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i FOREWORD

§ This Technical Note was prepared from statistics compiled

by Antioch Ccllege, Yellow Springs, Ohio under AF Contract No.

ey »

L 18(600)~30, Reseswch and Development Order Ne. 695-71, "USAF
B Personnel Body Anthropometry," 13 the epplicable project and

i 1st Lt Gilbert S. Daniels, USAF (M5C), the project scientist.
al

E Sincera acknowledgmeni is made to Mr. Bdmund Churchill of
ki Antioch College who compiled and prepared the appendix of this
i raport.
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INTRQODUCY ION

The tendency to think in tsrms of the "averags man'
is a pltfall into which many persons dbluuder whsn
attempting to apply human body size data to ceeign
prodlems, Actinally it ic virtually impossible ¢to find an
"average maun" in the Alr Force population., 7This is not
becauns of any unigue traite of this group orf men, dbut
because of the greacv variability of bodily dimensions
which is characteristic of all men. It is the intent of
this Technical Note to poimt ocut and explain some ¢f the
factors that lead to the difficulties arising f rom the use
of "average" dimensions and to indicate to scme sxtent how
they mcy be avoided,

The data on which this Technical Yote is based are
the resulte of ths Air Force Anthropometric Survey of
1950, There is, however, every reason to suppose that
conclusione similar to tl~se reported here would have been
rsached if the same typv of analysis had been applied to
body slze data based on almost any grcap of people,
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THE ™ AVERAGE MAN®

The "Average Man" im a very prominent figure. Ac .. gonerel sule ie

18 uvaed as an oversimplified means of describing the combined characteristics
of a varied population. Thus we &re presented with an "average man® vhe

1s about S feet 3 inches tall although the populaiion he represents may
vary from under S feet to over 6 fest 6 inches in stature, Clearly, if we
were t0 1se the S5 fcot B inch dimension for the design of an opening such ae
a aocorvay, we would nave a door through which the “averszu man®, and inceed
all of the people who ara shorter than average, ccnld paes . -+ iructed,

The taller people, however, and these would represer. aduug¢ 50% o, CowT
Pomlation, would have to stoop to avoid hitting their neadr 2w top of the
doorway., OUbvious as this example xay be, it does illustrate that design
probisms require the application of human dimsnaional data beyond the over-
simplifled and insdequate dimensione of the “average man",

Data published (1) by or available through the Anthropology Section of
*he Aero Madical Ladoratory make available the information needed by the
project engineer or scientist for the design of items where hwman dimensions
ars of importance, These data extencd the description of a particular dimen-
sion beyond the average and thereby make it vossidble to select a suitadle
ranges of ths dimension as it ocours in the iote)l population. Such & range
ray, of course, be limited to serve the particular project in question,
Thus if staturo is being corsidered, a range of from 5 feet 5 inches to 6
feet 1 inch is shown to cover 90% of the air Force population, the range
kaviug been trimmed to leave out the talleat 5¢ and shortest 5% of the men.
If th!~ information is w224 to deeign a doorway adequate for men 6 foot 1
insh in stature, 95% of the total using group will be abdble to pass through
the doorway without hitting their heads,

While the use of average dimensions is generally uneatisfactory even
whon only one dimension is being considered at a time, the inadeyuacy of
the "averaze man” method is compounded many times when more than onc dimen-
sion 1¢ %0 be considered in a design prodblem, Ais an abastract representation
of a mythical individuul most ropresentative of a given population, the
"avarage man® ia convenient to grasp in our minde, Unfortunately he doesn't
exist, Instead of being the easniest individual of a group to provide for,
and the moet common, the "average man® ig iu reality a very rare specimen
and very hard to fit,

The fallacy of thes “"average man" concept is furthur illuztiratod by a
study bassd on hody measurements made on over 4,000 Air Forsr flying
personnel, From a total of 137 available measurements a smaller group,

21l nseful {n clething deslgn wue amlactsd. (Moasurements applicadle to
oinmr yFroblums such as cockpit layout or seat dosign could equally well
have %405 choson; thay wonld haee giver much tue samy resulte). The records
~d

¢f tho 4,000-p)us men we=r -hsn examined tn~ pove how many of these men, !f
any, could ve considered average in all of the selonted meesuremcntsa,
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The exact method of deriving this rarge is discunrsed in detail ip the

Aprerdix hut for our lamediate purperse it is sufficient %40 atate that

includee approximately the middle 30% of the total porulation. This i
conegiderably more gererous portioa of the group than is included by th
average value, In ar attempt t> find an "average man®, the "approxima
average" rangee of each measusremant, were used as hurdles in & step-by-
elimination, When the full sample of 4063 men was examized for statu
only 1055 foll within the accoptadle range of “approximately averagis:

group of 1055 was thea culled for all of the men of “average" stature

also had "average” chust circumference., Only 302 of the group still q
Eliz‘nation wac continued with additional “"average® dimensionc until a
end of 10 staps there was noi a single individuel remaining who fell w
the "averags" range for all measuremesnts, This process of eliminatior
gressed ra follows:

1. of thz original 4063 men
1055 were of eppcoximately average gltature

2, of thess 1055 men
302 were gls> of approximately average gheet circumfe

3 nf theso 302 sen
143 wers also of approximately average gloeve longth

4, of ihese 143 men
73 wore also of approximately averagu grotch height

5. of thess 73 men
28 ware wloo of approximately average iorso gircumf:

6o of these 28 men
12 wers also uf approximately average hip gircuufer

7. of these 12 men
$ were alao of approximately average pick circumfex

8. of these 6 men
3 were also of approrimatuly average vaist circumfer

9 cf thewe 3 men
2 were 8lso of approximately average thigh circunmfere

10, of these 2 men
O were also of approximately average in grotch lengsit

As a furihes atep, -00 moasurozante made 09 cne of the tw: men rumair
aftor the ninth step wvers examined, Of theco only 62 fell witkun tin
of the mlddla LUT cf the total population: 29 were smaller(below the
percentile) and & wore decidedly high (above the 70th percentils). !
Jorge group of measuremsnts maldd on the other of these two "most new:
average® mer showod such the game patiern,
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PRV

The exuct method of deriving this range is discussed in detail 4im the
Appenalix bt for our iamedinta purpose it is sufficient ¢o state that it
tncludes approxiwately the middle 34% of the total population. This is a
congiderably more generous portion of the group than ie included by the exact
average value, In an attempt to find an "aversge man”, the "approximately
avarage" rangas of each measusemen’, waers used as hurdles in a ztep-dy-step
elimination, When the full sample of 4063 men wvae examiced for staturs,
only 1055 fell witnin the accoptable range of "approximately average? Tais
group of 1055 was then culled for all of the men of "average" stature who
also had "average" chust circumference. Only 302 of the group still qualified.
Elin!nation was contimmed with additional "averags® dimensions until at the
ond of 10 staps there was pot a sirgle individual rezaining who fell within

the "uveraga" range for all measurements, This process of sliumisation pro-
gressad ma follows:

1. of the original 4063 men
1055 were of approximately average stajure

2, of thess 1055 men
302 werse als)y of approximately average ghest ¢ircumference

3. of these 302 wmen
143 wers also of aprroximately average gleeve length

4, of these 1435 men
73 were alsc of approximately averags grotch height

S of these 73 men
28 were also of approximatsly average torso ¢ircumference

6. of these 28 men
12 were nlso of approxinately avarage hip gipcvmferance

7« of these 12 men
§ were 2lav of eppreximately average ngck cipcumference

8, of these 6 mon
3 were also of approximatoly average yalst circumference

9. of these 3 men
2 were alao of approrimately averaze thigh circumferencs

10, of these 2 mon
0 were al)so cf approximately average iu grotech loogth

As a further atep, 100 moacurezentis made or one of the two men remaining
aftes the nints astep wers exsnined, Of thate only 62 fell witkin the runge
of the middle 40l ¢ the total populamtion: 29 were emaller(below the 10th
percentile) and § were decidedly nigh (adove the 70th percentila). A

larce group of munsuremente made on the othur of thene two “mosi nearly
aversge® man shoved wuch the same pattern,
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Thus it c2n be seen that the "average man" is a mlsl:xding and illusory

¢oncept as a basis for design criteria, and is partisul.rly se whon more than
one dianension is being cqnsidered.

This fechnical Note is not meant to d. scourage the project scientist,
Lowever, but merely to point out that the "average man" is usually not
the solutlon to the design problem. Data ure availeble which give a far
more accurate description cf range of human variability in body dimensions.
¢ taport is in progress (2) which fully describes each of 131 separa::
maasuraments of the Alr Force flying population. Whkile ncl yet available in
nublished form, the data of this repert are available through the Anthropology
Saection, Aero Medical Laboratory, Wright Air Development, Center, Wright-
Patterzon Air Force Base, Ohlio, for usc by goverament agencies and authorized
contractors. In addition, the Section can make avallable dimensional design
criteria fur cases where more than one dimension is being consldcred at a
time. These zmliidimensional descriptions cannot be published in advance
since each cne i3 a separate problem in itself and the number of such
combinations of measurcmeints approaches the infinite. For the benefit of
project englneers whose problems are in the mutidimensional category, custor-
designed solutions are aveilable through the Anthropology Section, WCRDE-2,
(Telephone 2-3230),

PUBLICATIQN RPEVIEW
This repe:t has been review and is approved.

FOR. THE COMMANDING GENERAL:

Colonel, USA¥ (MC)
Chief, Aero Medical ladoratory
Directorate of Regearch




APFENDIX

Method of Deriving "Approximate Average®

Any definition of the "approximate average" is necassarily arditrary.
The statistical average of a measuremeni is so narrow in range that the-
oretically it includes only thoss individuals whose measuvement 1u saactly
the same as the msan value, Iu practice this is expanded to includs those
individuale who fall within the same class interval as ths mean velus, Yor
inatance,since staturs ¢s tabulated in ) centimeter intervals,all of those
individuals who are within plus and minus one half centimeter of the mean
value would be considered average., This rangs would include less than 6.ub
of the total group and is far too restricting for actual application of
data, For the present purpose we have defined "average" wore lidberally to
inelude 21! individuals who fall within a range of plus or ximms three-tenths
of a standard deviation of the mean value, This definition eoems reasonable
on twvo counts:

1. It resulis in the middle 25 or 30% of a Zroup heing classiiied
as approximately average on any on¢ measurement,

2, It provides for most measurements a value range which is at
least the equivalent of a fall clothing size (over 1% inches
on chest circumfersnce, over 1 inch fov sleeve length, etc,)

Actually it was necessary to use lieits which vere slightly different
and, in general, slightly wider than those just dsscribed becauso of the
®orm in which the data vere availadle, The limits were set to the nearest
whole value of measurement, i.8,, the nearost whole ceatimeter.

Table I gives, for each of the mensuremonts muzd in this study, the
values 07 the mean and the standard deviation, the range of values taken to
te approximately average, and the number of men vio fell within thim range.
Full descriptions o these msasurements and of the men included in the

sample population cun be found ia WADC Technical Roport 52-32) "Anthropometry
of Flying Personnal-1950" (2). :
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TABLE I

Neasuregent Mean Stds Dev, Rapge of “Ayerage" *N for Range
of "Averazz®
Stature 175.5 cw 642 cm 173.95-177.95 cm 1055
Choet Circumference 98.6 em 6.2 cm 96,95=100,95 cm 1023
Sieeve Length 85.5 cm 3.8 en 33.95-86.95 em 1253
Crotch Height 83.4 cm Lol em 81.95-84.95 ¢m 1105
Vertical Trunk Circ, 164.6 cn 73 cm 162,95-166,95 cn 1093
Bip Circumference (Sit.) 105.,0 em 7.2 cam 103.95-108,95 cm 1113
Heck Circumference 38,0 cm 1.9 cm 36495= 38,95 cm 1713
Vaist Circumfererce 8l.4 cm 7.7 cn 78095~ 83.95 cm 990
Thigh Circumfersnce 56,9 cm L4 cm 54,95~ 57,95 cm 1114
Crotch Length 71.6 cm 5.1 c» 69,95= 72,95 em 1008

* 2ased 0D the originml group of 4,063 men,
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