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INTRODUCTION 

Respirators d.asigned to afford dust protection' undoubtedly 

go far back in the history of marl. As early as Roman times 

there Was concern about the effects of Qust and fumes in lead 

min"'''' and ,,'efineries, By the 19th century, dust respirators 

were relatively conunon but no real study of the problems of 

respil:ator design had been undertaken and as (;t. consequenD8 the 

"fiiciency of these devices war, r~'latively poor', 

For over 100 years caniste,r :CfJHpi.rat.ol:'s ha.vf.~ been in u.s!: 

Ln industry and agricul t,ure. It was n.ot unt.il po;i.rion ~Jas wal;J 

used in World War I, however, th~'lt intensive r(;}sear.ch and devel,,· 

'''pment was conducted in their a",sign, Fl:om the .ini t::lal crude 

emergenoy devices issued as stopMg.::._P meaS'l.u:-ea ea.:cly 1.11 thE'! vra;r­

were evolved a series of effioi(-:lnt cani[',te~ t:espirator.s that 

r1':du(;!ed the deva~tation of poison gaff. ",a.1:£al"", 'l'he w'ar' l"eliltfld 

research vastly improved concepts in x·esp.i.rator design, in 

methods of fabricat.ion and assembly and cst.abll.sl1,,(l <'Iotne flt:un,l­

ardit.llt.i.on in t,,~\;s and .inspeotion, 

\'IhiJ." indust.rial and a"r..i.oul tllral l:CHlph:ator d("sign has 

})ellf.lx:L b,<1 inuneas\lrably from the> l:e8~"i"dl Gondu,ct<'.d by the. 

mili t.al''y os tablishm("Hlts, much rf~maJ..nt-J b) be dow]. ',{lhe r.(:~f.H:1D..ech 

dO!::lC!~':Lbed in i:,his :r.fo)POr.:1:. was unclext:[oJ.ken to f.i.l1 Home of the 9aps 

in 01).)';' undex8tandim] of the proper. Bi~inlJ aild d(~.siCJ"\\ of Cumn1.fll>" 

(i:L;\l :r.e$)!i:r:~t,Or(i and ralate to thl':'t'lG separate but l.ntA,l:::ce:l.i;\tod 

tiJ,Eku dcscn:ibed in the. followin9 seotions .. 



SECTION I 

Tank 1. Assist in t.he p:,-eparatiml of anthropornet!ic specifi.­
G,'.lt.' .. OllS which will des crib" the head and face of United States 
male and female workers. 

Our initial activity u.ndoJ; this task Wow to compile the 

available sources of anthY'opomctric data for Uni-te.d States 

male-. and fern,ale WOl:kf~rs. The data wer€: th('-.Hl $:xamin~~d to 

dete:rmine the,;l;r:: r),ppropriutew3BB for. use .in e8tahlishing ant.hro-

pom.otric Gpecifir:H}.t::lons of. the head a.nd J:ace~ 

The majority of the (-J.n"thI'opomHtric data are fr.'om fOlj.r 

pl:ima.r.y f;Ollrc~w: a) gr.o1t,th sUY.",eys 1 b) antll:r.'opom€!tric surveys 

oJ; 8tud~)nts; c) hoal th and occupational SUr.VE'·YU; i;\nd d) mi litat:~J.1' 

anth.t'DPGmni::r~.D surveys. 

(a) I'he anthropometri.c dat.a from the varIous \p:owth 

purpose, In goneJ_.'al, l:hese data a).."(;) obtained fr.-om 

intensive longitudinal. studies of sm,,11 .wgional fl~.mples 

anct £aco. The 0 tuui~n are quite I1lltut'aLl.y C<)llCCn traced 

on t,hQ. ,-"u:],V 9):(lwth Y'HArs \d th Ii ttJ.EJ UB a))h' imthJ:0po-

(b) A numb".,; of an!:hrOpOl!1cetl:ic st.ndicB have !Joen l(lad" 

.. /. .. 



dimensions and ay'" tn mos\::, in"tances a generatLm or so 

out of date. gwm 'Aere extensive data available for the 

student poplllatJ.on, it; "o1),ld !leeessarily be marginally 

useful to us chle to the young age of the samples and the 

probable [<elective nature of the college population. 

(e) l'he ClnthJ.'opornctry of. occupatiollal groups, parti'~nlarly 

thm,e groups that are d~'''wn from industrial or cOllsumer 

populations, would be most useful. It is unfortunate that 

the relat.ivf.lly few studi<JA of: this llature (Jonducted in the 

Uni t.ed States cOll,sider a very Ilmi.ted, number of body 

dimensions and these are usually very $peoificall"' ,:elat.ed 

to work space 'layout. None of tlw studies examined included 

any h"ad and faoe measu:c(;s t.hat would be representative, in 

eVe!! ~ugg",,,~:i';() form, vf the broad oivilian working 

populaboml, 

Damon <'ln~ ,'1cl'arJ,al1o (1955), for exampJ.'~, have surveyed the 

anthropometl.'i,~ data available for occupational groW;w and Gon"' 

eluded that "',)oaupatiollal t\nthropomet.ry has bcen somewhat 

neglt;oted despite ito :relcvanco . . . II Cortainly Huc,!h :t:f;!'fHHU:(~h 

in the uni ted fltate~ l.agf! far lmhind \',hat ,~"f;jompHr~lwd by 

re~earchers in EUL'OP(" In tlwil' l'eport Ilumon and Ho,i'"rlilnd 

g{;\'V1:') ant.hropulnutrio dClta on ,':lome 2'7'1. i:r,19 u.l ax' t:J:'llok bl.!fJ d:r.'iv(n:'s r 

and 103 uhounpiotl t,l'\1Ck dd,V'ot.'s as par'L of tIm r.-efJ""l'ch b'"inq 

Clonductod on hi,!hway trl.ln,s\,oJ.'1;aU,()ll l'l"i'(!'ty. of thl' 40 $c,me 

.... .:1 ..., 



dimensions measured on this occupational group, only one, head 

ch:oumfe,:ence, is a measure of primary interest to us. 

Previous research by Garn and Gertler (1950) investigated 

the difference in physique between research workers and general 

fact.ory workers in the same plant. Again we ::ind th .. <::mphasis 

in this research is on gross physical size and physique with 

little or no attention being given to metric description of the 

head and face. 

;,now and Snyder (1965) cond.ucted an anthropometric survey 

01: 684 air traffic controlle:r.s to obtain design data f01' layout 

of work spaces. Of ~le 75 dimensions included in this survey, 

only three (head Circumference, bitragion-minimum frontal arc 

and hi tJ:agion-submandibular arc) were measures of the head and 

filee. 

'l'he most recent and extensive J:esearch of occupational 

anthropometry was that of Stoudt and his CD-workers in their 

study, Static !!!..q Dynamis:. Meas\.lI'~ments of ~.J:2!: Vehicle Drivers 

(1970). The study was undertaken to provide descr.iptive data to 

be used "t.o ensure automcbile drivers anel passengers adequate 

spatial accommodations in their vehicles incluc.ing clearance 

arol;nd thei!: bodies, access to points of optimum vision from the 

vehi'~l(), access to controls, and comfortable, fatigue-preventing 

seats." As expected, the study concentrated 01' thCll(,> p1l.ram<aters 

whioh are critical to work space and driving with no head or 

faDe dimensions being inoluded. 



occupational anthropometry has not been widely undertak .. n 

in the United states and those studies that have been conducted 

were xathar specific in nature. It is not surprising, therefore, 

that this particular source of anthropometry is of auch limited 

value in our particular prob:lem. 

Broad anthropometric surveys of United states adult 

civilians have never been accomplished. An anthropometric 

survey of adult women was conducted by the U. S. Department of 

Agriculture in 1939-1940 and included some fifty-nine anthropo­

me'coric variables measured on 14,698 women who ranged ·in age 

fxom 18 to 69 years. The em!)hasis in the survey 'WaS to pX:Qvide 

data for use in improving the fit of women's garments and 

patterns. AS might be expected, there were no dimensions of 

the bead and face meas\lred in the survey. 

The most recent anthropometry of U. S. civilians is that 

obtained during the Hea.l.th Examination Survey conducted during 

the period october 1959 - December 1962. In this survey some 

6,672 sample persons (civilian adul.ts living outside insti tu­

tions) ranging ill age from 18 to 79 years were examined from a 

nationwide probabi li ty sample of. 7,710 persons. The an.tllropo­

metric findings from this survey have been reported (stoudt, 

et a1. 1965, 1970) and, '~hile curl:ent. an.d undoubt",dly repI'e­

sentative, are of limited use for our purposes. The survey 

included age and sey. distl:ibutions for the following variables: 

- ~ -



a) weight, bl height, c) sitting height (erect), d) sitting 

height (noxmall, e) knee height, f) popliteal height, 

g) el,bow-rest, height, h) thigh clearllnce height, i) buttock­

knee length, j) buttock-popliteal l~ngth, k) elbow-to-elbow 

bread'ch, 1) seat breadth, m) triceps skinfold, nl infra-scapular 

skinfold, 0) right arm girth, p) chest girth, g) waist girth 

and 10') biacromial diameter. It is unfortunate that the selec­

tion of dimensions for this survey was primarily for purposes 

of wo;ck space layout and nutritional assessnent and are not 

relevant for !liziny and design of personal protective equipment. 

Id) The remaining source of anthropome.tric data is, 

nurveys of miH tary populations. This source of d<lt,,. 

;LS particularly :dch and ourrent since each of the Urlited 

IItates m,i.li tary services has completed a majcr anthropo­

netric surveyor its memJ:.ers within the last seven years. 

1\ listing of a number of post World War II anthro];ometrio 

surve::s of military personnel is compiled in table forl1l below 

(Tabll~ 1). 

I'lbl.le not all t.r, S. miH tary anthropometry is included 

here, an attempl-. was made to lif$t the ma:ior aour(Jes of such 

dat.a. The surveys listed include not only datil, from each 

Ger'v'lce, both male and female, but in Ii fa~hion are samples 

from diffe~'ent segments (~f the population. The 1946 Army 

sample, for e~;aI11ple, WlifS a cOlnpos,it',e gl'OUp of Army mell ana had 

- 6 -
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in common only that they were being processed for discharge out 

of the Army at one' of several separation centers. The 1.946 

Army women's sample similarly was composed of nurses, WAC 

officers and enliste6 women, etc. who were being separated frDm 

active duty at the end of world War II. The very heavy manpower 

demands lII"de by the services during World ~Iar II necessi tated 

the relaxing of physical standaros normally maintained by the 

military establishments so tilat the 1946 U. S. Arn\y male and 

female samples were in all probability broadly representative 

in body size of their age groups in the oivilian working popu­

lation at the time of the survey. The 1967 Air Force fliers 

sample, however, is composed laJ:gely of rated fliers 1 that is, 

officers on flying duty. 'I'his sample is chara.cterized by indi­

viduals drawn from the upper sucia-economic levels of our society 

wi th a relatively high educational level and are in better tha!', 

average physical concition. Silillilar selection c.riteria are 

charac.teristi.c of the 1950 Air Force fliers a.nd 1964 Navy 

flie~s samples and to a lesse.t· degr( e the 1970 Army ilie..:!! sample. 

The latter sample is primarily composed of officer's and warr".nt 

offi.cer helicop1:er pilots and warrcmt officer oandidates under­

going l>.elicopt",:: .fHght training. 

'l'he 1%5 U. S. Air F<~rce <lampl.e is pre,dQminant1~ but not 

excl.utlivel.y cOMpolled ()f aionen undeJ:'going basic trairdl\g. The. 

1966 ll.rnIY, N\1'I'~' and. Marine samples are a.lao pr"dOlllinll.ntl.y rec.ruits 

measurEld (lUring basic training. 



In Appendix A are summarized thR anthropometric data for 

head and faoe measurementBfroro these milit,..ry surveys. The 

chart includes the m~Qn and standard deviation (centimet.ers] for 

each head and faoe variable from each of these military ·surveys. 

The '!ariables of age (years), height (centimeters) and weight 

(pounds) are ",Iso Hsted for each sample at the bottom of eaoh 

column. 

The 1967 U. S. Air "orce llurvey is listed to the left as 

it wa~ the most complete in tey.ms of the number of variables 

considered. The other surveys were sea,rohed for variables which 

oould be considered oomparahle t,o the USAF 1967 dimensions and 

these were then listed for comparison. In one case, a variable 

of flome interest to us (na,s<:l root. breadth) was not measured in 

the USAF 1967 survey but was measured previously and thi~ was 

then included in the final listing of variables. The compara­

bility of the listing was determined by ,comparison of the rnei~sure'­

ment descriptions f.rom the various survey~. As a number of the 

surveys listed here have not teen published, we have worked from 

the notes made available to U!3 by the principal investigator in 

charge af the !lurvey. Some inconsistencies may at,ill exist in 

these datal t.hat is, measures from different surveys that are 

Hsted as comt>arable may not. be equated ([ue to differences in 

interpretation of anthropometric landmarks and the like. :It is 

of ,".)nsiderable interest to note, however, t.hat when well e~tab­

lished landmarks are used for a particular measurement (e.g. 

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

- 9 -



In these military surveys, we find a wealth of head and f~ce 

anthropometric data immediately available for use. The question 

that remains, therefore, i.s determining if these data can be used 

to aoequately characterize the head and face size of U. s. civil-

ian workers. Were data for even a few head and face dimen6ion~ 

available of a representative civilian sample, it would be 

possible to malte direct comparisons between the civilian f,nd 

military for comparabllity. As nc su.ch data appear to .. xist" we 

must use an indirect technique to e'valuate the appropriateness, 

of Iltilizing' the r~ilitary :lhthropometry aa desig'n data for 

civilian workers. 

The ~ivilian body size data obtained during the 1960-1962 

Health Survey is probably fairly representative for the U. S. 

civilian population. We can, thfJ.':efo.re, use the general body 

measures G'f height and weight as a comparison with the va.:-ious 

military sanlple", (Table 2). Height and wei.ght are not unrealistic 

measureli for such a comparison as they do define gross body si'le. 

In addition, there is a x'elatively high relationship of stature 

with other measures of body linearity and of weiyht with measures 

of body circl.ll1lference, breadth, depth and volwne. (For a detailed 

discussion of the practical use of these relationships, s~e 

McConville, Alexander and Vellley, 1963.) Fr'om this it would 

appear that the USAF 1967 Sltmple was slightly taller. ("'2 cm) than 

* a comparable age group of civilians and some two pounds heavier • 

• The weight of the civilian population uoes include light cloi:hin9 
below the waist which would add a little over t:wo pounds to the 
mean values for the. male sample and somewhat less than two pounds 
to the _an values for the fl!lllale sample. 
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The WAF 1969 sample W3.S of approximately the same stature as a, 

comparable age group Q"civilian women but aome two pound" 

lighter. 

The most marked differelflC$ be'cween the civilian and USAF 

data is in the standara deviati9n for weight and to a lesf'tll: 

degree for stature. This wc,uld, indicate that the dif.ltribut:iotl 

of values for the civilian llamples is !nllCh brQader than in the 

military populations. This hi !lot unexpeoted lit! the military 

services do maintain limits on body she for individuals 

inducted into the serv~,ces. It IIhC«(11cl be rern"mnered I haw0ver, 

that the Health Survey data i!lclu'.!(~ "civilian adults living 

outside institutes" and as '" con!lequ'~nce contai.n indivit\ua1.8 

who may not, due ~o health 01: physi(>al she, b~; norm<llly 

inclUded as members of the work force especially in ~re&,s of 

worl< where personal protective ge,I.Il:' AllOrl I'\S r'ospiratoJ:s ar.e 

required, 

One addi ti('1flal fact'~r should be poi,ntt~d out and that is 

the relative a,greem,,,nt in valllee tar height arId weight from 

the 5th to the 95th percentilos (the rat.se for which sizing 

programs ar.e usually develop'~ci) bctw')''m t.he civi.lian and mi.l!.", 

tary samples. This cOt'respondem:e is illustrated in Table 3: 

- 12 -



TABLE 3 

Comjfarison of Body Size of Va;t;!ous 
U. S. Civilian and 'JSAF Samplos "' 

5th & 95th Percentile Values 

Weight (lbs) Stat.ure (em) 

~ ~, ~~.22th 2.~ ___ 9_~h 

ji~a1 th Survey 18-24 124 214 163.3 - 183.9 

25-3~ 129 223 163.6 - 184,'1 

35-44 134 219 16,3.1 - 162.1 

45-54 131 219 162,,6 - 182.1 
55-64 123 213 159.8 - 180.3 

iJSAF 1967 30.0(6.3)* 140 211 167.4 '" 18').7 

FEMALE ---
H~alth Survey 18-24 99 170 152.4 - 172.5 

25-34 102 191 151. 6 - 170.9 

35-44 109 204 151.4 - 170.7 

45-54 106 205 lS0.l - 170.7 

55-64 112 211 148.3 - 169.2 

WAF 1968 22.9 (6.5)* 102 156 152.4 - 1.72,2 

* .... x (SD) 

- 13 -



Th" la:r:geat discx"p'lllOies in Table 3 appear to be those 

ulwciated with weight Ilnd primarily if!, that the military data, 

do not adeqll1<tely COV6r either the le.Mer end of the male weight 

d1strib,"Hol> or the up:?er end of the female weight distribu.tion. 

These dis'Jr.e.p'anciea are not as aeJ:iou/3 as they may appear, 

however, j,f we can sssnme that personal protective e'~uipment 

design Pl:og:c,ms fox; industrial workers will be for th'J total 

worldng population ;:md will not normally be unique to one or 

t;h~, other t;/1X. If this assumption is reasonable, then the lower 

<lmd (If the male weight distribution not covered by the male 

military series falls 11e11 within the uppe~ end af the weight 

distl:ilmtion l)f the female mili'es:>:y series. By th.., same token, 

the \Appel' end of the feJ:r.all~ weight distribution not \1own:ed 

by the female military sedes falls well within the lower oistri­

bution (,fl::he male military series. The ellipses in I'igure 1 

illust,rate the degree ox conunonalty of the mule and [E,mal .. 

mil.Hary data for the di.mensions of height and weight. 

In terms of gross body size the mili. tary data, flS represented 

by the mos t current of the Air FOl'oe male and female "amples, 

approximated reasonably well the gross body siz~ of the civilian 

popUlation, 

E\'e~'). were these mel>sures of g:corss body size to show greater 

differenc'es than in Table. 3, this wO\Ald not necessar.i.ly rule out 

the use of the military head and faoe data for civi.lian desiyn 

problems, The primery ~election for military servioe is based 

- 14 -
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upon Bpeci.fic limits of age, genex'al healL'l, intelligence, 

stature and we;i.ght. None of these f'O!le"tive factors nece!!s(lril~' 

:teljl;:;dct the vadahiHtyof the head and fcce in the military 

porl).lati"ll. 'rhe selection facto'cs t:hat might reaeon.1.lJly be 

'Sn.pect.",e, to restdct head and face 1fa:dilbili ty are the variables 

of, 119<;\, heiqh.t., and weight. .1\,pp'>nd:1x II indicates the correl;o,tion 

coeifici.ents for measures of. the head an<i iaae with age, stature 

and wel . .,ht. The coeff,icient" given. are fo:.: the int,errelation-

shi.,~. detr,rmined fl:om the I1SAlr l.96;' data but are representative 

(',fr.hose for othex' mHi taJ:Y and civ-iliatl samples as vlell. Wha\~ 

is irnmedj,atflly apparent from, this listing is the 9·,;,nexo.11y 

moderate to .tow relationship of hlila,1 awl face iJirnensions with 

hel'1ht, weight Ilnd age. In ,waluating the n\eaning of these cor­

:r;",l,,1;ion coeff.icients, we may use th(~ vahle of: the correlation 

coefficient IA!UareC: (r2) to give «,/I ;'lldicat.l)r cf; ho\~ t.he vax'iable!) 

.are "restrint.€Jd" by the vilzoiablm; of a,,'e, f.ltature'.nd "eigh.t. \iidn<J 

monten-'t.o-nomal roet (fa.ce length), we see the co:::xel.ati.ons of .11.a r 

.. ~77 and. 230 rllSfleatively with a'la,. 1l1;ature atilt W,ll,lht, wi.,.l{Ih 

indioate that SOII1l" 1% of fac~ . .Length v;u;iance .i.~ 'iflsor.:LatHd w:t th 

ao;le variance, some 8% with .. to.t,ure varianoe, and HOhle 5~ ',o/ith w,~i9ht 

variunce. From thi.tI we :nay conclude that ex.i.sUng l'lili tary stanctards 

for It.<Je, weight. ~.ud ,\t,~t\"x'e do lW7; n'.Jcel.lsad.ly l'estrivi: thm dim',n­

sion[! of lwad ',1nd faco si~'" iJeaauGe of tlll! demonstrable moderate to 

low relat.ion!lh1p of the select:lon cl:it.ori".. with the ui,nen~;;,ohB of 

th~ head and face. 

., H-



For tllese reii\SOIlS we helieve that. tIl(; mU.i tary head Mid 

face &1.1thropometric data ca.n be used Hit!! good ccc!1fidence in 

the estai)lishing of design cL'i tEnia for the d.viliall workil.\g 

population with no adjustm<l.nts of t.he miHtd.lY data b<.>ing 

necessary.. l"rom the military datal wa would select thi!3 Ail: 

Force 1967 male and the 1968 fen,,,J.e .h'oad a.nd face ant.hrQPQntotric 

dat-a as most app;('opriate for 1.tse. This select,iol1 is based u.pon 

a mlllu:)(,r "f faatOl:s which inc,lude the cllrrency of trw de.ta , t.he 

nurnl:>er of: v."u:f.ables me.a.s\l,r.,d" j;ho age and the ,~r"flS body siz.; 

of theBe flltmples, 

C{)lI\parif.:\on(~ of male and £emaJ.~1 head and ff:i.Ce. dat.a for e.st:ab· ... 

li.shing size and cleslqll criteria of p'OI'<lOlla.l Pl'o'l,e.ctJ,ve oquipmcnt. 

ha.s not, t.=.o our knowledge, been prev{ouliJly made. It tHy theJ:(~f{)t't;l, 

of Gome i.J:l:t~re:st t:.o ekaroin<!1 't:he ava.ilabl.(~ dat.tL \-1'1,th this. ~H.u:vo~~e 

in. mi,nd. 

'I'he dat.a, J.i\lted in AppEOnd.l.K ,7, oed) b(f, used to uetermine. t.he 

magni tude of the di:fi,,,:e,nt)e in the dim<'>n.s1.on,. or: th" he",1 and 

face b",b~'Hm male and female saml'les. 'l'he most (lompl"te "'" of 

CJomplI.rubte datu i& that f~'om l;he 1I3Al!' 191:>7 male an.d the Ab: I"ore", 

WOlnen 1968 s11rvr;,Ys. \~hl1e there w"re sigtll.fi",mtly fewer dimen .. 

:dionH ~r]oaDurAd in the '...rorMin 1 fj su,t'vey t,ho.n in tlu: Illen '8 o\1rvGy, 

tlHU:·'f; ,,-t:e fiUffit;;ient da-t.a. t.abulut.ea l:or SOrtie. mcan.in.gful C'ompur:t~ 

I'FJYH-l. The mos t obvious (l:i.t'£el·ence in Lhf:'. (Jornpa:ciHon of hei.ld 

".md :hwe me·.:Ul. value,,, is t.he <:I,merally !3maller vfllues £0:( eaoh 

:forrw.1.e dirrt(!.nn :Lo.'I1. 'rhe: dim&.hs ion mcntoh..-. ::o-l1ns al root deprHsH ion 

(face .lel\~rt,"1) .\'0): thi; f<im,,,l,,,s .is only 88% of t.h" male ,:IVera'J" 

- 1'1 " 



Vil1ue alla the dimension of bizygomatic breadth (face breadt.h) 

for women approximately 91% of the male mea" value. In general 

we find in this comparison that the female face appears to be 

dimensionally smaller but not significantly different in propor­

t:ionali ty. The small differences in head and face pJ:oporticns 

f;hat do appear to exist are of possible minor significance for 

design purposes. 

In Appendix C are given a series of biva.riate, ellipses for 

:;lelected head and face dimensions wi th t~.e male ai1d female data 

plotted in the same graph. Each pa.ir of ellipses, is shown 011 

"three consecutive graphs with probability samplee: of 90%, 95% 

mnd 99% being illustrated. The graphs for face breadth and face 

length, for example, ;'.llustrate the slight difference in propor­

tionality between the male and feJmale data through the difference 

in orientat.i.on of the major and minor axes of the two ellipses. 

These graphs, iii addition, demonstrate the degree of coincidence 

ilild uniqueness of the male and female head and face data. We 

mi.ght initially conclude fr'.)m these data thilt fema:.e users of 

personal prot"ctive equIplnent could be accommodated by the smaller 

(If the devioes made for male users s1.lpplemented with one or more 

it"ms desj,gned for the lower end of the female size distribution. 

The question of flthnic variability in head and face size 

has never been Gatisi'actor.ily answered despite the many investi­

gatc.rA who have stUdied this probl'~m. 'rhe availability of \:he 

relatively large mili. tary sample.s wi th, in many ins tallces, broad 

- 18 -



distribution provided the opportunity to compare the facial 

dimensions of some racial and ethnic subgroups extent in the 

United States population. The £:i.rst comparison is Caucasian and 
~ 

Negro facial data drawn,from the 1965 U8AF male survey and the 

1968 USAF women I s survey. This c()mparison is shown in Appendix 

D. The first. table of this appendix (C-l) is a comparison of Negro 

and Caucasian head and faoe data >lith the samples being matched on 

the basis of age. The head and fd,ce measurement differenoes which 

approached the 5% level have! been highlighted. In the following 

table (D-2) are ,dmilar d"ta :for females. In this instunce the 

data were not from matched samples" with the Negro subgroup being 

approximately 10% that of the Caucolsian group. Again, the differ-

ences in head and face measurements which approach the 5% level 

h.ave becn highlighted. Following these tables are a series of 
" 

graphs (D3-D13) in which the male 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 whe.:e design criteria based upon either 

of the subgJ:oups \'lould large) .. :,' accommodate members of the other 

group. In a few instances, for example, na~al breadth (D .. 7) and 

lip-to-lip distance (D-J.2), the designers should be aware of the 

differences between the groups and i\cljust 'cis design accordingly 

to aocommodate the wider range of variarJility. 

* The USAF 1965 survey sample is USIlO, for 
it, containe. a broader racial and ethnic 
the USAF 1967 survey sample. 
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Additional racial-ethnic comparisons were attempted but wer'e 

not fully satillfactory. In most military surveys racial or ,eth!lic 

deS;ignation other than for the primary races of Ci\ucasian, Negr'o 

or Oriental has normally not been obtained. In addition, members 

of ~acialor ethnic groups when they can be identified often 

OCC"lr so infrequently as to preclude obtaining II sample of 

lIuf::icient size for effective comparison. The data from the USAF 

196!; male survsl' have been used in an attempt to isolate additional 

ethnic subgroups. In seeking to isolate a Spanish-American sub­

gro1:'p, all subj ecU in this surl/ey with a Spal)i flh form of s'u:.:name 

Were sorted into a single group., This group was then classlified 

as to birthplace. If the subject was born in Mexico or if one or 

both of his parents were born in 11exioo, then the subject was 

clas~'ified as Spanish-American. A similar criteria of sel.ection 

was used to establish the, po.Ierto-Rican subgroup. This io admittedly 

a som'ewhat weak method for establishing such subgroups but is at 

presel1t the only reasonable one available to us" !the results of 

this (lomparison are inoluded in Tables D-14 and D-15. It wUl be 

seen that mean differences for head a",d face dimensions among the 

rac:'al and ethnic groups is relativE'lly sligh'i:. when evaluated in 

terms (,If the variability within anyone group. Fox; this reason we 

t~nt;ativel':i' conclude that, for design purposes of W.ad and 1'ac<: 

personal. prot.ective equiplIIlilnt, we may work with tlve tot<'.l gl:OUP 

data. The conclusion is tentatively stated due t,~ the slWll 

s~mFle lIille of the subgroup!'; used il.\ this comparison. 
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St:Cl'ION II 

Task 2. Prepare sample respirator sizing programs; 

The primary pu~pose of dividing men into a series of size 

categories is to obtain groups of men who are more or less alike 

in a nUnlbe.t' of dimensions. The more alike the group of men are 

in body size, the more satisfactorily they will be fitted by a 

singl.,-si:;;e article, and the less the adjustability or tolerance 

the designer must provide" 

The il1itial procedure in estclblishing any sizing system is 

to decide on a range of sizes based, usually, on one or more 

critl.cal or key dimensions involved in i'I part.icular garment. For 

example, in ready-to-wear clothing, shirts are usually sized on 

neck circumference and sleeve length. Clothing based upon these 

dimensions therefore "fits" an individual i.n theSE< dimensions but 

otherwise i.t fits him only to the degree to "'hieh he c.cmforms to 

the manufacturer's standards used as the guide for the other. dimen­

sions that go into the garment. 

1'1 praot,l.ce, this system works reasonably well for the 

loosely-fitting garments which make up the bulk of e.n individual's 

wardrobe. In the development of perso!).",l protective equipment, 

however, this approach may prove inadequate und may require 

extensive modificat.ion of the it,em to prevent compromising the 

functions l:or which it is designed. One solution to the problem 

of poor "fit" could be the sizillg of a ga.rment on thE! basis of all 
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of its iIIost critical dimensions. A dresil shirt, for example, 

si",,,.cl, eln the basis of "eok circumference and aleeva length, may 

requixa five eleeve lengths for each neck siz,e. If five neak 

S,1%,811 :lJ,e ,.tl"o requir<!ld, then a total of 25 s:h.:i.rt sizE's are re­

quiz'ea III (_rder to lidequatdy fi t the 'f .. ri<tbi:li ty in body size of 

the using popul«tion. If the shirt must, through necessity, also 

fit: the "hest: and waist girth a,s well as the neck cireUlllference 

and sleeve Im'qth, the fdllllber of llIizes increases radically. If 

only fouz chest sizes and also four waist sizes are required, then 

the total nmnber of shea might become five times: five Ulrles four 

tJme four, or '" total of 400 size>; 'to clothe a given population. 

Sl!'~l'!. i1 solutlon it' economically unfeasible. It may be noted,. 

hcwever', that 69 ,"hirt si;rel,l Ilr(~ indicated all being available in 

a r"Of"l1t. mail order cetalo", for a, aingle type of dre/HI shirt. ana, 

this ; .. :r.l\I.e~,t, is; Bizer;!, lIo1e1y On neck, circumference and sleev.:; 

length., 

Control of till! variabiHty within a size category can I,;,e , 

accorr.lpJ.ishlld either directly or indirectlY. The direct approach 

If) illustrated by the< s.i,zin\l of dre!!!! shirt,s in whleh the key 

01.' cL,ntrol.ling dirnen"!.',lHs ",re an integral mea/nlre "'f the item 

being designed. The fn(!:L~ect approach uses t,he control achie\red 

by '.be. llI.e of key dimensi()n"'. Hhioh ",;.'e not: a part, of the i tern 

being designed but arc highly cocx'ol"te-d wi-th the sizing dimensiOn!! 

invol','ad jSI tho. i!:elll. An eltNl,ple 0," this is the lhilllli' heiqht-weig1'!t 

ai:r.i,fl9 sYllte,m fm; flying gaments, neither of which. are directly 
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used in the de&ign of such garments. They can be used as key 

dimensions, however, because they are highly correlated 1~i t;h 

other measures of body lengths, brelldths and girth" that; must IJe 

controlle.d in the sizing of the gU"IDents. 

In selecting key dimensions for a complex sizing ~roqram, 

the final choice will of necessity be based on how well the 

l~ey dimensions IJontrol the variability of the other dimensions 

that are of importance in the fit of the item. The amount of 

indirect ~'ol1trol of certain key dimensions must always be bal­

anced ag'ainst the amount of direct control afforded by making the 

key dimensions those which are the most critical in terms of tit. 

Bef.o2"'" ,mob judgments oan be made properly, it is necessary to 

c.1e·te:rmiru the degree of control which ... ill be obtained by th .. 

use of v.!Irious combinations of key dimensions. 

Appendix E is an intercox'relation matrix for the head and 

face variables measured in the I1SAF 1967 survey. The data from 

this survey are used because of the largl! nUlnber of head and 

fac~ <Ii-mens ions measured and the interc';,rrelat.ions tabulated ale 

typical of those generally found for the head and face. It is 

:immediately apparent f:com this table< that the arcs correlate 

highest with arcs I t.he length ~ri th lengths I and the breadths ",'.Hh 

breadths. It is also app",.rcnt t.hat there is a ne\rligibl~1 degree 

of re::'.Cltinnship between Of Ie class (length or breadth) of variable 

and another. As Chm:iJl·dlJ. ~"nd Truett have point.ed out (1957), 
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"The proportion of 8mall values among tho head and face o01:);'el&,,· 

tiona is probably greater than would be found for any oth~, major 

grou~ of body dimensions. • •• Truly, the dimensions of the head 

and face are, in the main, little related to each other." 

Because of the low correlation among the head and facial 

dimensions, a key dimension for s,izil1,g of respirators is not 

readily apparent. In a successful sizing program for oral-nasal 

oxygen masks, the USAF used face length and lip length as the key 

dimensions. They selected thrEle lengths for face pieoes (short, 

regular, long) with each length having two widths (nan'ow, wide) 

yielding a six-size program. After extensive fit-tests in t~e 

field, the wide masks were found to be umtecessary and only the 

regular wide was retained beCaUl!le of the large number of subjects 

(16%) who required it as their l.ndicated size. 

If two facial variables ar,e used as key dimensions, we might 

'",ish to select a It'ngth and bre,sdth. If we use face length and 

face breadth, for example, we \Ol\)uld reduce facial variability in 

anyone size because of the reliitionship of t~e lengths with face 

length and breadtlBwith face breadth. In A?pelldix F is illus­

trated a bivariate irequancy table of face leng\:h and face breadth 

using data from the 1967 IJSA~ and 1968 Wl'lF surveys. The data from 

the VAO sources have been combined in 11 single bJ.variate tahle in 

or".ar to :..llustrate the degree of uniq:ueness and overlap of the 

maLle and female data. In a partictlb,r bivariate oell, for example 



thlti; for ind.tvidualll who have I.l face l~ngth of ft'om 113.;; .• 

• U5.5 Il!m al'Q. a face brp.o.dth of from 133.5 '1:0 135.5 mm, w<; Hnd. 

th.e notation l.4/22. ThiB W(>1.ild indiaate that H felllales and 1.2 

malell have facial lengths ar,(l breadths within these limits. The 

numl;)er -t.o t!1 .. le1:t of the fillash always enl2lllerates subjecta from 

the i_ale Iijwnpl.e, wi til t.he nlllllber to the righ·t always being from. 

the illlIl,e lI!!U!\ple" Note that cO)'1oj.derable degree of overlap does 

occur in 'the center of th", table. 

For illustrative purposes, the variable of face length 

(menton"nal!~l root length) is used as D. key or Sizing d,imG:1Wic.m. 

!n Appendix G are gi veri sizing prograln.tl for maJ.,,!> and feml:1leH 

using USAF 1967 and WAF '.%8 data, The siziug programs con",i"t of 

five different sizing systems as shown in Tabl~ 4. 

The data pZ'esented in the tables of ."ppendi.x [~ are relatively 

self-explanatory and will be discussed only briefly. The units 

of measure are: age in years, weight in pounds, and the remaind.er 

of the variables in millimeters. The information on the sheet 

includes the size system, the method of' computatioi.l (direct or 

regression), t .. he nwnbet· of individu.\J.s falling within the sizing 

category and the percentage of subjects within t:he shing system 

and the populat:ion for that particular sizing (·.ategory. 'l'he 

tabular data ';Jiven inclllde the variable names, the within··s.i."e 

standard deviation, and the mean val.utI for each of the sizes. 

* The values given for each row and col\lll\n are mi.dpoint values 
for an inte1.'Val; that is, the value, ll.4.5 for taae le.ngth desig­
nates the 2 ;111\1 in1.:erval of 113.5 l1II'I\ - US. 5 mm. 
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T~.BLE 4 

Illustrative Faoe Length Sizing programs 

~ace X,e!'l2ths 

Size 1 
Size 2 

~~_ Len\{ths 

Size 1 
Size 2 
Size 3 

Filce Len\{ths 
Sbe 1 
Size 2 
Size :; 
Size 4 

Face Len2th!. 
Size 1 
Si2e 2 
Size 3 
Size 4 
Size 5 

Fa.£~£ngtl~ 
SiZH 1 
Size 2 
Size 3 
Si,~€! ~ 
Size S 
Sl.ze 6 

2 Si~e System 
Female ---

9.05-10.55 em 
10.55-12.05 

3 size System 

Femal.e ----
8.95-10.15 (.'I!\ 

10.15-11. 35 
11. 35-12. 5.S 

4 Size System 

"ernale --
8.55- 9.45 em 
9.45-10.35 

10.35-11.25 
11.25-12.15 

5 She System 

~ale 

8.95- 9.65 (,.'ll\ 

9.65-10.35 
10.35-11.05 
11.05-11. 75 
11.75-12.40 

6 Size System 

Female ---
9.05- 9.65 em 
9.65-10.25 

10.25-10.85 
3.0.85-11. 45 
n.4S-.l2.05 
12.05-12.65 
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Male 
10.55-12.05 
12.05-13.55 

~e 

10.15-11.35 
11. 35-·12.55 
12.55-13.75 

~ 
10.35-11. 25 
11. 25-12"l.5 
13.15-.\3.05 
13.05-D.95 

Male 

10.35-11.05 
11. 05-11. 75 
11. 75-12.45 
12.45-13.15 
13.15-13.85 

t~ 
l.O.2!,-lOoS5. 
10.85-1.1.45 
11. 45-12 .OS 
12.05-12.65 
12.65-13.25 
13.25··1.3.85 



The tables giving the re~ults of the direct computations 

contain those values obtained as the mean and pooled standard 

devilition for all the subjects within a particular sizing cate­

gory for each head ana face variable. ThO) l'esults obtained 

using the regression Elquation method are somewhat more involved 

as to the method of cmuputation. Referring to the two-size 

system, male data, we can compare the results obtained for the 

two methods for v,ariable 35, menton-nasal root depression 01: 

face length, ollr key dimension. The sizing category is i,l",ntical 

in either method but the mean values differ. 115.72 mm and 125.06 mm 

for sizes 1 and 2 by the direct method and 113.00 mm and 12a.00 rom 

by the regression method. 'rhe former is, of course, the aotual 

mean fer the subjects that fall within the limits of the sizing 

category. The latter values are established as ~Ie midpoint of 

the interval for that sizing category. The reasoning used in the 

regression method is that in actual practice the ~'mjects are 

never distributed equally throughout the sizing interval but tend 

to cluster towal;'d one or another end of the oizing interval. The 

effeed.veness of the 3i".ing procedure is, therefore, reduced 

by the unequal w~ighting of the sample distribution within each 

category. By placing the key dim,ension at the center of the 

sizing interval, the eff.eci;s ox the un(;ven sample distribution 

are reduced. The values for. ..,11 the rE>maining varIables using 

Ulia sizing procedure al''' then establhhed using a aeries of 

regression equations which pred!"t the variable values from the 
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value of the pred.ictor or key dimension, i.n t'lis cuse face 

length midpoint. 

The adVantage of the regression equation method is believed 

to be that it provides better sizing coverage for the ends of 

the total. sample distribution and establishes more even ir,cre­

mente of iOizi.ng 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 to our know­

ledge been attempbed previ.ously and give;; us the apport.unity to 

evaluate the degreF.1 of differen<.le ill a si~:e category between a 

male and female seI'ies for similar variables. If we exa.'lIine the 

data obtained by the direct computation method, for example, in 

the two size system wi til the sizing category 105.5 - 120.5 mm, 

we find that the data for the female sample is signj,ficantly 

smaller in value than that from the male sample for almo3t 

all dimensions. Part, of the difference might be ey.pJ.ained on 

the basis that while the two samples are drawn f)''''IR the same 

sizing category of face length the distribuHuns within the 

category differ for th" male and female !;'ample. If \1e. look at 

the value of the key dimension, face length, we find the 

difference to be !lome 5.2 rom less for the female sample than for 

the mal.e sample. This result liould appear to cod:lrm the diffE'.t.·· 

'il~.','e in dist.ribution of the two samplee wi th:i.n the f.i7.ing O;l\:3gory 

wi th the females uneven.1,y weighted toward the loweL' c1nd and ::;he 

males toward the uppe~ end of the cell. 
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'l'urning to the results ohte.5.f!e~ fram that r'~g:;esldon 

equation method which is in part designed to allevlate the 

unevelOXleilS Qf sample distri).;tttion, we find that I'Iigniticant 

differences between the sizing category means still exist despite 

thf' equating of the key dirnenaion of face lsngth at 113.0 IIU!\. 

These findings sugg~~llt that our eat'lier assumption that' the 

female iil,ce, in. 1;.6rms of r<:lJpirator desig.n and sizing, can be 

treat,ed as a small male face is open to serious re-evaluation. 

Due to time limi tat:l.ons, it has not be,>o possible to teAt and 

resolve thill questi,m. 

'l'he sample "i:oil1g prog:.:-am included here (App"ntliz G) is 

prima.rily illul>'crative but could be used for a E"pecific purpose 

of sizing qua7:ter or half face pieces. For: sizinq of full face 

pieces, it wl)uld probably be more desirable to go to a sizing 

sys'tem bas<'!,d on two key dilnensions, such ".6 face l"ngth and fa",,,, 

breadt.h, Sizing of other t.ypes of head and face personal pro­

tecthle equipment would req\;.he consideration of. other key 

variables sE!l~wl;ed on the bash of t.heir ca.pa.l:>ili ty to rAduce 

variability withi}l a sizing category • 
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SECTION III 

Tas]{ 3. Selecti.oll of fi t tes t samples. 

The final step in the design of a mask is, in a very real 

sense, an evaluil.t.ion of ho~, well the mask performs the task for 

which it is intended. To carr.·y out. such an evaluation, it is 

net?essal::Y to test the effect.iveness of the mask under realistic 

conditions while being worn by members of a pr.operly selected 

test sample-. 

The cJesign of test procedur.es is beyond the scope of this 

report, but cl(;arly the test. protocol must be one I~hich will 

provJ.de ~'Em ul ts having both high reliabili ty (l:eproduc::ibili ty) 

and h!.gh vaHdi ty (relevanoe) r and our. di,8cussion of sampling 

ple.ns assumes a test proloool. with these prope.rt.ies will be 

'-'.sed. It. is important: to T!ote th?.t the test protocol and the 

sampling plan interrelate in th.eil:· determination of the overall 

precision of the evaluation pro"edun>. Thus, fox ,example, it 

may well be possibl" to decr"<lsf) the size of the t.ast sample needed 

to provide a given level of acmu:ac.;y by increasing the amount of 

testing performed on flc:tch member of ttV3 sample ilnd vi('1r~ versa. 

Ideally, tho choico of y"mpling plans and t,,~t procedures shOUld 

b,,) made on th., bas to of ,~hoosing the combination which gives tho 

gre<ltesL ",xp'~ct,ed accuracy fo,: a fixed input of tJ.me ;mq money 

or, equi,valently, a. fixed leVf!l of E;ccuracy wi t.h a minimum !lo"L 
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Ou~> primary concern here will b.3 twofold: to not.e "Jom~, of 

thE. factors worthy of consi(leratJ.on in the salectio.\'! of Q sampling 

pl/ln, and to out.lil1(' a variety 01: such pl.ans. ~~h(.ae pl B.ns a:c'e 

int<~nded. pr.imar'ily to illustrate the wealth of possible approaches 

that ca.n be <lsed. The cholce' of samplinq plan f<Jr any part:i.(ml.az 

teat program should be ma.de on the basis of the spe()ifics of that 

program. 

Alnong the factors tha.t. provide a bar.is for "haosing a. ~a..rnp-

ling plall i3.:ca thGse ~ 

B1irn'C., the desire to obt.ain an accux'o.te 6\1'81v.a.ti.on of how 

\~ell tbe mrJ.l;)J. ~'.i..ll perform. Predict.i.on of p:cecisly how well. a 

mask w)'ll set'v"" its intended purpose when it is wor.1l by any 1I1ember 

of the t,scr"·populat.i.on Ol.tnnot be made wl th complete accurar-y bv 

testing a ~J~li\lplo * rOI'~;unatel~l, howcvot' , such accuracy is not 

likely to be nec(:ssary or even of real importance. What will be 

llGeaed is' rather the info:z:mation that is required to answer the 

simple~: e.nd more pertinent q\lIlstion! 

;tG .it .. £~as~able to _~E:0s'E':.J;he ..E)ilsk ~.!-11 -_i::~ 

gene!:2-.L::..p .. :pv::!:.deth,,-!:~quired le\l'~L~. 

t'2:'-' t~£.!:.~£l!: ' .. 
~('iH;! 'l7'WWEn.~ t,CJ this que~t~,()n ma,y i)';1 qu:t te clear * 1:1, _for 

flX"Jr.pl", .:hp..n the lM,sk is tested on e emull but. WGll ",elected 

illtl(lpll!, tlw ()ontaminatioll 1£wel for ev"ry GubjGct Wi3.IJ leGs than 

half the permit:t.ed 1':;11',,1 Ule answel' woule1. undoubtedly )m posit.i.ve. 

If, on t.h'" other hanu, the contamination l'Jve.l was well above the 
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standard level for every man tested who had a long-narrow face, 

the answer would be negative, at least for men with faces of this 

type. Usually, hO'wever, O;"1e would expect results which will be 

less clear cut, and the test evaluation prucedures should be 

chosen which will treat these cases as ,mll as the more clear 

cut ones. 

The terms 'reasonable t and lin general'f as we have used 

them here. not:. on1,Y !leed to be defined but presumably will 

require a variety of definition" depending on such factors as 

the planned use of the masks. Thus, for example, the testing 

of masles de;signed for use in a radioactive dust environment would 

surely call for quite st.ringent definitions of these terms. ~'he 

term 'in general' should, in all instances, be interpreted as 

inclu<.',ing sat.isfactory performance when the mask is worn by men 

wi th any normally shape,l face. 

Second, the desire to limit t.he testing to the smallest, sample 

which will provide dat.a adequate for making a jUdgment. This goal 

of minimum testing should be envisioned not in te.rms of a fixed size 

sample for each mask, but in terms of the totality of tests required 

for evallOating a grcup of masks. '1'l1e te"t evaluation should be 

dp.101igned· so that super!o:;:' mask.s are accepterl and inferior ones are 

rejected on the basis of relatively little testing, and EO that 

the greater share. of the available effort is n.ser'led for evaluat:ing 

those masks whos'~ quality is not Clear cut. 

Third, the; desire to keep the overall assessment of the t,,~t 

an hlathematically simple as is practic<ll while at the Dam.:> toime 
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making effective use of the information developed by these tests. 

Among the reasons for stressing the desirability of ei!Apliclty of 

the test procedures for use in the immediate future is that an 

optimum choice among the more complex procedures can only be made 

on the basis of experience in the testing of masks which we ha,ye 

still to gain • 

. Ani, finally, the desire to develop a procedure which, while 

based solidly on scientific principles, will be accepted by the 

non-scientists ··as being bot.h reasonable and relevant. 

It may be useful to review s'~veral of the ways in \qhich 

the ~'esult.s of ",he evaluation of a single mask on a single 

subject can be s'cated and used.. The two basic methods are 

these: 

(a) PaH-6cU£. Clea,rly, the simplest procedure is to 

characterize the maSk's performance as having paased 

or having failed the test. The weaknens of this me,thod 

is that it igncre's presumably pertinent data: it: the 

ma"k failed, how badly, or, if it passed, by how "'ide 

a margin? 

(b) Actual:. amouf1t o~ cof1tamlltlXtloli (we19ht O!t ,:>elccl!.itt.1 

a..t.towed by the mao k. A variety of method:, f.or analyzing 

dat.l of this type are available. Such anE:lyses can use 

all information availabl,. from the tests, but. their use 

may ,~dd mOrf) to the complexity of the analysi I> than to 

the a.o'~llracy of the resul',ts. 
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Other methods of classing (:he results will fall somewhere 

between thus» methods, both in the degree of detail of the data 

utiliza(l and i.n complel>ity of the analysis. Two methods seem 

worthy of. mention, 

(a) thr. fUl(!. 06 mu.i.Up.te pa~~-teveU oJt mu.Uipte 6aii.-

.f.eve.f6. If in a pa.l:ticular test situation, for example, 

the a(lcf.~ptable level of contamination is 2%,. the results 

for an individual t.est might be specified as P+, P, F, 

and F- CI!1 t.lIe basis of a sch.,me auoh as the following I 

1'+, less than HI P, 1 to 2%; F, 2. to 3%; 

F-, more than 3% 

The uae of such multiple clar;si.:fication points would not 

necessat"ily change the cri terioil for acceptance, i. e. , 

the 2% contamination level, lnl.t the resulting h1fox'mation 

would be used in judging the p:t:obability that: tbe mask 

meets this criterion, One way in which \;his might be done 

is outlined belOl1. 

(b) the U<Ie. ~6 thq, amount 06 ~on.tam{l1a . .t.i:on be.yond .t.h~. 

It'lcepte.d teve.t wh.Lc.h a mao II. aLt.owo. If this method is 

used I t.he o\.\tcOlne o.f ,m individual test would be :recorded 

ei ther, 

i) the mask passed, or 

H) E, the amount (in weight or penJentage points) 
bv "'hi-ch the contal\\inatiolt excee.ded the 
Ed:andard. 
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The final Judgment on the mask might then be based on the sum 

of the E-values for a total sample. 

Still other methods can, of course, be devised. 

The most important criterion in the selection of a test 

* sample - or samples - is that the total range of face shapes 

be incl1.lded. ~"or facial masks, fit presumably is relat.ed most 

importantly to face width and face length. Since there is 

Ii ttle relationship between these mea·surements, men with faces 

which are short and wide and men with faces which are long and 

narrow occur almost as frequently as men with short-narrow 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 

reflect the user population with respect to the proportion of men 

in each size and shape category is neither necessary nor important. 

If suoh a sample includes enough men with the less common l:ace 

shapes to provide a satisfactory test of how well tha mask works 

for. faces of these shapes, it will contain far more men with the 

most typicdly '3haped face~ than are nec~ssary. The size of the 

subsample which i.s needed to determine, to a fixed level of 

probability, how w",ll a mask will fit men with long-narrow faCles 

is exactly the same size as that needed to ao.swer the same queF;tion 

for men wi th medium-length, medium-width .fac(!s, even though t.here 

• d ' , These remarks apply equally to a mask eSl.gned to cover the entl.re 
rang!! .Ilnd to one designed to cover only a restri'-'ted, specified 
range. In the latter case, all references to the range and to 
terms such as short, long, nar.row, and wide, are relative to the 
i tern I s specified range" 
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may be 5 or 10 times as many men with faces o! the latter shape 

as 0<: the fc)rmer. One could even argue that it ~,s not necessary 

to test any men with medium-mediUlll faces because if a mask fit,! 

all the other face shapes; i'c will surely fit t.his Olle. It may 

be that a,liter we have acquired substantial experience in testing 

masks, there may be value in exploring this arg~cnent. One might 

argue all the other hand, that since more men with 'mediwn-mediUIII' 

faces than men with 'long-nslrrows' will U6tl the mask, t.he question 

of fit for the former group should be evaluated with greater 

accuracy than is necessary for the salL,e question as it applies to 

th~ second group. 

For optimum ",Hid eney, a sampling plan should be both 

flexibl,·, and r.igid, It. should be rigid in the sense that the 

basis for nlsking cl.ny decision is clearly spelled out in advance. 

It ~hQuld be flfncible in that it contains 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 level 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 .,ossible by stopping the 

test.ing ~rhenever the results are clear. For both the clearly 

acceptable and tbe clearly unacceptable mask, I:his stoPpinl3 point 

will u!lually come after a relative small number of ',~sts, making 

it pr<i"t:ical to do considerably more testing on t.hose masks of 

intermediate quality. 
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The fact that the testing of a llk"lsk on an individual sub­

ject is a rather lengthy process coupled with the ,!impliaity 

of the data analyses t/hich we £:r.e proposing make it practic1l1 

to analyze the test results at the concluaion of each individual 

test. Thuf' we can design the data .. nalysis so that at any point 

in the testing we make one of the four follo· ... i,,'1 c1€'.ci&i.olls on 

b'1.e basis of 0',;1' te"t plan and t..hl>. :;:",sul t.s obtained up to that 

POill).t: 

(b) 

(c) 

(d) 

accept the mask and discontinue testing 

J:eject the mask and discontinue testing 

continue testir:.g ae, origi,~alll! planned 
* modify the test schen,e and continue testing 

Obviously, not all alternaUves are available at each point 1 

fm: example, neither of th~, first two decis.ions would ever be 

made until <I minimum number of tests had heen completed. 

In many types of industrial testing, sequential testing 

plans result in testing which require, '.)n thu average, Q,pout 

half the maximum sample .size. Only actual experience can tell 

what the relationzhip bf.tween the average and thE' maximum Ralliple 

:liztls 11111 bp. for the mask testing. In some of our illustra'cions 

in this section, we sp(~ak of a maximum test sample of about 60. 

This figure was choserl prirna:rily in order to have a specific numbeL' 

to use, but was judged Ii reasonable figure on the basis of t.wo 

* Ar. example of the lAse ot: "'uch a decision would be a testing 
plan which calls for additional testing of men of a part:i.c·' 
\lIar shape face whenever the ",.ask perfoI1ns unaatisfactori, ly 
for on'O> or more men wit.h this shape face, 'rhs details of 
when Imd how such modifications are to be made must be speci­
fied Ln the origJ.nal testing plan • 
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assumptions - fint, that on the average about 30 men can be tested 

for each ma.sk, and second, thalt the procedures:; we suggest will 

require testin':T, on the aver'*~fe ... of only about half the total 

sample. 

Reject.ion of a ma .. k can logically be made at <my point after 

a millill>.!lm numb'ar of teats have, been made < A testing plan might 

specify that a ntB.sk will be reject<.d if it fails in more than <II 

spe,)l.t'ied number()! tests for a ",ample of given size. Perhapl:l, 

for. ",,,,a'll); Va, a mask. wil.l be judged unsatisfactory if it fails 

7 or rr.o!:'.;> i:irnel' when tested on a paile], of 64 men. Clearly .• test-

5.ng such a lnask can b..,; dis~:ontin1:'"d a.ft soon ;'6 the 'H1l failure 

1s observed - even (or lwpeci<:dly) if: it occurs on t,h .. 7th test. 

A simillH al~gument can often be 1I"1de Nhen S<Aae other cri tarian 

for rejecl;i.on is useij, :iluch !,is t.he ';;ota1 c'mt=ina.d.on peIlt!i tt",e. 

on all t,,,,st.s 0 Once the maximum that W'Qllld b,iO pel:mi tterl fO.t: the 

entire te~d.: panel has b0en f.!xce.eded, test.i:n;;.~ Cii.n ate .. p .. 

Early a.cceptance of: a. mask p~',~sent.g 3"mewhat diff",x'elOt; 

p"obl.",ms than. those for: Ilarly l:.ej()ction. A m",llk mi,lbL ne rcjectMl. 

so lcly because it ct'je" 110t pr<wld·e plot.eat.ion to men 'id th Iii 

':>artic.::ular shap~, faoe, hut: it. ca.n b" ,wcep1;:!1>d on11' if it provJ.deH 

p.rotectiol1 to men of all sh,l\p~J fan€laj,> HeJH.::e~. 1n so?,veral of t,h~~ 

.il.lustriltivp. l!Hlmp:1..i .. l'lg pl&!l!1 which follow 'tid.s dj.s'~usdon, W~.\ speci:fy 

di viding the \,ota1. amn!?le into sl1heJ.!l.l'lll'l.es e each of whi.oh OQV"'~'S 

the deslrod t·f.\n.ge of. faC'1 sizes, Ea,cly ","c()'?pta.noe of a raask oould, 

in these plans., t.ake .,lace ':Inly ",t t.ho ".nd. qf teatin<; <; s1.lbsample • 
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Two IlIpproachaB to early acceptanc... seem reasonable for 

this testing. One approach calla for :oetting proportionally 

higher critf!lria folC acceptancfJ at the end of each !!'ubsampJe 

testing. If, for example, a mask is t.o be aecept<;)d if th"re. 

soheme suoh as the following might be ,mt UP' 

after lst subs ample (N=16) , accept if no f'ailuJ:es ((j%) 

• 2nd " (N=32) , " " onl~( :I fails (3% 1 
n 3rd n (N~4a) I " " " 3 fi.\i.l (6%) 
n 4th " (N=64) , " " " 6 faH (9%) 

This approach ill largely limited to t),\ose aitl1at,Ums in 

which a mask will be accepte1 evn~, t.hough it fails more than 

The second approach is that. of using t.he multiple-pass-

levels d",eoribed earlier. Thus, for ~; !'I,imp:!.'" "xampJ.e, if a mask 

i.; i;;o be accepted it the, contarAl nnU.oll l ... vel do-as not exceed 1% 

for mor.e than 2 subjects O\1.t; of. '" panel of 5~, the mask might b", 

accepted: 

if in !;he 1st sub,sl>Snple. (N"'16) the contamination level 
did n.ei:. exceed O.25~ for. mo"", th,iJ') 2 subjects, or 

if .i.n the combined first two I,mbsamples (N=32) the I)cn­
tm!linl.lt.ioll level did not e:ltceed f).SOi for more t.han 
2 soojeat,s, or 

J.f in the co~l;)il1ed firs~ thrm> subBI'4!lples (N~,a) the con­
tardinblti(;n le'lel did not e,xeeed. 0.75' for mor.e than ;! 
subjects, or, £ini111y, 

if J.n th.e total !Hlll'1plp. (N""64) tho contamination level 
6l.d not exceed l.. 00\ for mm:e ttJl!ln 2 subjects. 
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The determination of the levels suggested here as bases 

for early acceptance require somewhat aophistiC'sted sta,tistical 

SUpp.ort, trilt we need be concerned at this point only with the fact 

that, sue)1 sapport, is avai lable. 

~'he following sampling plans are listed only as illustra-

't:l.onll of the so"t of plans that are possible and of some of the 

way* in which the plans can be flexible. 

Pian A. 

Sixteen subjects are selected in nine 

categOI'ies (s=short, L-01ong, N-narrow, 

VI~wide, M=medium) as indicated in the 

N diagram to t.he left and are tell ted • 

Prior to the testing, values of P and P+ (as described abov'e) are 

established. Also, tho maximum allowable number of failures in a 

sample of 64, r'mal<' 5.s set. 

,lI.t the end of test:Lng th"se 16 r;uhjects, three decision,s 

are PQssikll"" 

a) contaminatiu\l 1".lI'el for all 16 ·,qas P+. 
Decision: accept maSK "nd discontinue testing. 

b) cont.amination level W'afJ above P for more, than" max 
SUbJects, 
Decision: reject mask and discontJ.n\1e testing, 

0) ~'esu1tfl intermediate to these two. 
Decision, proceed to the next step. 

Next :It.ep .. , dro. ... and tel'lt I, ~je"Jnd so:mp1e as above, 0 
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Again, three decisions are possible: 

a) contamination level was P or bette;t for all 32, "nd 
was l?+ for at least half of the sar,1ple. 
DeciRion: accept mask and discontinue testing. 

b) and c) same as before. 

If no decision is reached at this p0int, an add! tic'nal 32 

subjects are selected and A!'e tested, one by one. Testir!.g 

stops whenever either the total number of failurea exceeds 

F (reject) or the total number of satisfactory tests equals 
rna.l< 

(64-F
max

) +1 (ac"ept). 

s M L 

Ii 3 3 3 

M 3 3_ 3 

N 3 31-.. L. 

Plan E. 

Twent,y-seven slll:,jeots are selected 

in nine categ07:ies as .indicated in 

the diagram te, the Jeft, and are 

tested. If ~le mask performs sat-

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

3 or. more subjects, or, for 2 of those ill any cne category, it is 

rejected. I:t' i.t failed for a single individual in ons or t~IO 

categories, 3 additional subjeots in thi,l category or each of 

these categories an, selected and tested. If all pacls, the mil~k 

is acaept:ed. 

P. laaximum value for the s'urn of t.h;; Elxaessive contamination, 

~ , bilSed on a sample of 64 .\.;\ ()stabliE:l1edl tho mask is t.o be 
max 

.t'eJ'ected .if 4 or more tests ill',) unsatisfa.ctory of if I; is max 

e,!(ceedec1. 
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First a sample of 16 subjects i~ selected e~ in PlanA, and 

is tellted. If the conti'minationlevel excee<!s the standard for 

any test, the excess, E, is computed. These 'falues are summed to 

give ZE. 

The deci,lion Boheme is: 

a) If EE ever exceeds Emax, rejec:t the mask" (S).nee Em"", 
is the larg'<lst amount acceptable for a sample. of 64, 
if EE exceeds F.l]1ax after only a few tests, the deoision 
to reject at th1s point is still logically based on a 
sample of 64. Were testi'lg to continue, there would be 
no way that the results could change.) 

b) if all 16 tests are satisfactory, accept. the mask and 
discontinue testing. 

q) otherwise, draw a seoond. sample of 16 and test. After 
these tests, 
accept if 31 han, paS9i'rl and U is still less than "max' 

d) if no decision has .been reached, draw on third panel 
of 16 and continue tecting. At this point, 
accept if 46 have passed and r.E remains less than "max' 

e) if, aga5.n, no decision has been reached based on the 
firs'~ 3 panels, draw and test a fourth panel, 
if at least 61 have passed and EE is less than "max' 
othoJ::wiso,rejoct it.. 

A dec.i,;ion as t.o the sampling plan which will bE< be~t for the 

te81:J.ng of any particular type of mask probably should be made in 

tl10 initial sta9",rJ oj' the t.esting progr.am jointly by NIOSIl staff 

and the contract.Ol:'s yr.at:iBt:iaian, and "hould take into account 

thG! reHab.i.Ety of the teR~ pr'ococol, t.hO) level of compliance with 

t.h!) clp@cified stand<>;n1 r0qul.red for acceptance, the resouroes 

avaLlubl.ll for.' Ci.\t·ryin9 C)U.t. t.hi~ testi1lg, and the spe(lific)S of t,he 

s'~bJ"ct pool. 
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CONCLUSIONS 

From this stuC:y the following conclusions may be drawn: 

1. An adequate source of head and face anthr,opometz'Y 

msa'ilured on civilian industrial workers does not 

exist. 

2. A broad and useful. body of hea<i .ami face ..,.n.thropc·­

metric data is avail.able for varic,us U. S .. military 

samples. Thirl data can be used i:.~ the design and 

sizing of respirators for ch·.il.ian industrial workars 

with a oonsiderable degree of confidence. 

3. 'rhs ,mth.!'opomet:cic data avB.ilable from t:te U. S. ltir 

Force 1967 survey and thfA U. S. Air FOI'oe Women I G 

survey of 196B az'e judged to be the most saUsJ!act.ory 

of th(~ military data for portraying the civiHan 

working population .. 

4. Some differences in head and face size do exist among 

radal and ethn!.o subgr,oups. In general, the differ-· 

enee>'l that h".v<) been noted are of lj.ttle p~actioal 

si<jnl..UJ;dflGt·, 'Ln respirator design as th~ varia.bility 

within ;; group is SO broad t.hat e:Efeotive de$ign for 

thill :r.iinqe of variabili ty lar.gely aocommodates the 

v"riability for ot.her groups :..w welL 'rhis oonclusion 

is tentat.i:ve d\tB to the Bmo'll sdmple size of some of 

t'lle r:aci,tl. and ethni'~ subgrou~s 'Jsed in the cr)ffiparison 
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and due to the comparisons being made on the basis of 

hea.d and face size alone rather than both size and 

shape. 

S. The assumption that the female face is, i:or face pj,{!,~e 

design purposes, a small male face has not been a'le-' 

quately validated. This would appear to be a s~gnifi­

cant, point for further analysis. 

6. The regression equation method for. sizing appears to 

offer some distinct advantages over the digect compu.ta­

tion method. The ve~'y low interrelatiom;hip of hea.d and 

face dimensions does pre,sent a di.stinct. handicap to be 

overcome whichever method of analysis is 1),sed. 

7. A variety of sequential sampling prrlcedures are avail­

able for testing masks, for compli",nce with the desi.red 

standards. suc). sampling proced'ures hold promise of 

substantially reducin9 the total amount of testing 

reql~ired to achj,eve a given level of accuracy. 
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APPENDIX B 

L:ORRELATION COEFFICIENTS OF AGE, STATURE AND 
WEIGIi~ WITH HEAD AND FACE MEASUREMENTS 

(1967 USAF Survey Data) 

Age statur~ Weight 

Head Circllillference .110 .292 .410 
Sagittal crv/lnion -066 .157 .129 
Minimum Frontal CV .058 .072 .202 
Bitrag-Coronal Crv -06Q .268 .3QO 
Eitrag-Min Frontal .072 .263 .365 

Bit~ag-Subnasa1e .093 .234 .468 
Bitrag-Menton Crv .172 .310 .54,5 
B1 t.rag-Submandibu1 .202 .274 .536 
Bitrag-Inion Crvtr .073 .166 .299 
Head Length .052 .246 .259 

Max Hd Diag/Menton -Ola .389 .386 
Max lid Diag/lnion .155 .199 .244 
Ear Breadth .176 .151 .176 
Ear Length .370 .227 .290 
Ear L .Abve Tragion .127 .125 .098 

Head Breadth .124 .134 .307 
Muximum Frontal Br .031 .195 .298 
Bitragion Breadth .261 .184 • :395 
Bizygomatic Br .234 .1&7 .452 
Bigonia1 Breadth .223 .100 :414 

Ear-To-Ear Breadth .154 .209 .267 
Biocu1ar Breadth .004 .124 .191 
Interpupillary Br .068 .139 .185 
Inter0cular Br .020 .094 .153 
Nasal Breadth .226 .048 .191 

L:i.p Length .214 .092 .173 
Ear Protrusion .085 .090 .112 
Subnasale-Nasa1 Rt .199 .196 .119 
Philtrum Length .276 .036 .133 
Lip-Tv-Lip Height. -30'/ .063 -063 

Menton-Subrlasale -001 .176 .171 
Menton-Nasal Root .118 .277 .230 
Vertex-Glabella Ht -239 .()95 .011 
Vertex-Nasal Root -242 .169 ,063 
Vertex-Ext Canthus -200 .180 .099 



APPENDIX B (continued) 

vertex-Pronasa1e -150 .182 .051 
Vertex-Subnasa1e -174 .222 .080 
Vertex-Stomion Hgt -148 .238 .100 
Ver.tex-Menton Hgt -137 .282 .168 
Vertex-Tragion Hgt -131 .196 .163 

Wall-Glabella Lgth .001 .. 264 .275 
Wall-Nasal Root Lq .026 .264 .273 
Wall-Ext-L Canthus .129 .174 .221 
Wall-Pronasale Lgh .146 .250 .299 
Wall-Subnasale Lgh .105 .208 .284 

Wall-i'o-Lip Length .098 .188 .295 
Wall-~ro-Chin L-gth .185 .178 .334 
wall-'rragion L-gth .080 .080 .133 

B-2 
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?Pl!ENllIX :0 

COMPARISON OF HCAB AND fACE ~EASUAEMENTS - Mean(SD)* 
Whit. and Negro {Nalei 

i h~:l.t:t.~hf!d SaW/DIe: Agti n:; 343 

I Wbite Negro 6W-N %N/N 
II ",,,0 Ch c '~57'i7'"(r.64T 56 ;17 ( 1. 59) -.40 loci":-Ti 
Sagitt"-l AN' 3L59 (1,.41) 37.55 (1.53' .04 99.89 
Min Frontal &rc 11.YO (0.87) 11.89 (0,83) -.09 100,76 
B;,t···Coronc,l AI'C 34.,77 (1.30) 34.61 (1.3.) .16 99.54 
Bit"i'lin FY""t Arf 30.28 ~,V. 30 •.. 45 (1.10) -.17 100.56 
Blt··'.'ubnao2,I,»c·c 28.30 (LO?) 29.09 (1.10) -.79 102.79 
Bit-Meutob Arc 30.B7 (1.37) 31.55 (1.35) -.68 102.50 
Bit-Subm.Ddib~lBv 2B.63 (1.46) 20.79 (1.49) -.16 100.56 

H
ii'·!'Qc<teX,i(J!' AI'() 24.93 (1.23) 2 1'.84 (1.12) .0'1 99.64 

;{ead l,cn,,,tl!~._,__ 19.53 (0.721. ~.'/U (0.69) -,25 101.28 
'~lIB"'l "Not i:,'eaoth 1.78 (0.23) 1.99 (0.29) -.21 111.80 

,Eal' ~"',,d,h ~.4G (0.3;1) 3.IH (0.32) .02 99,'{2 
'~Ea!' I.9ngth (;'25 (0.39) 5.97 (0.41) .28 95.52 

Ear Lth abow-e Tra~ion 2.81 (0.29) 2.70 (0.31) .11 96.09 
. H e f, d B l' e d i" ~,.._"_ .. _,_,,._,_._], ,; . :,.':! .•. J.Q.,3i2.l 15 • 0 8 (0. 5 ~ ) • a 6 9 9 , §.L... 

Max Front~ Dr 11.4~ (0.49) 11.52 (0.51) - 11 100.96 
BltragJoD Dr 13.33 (0.61) 13.56 (0.56) .07 99.49 
BizYIQR.rl~ Br 13.B4 (0,57) 13.86 (0.52) -.02 100.14 
Bigonial El:' 10.6J (0.50) 10.50 (0.51) .11 98.96 
.l;~ .. j.!l .... r:" ." a.· ... _. ___ .,,_~a..~..LQ..ll. 2 ) l.Z .•. ~,LL.Q..Ji..QJ, • 8') 95 • 27 
BloDular ap 9,17 (0.46) 9.69 (0.46) -.52 105.6i-
Interpupillary 8~ 6.09 (0.36) 6.45 (0.38) -.36 105,91 
Interocular Dr 3.12 (0,24) 3.34 (0.29) -.22 107.05 

i Nose Breadth. .3.24 (0.24) 4.06 (0,34) -.82 125.30 
Nose t!: .... tr'!.§, .• 2.ll._ •• _ •• ___ . __ ..2.:12_1 i).?7) __ ~i2... 25-L-_._2_2:---,~90. 39 
Lip Length 4.68 ,0,87) 5.09 (0,43) -.41 108.76 
Ear Protruoion 2.13 (0.30) 1.90 (0.32) .23 89.20 
Subna<Jule-NasaJ f'.t L'cl, (:'.07 (0.36) !.i.OO (0.36) .07 98.62 
rhi1t~um },40 (0.25) 1.50 (0.24) _.10 107.14 

,J"ip to l,ip Le!!K:tL._, .. _" .. _,~ ... ,~,,,l.:.(ILlJL:.E.L ...... _3 .. ,,fJ,.l.2.:]-U -.73.. li,O. 56 
Menton-Dubn •• sle ~th 6.99 (0.53) 7.52 (0.61, -.53' 107.58 
Menton-Nasol Rt Lth 11.91 (0.6 1,) 12.24 (0,69) ".33 102.77 
Glabella-Vert.. 9.32 (0.7S) 9.21 (0.81) .11 98,A2 

. Nasal Rl-V.rtex 10.95 (0,72) 11.02 (0.7S) -,07 100,64 
X - C a II t h u s - V e r t .!U'-__ ._ .... "., .. _.l,,b...f!L_LQ.:..'l..!L ...... 11 • G 4 (0, 6 7 ) 1 a 0 • 0 0 
Pr'onasale-VeX'tol{ 1".9.1. (O.8a) 1 1+.7') (0,08) .13 99,13-
S u.b Jl as al e ~ V ot'"'" ,~x ~.- -- _ .. 
Stomion-Vertex 10.24 (0.19) 18. 1., 9 (0.90 ) -.25 
Menton-Vortax 22.73 (0.90) 23.15 (0.99) - • 1~:2 
Tra l-2.!l::.Y.~E.!£.~,.~ __ ,_, ,,,,_._~""'_,~ ,.H~}~Jt.!ll...!l,c70 ... 7.:5+7+) ___ ~~_'1-+'i~ 
Glabella to Wall 19.76 (O~72) 

13.03 (O.6,Q) 
20.01 (1),68) 

.19 
- ,25 

101.37 
101,05 

98, 56 
101.. ~') 
.l00.'/'/ 
102.18 
100 .% 

Nasal Rt tv Wall 19,53 (0,72) 
X·Caathuo to Wall 17.01 (0,70) 
PvonRsale to Wall. 21.8J. (0.81) 
Subnasal. to Wall "-----
Li'p Prom to Wall--'--'~--'~:::-::-::-::-
Chin Pro", to Wall .".----
Tragion to Wall 9.b5 (0.61) 
Age 19.0'/0.n) 
Height 175.17 (e,86) 
Weight 150.1 0,39) 

0-1 

19.68 (0.6'1) -.15 
17,38 (0.68) - • 37 
I! 2.02 (0.7 1,) -.21 

--------------_ ..... _--_w_ .. _ .. ~ 

_ ..... ---
9,73 (0,62) .... le 101. 89 

19.07 (I,ll) 100,00 
175.05 (6.57) ,12 ~9.93 
150, S P.02) -,7 100.47 

~ In Cent.ir.~e~eX'R 
Age in years, wt. in pounds 



APHi:NDU D 

COMPARISObl OF HEAD ANt. FACE MEASUREMENTS - Mear.(SD) * 
White ani! Negr<) (Female) 

Head Cire 
Sagittal A'"c 
Min Frontal Arc 
Bi t-Col"'onal A).'('. 

Arc 
Bit~Subnasal Arc 
Bit-Menton Arc 

f 

Bit-Submandibular 
Bit-Posterior Ave 
He "I (I Ilength 
Nasal Root Breadth 
Eal.~ Bx>e&d1;h 

I
" Eat:' }~engta 

Ear Lth Above Tragion 

White Negro 
n=1~41 n=l:ll M::.!i_ 

:i 4.73 (l.60) 55.83 (J.53) .. 1.10 
:3'>.6" (l.LH) 3') • Sl (1.21) -.27 

33.83 0.88) 34.67 0.:12) - • J.6 
... -..•. ~-~~---.~~.-----.. 

10.35 (2..!! B ) _,---l§.: 6 £_( 0 . 70 ) __ -_·_~t 

2.96 (0.33) 3.08 (0.32) -.12 
5.1,9 (0.'13) 5.25 (0.45) -.06 

H.~5 Hea..9~ 3k1eadth _.-..:~ .. __ .... ___ -"-'-'-'"'- (0.50) 14. :p (0 .60) .08 
Max rrnr.tal Br 
Bitflagion Br 
BizygoDlat,ic Br 
Bigonia1 B1" 
Ear t c, E,,,r Er 
B i(') cu iarB;-----·-·---~··---

Interpupillary Dr 
Inte'{'ocular Br 

12.82 
12.87 
10.14 
15.76 

9.65 

(0.'18) 12 • n~ (0.'15) 
(0.57) 12.96 (0.48) 
(0.55) 10.22 (0.64) 
(0.96) 15.56 (0.92) 
Co:1iH-- '-10:05 . (6; ii4T'" 

Nos< Braadth 3.19 (0.34) 3.7" (0.32) 

-.02 
-.09 
-.08 

.20 
-.40 -

-.58 

.t!WL 

102.01 
100."9 

lC2.48 

101.69 

104.05 
101.16 

99.45 

100.:\5 
100. '/0 
100.79 

96.73 
- f~ii. 15-'" 

11S.1 B 

_.1.j.9 111.24 
U 0 S I:! P r Q t I' us i c 1\ -;;c,,--'"iT'i'--;~;"'''," 
Lil' Length ·--:~.36 (0.43) 4.85 (0.38) 
El:I'r .Pvotrusion 
Subnasale-Nasal Rt L 4.49 (O.SY) 4.43 (0.89) .06 9~.66 

PI'\iltruTJ~ 

... 32 105.79 
-.14 101,33 

I,!lI",ig...lc.:ill Len g t L_. __ -__ '''_,, ________ , __ ,, _____ •. ___ _ 
~.ntan-Subnasale L 5.53 (0.50) 5.85 (0.52) 

I Manton-Nasol It L 10.56 (0.59) 10.70 (0.61) 
!;laDclla .. V el't ex 

_-''L-S~.~~:.Y'':£.t~!'._ 11.?2 (0.91) 12.25 (1.0") -.53 104.52 
Pronasale-Vertex ...... · .. --.. ·-·Tli':66-(r:'}Y)--·ls-:l5'Cr.Ta-) -':-:-4'9'-10'3:211 I 
Na'.ldl Rt-VeI't"x 

Subnasale-Vercex 15.84 (1.0B) 16.32 (1.20) -.'18 103.03 
Gto~ion··V.vt.x 17.76 (1.11) 18.44 (1.23) -.68 103.B3 
Menton-Vu"te" 21.84 (1.12) 22.56 (L12) ".72 103.30 
T , • on-VeI'tc.JL ____ .. _,,_~ __ . ____ l£.dl!LJ.Q.,..ZQ.L. __ .l£~_!l..L( 0, 17) _= . .20 ---.!.2l_,~_ 
Glabe],la to Wall 
laeal Rt to Wall 
X-Canthus to Wall 16.31 (0.98) 17,05 (1.03) -.74 104.54 
P.on~s.le to Wall ~1.13 (0.95) 21.76 (0.96) -.63 102.96 
Bubnasale ~a Wall 19.64 (0.98) 20.50 (0.98) -.86 104.3S 
Lip Prolll ·"t'O--wiIT-.. ----"'''----nr:2Tfi:-o'i}'··--·:2'ij-;50 n-;'09 >,·--·~·r:2I---riJ6. 27 
Henton to W.ll 18.19 (1.12) 19.97 (1.17) -.78 104.29 
1ralion to Wall 10.15 (0.90) 10.6B (1.00) -.53 105.22 
Age 20.37 (a,63) 20.85 1:1.93) -.48 102.36 
Height 161.86 (6.B8) 161.30 (5.79) .56 9U.65 
Weight 125.65(15.40) 12,.1~(15.74) 1.51 9S.80 

0-2 
• In Centimeters 

Age ill V~R~S. wt. in nn1lnd~ 
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Ar'PENDIX D 

C()MPAIUSQN OF READ ArlO FA~t MEAStlP.I..KEN'rs _ (1ot~~n (at» • 
Ethni.c S\!'>9roupl Dr.tIn !~fft 1965 USAF )"ta 

(Ma:e) 
n"';)4J n"'lU ..... 0' n-U, n··) 

(fpanhh- PU'~Lto 
CiluclI.ian "e!rrl) Metric~ __ . Mean O::d.n!;.J.l.1. 

Hu.d.Circ 55.17 (1.64) 56.17 11. 59) 5ti.JIiI1l,U) 55.02(0.66) 55.!56(1.;'S) 
SllqJ.t.tal J.rp 37.S9(J..Hl 37 .~5 (1. 5) :n.2i (1. 47) 36.53(1.12) JI.J.J (2. 1.11) 
Min Frontal Arc 11.80(1).87) ll.U(O.Sl) n."'(0·,82) 11, ti6 (0.116) }.1 •• 96(l,\l7) 
Bit-Coronal Ar~ 3".71(1.30) 34.6111.11) 35.tI~t:i..')S) 3",75 n.1H) 35.5311.l!-) 
8it.~Min Frontal Arc JO.21i(1.12) JO,B(1.J.O) 30.20(1.2\i) 30.lB(O.61} 30, 7~(f.I.j6) 
l!1..t,"Subn ••• le kl"c 28.10!1.(.o1) U.D'11.10) l'.JJ !1.:H,) 'e.2:1H),'7l) 19.21 1l.l2} 
Dit"MI!nton A)!'C )f'.i){L37) 31. 55\l.1!i) 31.;<&(1.5') .:10.57(1,42) J1.41(O,91lJ 
uit."S\l))lfI6.n4i.})u).a:r. "ro 28.63\1.4'1i> li.7!1(1.4.9) Z~."'3{l.'5)') 7.i.lJ.U.J.9) H.HHO.,j,Sj 
»it-Po.t.r.'or ~)I:C 24.~i(1.23) 24.Un.12) 204.851(1.2'" 2,I.U(O.7il} 25.21\.0.a<;'J 
HM.<J. UH19th 19 .53{0. 72~ 19.78.(0.69) )'9.l-l{O.H\ 19:.03(O.~6) 19<1...7(0.71:11 
MAX H@a~ of. (Menton) 2.(.95{(),87) 25.lfi(0.BOj 2'5,01 (0.82) 2.4.70(0.55) :l5.~i(O.~;J 
Ku Ke,,4 cia. ':Wuo;:hl J..9.H(Q.19) 19~23 {c. 70} 19.13(0.79) 18.,2 (0.54) 19.21(0.8L) 
gar Longth '6.:l5 (0. 19/ 5.'HO.H) 6.41(0.41) 6.00 (lI.:JJ) 6. ~t (O.:H) 
En ,Length above Tragion 2.81(0.29) 2.10(0.31) 4:.!iIJ(0.32) 2.71{0,201) 2.7'; CO, ;!l) 
Ear Bl:'.tadth ~,.6(O.')3) 3,44 (0.32) J.57(o.J2) 3.28(0.34) J.H(0.29) 
Ear Protru.io!\ 2.13(0.11) 1.'0(0.32) 2.16(0.:;9) 2.12{0,24~ 2.27 (0 •• 3) 
Helll;i S,reaGth 15. H (O.59) 15.0fl(0.S.) 15. 28{(I.SIB) lS.28(0.H) 15.69 (O.'HI) 
BJaurioular Br.adth. 18.:1'(0.92) 17.5;;!eOotI0) 1.8.Sl(0.8fl1 la.4S{O.80) 19.2-4 (0. 76) 
B1 t:.t'a9'ion Breotdth 13. UtI). 61) 1.J.5510,56) 13. 9Jll).~~} 1:J.I!7{&,5b) 1'- 21 !1).:j1} 
Ri IlY90fll&tic BnllldU. 13.(1,'10.57) .t3.86\O.S2~ 1.f,07(O.4!J) 13.99((1,-49) 14.41 (ri, 28) 
MA~ front.l 01. 1l.U{O.~91 n.52\0.51) 11.Sl((I.40'J) n.1'a\0,401) \1.54{O.S)) 
Bi91lllilll via 10.61(0.50) lO.50{O.51) lO.81(0.S9) 10.53(0,,)8) 1l.o11'o.4u) 
:Slo~ul&r ViA ,.11{Q.46) 9.n~~.4ti) 1j.34.{(\.H~ 9.l4~0.B) 9 .t1 (tl.u., 
Interpl.lpLll.Uj' Dh 6.09(0.36) 6,45(G.l8) 6.07N.33; 6.17(0.24) 6.·4'i/O.24:' 
Int~rocul.r Dia l.l':I1.{O.2() 1.301.(0,29\ 1.11(<.),28. 3.lJ (0.151 J.o1,0/0.14: 
Nanl Root Breadth 1. 78(0. 2J) 1.99/0.29) 1.8~(O.29j 1. 74 (0. 261 1.';) (0.10) 
NuU. area.dtil ).2<1.(0,241 t,Oti(O.::H) J.4Iii{O.S51 3.38{0.27j J.~'(J~16) 
Non Protru.iolL 2.29(Q.:n} 2.07(0.25) l.UIO.H) 2.1~{0.27) 2,Q?/O,22) 
philtrum Len9'~ 1.4C1(0.2S) 1.50(0.24) 1.4)(O.~2) 1.47 (0,25) 1.46UJ.15) 
Lip .. r:O-Lip Villt l,8e{e.a) 2,5J{0.J6) L.%{O, )11) l.'~9(D.n) 2.(n (O.2Jj 
Lip Lenqth 4.IiIl(O.::l7) 5.09 (0,43) 4.90{0.3S) of., 62(0 ,H) 4.!i7 (O.4J) 
Lill Lenqt;h ,slflllln'1 :' • .-9(0.58/ 5.86(Q.651 5.n/a.on !'.i.~lI(O.77) ~.lI7{&.U) 
Hen~on~BuLn ••• l. Length 6.!iI'J (0. S:Jl 7.52{0.61.l 1.0", (v. 5:;) 7.16(1l,~1) ',1.)(0,46) 
Henl·on~NU.1 JIOo~ Oflp 1l,91(O,r..4) 12.2HO.ti9) U.02 \O.I;i\') 1 ~,0'2(0, 1~8) lLa'1().!>6} 
s wm." ale ~ Int1) 5.07(D.3G) 5.QO(0.35) 5,2?iO.l:l) 5.0S ro.ul L91 (0.18) 
Ver.tex-~1.b.1l. Height 9,J2(O.n) 9.11(O.e1.} 9,17 \G.G:\l ~.aU(),~}(n 9."i('.1.15.} 
Ye~teK-NAD Height 10.95(0.72) U.O:<().79> 10. '76(0.6!)) lo.79(o.'I~) 11.41 (O.'OJ 
VeTtex :Ext Cantl'l\7la l\t n,E4~1).(':i\ l.LU{0,(1) 1l.SHQ.S,'Jj lL.H{Q.lI31 l2.40(O.71\ 
Ve,rtex Pron.aale Ht 14,51(0'.83) 14. 78 (t'l.88) 14.92(0'.70] J..4,72(O.~I~;) 15. B (0. fiS) 
\le,;b.x~sto""i.on Kei-gllt l.B,,2~(O.7'J) Lt .... 11 iO ,!JO'} 1&.31(C.10] 18.06(O.!Il) 1.8.73(O,i7) 
Vertex-Henton Height 22,73{O.90) 2J,lS{O.,,) 2.2.15(0.83) 22,58(0.:/4) 2J.11(1.1.U 
Ve~t~x-TrA9tQn H.i~ht l),22{O.571 13.03(0,60') 1l.H(O • .'HI) 1),1l(0.oJ9) 1.J.69(0.62\ 
WAU-ClabcUa Dht 19.76(0.12} lV,Ql(J.GU .\9.42(0.75) 19.:19 (0. !:.is) U.3!I(o).80) 
W-.11.·NM Oht h. 51 {(I. 7:Zj l!I.61)(1',61)· 1.9.'!HO.1iil· 19.0')((1o'i9) ).9.11.(1'J.~(j) 
HIllJ.-g~,t C'Intli,u Dilt 17. (Jl(Q. 70] l7,36«(',5') 1.6. 85 {O. 7:tJ 16. ~g(Q.:i3) 17,10111.60) 
W.U-pronualo DJ.8t a.St{O,81] 22,01.(0.74) 21,6S{1.l.82) ~1.J9fO.(,OJ 21.26(1.11) 
WAll-Stomion Diet 20 • .)3(0.8') ~l.n(O,IIl) 20.tO{Q.1l0) ;;0.).7 (U.Hl 2t/. 'U (I). i!.o) 
Wall~Henton r,hl 18 • .&1(1.01) le.5lJ(l"Ol) lB.l?(J..01l 18.1<1(0.78) .l-1,~O(l.6I) 
Wal~-Ttaqiofi DJat 9.S5(O.6l-) 9.ntO,Go;;) 9,1'10.10) '.J.t((I.';Cn !l.I)l(O.79) 
Ag. H.!)7(1.10J 19,01(1.,11) U.JJ{L18) 19.Q7{l,a) 18,57(0.7~] 

Hel.."llt: li5.1·lltl.e6) \15.(I~Ii.i.51) 111).5'1(6,31) III ,99(S,5l} 170.67 (8.801 
W'ight. 150.10(23.9) Bo.eo(2o,;I) 145.61\22,(11) i4l.(l60lL40) 1"~.00(a.50) 

• Ih C"ntiJnlil\;t!l',Ij 

Age in years 
Wt .. in pounl.'\s 

D-14 



APPENDIX D 

L'OMPAIlISON Of HEAD AND tACT, IWi'UiWolZ".~r5 " .\ IAn4 ,11 

- ZthniQ S1lh,:~oO\P. Drhtl .,-I:Q\lI. 1965 tlUF !)at" ~ 

H.a4 eire 
S.9ithl Me 
M.in-1ronu,\, krc 
8i t-Coronal Arc:l 
lit-tun Ptont: Arc 
lot. t.-RW;mud. Arc 
8i t"*nton Arc 
81t-Subaan41bular Arc 
Bit-'Qlt.rior Axu 
H,ad. JAn9th 
H,ad JU:( Pi. UMnt) 
H'ad. MaX Dis (xuOh) 
Ear .LeDCJt.h 

K~%O (M a ~i.~/AMr "'y.ttt~ lUcAn Or-iiltf.ul 
AW·" 'MIW 4"",& 'SA/!! i!.w-n U!a!. .. _~:9. .... .!.,~!t 
... 4:0 106.'2 .H !1~.lJ ,n '1I,6~ .11 it.it.) 

.04 !il9.n .''2 9Y,15 .1.06 9'.11 ... ~!.iI 10).4:-4 
-.Q..~ l130,'16 .1i il.6,j, ~H ".81. -~U lO~.lfi 

,1(; 99.541 .. ,21 1.00.66 .02 n,!)4 -·~H: L02,19 
-.11100,56 ,(18 99."4. • .to 9SUf! ... ,41 HH.H 
... 19- 102.'19 -.\i71Q2.01 .1' ~9.U ... '!"' LU.U 
-.n 102.20 -.J!) 101.2:6 .30 H,OJ -FiO 101,'4 
-.H 100.5' - •• 0 10J .40 .40 9S.~O -.47 101.94 

.Ot tt,u ,o-t n.'. .45 98.19 -.34 loLl' 
... 25 101.211 .40 91.95 ,so 97 •• " .3' 91.1$ 
".41 lOl.U -.Q( lOO.2<J .. 4!5 9!'J,'O -.~' 10l.5fi 
-.04 100.31 .06 !It.U: ,~7 U.S, -.0810 •• 42 
.n 15.52 -.16 l.G2.56 .a 9'.00 -.19 103.04 

£.\1" Length above 
t..:r era.dth 

'1:("Aljj'ion .11 ".08 ",12104.2/ .10 96,'" .05 ".21 

ea% ,r6trlaion 
lied Bndth 
~i.u:rlcul.1" Br .. dth 
!ltragion 8readth 
BizY9oaatLo Br.adth 
Max Pron"l l)h 
Bl9.1rlid pia 
BiO<..'U1ar .D-~ .... 
Int..rpu.piUuy Cia 
lr.t..roc"lar Di. 
Ma ... l Root Brudt'n 
Ma ... l 1In .. dtil 
Mo •• p~ottuSi~n 
Phl1tru. t.h9th 
Lip-to-~p Dilt 
Lip LenlJtb 
wp I."UlU aaJ.111l9 
"'nton-S~l' ... l' l.9th 
M~nton-" •• ~l ~t ~p 
Sul) ...... l ... N ... l IIIoot o.p 
Vert.x--(;labea. lIei9ht 
Vlrt..X-NRD H'iqht 
Vertex:-£:(t C~Ult:hU1 HFilt 
V.rtex-Pron ..... l. Mli~ht 
Vl!rtl!)(~Stclldon H'J.ght 
Vntl>t-M.,tCln Mttillht 
V.rtex-'l'l' ....... ion 
W.ll-r.;la1aUa nbt 
\lllIIl1-MJID blat 
Wfjll~8xt C:anthl,ll Dlat: 
W.IJ.~fron .. al. Dht 
'fllloll-i3tomiun Mat 
~.11~lo!ont:on tJi.t 
Wall-TrA9'\on oh I;. 
Aq<t-
Heigoht 
Weight 

TtlZ '5,U ~.11 lO~.la .11 U,~·O .02: ".42 
.23 111.20 ".0) 101.41 .01 U.SJ w.H 106.57 
.06 tt.fiO ".14 11)1).92 -.14 J.ao.g~ .,.55 lOl.lS,l 
.87 95,27 -.14 100.'5 w.O' 100.33 _.'5 10 •• '2 
,07 n.U -.~O 11)1.47 -,04100.19 .. ,SI104.2ii 

~,02 1-00.14 ~.23 10J.66 -.15101.(111. -.(;3104.59-
-.ll 1.00.116 -.10 lOD.U .03 n.n ·-.13 Hn." 

.11 "," -,20 10l.i' ,~, 99,1$ - •• ' 104.l4 
-.S2 105.67 p.l? 101 •• ~ -.17 101"~S ~.4~ lO~.Ol 
..,361.05,'1 .02 ".67 -.0' 101.31 -.)7 10~.oa 
... U 1.0'l'.Q5 ... (15 101..60 ",ll1 100.31 -,,26 101,91 
".21 11l.IO -,a. 10;'L:1~ ,O~ 97,7S -,1.3 107.30 
... 12 12S,:n -,2. 107,-41 -.14 104.32 _,)!i lttl.IO 

.:Z2 90.19 ~U 9S.20 .101 91.19 .20 U.:n 
... 10 107.14 -.tU 10;1.141 -.01 10.5.00 -.O~ 104.29 
-.73 l~0.56 -,16 10a.'9 -.19 110.55 ~.Zl 1!l,67 
... n 108.16 -.12 102.5, .06 ~e.7~ ",.2~ 106.21) 
-,~8 106." -,23 10.,20 ... 10 lOl.U -.49106.94 
-.53 107.58 ~,05 100.1l ... 17 102."11 -.U 102,011 
... 13 102.7' ",11 lOO.~2 -.J! 100,92 .0" 99.6' 

.01 !ilII,62 .. ,ll 102,56 ,(12 '9.61 .1Il 96,'"' 

.11 "'.82 .l!i 911.39 .)1 ~6.67 ..... '4 HI:'!.6!! 
-.07100.64 ,19 ,g.26 .17 91.B p.!t~ lOi.75 

1CH1.otJ .11 99.05 .B n.:n -,3& 101.<l~ 
.13 ".lJ -,01 100.Q1 .l~ 98.13 -,28 101,88 

... 25101.31 n.O? lOO.J\,' ,111 9'.01 M,,4~ 1();1.,~:'1 
-.4:1 10,1,', -,01 ~M.09 ,1'5 H.;l~ -.H Lill 'lot 

.Hi ~I),56 .0' GG.39 .09 99,32 ... 41 )"J,56 
",2.'i It'tl.21 .H 110',211 ,47 97,62 .J' 98.J,3 
.. ,:!.5 lM,17 ,n 9I.~J .H 9.1.75 ,42 97.85 
-,31 l02.li ,16 9906 .42 97.53 .. ,lS 100." 
-.2'1100.96 ,16 '9.27 .H 91,07 ,55 91.tII 
-.'6 HlLn ... 07 IM.H .1« 990.21 ,1,)9 99,~ 
-.17 1(1:0,92 .04 \19.78 ,:n 98.75 .$1 ,'1,23 
-.HllOl.a. .2' 97.07 .3'1 U.U .52 U,S5 

1C<0.,QO -.26 101.35 100.1l0 ,50 1l7,H 
.1~ 99,9:1 f.ljtJ 97.37 l,U n,n '.50 '1n,4) 

".70 ilD,'" ~,t3 97.0S II. oJ, ".,. ',10 ~5.t. 

.,. 11'1 ~.I'I~ln.tftl',. 

Age in yeal. I 5 

\ft.~n jlounds 
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Face Length Sizing Programs - Male 
Regression Equation Method 
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APPENDIX G (continued) 

Face Length Sizing programs - Female 
Regression Equation Method 
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R£SULTS FOR 2-SIU SYSH.H (<<eGRESSION EQlIATION METHOO) 

SIZE NO. = 1 RANGE = 90.5u- 10~.50 (MIDPOINT ~ 9R.OO) 
SIZE NO. = 2 RAIIGE = 105.~O- 120.50 (lllD?OINT" H3.00) 

1 1 
Z 2 
3 7 
It 9& 
5 97 
6 98 
7 99 
a 100 
9 101 

10 102 
11103 
12 10 .. 
13 105 
lit 106 
15 107 
16 106 
11 10'1 
18 110 
U 111 
20 112 
Z1 113 
22 114 
23 115 
2.. 116 
25 117 
26 116 
27 119 
28 120 
29 12l. 
30 122 
31 123 
32 124 

AGE 
WEIGHT 
STATURE 
HEAD LENGTH 
HEAD BREAIJTH 
HEAD ·CIRCUHFERENCE 
TRAGI ON-TOP HEAD 
ECTOCANTHU5-TOP HO 
PRONASALE-TOP HEAD 
SUBNASALE-TOP HEAD 
STO"ION~TOP HEAD 
I1I::NTON-TOf> HEAD 
TRAGION TO WALl. 
ECTOCANTHUS-WALL 
PRONASAL~ TO HALL 
SUBNASAL. TO ~ALL 
LIP PROTRUS"N-WALL 
HENTON TO IIALL 
SAGITTAL CURVATURE 
BITRAGION-CORONAl 
eIOCULAR BREAOTH 
OIAURICUlAR BROTH 
elTRAGI0N BREADTH 
BIZYGOMATIC BROTH 
81GONIAL BREADTH 
NASAL BREADTH 
LIP LaNG1H 
MENTON-SUBNASALE L 
HENTON-SELLION LTH 
S~ANASALE-SELLION 
EAR LENG1H 
EAR BREAOTH 

S.D. 
&.39 

1£ .. 29 
5&.96 

&.&2 
5.90 

15.93 
7.59 
9.17 

11.65 
10.69 
11.07 
10.83 

6.'1& 
9.58 
9.44 
9.72 

10.51 
11.36 
1 ... 78 
13.86 
... 69 
9.48 
4.96 
5.75 
5.60 
3.29 
'+,19 
... 56 
4.33 
3.73 
"' ... 1 
3.32 

G-20 

MEAN h 
21.28 

121.3 .. 
1599.31 

181.25 
h3.75 
542.67 
1ZS.e.O 
11f>.59 
145.20 
156'!;2 
17~. 81 
212.65 
100.12 
160.96 
208.51 
194.01 
19C.&3 
181.71 
3"10.47 
335.10 

'15.&6 
157.3 .. 
lZ7.63 
127.87 
lQ().81 

31.35 
43.05 
51. 04 
96. 00 
42.16 
51.3b 
29.2S1 

H"AN .2 
2 ... 26 

132.09 
1638.6 .. 

1&6.42 
1,+&.29 
5f;~'.51 

128.59 
116.51 
1<+9.55 
1&1.23 
161.06 
22,+.28 
103.02 
16!>.82 
21,+.&3 
He.75 
19,+.94 
182.84 
350.61 
3'+2. 56 
97 .59 

159.14 
12~.91 
129,90 
102.72 

32 ... 2 
..... 38 
S8.96 

113.00 
48.13 
,3.18 
,1 a. 23 



REiiUL TS FOR 3-SIZE SYSTEK (REGRESSIOH EQUATION KET~OO) 

SIZE NO. • 1 RANGE '" 89.50- 101.50 ("laPOINT" 95.;;0) 
SIZE NO. " 2 RANGE " 101.50- 113.50 (IHDPOINT " 107.5QI 
SIZE NO. ,. 3 RANGE '" 113.50- 125.50 (I1IDPOINT .. 119.50) 

S.D. KEAN t1 KEAN .2 MEAN f3 
1 1 AGE 0.31 20.78 23.17 25.55 
2 2 HEIGHT U.19 119.55 128.15 136.75 
3 7 STATURE 58.5& 1592.7& 1624.22 1655.68 
1+ '16 HEAD LENGTH 6.5& 180.39 184.52 1 as. &6 
5 97 HEAD !lREADTH 5.69 143.33 1'+5.36 147.39 
6 98 HEAD CIRCUHFER~NCE 15.82 5,,0.86 0;,,9.53 556.21 
7 99 TR~GION-TOP H~AO 7.58 12~.tl 127.49 129.81 
6 100 ECTOCII.NTHUS-TCP 1'10 9.17 116.21 117.80 119. ~4· 
9 101 PRO~ASALE-TOQ HEAD 11.62 144.46 1 .. 7.96 151.410 

U 102 suel~ASAlE -T OP H£AO 10.8& 155.73 159.51 t63.28 
11. 103 STOHl ON-TOP HEAD 11.01 173.71 17 S. 77 183.76 
12 Ult KENTON-TOP H;:AD to.70 210.71 220.01 229.32 
13 105 TRAGION TO WA~L B.95 99.&4 101.9& 10 ... 28 
110 106 £C10CAMTHIJS-\l~\'L '1.55 lE>~.16 11>4. OS 167.92 
15 117 PRONASALE TO H~LL 9.38 207.49 212.38 217.28 
1& 168 SIJBNAS~LE TO WALL 9.68 193.22 1~7. 01. no. au 
17 109 LIP PROTRUS"N-W~LL to.49 189.91 193.3& 196.81 
111 11Q 14E1I10M TO WALL 11.35 181.52 182.4Z 1&3.32 
19 111 SAGITTAL CURVATURE 14.74 343 ... 5 348.3& 353.26 
20 112 BITRAGION-COROMAL 13.82 333. Sf> 339.63 3"5.8Q 
21 113 SIOCULAR BREAOTH ".68 95.34 96.aa 98.102 
22 11 It BIAURICULAR BROTH 9.108 157.,,10 iSS ... a lS9.9Z 
23 lH BITRAG10N BREADTH 4.9" 1tt7.2~ 129.06 130.90 
2 .. 11& BIZYG014AT!C BROTH 5.74 1:!7.S11 129.1& 130.7& 
25 117 BIGONIAL BREADTH ;.59 '100 ... 9 HZ.02 103.510 
2& 118 NASAL BREADTH 3.26 31.17 32.03 32.89 
27 119 Ltp LENGTH 4.19 ~2.83 4:<.89 10 ... 95 
28 120 KENTON~SUBNASALE L ".35 4'3.72 5&.05 fo2.39 
29 121 MENTON·SELLION LTH 3.4& 9£i. 5 0 107.50 113.50 
30 122 SUBNASALE-SELLION 3.59 41.19 '.s.:- 9!:i 50.72 
31 123 EAR LENGTH 4 ... 0 Sl.06 52. %'. 53.97 
32 124 EAR 8REAOTH 3.32 29.11+ 2'J.8'1 30.610 
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