 0 2 10 0
Crotch Length R 27 +58 4
Armm Circumfcrence S 123 | 48 +m
Scye Circumference 12 20 | +17 458
Thigh Circumference M 28 1R IR
Rise -1 1017 | 4+ | 4
Bust Circdmferencc -1'7 TR #1742
Waist Circumference 117 297 #1742
Hip Circumference -1 ] 38 +1% | 42

*Body measurement
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TABLE 4. Proposed Sizing System for Navy Women's Clothing (cont’d)

Junior

Repular

10 12 14 16
Neck Circumference 14 1477 |+ +38
Shoulder STCIN VIR IS LE I L
Circumference
Chest Circumference
at Scye S LA IR RCN BES LAl B R
Chest Circumference
below Bust -1 327 | +1 +1
Waist Back Length 4 168 | +1 + 4
Sleeve Outseam* A 23} 414 414
Sleeve Leﬁgth" B 330 | 43 | 42
Sleeve Inscam® 0 182 10 0
Waist Height -1 4438 | 418 | 4B
Crotch Height 0 3" 10 0
Crotch Length -1 28 FICL I I 1
Arm Circumference S 1238 | 438 +R
Scye Circumference -2 20 + 12 +3B
Thigh Circumfcfcnce M) 28 g1 ) 1
Rise 1B 1118 418 418
Bust Circumference A7 [ 37R | 41 | 42
Waist Circumference AV 29V | 417 | 42

| Hip Circumference -1 | 38 +17 | +2
*Body measurement




TABLE 4. Proposed Sizing Systera for Navy Women’s Clothing (cont’d)

Junior
Tall

10 12 14 16
Neck Circumference R 1477 + U3 437
Shoulder 1w 4217 19 | 410
Circumference
Chest Circumference
at Scye v 358 | 4que | 5@
Chest Circumference
below Bust -1 31" | +1 +11
Waist Back Length Vs 17v8 R 414
Sleeve Outseam™ W 2453 414 14
Sleeve Length* S K2 SR B
Sleeve Inseam* 0 19" 10 0
Waist Height R 46°8 418 +18
Crotch Height 0 33" 10 0
Crotch Length 1z 2978 + 508 44
Armmn Circumference 58 12 +5° + 8
Scye Circumference -1 201 | 7 + 38
Thigh Circumterence 113 25 +1% 12
Rise 18 1218 +18 417
Bust Circumference -1 377 #1742
Waist Circumference 117 297% L #1242
Hip Circumference -1 | 38 +117 1 +2

*Body measurement
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Weight

Height

Neck
Circumference

Shoulder
Circumference

Chest
Circumference
at Scye

Bust
Circumference

Chest
Circumference
below Bust

Waist
Circumference

Hip
Circuinfereiice

Waist Back
Jength

Sleeve Inseam

Sleeve Qutseam

APPENDIX A

MEASUREMENT DESCRIPTIONS

Weight to the nearest 0.25 pound of a subject standing on
the center of a balance scale platform.

The vertical distance from the floor to the top of the head.

The circumference of the base of the neck (this
circumference is not in a plane perpendicular to the axis of
the neck).

The horizontal circumference of the shoulders measured at
the level of the greatest lateral protrusion of the deltoid
muscles.

The horizontal circumference of the trunk measured with
the tape high in the armpits.

The horizontal circumference of the trunk measured with
the tape passing over the bra points.

The horizontal circumference of the trunk measured at a
level just below the cups of the bra.

The horizontal circumference of the waist at the "natural"
waist level.

The maximum circumference of the hips at the level of the
maximum posterior protrusion of the buttocks.

The surface distance from the waist to cervicale.

The distance from the anterior edge of the armpit to the
little finger side of the wrist measured with the arm
slightly abducted, the palm held forward, and the tape
tense.

The distance from acromiale to the thumb side of the wrist

measured with the arm slightly abducted, the palm held
forward, and the tape tcnse.
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Sleeve Length

Waist Height
(outseam)

Crotch Height
(inseam)

Upper Thigh
Circumference

Scye
Circumference

Crotch Length

Forearm
Circumference

APPENDIX A

MEASUREMENT DESCRIPTIONS (Cont’d.)

A tape with its zero point on the midline of the spine is
passed horizontally around the right shoulder and over the
tip of the elbow to the wrist landmark. The measurement is
made while the subject holds her arms up in a horizontal
position parallel to the standing surface and joins them by
bringing the fists together at the metacarpophalangeal and
proximal interphalangeal knuckles. The forearms and fists
are in a straight line.

The vertical distance from the floor to the natural waist
level.

The vertical distance from the floor to the midpoint of the
crotch.

The circumference of the leg in a plane perpendicular to
its axis measured at the level of the lowest point of the
gluteal furrow.

The circumference of the scye measured with the tape
passing through the armpit and over acromion.

The surface distance measured from the waistfront at the
level of the natural waist through the crotch to the waist
tack at the same level.

The maximum circumference of the lower arm as measured
in a plane perpendicular to its long axis. The elbow is
flexed 90 degrees, the upper arm is horizontal, and the fist
is tightly clenched.
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APPENDIX B

PRELIMINARY SIZING TABLES IN DEVELOPMENT
OF A SIZING PROGRAM FOR NAVY WOMEN’S UNIFORMS
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TABLE B-1. Regressed Means (cont’d)

Size 18
Petite Regular Tall

Misses Misses Misses
Whites | Blacks | Whites | Blacks | Whites | Blacks
Neck Circumference 14.20 | 14.39 14.35 | 14.58 14.49 14.77
Shoulder Circumference 47.15 | 47.03 47.29 | 4738 47.44 47.74
Chest Circumference at Scye 40.00 | 39.77 40.12 } 40.01 40.24 | 40.25
| Chest Circumference below Bust 35.82 | 3523 3597 | 35.44 36.12 35.65
Waist Back Length 15.76 | 15.60 1645 | 16.33 17.15 17.05
Sleeve Outseam 2224 | 2311 2345 | 2438 24.65 25.65
Sleeve Length 1238 | 3301 | 3379 | 3457 | 3519 | 36.12
LSleevc Inscam , 1670 | 17.49 17.76 | 18.80 18.82 20.11
Waist Height 39.75 | 39.85 4221 | 4235 44.66 44.84
Crotch Height 28.66 | 29.33 30.71 | 31.50 32.75 33.68
Crotch Length 29.97 | 29.51 30.54 | 2947 31.12 29.43
Arm Circumference 14.28 | 14.56 1391 | 14.02 13.54 13.48
Scye Circumference 18.69 | 20.31 18.84 | 20.11 18.99 19.92
Thigh Circumference 28.14 | 28.80 27.77 | 28.58 27.40 28.37
Rise 11.ib 10.53 11.50 | 10.83 11.91 11.12
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