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FOREWORD
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INTRODUCTION

Regpirators designed to afford dust protectibn‘undoubtedly
go fur back in the history of man. »ng early as Roman times
there wag concern about the effechs of dust and fumes in lead
mines and refineries, By the 1%th century, dust regpiratorg
were relatively comnon but nﬁ real study of the probklems of
respivator design had been undertaken and d4s a conseguence the
efficiency of these devices was relatively poor.

For ovar 100 years canister resplirators have been in use
ln industry and agriculture. It was not until podison gag was
used in World War I, however, that intensive research and develm
oprment was conducted in their design, From the initial crude
emergency devices issued as stop~gap measurss early in the war
ware evolved a series of efficlent canigter resplryators that
reduced the devastation of polaon gas warfare, Whe war related
researeh vastly improved concepts in respirator design, in
rmetheds of fabrication and agsembly and established some stand-
ardization in tests and inspectian.

While industrial and acrxicultural resplrator dessign has
benefited imneasurably from the reseavch conducted by the
military astablishments, much remains to be done. The raessarch
degeribed in this report was undertaken to £fill some of the gaps
in ocur understanding of the proper siving and design of commer-
¢ial respirators and raelate o three separate but intarvcelated

tasks desoribed in the following sections.



SECTION I

~Task l. Assist in the preparation of anthropometric specifi-
cat'ong which will desoribe the head and face of United States
male and female workers,

Qur initlal activity under this task was +o compile the
available sources of anthropometric data For United States
male and female workexs. The data were then examined to
determine their appropriateness for use in establishing anthro-
pomatric specifications of the head and face.

The majority of the anthropometric data sre from four
primany sourasg:  a) growth surveys; b) anthropometric sunveys
of students; ©) health and ccoupational sarveys; and Jd) militaxy
anthropometric gurveys,

(a) 7The anthropometric data from the various growth

surveys are of very limited value for our particular

purpose, In general, Lhese data are obtained from
intensivae longitudinal studies of small reglonal semples
and do not include comprohaensive measurements of the head
and face. The studies arae gquite naturally concentrated
on the early growth years with 1ittle usable anthropo-
metric data for the post adeolascent ages being yathered.

(b) A nanbey of anthropometyic studies have been nade

of wvarious student populations. Those made on ¢ollege

gtudents are typically oriented toward entering freshmen

{L7-19 years of age), include a relatively few body



dimensions and axe in woat ingtances a generation or so

out of date. nven were exﬁ&nsive data available for the

student population, it would necessarily be maxginally

useful to 1y due Lo the young age of the samples and the
probable melective nature of the colleye population.

{¢) The anthropometyy of occupatiocnal groups, partioularly

those groups that are drawn from industrial or consumer

populations, would be most useful, It is unfortunate that
the relatively few studies of this natune conducted in the

United States congider a very limited number of body

dimensions and these are usually very specifically related

to work space -layout. None of the studies examined insluded
any head and face measuras that would he representative, in
ever suggesiive form, of the broad civilian working
populations,

Damor and McFarpland (1965), for examplue, have gurveyed the
anthropometric data avallable for occupational groups and con-
cluded that "wcoupational anthropometry has been somewhat
naglecgted despite its relevanca . . " Cortainly such zesearch
in the United States lags far bLehind that accomplished Ly
redearchers 1o Burope. In their report Damon and Moiarland
gave anthropometric data on some 272 rugular truck bug drivers,
and 103 uvhawmpion truck drivers as part of the reseavch heing

conducted on highway trangportation safoety., 0Ff the 40 some



dimensions ieasured on this occupational group, only one, head
circﬁmfexence, is a measure of primary interest to us. |

| Previous ressarcn by Garn and Gertler (195)) investigated
the difference in physigue hetween research workers and general
factory workers in the same plant., Rgain we £ind the cuphasis
in this research is on gross physical size aa& physigue with
little or no attention Eéing glven to mefric de#cription of the
head and face.

#Znow and Snyder {1965} conducted an anthropometric survey
of 684 air traffic controllers to obtain design data for layout
of work spaces., Of the 75 dimengions included in this survey,
only three (head circumference, biltraglon-minimum frontal arc
and bitragion-submandibular are) were measures of the head and
face,

The mest recent andé extensive researxch of ogcupational

anthropomatry was that of Stoudt and his co-workers in their

study, Static and Dynamic Measurements of Motor Vehicle Drivers
{1970)0 The study was undertaken to provide degcriptive data to
be used "to ensure automebile drivers and passdngers adequate
spatial accommodations in thelr vehicles incluéing clearance
around their bodles, access to points of optimum vision from the
vehinle, access to controls, and comfortable, fatigue-preventing
seats." As expected, the study voncentrated on thasze parameters
which are critical to work space and driving with ro head or

fave dimensiona being included,



' Occupational anthropometry has not been widely undertaken
in the:United States and those gtudies that have bggh condudted
were rather épécific in nature. It is not surprising; therefore,
that this particular source of anthroPOﬁetry is of guch limited
value in our particular problem.

Broad anthropometric surveyve of United States adult
civilians have never been accomplished. An anthropometric
survey of adult women was conducted by the U, S. Deﬁartment of
. Agriculture in 1939-1940 and included some fifty-nine anthropo-
metric variables measured on 14,698 women who ranged .in age
from 18 to 69 years, The emphasis in the survey was to provide
data for use in improving the fit of women's garments and
patterns. - As might be expected, there were no dimensions of
the head and face measured in the survey. 7

The most recent anthropometry of U, 8. civilians is that
obtained during the Health Examination Survey conducted during
the period October 1959 - Decembsr 1262, In this survey some
6,672 sample persons (civilian adults living outside institu-
tions) ranging in age from 18 to 79 years were examined from a
nationwide probability sample of 7,710 persons, The anthropo-
metric findings from this survey have been reported (Stoudt,
et al, 1965, 197Q) and, while current and undoubtedly repie-
sentative, are of limited use for our purpcges. The gurvey

included age and sex digtributions for the following variables:



a) weight, b} beight, ¢} sitting height (exrect)y, d4) sitting
heighg_(ﬁormaﬁ, e) knee height, £) popliteal héight,
g} elboﬁ-reét height, h) thigh.elearance.height, i) buttock-
Knee length, j) buttock-popliteal langth, k) elbow—to-elbow
breadth, 1) seat breadth, m) triceps skinfold, n) infra—scépular
skinfold, o) right arm girth, p) chest girth, g) waist girth
and r} biacromial diameter, It is unfortunate that the selec-
tion of dimensions for this survey was primarily for purposes
of work space layout and nutritional assessment and are not
relevant for siziry and design of personal protective equipment,
(d) The remaining source of anthropometric data is
surveys of military populations., This source of data
48 particularily rich and current since each of the United
ftates military services has completed a major anthropo-
tietric survey of its members within the last seven vears.
A listing of a number of post World War II anthropometric
survers of military personnel is compiled in table form belcw
{Tablr 1).
lthile not all U, 8, military anthropemetry ig included
here, an attemp* was made to 1linst the major sources of asuch
data. The surveys listed include not only data from each
service, both male and female, but in a fashion are samples
from different segments of the populaticon, The 1346 Army

gample, for example, wasg a composite group of Army men and had
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in common only that they were being processed for discharge ocut
- of the Army at one of ‘several separation centers. The 1946
Army women's sample similarly was compoéed of nurses, WAC
officeis and enlisted women, etc¢. who were being separated from
active duty at the end of World War II. The very heavy manpower
denands made by the services during.World wiar 11 necessitated
the relaxing of physical standards normally maintained by the
military establishments sc that the 1946 U, 8, Army male and
female sampies were in all probability broadly representative
in body size of their age groups in the civilian working popu-
lation at the time of the survey. The 1967 Air Force fliers
sample, however, is composed largely of rated fliers; that is,
officers on flying duty. This sample is¢ characterized by indi=-
viduals drawn from the upper suclo-economic levels of out society
with a relatively high educational level and are in better than
average physical condition., 8imilar selection criteria are
characteristic of the 1950 Air Force fliers and 1964 Navy
fliers samples and to s lesser degryee the 1870 Rrmy flievs sample.
The latier sample is primarily composed of officers and Qarrant
officer helicopiter pilots and warrant officer candidates undexr-
going helicopter flight training,

The 1365 U, &, Alx Force gample if predominantly but not
exclusively vomposed of airmen undergoinyg basic training. The
1966 Army, Mavy and Marine samples are also pradominsntly recruits

measured during basic training.

w B -



In Appendix A are summarized the anthropometric data.for
h’ea;d and face measurements from these military surveys. .The
chart includes the mean and standard deviation {céntimeteré) for
each head and face variable from each of these military surveys.
The vwariables of age (yeara), height (centimeters) and weight
{pounds) are xnlso listed for each sample at the bottom of each
-column.

The 1967 U. 8. Alr Torce survey is listed to the left as
it wag the most complete in terms of the number of Qariables
congsidered. The othex surveys were searched for variables which
could be considered comparahle to the USAF 1967 dimensions and
these were then listed for comparison. In one case, a variable
of some jinterest to us (naszl root breadth) was not measured in
the USAF 1967 survey but was measured previcusly ané this was
then included in the final listing of variables. The compara=
bility of the listing was determined by comparison of the measure-
ment descripticns from the various surveys. As a number of the
purveys listed here have not been published, we have worked from
the notes made available to us by the pringipal investigator in
charge of the survey. Spme inconsistencies may still exist in
these rdata; that is, measures from different surveys that are
listed as comparable may net be equated due to differences in
interpretation of anthropometric landmarks and the like, It is
of oonsiderable interest to note, however, that when well estab-
lished landmarks are used for a particular measurement (e.qg.

tragion), differences among the various surveys become quite small,



In these military surveys, we find a wealth of head and fzce-
anthroﬁometric data'immediately available for uge, The Queatibh
‘that remains, therefore, is determining if tﬁese data can be used
fo adegquately characterize the head and face size of U. 8, civile
ian workers. Were data for even a few head and face dimensions
available of a representative civilian sample, it would bhe
possible to make direct comparisons between the civilian end
military for comparability. As no such data appear to exist, we
must use an indirect technigue to evaluate the appropriateness
of ntilizing the militarv szichropometry as design data for
clvilian werkers.

The ¢ivilian bady size data obtained during the 1%60-1962
Health Survey is probably fairly representative for the U. 3.
civilian population. We can, therefore, use the general body
measures of height and weight as a comparison with the various
military samples {(Table 2). Height and weight are not unrealistic
measures for such a comparison as they do define gross body size,
In addition, there is a relatively high relationship of stature
with other measures of body linearity and of weiyht wlth measures
of body circumference, breadth, depth and volume. (For a detailed
discussion of the practical use of these relaticonships, see
McConville, Alexander and Velsey, 1963.) From this it would
appear that the USAF 1967 sample was slightly taller (+2 cm) than

®
a comparabhle age group of civilians and some two pounds heavier.

The weight of the civilian population does include light clothing
below the waist which would add a little over two pounds to the
mean values for the male sample and somewhat less than two pounds
to the mean values for the female sample, .

- 10 -
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The WAF 1968 sample w;s_oﬁ approﬁimately ;he'same stature asré
coﬁpar&bla §§e cYoup oﬁrciviliéh women but some two pﬁunﬁs
lightey.

The nmost marked differencs between the civilian and USAF
data 1s in the standard deviation for weight and to a lesger
degree for stature. This would indicate that the distribution
bf'valﬁéa fér the civilian samples is mucﬁ broader than in the
military populations. This ig not unexpectad ss the military
services do maintain limits on body =ize for individualsg
inducted into the services. It should ba remembered, howaver,
that the Health Survey data include "ecivilian adultes living
outgide institutea" and as 3 cousequance contain individuals
who may not, due to hesalth or physical size, be normally
included as members of the work force especially in aress of
work where personal protective gear such as respirators are
required.

One additional factor should be printed ocuf and +that is
the relative agreemsznt in wvalues for height and weight from
the 5th to the 95th pergentiles (the rauge for which sizing
programs are usually developed) between the civilian and niliw

tary samples. This correspondence is illvstrated in Takle 3:

- 12 -



TABLE 3

Comparison of Body Size of Various
V. 8. Civilian and WSAF Samples -
5th & 95th Percentile Valueg

MALE Age
fealth SBurvey 18-24
25-34
35-44
45-54
55-64
USAF 1967 30.0(6.3)*
FEMALE

Health Survey 18-24

25-34
35-44
45-54
55-64
War 1968 22,9(6,.5)}%
L. .
x (8D)

Weight {lbs) Stature {em)
5¢h -~  95%th Hth - g54h
124 « 24 163.3 - 183.9
129 2231 163,66 -~ 184,7
134 =~ 219 163.1L - 182,1
131 -~ 219 lgz.6 ~ 182.1
123 - 212 139,88 ~ 180.3
140 - 211 167.4 « 187.,7
89 -~ 170 152.4 -~ 172.5%
102 191 151.6 - 170,9
109 -~ 204 151.4 -~ 17G.7
106 h 205 15001 - 170;7 ]
112 - 211 148,23 ~ l69.2
102 -~ 156 152.4 - 172,2




The largest discrepancies in Table 3 appear to be those -
asgociated with weight and primarily ir that the military dats,
ds not adequateiy cover either the lecwer end of the male weight
digtribution or the upper end ¢f the female waight distribution.
These discrepancles are not as serious as they may appear,
however, if we can assums that personal protective egquipment
desaiyn programs for indusirial workers will be for the total
working population'and will not normally be unique to one or
the other mex, If this assumption is reasonable, then the lower
end of the male weight distribution not covered by the male
military series falls well within the uppexr and of the weight
distribution of the female militaxy series, By the same token,
the upper end of the female weight diatribution not covered
by the female military serxies falls well within the lnwer distri-
khution of the male military series. The ellipses in Figure 1
illustrate the degree of commonalty of the male and female
military data for the dimensions of height and weight.

In terms of gross body size the military data, as represented
by the most current of the Air Force male and female samples,
approximated reasonably well the gross body size of the civilian
population,

Even were these measures of gross body size to show greater
diffarances than in Tablae 3, this would not necessarily rule out
the use of the military head and face data for civilian design

probiems, The primary selection for military service is baged

T
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. upon specific limits of age, genexal health, intelligence,

stature and weight, None of these zelective factors necessarily
'xéﬁtxict'ﬁhervariability,of the head and fazce in the military
populatinn, The selectien factors that might reagonably be
@xpgcteﬁ to restrict head and face variability are the variables

wf age, heilght, and weight. &ppsndix B indicates the correlation
coefficients for measures of the head and f&ce'with-age,-stature
and weight, The coeffivientz given are for the interrelation-

shipe determined from the USREF 1967 data but are representative

«f thoge for other military and civilian samples as weil., What

i immediately apparent frow this listing iz the generslly

moderate to low relationship of hwad and fage dimensions with
heidht, weight and age. In evaluating the meaning of these gor-
relation coefficients, we may use the value of the corralation
coefficlent wquared (r?) to give an indicator of how the variables
are "restricted" by the variables of age, stature and welght., Using
manton-to~nasaxl root (face length), we see the corxelations of 118,
<277 and ,230 respectively with age, whature and yeiaht, wileh
indicaka that some 1% of face length variance iu aﬂscciaﬁed with
aye variahce, some B% with stature variance, and some 5% with walght
variuance. From this we may conclude that exisiing military standards
for sye, weight und stature do not necessarily restrive the dimen-
sione of head and face siwc vecause of the demonstrable moderate to
low relationship of the selection critveria with the dinensions of

the head and face,



For these reasoué_wa bgliQVe that the military head and
facé-anthrOpometric data can bhe used with qo0od ccﬁfidencé'in
the establishing of design criﬁéri& for the civilian-wofking.
population with no sdiustwents of the military data baing
necessary. From the military dato, we would gelect the Aix
Force 1967 male and the 1963 female head and face anthropomnetric
‘data as most appropriate for use. This selection is based upon
a number of faetofs which include the currency of the data, the
number of vaviables measured, the age and the gross beldy size
of these samples,

Compayrisong of wmale and fenalse head snd faee data for estab-
lishing size and desiqn eriteria of personal probective eguipment
hag not, to our knowledgs, been previowsly made. Tt is, thereforve,
of gome intarest to examine the available data with this purpose
in mind.

The date listad in dppendix A can be vsed to debternine the
magnitude of the differenve in the dimensions of the head and
face between male and female samples. ‘The most complete set of
‘pomparable data Le that from the VARF 1967 male and the ALlrn Foroe
Women 1968 survays. While there were significantly fewer dimen-
glong weasured in the women's survey than in the men's survey,
there are sufficient data tabulated for gome meaningful comparie-
aong.  The nodt obvious difference in the comparison of head
and fuce mean values Ls the generally smaller values for each
fonule dimension, 7he dimengion menton- so-nasal root depression

(face lengan)y for the females ls only 88% of the male average
1 ]



‘value and the dimensionldf‘bizyQOmatic breadth (face bfeﬁdth)
for women approximately 91% of the male mean valus. In general
we f£ind in thié éomparison that the female face appears to be
dimensionally smaller but not significantly different in propor=
tionality. The small differences in head and face pxoporti&ns
hat do appear to exist are of possible minor significancg fof
deéign purgoses.. | |

In Appendix C are given a series of hivariate ellipses for
selected head and face dimensions with the male and female data
plotted in the same graph., Each pair of ellipses is shown on
three consecutivé graphs with probability samples of 90%, 95%
and 99% being illustrated, The graphs for face breadth and face
length, for example, illustrate the slight difference in propor-
tionality betwsern the male and female data through the difference
in orientation of the major and minor axes of the two ellipses.
These graphs, in addition, demonstrate the degree of coincidence
and unigqueness of the male and female head and face data. We
might initially conclude from these data that female users of
personal protactive equipment could be accommgdated by the smaller
of the devices made for male users supplemented with one or more
items designed for the lower end of the female size distribution.

The guestion of ethnic variability in head and face size
has never been satisfactorily answered despite the many investi-
gators who have studied this problem. The availability of the

relatively large wmilitary samples with, in many instancesy, broad
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distribution provided the opportunity to compare the facial
.idimensions of some racial éﬁd ethnic subgroups 9xt2n£ in the

Unlted States population. The first comparison is Caucasian and
Negfo facial data drawn from the 1965 USAF male survey* and the
1968 USAF women's survey. This comparison is shown in Appendix

D. The first table of this appendix (b-1) is a comparison of Negro
and Caucasian head and face data with the samples being matched on
the basis of age. The head and face measurement differences which
appreached the 5% level have been highlighted. In the following
table {D~2; are similar data for females. In this instance the

data were not from matched samples, with the Negro subgroup being
approximately 10% that of the Caucasian group. Again, the differ=-
ences in head and face measurements which approach the 5% level
have been highlighted. Following these tables are a series of
graphs (D3-D13) in which the maie data showing the largest differ-
ences have been plotted as frequency distributions, In the
majority of instances, the distribution of values for the two
groups overlap to the point wherve design criteria based upon either
of the subgroups would largely accommedate members of the other
grouy, In a few instances, for example, nasal breadth (D~7) and
lip~to-iip distance (D-12), the desigyners should be aware of the
differences between the groups and adjust 'ds design accordingly

to acgommodate the wider range of variability.

* (]
The USAF 1965 survey sample is used for this comparison hecauss
it containg a broader racial and ethnic compesition than doszs
the USAF 1367 survey sample. !
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Additiconal racial-ethnic comparisong were attempted but were
not fuii&'éétiafactory._'ln.ﬁbé; miiita;y su:veyé:rgcial or,etﬁmic
de%ignation 6ther than for the primary races of Caucasian, Negro
or Oriental has normally not been obtained. 1In addition, members
of racial or ethnic groups when they can be identified often
occar so infreguently as to preclude obtaining a sample of
aufticient size for effective compariso£~ The data fréﬁ.ﬁhe'USAF
-1965 male survey have been used in an attempt to isolate additional
ethnic subgroups. In seeking to isolate a Spanish-American sub-
group, all subjects in this survey with a Spanish form of surname
were sorted into a single group. This group was then olagsified
as to birthplace. If the subject was born in Mexico or if one or
both of his parents were born in Mexico, then the subject was
clasgified as Spanish-American. A similar criteria of selection
was used to establish the Puerto~Rican subgroup, This ic admittedly
a somewhat weak method for establishing such subgroups but is at
present the only reasonable one available to us., ‘“he results of
this vomparisen are included in Tables D-14 and D-15, It will be
seen that mean differences for head ard face dimensions among the
racial and ethnic groups is relatively slight when evaluated in
terms of the variability within any one group. For this reison we
tentatively conclude that, for design purposes of hzad and face
personal protective eguipmsnt, we may work with the total gnoup
data. The conclusion is tentatively stated due to the small

sample size of the subgroups used in this comparxison.
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 SECTION IX
‘Task 2. Prepare sample respirator sizing programs.

The primary purpose of dividing men into a series of size
categories is to cbtain groups of men who are more or less alike
in a number of dimensions. The more alike the group of men are
in body size, the more satisfactorily they will be fittéd by a
single-size article, and the less the adjustability or £oleranee
the designer must provide.

The initial procedure in establishing any sizing system ig
to decide on a range of sgizes based, usually, on one or more
critical or key dimensions involved in a particular garment. For
example, in ready-to-wear clothing, shirts are ugually sized on
neck circumference and sleeve length, Clothing based upon these
dimensions therefore "fits" an individual in these dimensions but
otherwise it fits him only to the degree to which he conforms to
the manufacturer's standards used as the guide for the other dimen-
sions that go ianto the garment.

In practice, this system works reascnahbly well for the
loogely-fitting garments which make up the bulk of an individuwal's
wardrobe, In the development of personal protective equipment,
however, this approach may prove inadequate and may require
extensive modification of the item to prevent compromising the
functions for which it is designed, One sclution to the problem

of pooxr “fit" could be the sizing of a garment on the basis of all
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of its most criticai dimensions. A dress shirt, for exemple,
_eized on the basis of neck.ci;cumfexenqe and sleeva length, may
require Tive esleeve lenaths for each neck size, If five néck
aires nre also reguired, then a total of 25 shirt sizes are re-
gulred in oder to adequately fit the warisbility in body size of
the waing population. If the shirt must, through necessity, also ‘
fit the chest and waist girth as well as thé nack circumference
and éleeve length, the number of gizes increases radically. If
only four chest sizes and also four waist sizes are required, then
the total number of gines might become five times five times four
time four, or & tokal of 400 sizes to vluthe a gliven populaticon.
Suciy a solution ip economically unfeasible., It may be noted,
héwever, that 649 ghirt gizes are indicated az heing available in

a recent mail order catalog Lor a single tvpe of dress shirt and
this garment is sized solely on neck circumference and sleeva
length,

Control of thn variability within a size category can Le .
accorplinhed aither directly or indirectly. The direct appreach
is illustrated by the sizing of dress shirts in which the key
or controlling dimensions are an integral measure of the item
being designed. The indlvect apprcach usez the control achieved
by ihie use of key dimensiong which sare not a part ¢f the item
being designed but are highly correlated with the sizing dimensiong
involved in the item. An exanple off thias is the USAF height-weight

sizing wyetew for flying garments; neither of which are directly
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used in the defign of such garments., They c;n_bg usgd_as key
_diméﬁsions, however, because théy aie.highly correlated with
other measures of body lengths, breadths and girths that muét be
controlied in the sizing of the garments.

In selecting key dimensions for a complex sizing »rogram,
‘the final choice will of necessity be based on how well the
key dimensions control the variability of the cther dimensions
that are of importance in the fit of the item. The aﬁount of
indirect vontrol of cerxtain key dimensions must always be bal-
anted against the amount of direct control afforded by making the
Rey dimensions those which are the most critical in terms of fit.
Before such judgments can be made properly, it is necessary to
determinus the degree of control which will be cbtained by the
use of vsrious combinations of key dimensions.

Appendix E ig an intercoxrelation matrix for the head and
face varlables measured in the USAF 1967 survey. The data from
this survey are used because of the largs nunber of head and
face dimensions measured and the intercorrelations tabulated are
typical of those generally found for tha head and face. It is
immediately apparent from this table that the arcs correlate
highest with arcs, the length with leugths, ard the breadths with
breadths. It is also apparent that there is 3 negligible Jdegree
of relatimnsghip botween one class (length or bresdth) of wariable

and another, As Churehilll znd Truett have pointed out (1957),
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"The proportion of shall values among the head and_face correls-
tions is probably greater than would be found for any other major
'group of bbdy dimensions. +ssTruly, the dimensions of the'head
and face are, in the main, little related to each other.”

Because of the low coxrrelation among the head and facial
dimensions, a key dimension for sizing of respirators is not
readily apparent., In a successful sizing program for cral-nasal
oxygen masks, the USAF used face length and lip length as the kay
dimensions. They selected three lengths for face pleces {short,
regular, long) with each length having two widths {(narrow, wide)
vyielding a six-size program. After extensive fit-tests in the
field, the wide masks were found to be unnecessary and only the
reqular wide was retained because of the large number of subjects
(16%) who required it as their indicated size.

If two facial variables are used as key dimensions, we might
wish to select a length and breadth. If we use face length and
face breadth, for example, we would reduce facial variability in
any one size because of the relationship of the lengths with face
length and breadtlewith face breadth., In Appendix F is illua-
trated a bivariate frequoncy table of face length and face breadith
using Gata from the 1967 USAF and 1968 WAF surveys., The data from
the two sources have been combined in a aingle bivariate tahle in
order to sllustrate the degree of unigueness and overlap of the

m&le and female data. In a particular hivariate cell, for example
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that for individuals who have a: face length of frém 113.5 -
115.5 tm and & face breadth of from 133.5 ¢o 135.5 mm, we Find
the notation ;4/2?, ?his‘wowld indicate that 14 females and 22
maies have facial lengths and breadths within these limits., The
muhey to the left tsf the wlash always enumerates subjects from
the female gample, with the number to ¢he right always belng from
. the male sampla. Hote that considersble deyree of 6verlaﬁ does |
ogeur in the center of the table,

For illustrative purpnses, the variable of face length
{menton-rasal root length) is used as a key or sizing dimension,
In Appendix G are yiven sizing progrems for males and Females
using USAF 1967 and WAF 1268 data, The sizing programs consist of
five different sizing systems as shown in Table 4.

The data presented in the tablss of Appendix G are relatively
Belf~explanatory and will be discussed only briefly. The uanits
of measure are: age in yearsg, weight in pounds, and the remainder
of the variables in millimeters. The infcrmation on the sheet
includes the size system, the method of computation (direct or
regression), the number of individaals falling within the sizing
category and the percentage of subjects within the sizing system
and the population for that particular sizing category. The
tabular data g@iven include the variable names, the wlthin-size

standard deviation, and the mean velue for each of the sizes.

* . .
The values given for each row and ¢olumn are midpolnt values
for an interval; that is, the value 114.5 for face length desig-
nates the 2 wmm interval of 113,65 mm ~ 115.5 mm.
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TABLE 4

Illustrative Face Length Sizing Programs

Face lengths

Size 1
dize 2

Face Lengthg

S5ize 1
Size 2
Size 3

Face Lengths

Siga 1
Size 2
Bize 3
S5izge 4

rage Lengths

Size
Size
Size
Size
Size

[ R SN L ol

Face Lengtha

Hizn
Size
Size
Sine
Size
2ize

Ohin S Lo =

2 SBize System
Female
9,05=%0,55 ¢m

10.55-12.0%

3 5ize System
Female

6.95~10.15 om
L0.25~11.35
11.35=-12.55

4 Size Systen
Female
B.55~ 9.45 om
9,45~10.35

10,35-11.25
11.25"12.15

%5 S8ize System
Female
8,95~ 9,65 ¢m
3,65-10.35
10. 35“11.05

11.05-11.75
11,75-12.40

6 Size System
Female

9,05~ 8,65 om
4,65-10,25
10,25-30,85
10.85-11 .45
11.45-12,05
12.,05~12.65
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Male
10,55-12.05

12.05-13.55

Hale

10.,15-11.35
11,35--12,55
12,85-13.75

Male

10.35-11.25
11,.25-12,15
13.15‘“13;65
13005"'13-95

Male

10.35~11,05
11.05-11.75
11,75~12,45
12.45-13.15
13,15-13,85

Male

10.25-20.85
10.85«11.45
11.45-12.05
12.05'12|65
12-55"‘.1.3a 25
13.25~13,.85



The'tgpleﬁ givin§ the reaulte-qf_thé direct computations
‘contain those véideﬁ ohtained as the mean apé-ﬁooled étgﬁdﬁrd'.
deviation fof.éll the subjects within & particular sizing cate-
gory for each head and face variable. The results obtained
using the regression equatlion method are somewhat more involvad
as to the methed of computation. Referring to the two-size
system, maleIAaté, wa can coﬁpére.the resulfs obtaihed for ﬁﬁe
two methods for variable 35, menton-~rniasal root depresgsion or
face length, our key dimension. The sizing category is identical
in either method but the mean values diffex 115.72 mm and 125.06 mm
for sizes 1 and 2 by the direct methed and 113.00 mm and 128,00 nm
by the regression method. The former is, of course, the actual
mean for the subjects that fall within the limits of the asizing
category. The latter values are established as the nidpoint of
the interval for that sizing category. The reasoning used in the
regression method is that in actual practice the cubjects are
never distributed egqually throughout the sizing interval but tend
to cluster toward one or another end of the rizing interval, The
effectiveness of the aiwzing procedure is,; therefore, reduced
by the unequal weighting of the sample distribution within each
c¢ategory. By placing the.key dimension at the center of the
sizing interval, the effecis o0f the unuven sample distribution
are reduced. The values for all the remaining variables using
this sizing procedure are than established using a series of

regreasion eguations which predint the warlable values from the
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value of the piediétor or key dimengion, in this case face
‘langth.ﬁidpdint. - | _ | o

The advantage of the regression equation method is balieved
to be that it provides better sizing coverage for the endslof
the total sample distribution and establishes more even incra-
mente of sizing from one category to the next,

It will be noted that the various sizing systems outlined
above were designed to provide one or more overlapping size
categories of male and female data. This has not fo our know-
ledge Leen attempted previously and gives us the opportunity to
evaluate the degres of differencve iu a sifie category between a
male and female series for similar variables. If we examine the
data obtained by the direct computation method, for example, in
the two size system with the sizing category 105,5 - 120.5 mm,
we find that the data for the female sample is significantly
smaller in value than that from the male sample for almoat
all diménsions. Part of the difference might be explained on
the basis that while the two samples are drawn from the same
sizing categoxry of face length the distributions within the
category differ for the male and female sumple. If we Jook at
the value of the key dimension, face length, we find the
difference to be gome 5.2 mm less for the fewale zample than for
the male sample., This result would appear to cortirm the differ-
ance in distribution of the two samples within the zizing cavagory

with the females unevenl)y welghted toward the lower and and the

males toward the uppes end of the cell,
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Turning to-the resultsioktaine§ from ihat.;egresﬁion-~-
equation.method which is in pért designed.to allev#ate the
unevenness of sample distribution, we find that significant
&ifferences_between the gizing category means still exist despite
the equating of the key dimension of face langth at 113.0 mm,
These findings suggest that cur earlier assumption that the
fémaie fécé, in terms of réspirator design and sizing, can.be
traated as a small male fage ig open to sericus re-evaluation.
Dure to time limitations, it has not been possible to test and
resolve thiso guestion,

The sample sizing proggam included liere (Appandiz G) is
primarily illugtrative but could be uzed for a specific purpose
of gizing quarter or half face pieces. Far sizing of full face
pleces, it would probably be more desirable to go to a sizing
syatem based on two key dimensions, such as face length and face
breadth, Sizing of other types o©of head and face personal pro-
tective equipnent wovld reguire consideration of cthar key
variablag selested on the basig of their capabllity to reduce

variability within a sizing categery,



EBECTION III
Task 3. Selection of fit test samples.

The final atep in the design of a mask is, in a very real
sense, an evalustion of how well the mask performs the task for
which it is intended. . To carry out such an evaluation, it is
necessary to test the effectivehess of the mask under realistic
conditions while being worn by members ¢f a properly selected
test sample,

The design of test procedures is beyond the scops of this
report, but clearly the test protocol must be one which will
provide results having both high reliability (reproducibility)
and high validity (relevance), and our discusgsion of sampling
plans assumes a test protoccel with these properties will be
used. It is important to note that the test protocol and the
sampling plan interrelate in their determination of the overall
precision of the evaluation preocedure. Thus, for example, it
may well be possible to decrease the size of the test sample needed
to provide a given level of acouracy by increasing the amount of
testing performed on each member of the sampls and vice versa.
Ideally, the cvholce of gampling plans and test procedures should
e made on the bhasis of choosing the combination which gives the
greatest expected acouracy for a fixed input of time and money

or, squivalently, a fixed level of sccuracy with a minimum cost.



_ Qur_primary concern here will be twotfold: to note zome of
the factors worthy of consideration in the selecticn of a saﬁﬁling.”
'plan, and to outiihe a variety of such plans., These plana are
intended prigarily te lliustrate the weaith of possible approaches
that can be uged, The choice of sampling plan for any particular
tesl program ghould be made on the basis of the specifics of that
program. |

Amonyg the factors that provide a basis for choosing a gamp-
ling plan arxe these:

Mlrst, the desire te cobtain an agcuvaste evalvation of how |
well the mash will perform. Prediction of precisly how well a
mask will gerve its intended purpose when it is worn by any wember
of the uwser-population cannot Le made with complete acourary bv
testing a smmple, Fortunately, however, such accuracy is not
Jikely to be necessary or even of real importancge. What will be
needed 18 rather the information that is required to answer the
simpler and more pertinent guestion:

Is it yeasonable to suppose the magk will - ia

~general - provide the required level of
protection?

o b e

e anawer to thils question may ke qulte clear, i, for
exaple, when the mgsk is tested on a suall but well selectsd
sarple, the contamination level for every subject was legs than
aalf the permitted lzvel the answer would undoubtedly hbe pogitive.

\If, on the other hand, the contamination lave)l was well above the



standafd level for every.man.tested who.had a long-narrow face,
the answer would he negative,_at-least for men with faces of this
type. Usually, however, oﬁe would expect results which.will be
leés ¢lear cut, and the test evaluation procedures should be
chogsen which will treat these cases as well as the more clear
cut ones.

The terms 'reasconabhle' and ‘in general', as we have used
them here, not only need to be defined but presumably will
require a variety of definitions depending on such factors as
the planned use of the masks. Thus, for example, the testing
of masks designed for use in a radiocactive dust environment would
surely call for guite stringent definitions of these terms. The
term ‘in general' should, in all instances, be interpreted as
including saivisfactory performance when the mask is worn by men
with any normally shaped face.

Second, the desire to limdit the testing to the smallest sample
which will provide data adequake for making a judgment. This goal
of minimum testing should be envisioned not in terms of a fixed size
sample for each mask, but in terms of the totality of tests reguired
for evaluating & group_of masks, The test evaluation should he
degignad so that guperior masks are accepted and inferior ones are
rejected on the basis of relatively little testing, and so that
the greater share of the available effort is reserved for evaluating
thoge masks whoss guality is not clear out,

Third, the desire to keep the overall assessmant of the test

arn mathematically simple as ls practical while at the same time
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making effective use of the information developed by these tests.
Among the xeasons for stressing the desirability ef.giﬂplieity'df"
the test procedureé for use in the immediate future is that an
optimum choice among the more camplex procedures ¢an only be made
on the basis of experience in the testing of masks which we have
still to gain.

"Ant, finally, the desire to develop a procedure which, while
baged solidly on scientific principles, will be accepted by the
non~scientists -as being both reasonable and relevant.

It may ke useful to review several of the ways in which
the results of the evaluation of a single mask on a single
subject can be stated and used. The two basic methods are
these:

(a} Pass-~4faif, Clearly, the simplest procedure is %o
characterize the mask's performancs as having passed

or having failed the test, The weakness of this method

is that it igncres presumably pertinent data: 4if the

mask failed, how kadly, or, if 1t passed, by how wide

a margin?

(b) Actual amount 0§ contamination (wedlght o percents)
alfowed by the maskh, A variety of methods for analyzing
data of this type are available, Su¢h analyses can use

all information available from the tests, but {helr use

may add more to the complexity of the analysis than to

the acecuracy of the results.
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Gthex methuds of classan the results will fall somewhere
between these methods, ‘both in the degre& of detall of the data
utilized and in complekity of the analysis. Two methods seem
worthy of nmention:

{a) <the use of muktiple pass-Levels on muldiple fail-

fevels, 1If in a particular test situation, for example,

the'acc&ptable level of contamination is 2% the results
for an ipdividual test might be specified as ¥+, P, F, |
and P~ on the basis of a scheme suc¢h as the following:

P+, less than 1a: P, 1 o 2%; F, 2 to 3%;
F-, more than 3%

The use of such multiple classification points would not
necegsarily change the criterion for acceptance, i.e.,

the 2% contamination level, but the resulting information
would be used in judging the probability that tihs mask
meets this criterion., One way in which this might be done
is outlined below,

(b) Zhe use 0vf the amoumt of confaminatios beyond fne
aascepled Level which a maskh allows., IL this method is
ugad, the outcomez of an individual test would be recorded
either,

1) the mask passed, or

ii) E, the amount (in weight or percentage points)
Ly which the contaminatien zxcsedad the
standard,
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The f£inal judgment on the mask might then bhe based on the sum
of the E-values for a total sample.

$till other methods can, of course, be devised.

The most important ceriterion in the selection of a test
sample - or samples - is that the total range* of face shapes
be included. For facial masks, fit presumably is related most
~importantly to face width and face length., Since there is
little relationship between these measurements, men with faces
which are short and wide and men with faces which are long and
narrow occur almost as frequently as men with shortenarrow faces
and those with long-wide faces., All of these width-length combin-
ations must be represented in a test sample,

Perhaps surprisingly, the criterion that the sample accurately
raflect the user population with respect to the proportion of men
in each size and shape category is nelither neceassary mnor impertant,
If such a sample includes enough men with the less common face
shapes to provide a satisfactory test of how well the mask works
for faces of these shapes, it will contain far more men with the
most typically shaped faces than are necessary. The size of the
gubsample which is needed to determine, to a fixed level cof
probability, how waell a mask will f£fit men with long-narrow faces
is exactly the game size as that neaded to answer the same question

for men with medium-length, mediuwm-width faces, even though there

£t -

1m’)‘.‘hema remarks apply equally to a mask designed to cover the entire
range and to one designed to cover only a restricted, specified
range. In the latter case, all references to the range and to
terms such as short, long, narrow, and wide, are relative to the
item's spec;fled range.
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may be 5 or 10 times as many men with faces of the latter shape
as of the fafmer. One could even argue that'it is not necessary
to test any men with medium-medium faces because if a mask fits
all the other face shapes, it will surely fit this one. It may
be that affiter we have acquired substantial experience in testing
masks, there may be value in exploring this argument. One might
argue on the other hand, that since more men with ‘medium-medium®
faces than men with 'long-narrows' will use the mask, the guestion
of fit for the former group should be evaluated with greater
accuracy than is necessary for tbe saie guestion as it applies to
thz second group.

For optimum efficiency, a éampling plan should ke both
flexible and zigid. It should be rigid in the sense that the
basis for msking any decision is clearly spelled ocut in advance,
It chould be flexible in that it gcontains a number of decision
points at which the next step or steps in the plan are determined
on the basis of the data then available.  The purpose of using a
flexible plan is that - for a given lavel of accuracy - the
average amount of testing can be reduced, or, equivalently, that
greater accuracy can be obtained with a fixed average amount of
testing., A flexible plan makes this possible by stopping the
testing whenever the results are ciear. For both the clearly
acceptable and the clearly unacceptable mask, this stopping point
will usually come after a xelative small number of “ests, making
it practical to do considerably more testing on those masks of

intermediate gquality.
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The fact that the testing of a mask on an individual sub-

ject is a xathef lengthy process cocupled with the giﬁpliuity
"¢f the data analyses vhich we are proposing make it practical

to analyze the test results at the conclusion of each indiyidual
test. Thur we van design the data analysis so that at any point
in the testing we make one of the four following decisions on
the basis of our test plan and the zesults obtained up to that
point:

{a) 4ccept the mask and discontinue testing
(b) reject the mask and discontinue testing
{c)] «continuve testirg as originally planned
(d) modify the test scheme and continue testing

x
Obviously, not all alternatives are available at each point;
for example, neither of the first two decisions wnuld ever be
made uatil a minimum number of tests hLad bheen completed.

In many types of industrial testing; sequential testing
plans result in testing which require, on the average, about
half the maximum sample size, Only actual experience can tell
what the relationahip between the average and the maximunm sample
gizes will be for the mask testing., In some of our illustrations
in this section, we speak of a maximum test sanmple of about 60,
This figure was chosen primarily in order to have a specific number

to use, but was judged a reasonable figure on the basis of two

*An example of the use of such a decision would be a tasting
plan which calls for additional testing of men of a partic-
tilar ashape face whenever the mask performs unsatisfactorily
for one or more men with this shape face, The details of
when and how such modifications arz to be made must be speci-
fied in the original testing plan.
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agsumptions ~ first, that'bn_the average about 30 men can be Feétgd
for each mask} and second, that the procedures we suggest will
réquixe testing, on the average, of only about half the totél
sample,

'Rajection of a mask can logically be made at any point after
a mindmom number of tests have been made. A testing plan might
specify that a mask will be rejected if it faiis in more than a
spevitied nunber of tests for a sample of given size. Perhaps,
for example, a2 mask will be judged unsatisfactory if it fails
7 or more timesx when tested on a panel ¢f 64 men. Clearly, test-
ing suchk a mask <ap be disvontime:d ar soon as the Teh fallure
is cbeerved - even (or sspecially) if it occurs on the 7th test.

A similar argument can often he made when some other criterion
for rejection is used, such 23 the 4otal vontaminaiion permitted
on all vests. Once the maximum that would be permitted for the
entire test panal has been exceedsd, testing San 3top.

Early acceptance of a mask pruesents anmewhat different
problems than thouse for early rejection. A musk migbt he rejected
solely because it does pot provide protection to man with a
particular shape face, bub it can be accepted only 1if it provides
protsction to men of all shaps fanes. Wenve, in several of the
illustrative sampling plang wiich follow this discuseion, we speclify
dividing the total semple into subaamples, each of which covers
the desired vange of face sizes. Early aceeptance of a mask could,

in these plans. take plage only at the end nf testing 2 subsample,
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 Two approaches to early-ac¢eptaﬁce-seem'reasonable for
 thig tesiing. Ore approach calils for setting pru?ortienaily
higher criteria for acceptance at the end df each subsampie
testing., If£, for example, a mask ig to he accepted Lf thare
are no mors than % fallures for a sample of 64, an azcenla.ce
scheme such as the following wight be set up:

after lst subsample (N=16): accept iFf nc Ffalluves (0%}

" 2nd " {N=32): w "oopnly 1 ofalls {3%)
" 3rd " (N=48) s " i 3 fail (6%)
" 4th “ (N=64) 2 " “ * g fail (9%)

This approach is largely limited tc those situations in
which a mask will be accepted even though it fails more than
i1 minute proportien of the irdividual tests.

The second approach is that ¢f using the multiple-pass-
levels described earliex, Thus, for » gimple examplie, if a mask
ia to be acvepted if the contamination level doas noit exoeed 1%
for wore than 2 subjects out of a panel of 64, the mask miqghz be
accapted:

if in the lgt subsswple {(¥=li6) the contamination level
did not. exceed 0,288 fur move than 2 subjects, or

Lf in the combined flrst twe subsamples (N=32) the gon-
tamination level did not ewosed 0.50% for more than
4 subjects,; or

if in the combined £irst threc subsamples (N=48) the con-
tanination level 4id not excesd 0,73% for more than 2
gubijects, or, finally,

if in the total sample (Hw64) the contamination level
did not excesd 1.00% for mors theh 2 subjects,

- 39 -



‘The determination of the levels suggestéd'here ah_bases  .
for early acceptance require somewhat sophisticated statistical
aupport, but we need be concerned at this point only with ﬁhe fact
that guch support. ig available.

“he following sampling plans are listed only as illustra-
tiong of the sort of pians that are possilkle and of some of the

ways in which ths plans can ke flexible,

Pian A,
5 M L $ixteen subjects are sslected in nine
W 1l 2 1 categories (S=short, Lmlong, N=narrow,
b 2 4 2 V=wide, M=medium) as indicated in the
N 1 2 ] 4 dlagram to the left and are tested,

Prior to the testing, values of P and P+ (a8 deascribed above) are
established, Also; the maximum allowable number of failures in a
sample of 64, Fmax’ is set,

At the end of testing these 16 szubjects, three decisions

are pussiblm:

@) contamination ilevel for all 16 was P+,
Devision: accept mask and discontinue testing.

h) contamination level was above P for more than ¥
gubjects,
Decision: reject mask and discontinue testing.

max

¢} results intermediate to these two.
Decisicn: procesd to the next step.

Next atep ~ drow and test o second sample as ahove.
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' Again, three decisions are possible: N
| a) contamipation level was P or better for all 32, and
wag P+ for at least half of the sanmple., '
Decision: . accept mask and discontinue testing.
by and ©) samz as before.
if no decision is reached at this point, an additicnal 32
subjects are selected and are tested, one by one. Testing
ztops whenever either the total number of failures exceeds
Fmax (reject) or the total number of satisfactory tests equals
ﬁ64~Fmax} +1 (accept).

Plan B,
S ¥ L Twenty~seven subjects are selected
W 3 3 3 in nine categories as indicated in
M 3 3 3 the diagram to the left, and are
N 3 3 3} tested. If the mask performs sat-

isfactorily for all 27, it is accepted. If the mask fails for

3 or more subjects, or, for 2 of those in any one category, it is
rejected, If it failed for a single individual in one or two
cateyorieg, 3 additional subjects in this category oxr sach of
these cateyories are selected and tested, If all pass, the mask

is accepted.

Plan C.

S 5 . 2

2 maximum value for the swn of the éxcessive contamination,
Eax’ based on a sample ¢f 64 iz established; the mask is to be
rejected if 4 or more tests are unsatisfactory of if B is

aXx
exgecded.
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First a sample of 16 gubjects is selected as in Plan A, and .

is tested., If the contamination level exceeds the standard for

any test, the excess, E, is computed. These values ars summed to

give IE,

The decision scheme is:

a)

d)

e)

If LE ever exceeds Ip.y, reject the mask. (8ince Ipuy
is the larg=st amount acceptable for a sample of &4,

if 'E exceeds I .. after only a few tests, the decision
to reject at this point is still logically basad on a
sample of 64. Were testing to continue, there would be
no way that the regults could change.)

if all 16 tests are satlisfactory, accept the mask and
discontinue testing,

otherwise, draw a second sample of 16 and test. after
these tests:

accept if 31 have passed and IE is still less than Ip,.
if no decision has bheen reached, draw on third panel

of 16 and continue +egting., At this point,

accept if 46 have passed and IE remains less than Ip,yx-.

if, again, no decision has been reached based on the
first 3 panels, draw and test a fourth panel,

i1f at least 61 have passed and PE is less than .
othexwise, reject it.

A decision as to the sampling plan which will be hest for the

testing of any particular type of mask probably should be made in

the
and
the

tha

initial stages of the testing program jointly by NIOSH staff
the contractor's gtatistician, and should take into account
reliability of the test protocol, the level of compliance with

gpecified standard regquired for acceptance, the resuvurces

available for csrrying out the testing, and the spevifics of the

gabiect pool,



CONCLUSIONS

~From this'study the following conclusions may be_dfaWn;

1.

An adeguate source of head and face anthropometry
measured on civilian industrial workers does not
exiat,

A broad and useful body of head and face znbhropc-
ﬁetric data ie available for varicus U. €. militarf
samples, This data can be used in the design and
gizing of respirators for civilian industrial workéfs
with a conslderable degree of confidence.

The anthropometric data avedlable from the U, 8, kif
Force 1367 survey and the U, §., Alr Foxrce Women's
survey of 1968 are judged to he the most satisfactory
of the military data for portraying the civilian
working population.

Some differences in head and face gize do exist among
raoial ahd ethnic subgroups. In general, the differ-
ences that have been noted are of little practical
significance in respirator design as the variability
within & group is so broad that effective design for
this range of variability largely acceommodates the
variability for other groups as well. ‘his conclusion
is tentative due to the small sample size of zome of

the racial and ethnin subgroups used ir the comparison

- . -



and due to the comparisons being made on the basis of
head and face size alone rather than both ‘gize and
shape. | |

The assumption that the female face 13, for face piave
design purposes, a small male face has not bheen ade-
quately wvalidated. This would appear to be a signifi-
cant. point for Ffurther analysis.

The regression eguation method for sizing appears to
offer some distinct advantages over the direct compukta-
tion method. The very low interrelationship of head and
face dimensions does present a distinct handicap to be
overcoma whichever method of analysis is used.

A variety of sequential sampling procedures are availl-
able for testing masks for compliance with the desired
standards. Sucl. sampling procedures hold promise of
substantially reducing the total amount of testing

required to achleve a given level of accuracy.
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APPENDIX B

LORRBLATION ‘COEFFICIENTS OF. AGE, STATURE AND .
'WEIGHT WITH HEAD AND FACE HEASUREMENTS
(1967 USAF Survey Data}

Age Stature Weight

Head Circumference ' 110 .292 .410
Sagittal Crv/Inion -066 +157 129
Minimum Frontal Cv 058 .072 .202
‘Bitrag~-Corconal Crv =060 - (268 © 390
Bitrag-Min Frontal 072 263 «365
Bitrag-3ubnasale L 093 234 .468
Bitrag-Menton Cyv 172 - 310 545
Bitrag~Submandibul .202 274 +536
Bitrag-Inion Crvir 073 1686 .299
Head Length 052 1246 +259
Max Hd Diag/Menton =018 .389 .386
Max Hd4 Diag/Inion 155 199 . 244
Ear Breadth 176 .151 176
Ear Length .370 . 227 . 290
Ear L Abve Tragion «127 +125 . 0948
Head Breadth el124 .134 . 307
Maximum Frontal Br .031 .195 .298
Bitragion Breadth .261 .184 . 395
Bizygomatic Bx + 234 187 452
Bigonial Breadth .223 <100 .414
Ear-To~Ear Breadth «154 .209 + 267
Biocular Breadth L 004 124 191
Interpupillaxy Br .068 .139 .18B5
Interncular Br 020 .094 « 153
Nasal Breadth +226 .048 12l
Lip Length 214 .092 L3
Ear Protrusion .085 .080 $ 112
Subnasale~Nasal Rt 2199 ,196 119
Fhiltrum Length 276 .0386 .133
Lip-To-Lip Height -367 063 -063
Menton-Subnasale =001 2176 171
Menton~Nasal Root .1l18 277 . 230
Vertex~Glabella Ht -239 .Q95 011
Vertex-~Nasal Root -242 L LEG « 363
Vertex~Ext Canthus =200 . 180 .99



Vertex-Pronasale
Vertex-Subnasale
Vertex-Stomion Hgt
Vertex-Menton Hgt
Vertex-Tragion Hgt

Wall-Glabella Lgth
Wall-Nasal Root Lg
Wall-Ext-L Canthus
Wall=Pronasale Lgh
Wall-Subnasale Lgh

Wall-To-Lip Length
Wall~fo-Chin L-gth
Wall-Tragion L-gth

APPENLCIX B

-150
-174
-148
=137
=131

.001
. 026
129
.146
+105

.098
-185
.080

{continued)

182

222
.238
«2B2
196

.264
+264
174
+ 250
.208

.188
178
.080

.C51
. 080
.100
.168
. 103

.275
273
221
. 299
. 284

. 295
334
L133
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Hale and Female Bivariate Tables
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ABPENDIX D

Age in years, wit, in pounds

COMPARISON OF MEAD AND FACE MEASUREMENTS - Mean{SD)#
White and Megro fmalel N
katched Sgmoles Age n =z 343
o ¥hite Negro AW-H AN/H
flaad Cine TE5.77 (L.Bh) £6.17 (1.549) Y 100,77
fagittal Arc 37.59 (L.41) 37.55 (1.593 0y 39,89
Hin Froutal Arg 11.80 {0.87) 11.89 (0,83) -,09 160,76
Bit-Coronal Arc 35,77 (1.30) 34.61 (1.3%) .16 99,54
Bit-Min Fri it Abe 30,28 €1.12) 30,45 (31,10) -, 17 100,56
- Bit-Subnasal Axc 28.30 (21.07) 29,69 (1.106} -.79 le2.79
git~Mentou Arc 30,87 (1.37) 31.55 (1,35) ~.58 102.50
Bit~Submandibulaw 26.63 (1.45) 28.79 (1.49) -.16 100.56
Bit -Posterior Arvo 24,93 {1.238) 28,64 (1.12) .09 99, 6L
Ldead Length 19.53 (0.72) 19.78 (0.69)  -,25 101,28
Nazal Eoot Peeadth 1,78 (0.23) 1.9%8 (0.29) .21 11i.80
Tar 2 sad.h .46 {0.33) 3,84 (0,32) .02 ag ., 4z
Ear Langth .28 (0.33) 5.97 (0.41) .28 95,52
Ear Lth chore Tragion 2.8) (0.2093} 2,70 (0.31) .11 96,09
L Ho=d Breadi . 15,4 (0,59} 15.08 (0,50 L06 99,60
ax Fronta Bx Ll.4% {0.59) 11,52 (0,51) - 11 100.96
Bitragion Brp 13,53 {0G.61) 13.56 (0.56) .07 .99,u9
Bizygonatle Br 13.84 (n.57) 13.86 (0.52) -.072 100, 14
Bigonial Brp 10.61 £0.50) 10.50 (0.51) 12 98,96
_R@g_ﬁg_fﬁp R 28,39 (0,927% 17,52 (0,560) 87 95.27
Riocular Be 2,17 (G.HG) 9,869 (0,u46) -.,52 105.67
Interpupillavy Buw §.09 (0.36) 6,45 (0,38) -, 36 105,91
Intervoecular Br 3,12 (0.28) 3.34 (0,29) -.22 107,05
Nose Breadth 3.24 (0.2%) 3,08 (G.34) ~ .82 125,30
[ Hose Frotrusion 2,29 (0,27) 2,97 (9,25 .22 90,39
Lip Length 4,68 (0.87) 5.09 (0,43) - UL 108,76
Ear Protrusion 2,13 (0.38) .90 (0.22) .23 89.70
Subnasele~Nasal Bt Luh 5,07 (0,38} 5,00 (0.36) .07 93,062
Fhiltrum 1.4 (0.95) 1.50 (0.248) w, 10 107,14
Jeip to Lip Length 3,00 €06.29)  2.53 ¢0,86)  ~,73 140,56
Menton-~Gubnasale oth .99 (0,h3) T.52 (0.,61) -, 53 107,58
Menton~-Nasal Kt Lth 11,91 (0.84) 12.24 {(0,69) .33 Y02, 7
Glabella-Veptexn 9,32 (0,76) 9,21 (0.81) .11 98,872
Nasal Ri-Vertex 10,95 (0.72) 11,02 (0.78) -0 100,64
X~Canthus~Vertesx 1L.68 {0.53) 11.64 (0,687) - 100,00
Pronasale-Vexrtoex 19,91 (0.83) 14,78 (0.88) 13 99,13
Subnasale-Vertax v e R e
Stomicn-Verteu 18020 {0,79) Lg.ng (0.90) - 25 101,87
Menton-Vartexn 22,73 (0.90) 23,15 (0,399 w12 101.85
|Irapgiun~-Vertex LB, 29 {0.57) 13.03 (0,80} (19 98,56
Glabella tv Wall le.76 (0,72} 20,01 (0.568) =26 LOL.PT
Nasal Rt tu Wall 18,83 (0,72 19.68 (0.67) -, 15 100,77
XwCanthus to Wall 17,01 C0.70) 17,38 {0.68) -.37 102,18
Fronagsale to Wall 21,81 (0,81) 22,02 (0.7h) w21 100,96
,___S__l;}:[)“r_l_gsale to Hﬂl.{l e mimmmm e -
Lip Prom to Wall o —— e - i
Chin Prom to Wall R L. - - -
Tragion to Wali 9,55 (0.61) 9,74 (0.,62) -~ 18 101,88
Age 19.07 (1.11) 19.07 (1.11) - 100,00
Helght 175.17 (6.86) 175.05 (§.57) .12 99,08
Weight 150,11 (%,88) l50.8 (2.02) =, 7 100.47
b1 * In Centimeters



APFENDIX D

COMPARISON OF HEAD AND PACE MEASUREMENTS ~ Mean(SD}*
White and Negro (Female)

Head Cirpe
Sagittal Arc
Min Frontal Arc
Bit~-Coronal Aro

L Bit~Min Frount Arc

Mhite
a=i347

RT3 (1.60)
44,64 (1,410

33.83 (1.38)

Negro )
n=131 AW-N AN/

Ve

55,83 (1.53) =1,10 102.02
35,91 (L.2%3 -,217 100,49

34,67 (1.32) -. 18 162,48

"Bit-Subnassl Arc
Bit-Menton Arc
Bit-Submandibular
Bit=Posterior Arc

Ear Length
Ear Lth above Tragion
Head Bpeadih

5,19 {0.4%3)

14.45 (0.58)

Head Length 28,35 (0.68) 18.66 (0,70)  ~-.31  101.69
Nazal Root Breadth
Far Breadil 2.98 (0,33) 3,08 (0.32) -.12 104.05

5,25 (0,45) -.06 101,16

14,37 €0,60) .08 99,45

Max Frortal By
Bitragion Br
Bizygomatic Bx
Bigonial Br
Ear io Ear Br

12,82 {0,48)
12.87 (0.57)
10,14 (0.55)
15,76 (0.98)

Bigcular Br
Interpupillary 8r
Intevocular Br
Nogt Breadth

Hos: Pyotrusion

9,65 (0.59})

3.19 (0,3%)

TLTLas (ouny

12,88 (0,48)
12.96 (0.48) .08 100.%0
10.22 (0.64) .08 100,79
16.56 (0,%2) .20 96.73

.02 100.18

1

3,77 {0.32) .58 118.18

Lip Length

Zapr Protrusion
Subnasale~-Nasal Rt L
Philtrumn

. Lip to Lip Length .

4,36 (0.,43)

L.49 (0.3%)

h.85 (0.38) - 49 111.24

Yenton-Subnacale L
Henton-Nasal Rt I
Giabella~Verten
Nagal Rt-Vertex

| X~Canthus-Vertex

5,53 (0.50)
10.56 (0.59)

1.72 (0.,91)

et

aronabale Vertex
Subnasale-Vertex
Stomion-Ventex
Menten-Verte.,

18,66 (1,100
15.84% {1.08)
17.76 (L.11)
2L.84 (1.12)

b,43 (0.39) L06 g4, 66
585 70,827 .82 108,79
10.70 (0,61) -, 1% 101,33
12,245 (1.,04) -.53 104,52
15,15 (1.23) -, 49 103,724
16,32 (1.20) TR 103.03
Is,uy (1.23) - .68 103.83

22,56 (1.12) “, 72 103,350

Fronasale to Wall
fubnasale ta Wall

EL.23 (9.95)
18.64 (0, 98)

L Ipagion-Yertay 12,68 (0,762 12,91 (9,77) - 28 101.81
‘Glabella to Wall

Masal Rt to Wall

X~Canthus to Wall 16,33 (0.498) 17,05 (1.03) -~ 7Y 104, 5y

21,76 (0.96) -.63 102,98
0,50 (0.98)  -,86 104, 38

Lip Prom to Wall
Manton to Wall
Tragion to Hall
Age

Helght

Weight

19.297(1787)
18,19 {1.12)
10,15 {0.90)
20,37 (3,68)
161.86 (5,08)
125.65(15.40)

D-2

S B XY TR

20750 (1V 08y CIEITUIOETEY
18,97 (1.17)  ~.78 106,29 .
10.65 (1,00} ~,53 146,22
20,85 (3.93) Y 102, 36
161,30 (5.79) 56 99,65
124,1u(15,.74) 1.51 34,80

* In Centimeters
Age in vears. wt. in nounds
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ATPENDIX D

COMPARISOR OF HEAD ARD FACE MEASUREMERTS - “apn ‘855‘
~ Ethnic Subgroups Drawn fram 1965 USAF data =

(Ha_;e)
n™34d naléd reg9 n=16 nwF
. paniph=- Purzto
Caucasian Hegre Anerican Aican Qzrlenkel
Head Circ 55,77(1.64)  56,17(l.59) 5%5,34(1,62) 55.02(0.66} 55.66(1.5¢)
Saglttal Are 37,59(1.41)  37.95(1.53}  37,27(1.47}) 36.53(1.12}  36,13(%.08)
Min Frontal Are 11,80(0.87) 11, 49(0.83} 11.64(0.82) 11,66(0,¥96} 120.86(1.47)
Bit=Coronal Are I4.7700.30) 34.81341,31)  35,4701.35)  3a,.7H1,AH) 35,B36L.34)
Bit~Min Froatal Arc 30.28(1.,12) 30,45({L.10} 30.20(1.26) 30,18(0,67) 30, 79(0, 86
E@t—subna:lla kit 28, 3002.07) 23.0%41,10) I8.5703.3%) 28,23{9.72) 29, 2741.50)
RBit~Menton Ase 3, &3(1.37) 31, 55{1.35; 3L.26(1.59) 30,.87{1,42) 3L.47{n.%4)
Bit~Submandibular Pro 28,62(3.6%)  28,75{1,49)  29.03{1.53)  28,234{1,308)  2%.10{0.43}
Bit~Posterior Jxc 24,93(1,23)  24,84(1.12)  24.85(1.29)  24.48(0,70)  25.27{0.35]
Head Length 19.%3(0,72}  18,76(0.69)  19,13{0.73}  19.03(0.56)  19..7{0,7H)
Max Heaw Dia {(Henton) 24,55{(0.87) 25,36 (0.80) 25,01 (0.02) 24.70(9,55) 5,34 (0,87)
Hax Head Dia {Hugh! 19.1%(0.79} 19.23{0¢.70) 19.13(0.79) 18.92(0.54) 19.27(0.81)
Bar Longth 5,25(0.39]) 5.97(0.41) 6.41(0.41) 6.00(0,30 6. 44(0,37)
Eaxr Langth above Tragion 2,8i{0,29) 2,70(0.31) 2.93{0.32) 2,71{0,24) 2.76(0.723)
Ear Braadth 5, 46(0.33) 3,44 (0,32) 3.57(0.32) 3,28(0,34) 3,44 (0, 28)
Ear Protrusion 2.13(V,36) 1.9G(0.32) 2.16(0.39) 2.12{0,24}  2,2700.,43)
Head preacth 15,14 (0,59)  15,00(0.54)  15.28(¢.58)  15,208(0.44) ~ 15.63(0.%0)
Bilauricular Breadth 19,399(0.92)  17.52(0.80)  18.51(0.88]  1&,45{0.80) 19,24 (0.76)
Bitragion Breadth J3.B310,6)) 13.B50.56)  13,03{0.550 13.67{0.%0)  14.231{0.31}
Ricygomatic Breadth 13.,8440.57)  13,86.0,52)  14.07(0.49)  13.99(0,49)  14.47(6,28)
Max Frontal Dia 11,4010, 49) 21,52106.,51) 1L.51(0.4%) 11,38140,41) 11,54 (0. 51)
Bigonial pia 10.61{0.50) 10.50{0.51) 10.81¢0.59) 1p,53{0.38} L1, 0700.40)
Biovular Dia 3.17{0.46) 9,691(0, 46} 9,34 40,43 9,34 40,1331 9.67(0,.44)
Interpupillaxy bia 6.09(0,386) &.45(0,38} 6,07(0.33 6.17(0,24} 6.45{0,24;
Interpcular Dia 3,12¢0.24) 3.3400,29) 3.17(0.28. 3.13(6.15] 1. 4000.14;
Nasal Root Breadch 1,78{0,23) 1.99(0.29) 1.82(0.39; 1,74 (0,261 1,83(0.10)
Masal Breadth 3,.24(0.24) 4.06 (0, 34) 1.40{0.351 3,38(0,27) 3.59{0.16)
Hose protrusion 2.28(0G.27) 2.07(0.25) 2.18{0.29) 2.1%¢0.27) 2,0%¢0,22}
Philtrum Length 1.40(0,25) 1,50(0.,24) 1.43(0.22) 1,47 (0,25} 1.4609.15)
Lip-ro- LLp pive 1,60(0.29) 2.53(0,36) 1,96(D,30) L.499{p,22) 2.01(0,23]
Lip Lang 4.48(0.37) 5.09(0,43) 4.90{0.29) t,62(0.48) 4.97(0.43)
Lip Length Smiling C.A8{0, 58} 5.6 (0,65} 70062 H5.58{0.77) 5. 97 {0.6%)
Menkon-Subnasale Length 6.99(0,53) 1.52{0.61) T4 (v, 55) 7.16(0,%7) ?,131{0.46)
Mentcn-Nasal Root Dep 13,90(0.64) 12,24(0,89)  12.02{0.60)  1%,02{0,58)  11.87(0.5%6)
subnasale~NRD 5,07(0,36) 5,00(0,35) 5,29100.3%) 5,05(0.133) 4.91(0.19)
Vertex-Glabella Height 9,32(0,7%) 9,21 (.81} 3,1740.6) 5.014{0.30) 9,66 01,75)
Vexitex-NRD Helght 10.95(9.72) 12,,02(9.78} 10,76 {0, 68) L0.79(0.44) 11.4700,00)
Vertex EXt Canthwe HE 11, 6440.65) 1L.64(0.67) 1L.53(4.87)  LL.45:0.51) 12.00(0.71)
Vertex Pronamale He 14,914{0.83) 14,768(0.@a)  14,92(0,701 M4, 72(0.5%)  15.19{0.48)
Vertnx-stomion Helght 18,2440,99) Le,4900,90)  18.31{(6.70} 18.66(0,41) 18,73(0, 47}
Vertex-Menion Height 22,.72(0.99Q} 23.1510.99 22.75(0.83) 22,58(0.44) 23, 17{L.31)
Yertex-Tragion Height 13.2200.57)  13.03(0.60)  13.14(0.59)  13,12{0.49}  L1,69(0,62}
Wall-Glabella Dist 19,760,121 20,0L02,.59) 19,42(0.75)  19,49(0.58)  19.3%(0.00)
Wall-NRD Dist i%.53(0.72)  19,6B(1,67). 19,74 (0.75}. 19.09(6,83] 19.11(0.8¢)
Wall=E»t Canthns Diwt 17.0L(0.70)  17.3@(068) 16.@5(¢. 7} 18,58{0.51]  17.16{0.68)
Wall-pronawals Dist 2L.81{0,81] 22.02(0,74) 21.6S{0.82} 21.39{0.60) 2).26{1. 13}
wWall-gtomion Dist 20.33(0.84)  Y1,2900, 81  2OADLD.ED) 0.7 I0.E6)  20.24{0.3%%)
Wall-Manton Cilst 18.41(1.07)  1@,52{2.01)  18,37(),01) 18.)¥(0.78) 17.9G(l,68}
Wall-Tragion Digt $.55(0.61) 5.7240 42} $.27(5.19) 3,16 (0.60) 9,02(0,73}
Age 19.97(1.10) 19.07(1. 11} 19.331(), 19} 1? ﬂ?(l 24) 18.57 (0. 73}
Helght 195,1706,86)  175.05{6,57)  170.57(6,37} 521 170,67 (8,80}
Weight 156.10(23.9) 150,20{2C.2) 145.67;22.01) 141 06(13 40} 1L44.00(18.50)

* In Contimeve) k
Age in years
Wt.in pounds
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AFPENDIX D

COMPARISON OF HEAD AND FACE HEMWREWENTE - 1

~ Tohnls

Head Ciro

Sagittal axc
Min-¥rontad Arc
Bit-Coxonal Are
RBit-Min FPronkt Azc
Bit-fubnasale Arc
Bit-Menton Aro
Bit-Subkandibular Arc
Bit-pPasteriox Axc
Head Length

Head Max Dia (ment)
Head May Dis (Nuoh)
Ear langth

Ear langth above Teaglon
Ear Breadth

Eax Protrusion

Head Breadth
Biauricular Breadth
Bitragion Breadth
Bizygomatio Brendth
Max Prontel bis
Bigsnial Dix
Biocular Dia
Interpupillary Dia
Interooular Dhe
Nasal Roct Breadtn
Nasal Braadth

Hoge Protrusion
Philtrum Langth
Lip-to~Lip Dist

Lip lLength

Lip Length Smiling
Menton-gubianale Lgth
Kenton-Nasal Reot Dep
Sulinasale~Nanal Root Dep
Vertex~Glabells Height
Yoxrtex=NRD Halight
Vertex-gxt Canthue Hgt
VYartex~Pronasale Heiyht
Yertex-Stomion Helght
Vartex~Henton Halghy
Yarcex-Tragion
Wall-Glabella Dist
¥ali~NRD Dist
Wnll-Ext Canthue Dist
Wali-Pronasale Dist
“Wall~dtomion Dist
‘Anli~Manton Dist
Wall=Tragion Dimk
Aga

Height

Helght

*
and %

Subgroups Drawe rom 1965 USAF Data -

D-25

Male
a%pl?\/&mr_ Puertys Rican

tegro Oriental.
AW-M % NN OW-B NERSW  AW-PR VPR ad-0 R O/N
- 40 100,72 LAY 89,23 5 86,66 ST N T
S04 99,99 JI2O84LS 0 1,06 97,18 -.54 LO). 44
=08 100,76 A6 88.64 14 98,8% = 35 AOL. 36
b6 99,54 ~.23 100.55 L02 0 29.04 TG 103,19
=.17 100,56 08 99,74 LU 99,67 -, 42 201,38
=7 102,719 -,57 103.401 49 99,62 «.87 103,42
- 84 102,20 ~,3% 101.26 233 89,03 -.6) 101,94
~+16 100,58 -,40 102,40 40 93,60 -, 47 101,54
08 99,64 01 59,84 W45 58,19 -,34 101,36
.25 101,28 40 97,98 50 97.44 .36 99.1%
~c41 101,64 -,0€ 106.24 .25 59,00  -.29 103,56
.04 100,21 08 99,48 L27 98.5%  -,08 109,42
228 95,82 -, 16 1G2.56 .25 95,00 .19 102,04
(11 96,08 -, 02 104427 A0 96,4 .05 94,22
02 95,42 -1l lp3.l@ .18 94 E0 .02 95.42
21 89,20 .01 101.41 L0l 9%.5J4 .14 106,57
06 99,60 .14 100,52 -4 130,92  -,55 103.563
<87 95,27 =,lZ 100,65 ~-,06 100.33 .85 104,62
07 B9, 4% - 20 IN1.47 =04 100,29  «,59 104.26
- 0% 100,14  =,23 101,66 =15 101,08 ., £3 104,59
.11 100,96 =10 160,8% L03 99,74 =13 191,39
s11 98,56 -,20 103.89% N8 99,35 - 46 104033
~,52 105,67 ~,17 101.85 -,17 101.45 -.46 10%.02
~,36 105,91 L02 95.67 = 0% 101.31  ~.37 206,08
=22 107.08  ~,0% 101,60 .01 100,32 .28 104.97
+021 111,00 ~,34 102,25 .04 97,75 ~,13 107.30
=82 135,31 =24 10741 -,14 104,32 .35 110.80
W22 99.3% L1 94.20 JAd 95,49 .20 91,47
=010 107,14  ~.03 102,04 ~.07 105,00 ~-.06 104,29
=73 140,56 -,16 108.99 -.19 110.%5 -,21 ill,67
=4 108,76 -,12 102,56 +06 98,78 w,2% 106,20
~.38 106,53 -.23 164,20 ~-.10 101,42 A9 108,94
-.53 107,56 -.05 100.72 ~,17 102.43 .14 102,00
-, 33 102,737 5,11 100,92 ~-,11 100,92 L04 93,66
.07 98,62 ~,13 102,56 .02 99,61 BURETNT
J11 9 a2 A5 98,39 I 56,67 w4 LOXLES
~ 07 100,64 19 98.2¢ 17 98,45 ., 52 L0875
s 100,00 A1 99.0% V19 598,37 ~,35 193,99
13 099,13  -,01 100.¢7 Li9 98.73 -.2% 10M.B6
w25 101,37 .07 100,34 V18 99,01 4% 102,80
- 43 101,99 -,02 100,04 V15 3.3 - 44 0L 94
19 98,56 08 99,39 ,09  $9,32 .47 103,56
25 1M, 27 V36 BeL29 A7 97,62 LAr 98,03
- A5 100,17 L29 9k,4n A4 97,18 W42 87,85
~:27 102,18 A6 89 .08 A2 97,53 «.15 100,08
-.21 100,36 16 99,27 A2 98,07 55 97,48
.86 194,72 =07 100,04 L6 99,21 09 99,56
.17 100,92 ,04 99,78 W22 98,75 W81 9.2
«, 30 A0l.§8 28 97.07 LAy 85,92 52 94,58
=~ 160.90 -,26 101.3% wa 100,00 .50 87,1
A2 99,085 45U $7.37 2,14 R0 .50 9TLAD
=70 130, 4% A.L3 97,05 B.D4 FD.PB 6,10 DS,

* In Centinsteys
Age in years
Wt.in pounds
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EFULTS Fna
HUABER IN SYITT 3LnA,

STIE
SI7E
arze
s12¢
5176

ras,
Hida
LN
MO
MO .

17
141
142
ta3
Lk
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178
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1748
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184
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L1417
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189
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KRR R LU A e A
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56
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AETTALTAR=T PRGN
OITFACNMEN 24T
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RALTTAG"NaNDETFOTAD
HIAD LEnT
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HY “TAS/ TR - NSy
FAD DoEAfITH
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EAR | ANVE T2A°T(0U
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AT FoNRTAL an
ATYRAGTOM REFANTY
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DIASIILAR QR0 AT
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TA2 PRRETEYSION
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STAMYOHa A Tt EY
MEHTOM TR~ VERTEY
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ALARFLLA-TO-HAL |
MASAL 2Aa0t=-11=d&L0
YTHML CAMT (G- AL
PAQMASALF« I =HALL
GHRMASALFTO=ALL
LIP m0MIM CEaAL
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TS [OH-Th= A

CONSTITHTING
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- m
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LTS I T (R 13

g9 LPY 6F

i
#
11
o
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156,50 163,16
1764.7% 1TRT, a4
FRT.AR RTd.a7?
53,61 KLY
132.9¢ 135,12
352, {F 154,76
212.17 306,42
£39,.67 291438
Z1Q.ER 122,81
202,910 Ith.1L
701,24 292,26
{ag,7% 195,92
“L9, ?E 252,492
15,81 2lh.67
*Taht 3760
L, 2F AB 18
29,14 29,11
164,10 155.7210
114,418 115,35
140 AX 141,40
144,20 fuf, 12
117.90 LiAh.87
PAG,80 187,140
N, 17 91,29
AleRF n2.31
R 14 32.97
X6, 1A 35,28
RZ A0 S21h
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u7,.8L LI, 43
13,89 1i,h)
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128G 1ikBA
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156, B9 15904
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P{¥.qn 222 Rk
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i ar F W1 ]
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SYSTER
SYSTEN
SYSTEH
SYSTEM
SYSTEY

LR

LU TO -1
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172,92
1774.53
G765 .20
L
136,972
3657 .69
AQA.29
293.29
PR L0
309.70
294,237
198.70
25608
19,43
37.%¢6
BR,35
29444
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116,01
4,06
1e?.36
(17.43
18R, P8
94.7A
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13,34
I6 . by
52,22
21.67
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1744
4,30
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93.17
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5. 25
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k2,89
29.91
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LA LY
AT .08
20,09
157.31
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lah?0
162,86
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190467
I2 el
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Th.AL
3%5.56
52,73
22.07
51,35
1ha57
1K 2y
TAAD
127,09
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126478
113,38
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164 .94
A5 .9k
23r.1%
115,59
P A 1LY
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2124kt
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5
3
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1
1
2
z
3
3
2
2
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1
b
1
L
1
1
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H
1
i
1
1
2
!
2
2
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2
2
2
2
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POPULATTON
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54,23
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L3t
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1034
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2573
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FA.0N
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16.29
Li.AR
43.27
16.92
8,10
21,92
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?T.97
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{lus
15,46
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N6 21



RESULTS FOR #-SYSTEP (DIRECT ADYRYUTATION)

HUMBER IN SY3TEM =24Ltl.
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hG .
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Fuli, 16
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114467
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1217
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46,17
14,17
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LUELY
10F.77
G1.R7
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flu. 92
171,38
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r2PON7
e
298,57
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vOF
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TNk 77
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117,29
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A1.96
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119.06
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158,55
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149,27
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SYSTEM
SYSTEM
SYSTEM
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145.29
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IT.AYy
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{07456
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b1 Y-TY.B)
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202.6%
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12436

2411

MEAN #i
10,37
175,53
171,42
67741
3u7.32
136 .49
35A,.97
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25780
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115,52
147,37
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Tie4d
35.61
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16.07
17,74
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123,29
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OF POPULATION
OF POPULATION
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295,44 236.06
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316.10 119.5%
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201,63 203,69
261.11 265,96
38.51 33.33
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116.44 116.74
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117.78 116.67
180.96 190.10
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33.82 13.64
15,67 16.80
52,45 52087
22.32 2{.98
54,00 56.16
16.79 1744
18,63 19.00
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128,82 134,39
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119.18 122.27
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20k.54 206,84
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214,77 216,43
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106,29 106,57



APPENDIX G {(continued)

Face Length Bizing Programs ~ Male
Regression Eguation Method
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15 {5K2
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160,67
f1y,.n2
18,50
41,03
67,70
32.48
5. PR
52,26
71.218
4R,Qa?7
14,41
16, X7
113%.04
a93.17
107,58
114,97
145,449
1ng.73
184,24
721,38
173,41
c01.3%
199,34
17%,48%
24, np
TO07.6T
FU0. 4R
P
i02.01}

113.08)
128.00%

MEAN #2
I0.47
179,82
1795.n7
580,89
iL8,9¢C
127,50
J61.11
J1L.71
295,448
171,57
4,88
297.449
201,17
260462
222.74
%A, 49
6r.08
29.72
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116.97
142438
167,11
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APPENDIX ¢ (continued)

Face Length Sizing Programs - Female
Direct Computation Method
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APPENDIX G (continued)

Face Length £izing Programs - Female
Regregsion Equation Method

G-15%



RESULYS FOR 2=5}ZZ SYSTEM 1§EGRESSION EQUATION METHGD)

SIZE
- STZE

W NTPRE WN -

NO,
NO.

96
97
98

190
i04
02
103
104
105
106
107
108
109
119
114
112
113
114
115
116
117
118
119
129
121
122
123
124

= 1 RANGE =  90,50=
= 2 RANGE = 105.50-
AGE
" WEIGHT
STATURE

HEAD LENGTH

HEAD BREADTH

HEAD -CIRCUMFERENCE
TRAGION=-TOP HEAD
ECTOCANTHUS=-TCP HN
PRONASALE-TOP HEAD
SUBNASALE=TGP HEAD
STOMION~TOP HEAD
MENTON=TOR HEAD
TRAGION TO WALL
ECTOCANTHUS-WALL
PRONASALE TO MALL
SUBNASALE TO KALL
LIP PROTRUS™N~WALL
MENTON TO WALL
SAGITTAL CURVATURE
BITRAGION=CORONAL
BIQCULAR BREADTH
BIAURICULAR BROTH
S8ITRAGION BREAOTH
BIZYGOMATIC BROTH
BIGONIAL BREADTH
NASAL BREADTH

LIP LENGTH
MENTON=-SUBNASALE L
MENTONSELLION LTH
SUBNASALE-SELLION
EAR LENGTH

EAR BREADTH

105,50 (MIDPOINT
120,50 (MIDPOINT

S.D.
be39
16.2%
58.96
5. 62
5«30
15,93
7.59
9.17
11.65
10. 89
11.07
10. 62
8.956
9,58
Qo ey
9,72
1051
11,36
14,78
13,848
4,89
9. 48
4,96
5,75
5.60
3.29
4.19
44 56
be 33
3.73
ol
3. 32

G-20

i

W

HEAN #1

21.28
121. 34
1599.31
181.25
14375
E42.67
125:60
116.59
148. 290
156.52
175%.81
212,685
100.12
150,948
208451
194,01
19C0.63
i81.71
Juh 67
335.10
95 .66
157, 34
127.63
127.87
100,84
31.35
43,05
51404
98,00
G42.18
51.30
29.29

gR, 00)
1i3.3“)

HEAN 82
24426
132,09
1638.64
186.42
146,29
9334561
128,59
118.541
149,55
161,23
ini.06
224.28
103,02
165,82
214463
198,785
194494
182,84
350.61
342,56
97.59
159,14
129,91
129.90
102.72
LAY T4
G4, 38
38496
113.08
48.13
53,18
30,23



RESULTS

SIZE NO.
STZE NO.
SIZE NC.

OENDAF N

[N
=]

LR RO R N
N, O

NN
&£ W

NN NN
WD E~NOM

[Z
N O

Ll ol el ol ol ol
~N O E e

96
97
98

180
i01
102
103
104
196
106
137
i98
109
113
i1t
ii2
113
ith
115
116
i17
i1s
119
120
121
122
123
124

1 RANGE = 89.50=
2 RANGE = 101.50-
¥ RANGE = 113.50~
AGE

HELGHT

STATURE

HEAD LENGTH

HEAD BREADTH

HEAD CIRCUMFERENCE
TRAGION=TOP HEAD
ECTOCANTHUS~TCP D
PROMASALE-TO® HEAD
SUBNASALE-TOP HEAD
STOMION-TOP HEAD
MENTON=TOP HWEAD
TRAGION T3 WALL
ECTOCANTHUS=HALL
PRONASALE TO WALL
SUBNASALE TQ WALL
LIP PROTRUS™N-WALL
HENTON TO WALL
SAGITTAL CURYATURE
BITRAGION=CORONAL
3I0CULAR BREAQTH
BIAURICULAR BROTH
BITRAGION BREADTH
BIZYGOMATIC BRDTH
BIGONIAL BREADTH
WASAL BREADTH

LIP LENGTH
MENTON-SUBNASALE L
MENTON~SELLION LTH
SUBNASALE-SELLION
EAR LENGTH

EAR BREADTH

101,50 (MIOPOINT =
113.58 (MIDPOINT =
125,50 (HIDPOINT =

S.D.
6. 37
16.19
58,56
6456
5,89
15,82
7+58
9,17
11.62
13.886
t1.91
10.70
d.95
q,85
9,38
3.68
10,49
14,35
16,74

13,82

4,84
ETYY:
Ge 94
SeTip
5,89
3.28
%19
4e 35
3,040
2.58
4ol
3. 32

G~21

MEAN &1
20.78
119.55
1592,76
180,39
143,33
540496
125.11
116,27
1,48
156,73
173,77
210,74
88,64
16G,18
207449
183,22
149,41
181,52
T3, 45
333.86
954 3
15704
187.25
A27.63
1004 49
31.17
42+83
49.72
96.50
41,19
51. 06
29,14

FOR 3~SIZE SYSTEM (REGRESSION EQUATION METHOD)

95.,54)
107,50}
119,50)

MEAN #2

23.17
124.15
1624,22
184.52
145,36
549.53
127.49
117,480
147.96
159,51
i78.77
220.01
101.96
164.05
2i2.38
197, 04,
193. 36
1682, 42
348.36
339.463
96,48
i58.48
129,08
129.16
102.02
32,03
43,89
56,05
107.50
W% . 9%
52452
29.89

MEAN #3
25.55
136.75
1655,568
138.66
147.39
558,21
129, 88
119, 34
151,44
163.28
143.76
229,32
194.28
167,492
217.206
280,40
196,814
183.32
353,26
345,80
98,42
159,92
130.37
130.T8
103.54
32.39
45, 95
F2,29
113,50
50,72
53,97
30,60k
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25°08T
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#2258
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10002
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