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FOREWORD

This report was developed in response to the requirements of
Project 7184, “Man-Machine Integration Technology,” Task 71841203,
“Engineering Anthropology for Life Support.” It was a joint
ef fort of Crew Station Integration Branch, Human Engineering Di-
vision, Aerospace Medical Research Laboratory and Anthropology
Research Project, Inc., Yellow Springs , Ohio. Project engineers
were Dr. John T. McConville and Ms. I].se Tebbetts for Anthropology
Research Project, Inc., and Mr. Milton Alexander for the Crew
Station Integration Branch under Contract F336l5-78-C-0508 , mon i-
tored by Mr. Charles E. Clauser.

The authors are grateful to Mr. Clauser, Dr. Melvin J.
Warrick and Mr. Jean M. Ring, Human Engineering Division, for
their valuable suggestions after critically reviewing the manu-
script. Ms. Jane Reese of Anthropology Research Project, Inc.,
deserves the authors ’ thanks for her diligent efforts in typing
multiple versions of the document and preparing the final draft
for publication.

I

f: 1

_ _ _  
_ •

~i :~~~_ _



TABLE OF CONTENTS

Section Page

I INTRODUCTION 4

II PREPARING FOR THE FIT TEST 6

Site Selection and Preparation 6

The Test Sample 8

Setup Procedures 11

III THE FIT TEST 15

Setting Up at the Test Site 15

Processing Test Subjects 17

IV ANALYSIS AND REPORTING OF RESULTS 23

Vali..~ating the Sample 23

Reporting the Test Findings 25

Results and Recommendations 29

Tariffing 30

Conclusion 31

APPENDIX: Sample material to be prepared and/or
assembled in advance of the fit test... 32

4
REFERENCES 40

LIST OF ILLUSTRATIONS

No.

1 Photos illus trating functional defects which
surfaced during fit test of HGU-12/P and
HGU-28/P helmet and communications carrier
systems 20

2 a. Waist—back separation with extreme reach
motion.
b. Waist-back closure accomplished with the

- snap fasteners in place during extreme reach
motion...... 28

~

,.- .

~

,

‘
--• .--

~

• .‘ - 

2 

— -  .--- -—- — -:



•_,_e~
__

— — ,_. - ,_. ., ~~~~~~.&..~~~-.W-naS--— . — —‘-——----—“,—----.---- . —-—---  - •• — - - - . - ._m, — —

i
LIST OF TABLES

* No. Page

1 Establishing Indicated Sizes for a Fit Test of
High Altitude Gloves 12

2 Anthropometric Comparison of Fit Test Sample
with 1967 USAF Flying Population for Hand
Size Dimensions 23

3 Range of Hand Size Variability of Fit Test
Sample 24

4 MBU-l2/P Flight Test Results 26

5 Suggested Procurement Tariff for High Altitude
Gloves 31

I

• ~~~~~~~~~~~~

1~j 
_ _ _  _ _ _ _  

H
_ _  _ _ _

~~~~~~~~ •
~~ 

- - .

— — 

-



SECTION I

INTRODUCTION

Each item of Air Force clothing and personal-protective equip-
ment is designed to meet a specific need and must fit and function
within specified limits if it is to be considered as a successful
solution to a given problem. Each is the end product of an inten-
sive effor t by a number of researchers , designers and manufacturers
continuously engaged in a series of decisions over trade—of fs
involving function, comfort, cost, appearance and safety , to name
but a few.

A major task facing the designer is establishment of a sizing
syst .a for the item: how many sizes will be required to accommo-
date the user population ; what will be the dimensions of each size
and, f inal ly,  how many of each size will be needed? The answers
to these questions are usually based on body—size information
gleaned from anthropometric surveys of USAF personnel from which
sizing programs are statistically devised. Ultimately, however , the
success of a sizing system can only be established by a hands—on
fit test in which the garments or equipment are worn by subjects
representing the size range of the user population , and are care-
fully evaluated for fit and function.

Ideally, close coordination between physical anthropologists ,
designers and fabricators should occur at every step in the devel-
opment of the item, and some form of fit-testing should be employed
at various critical stages of its design and sizing . This occurs
only rarely , however , and the various steps are more often sequen-
tial than concurrent. Not uncommonly a fit test is called for only
after problems have developed in the fit and/or function of the
manufactured item. Most often, the fit test is the next-to-last
step in the development of the item and is conducted prior to its
production for purposes of validating the sizing program and
establishing the tariff.

Anthropometric fit testing differs from human factors evalua-
tion procedures in that its central object is to assess the
capacity of the sizing system to accommodate the specified range
of the user population. There is , of course , considerable overlap
since fit and function are interlocking factors in the assessment
of the item -- the fact that a given size of oxygen mask can be
comfortably fitted to a small narrow face is of no consequence if
it leaks at an unacceptable rate; by the same token, it is not a
“fit” if chemical defense (CD) protective gloves slip comfortably
over the hand ... but the user is no longer able to manipulate
needed instruments.

Human factors evaluation procedures for every known piece of
military equipment from trucks and turret guns to boilers and back
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- packs are exhaustively described by various U.S. Army and U.S .

• Navy publications (Anonymous, 1974 and Malone et al., 1976).
- Our purpose here is to describe in some detail the recommended

procedures for conducting anthropometric fit tests and evaluations.
These procedures have not, to our knowledge , been documented
before and are assembled in part from existing reports of specific
fit tests and in part from empirical knowledge gained by the
authors carrying out such fit tests over the years.

While this manual is ~~~~~~~~ as a set of practical guide-
lines for the use of anthro~ometrists and technicians who will
be called upon to participa~:e in the design and conduct of fit
tests, it should be of inte~est, also , to designers and manufac-
turers engaged in the fabrication of personal-protective clothing
and equipment and to USAF program managers and other administra-
tors who are ultimately responsible for their successful utilization.

Although the attempt is made to be as comprehensive as
possible, each item undergoing f it testing and evaluation incor-
porates unique features that may require some modif ication or
elaboration of the procedures outlined in this report. Flexibility,
imagination and inventiveness are thus as important to the success—
ful conduct of the anthropometric fit test as are the instruments,
documents and procedures described herein.

a
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SECTION II

PREPARING FOR THE FIT TEST

SITE SELECTION AND PREPARATION

Selection of the f i t  test site and arrangements for the
faci l i t ies  and subjects are basically the responsibility of the
program manager at whose request the test is usually conducted .
The investigator, however , must provide clear and comprehensive
instructions for what will be needed .

The basic aim is to identify and gain access to available
personnel who are a part of the projected user population . In
all cases there must be a sufficient number of subjects to assure
a full range of size variability. The investigator should
inform the program manager of his specific needs in this area
(e.g., we will require a total of 45 subjects to be presented
at approximately 20-minute intervals over a three-day period).
If the item to be tested is a one-piece coverall designed for

• ground crew, the choice of subjects and sites will be a wide
one. If the item is designed for a specialized population ,
however, the test sample must be an operational group knowledge-
able about the item to be tested and able to wear the item under
conditions for which it is designed. For example, MBU-l2/P
oxygen masks which must remain on the face during high gravity
pulls were tested on fighter pilots of the Tactical Air Command
at Nellis Air Force Base, Nevada , under appropriate flight
conditions.* This group of pilots was selected because they
represented the ultimate users of such a mask and were on current
flying status in high performance aircraft.

Needed facilities and resources must also be specified . The
above—mentioned test, for example , required five hours of flying
time for each subject. Requirements for other test situations
may be much simpler——a dressing room for disrobing or a scale--
but should be outlined in advance.

The investigator should determine well in advance of the test
how many of each size of test item will be required and so inform
the program manager. For most fit tests a minimum of two of each
size is ordered . Special circumstances occasionally dictate that
every subject be supplied with an individual item, as in the case
of the high altitude oxygen masks where pilots retained the masks
for later flight testing.

* Alexander , Milton, John T. McConville and Ernest A. Horns, Ground
and Flight Evaluation of the Sizing/Design of the Developmental
MBU-12/P Oral Nasal Oxygen Mask, unpublished report.

6
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• The program manager secures the appointment of a project
off icer  who •acts as liaison at the test site . While most
advance arrangements are made through the program manager ,
the investigator will , in all probability , deal with the project
of f icer  directly over f ina l  details and last minute changes in
the test requirements or scheduling .

If the test will involve a pressure chamber , simulated
chemical agents or any procedure which has the possibility of
af fec t ing  the health or safety of the subjects , the investiga-
tor should secure approval from a medical review board or human
subjects committee at his or her organization . A protocol
explaining the procedures to be undertaken , describing the sub-
jects to be tested and detailing any risks which might arise,
should be drawn up by the investigator and submitted to a medical
board for review. At the same time , the project officer at the
test site should be queried about local requirements for subject
consent forms and asked to have them on hand for the test if
necessary.

It should also be noted that in the case of specialized
physiological protection equipment , an expert in the field should
be a part of the investigative team for purposes of evaluating
the capability of the item to function as specified under the
test conditions.

• 
SUMMARY

Site selection alternatives:
- general USAF population
- specialized operational group

• Program manager to be informed of
requirements at test site:

— facilities
- equipment
- personnel
— number and sizes of test items
- subjects

• Human subjects protection:
- medical review board
- subject consent forms

H 7

0 ’



THE TEST SAMPLE
r

• Numbers

The size of the test sample depends on the nature of the item
and the number of sizes to be tested , on the availabili ty of oper-
ational personnel and on the numbers of subjects available at the
extreme ends of the given body size range. While there is no
formula for arriving at a proper number for a given case , several
guidelines can be articulated. In general , less than 20-30 sub-
jects will produce a biased sample unlikely to represent accurately
the ultimate range of body sizes in the user population . Most
garments and personal-protective equipment are designed in sizing
systems which range from three to 12 sizes. The larger the number
of sizes, the more subjects are required so as to assure at least
three to five subjects in each sizing group. Most subjects will
fall into the more common middle—size groups. While it may be
desirable from a purely statistical point of view to have large
numbers of subjects in all size categories , there is a limit to
the numbers of military man hours which can be contributed for
this purpose; in the case of highly specialized operational groups ,
there is a limit to the numbers of personnel available at all; and
there is, in any case, a fairly low point at which larger numbers
will no longer yield worthwhile returns.

One further consideration in selecting the nuin±-er of subjects
to be tested is the quality of fit required. More subjects will
be needed when working with an oxygen mask which has a very close
tolerance than would be required in fitting a one-piece flight
coverall where exact conformity to the body at all points is not
critical. Thus, 66 subjects participated in a fit test involving
four sizes of an oral-nasal oxygen mask designed for high altitude
flying (McConville and Alexander , 1975) while nine sizes of a dis-
posable one-piece chemical defense undergarment , which does not
require close fitting tolerances , were tested on 36 subjects
(Alexander et al., 1977a).

The investigator should aim for a sample group covering 90-
100% of body size variability for the particular variables of
interest. The project officer at the test site cannot be expected ,
of course, to produce an anthropometrically perfect sample covering
the desired range in hand sizes, for example , although he will have
been asked to keep that goal in mind. In actual operation , the
testing team carefully measures and tests about two-thirds of the
subjects, and then asks the project officer to obtain additional
subjects from a particular size category or categories if those
sizes are thus far under-represented. While this involves a bit
of last-minute scrambling , it has never proved to be very difficult.

Variables

There are two categories of variables of interest to the
investigators. Of prime importance is the set of key variables
(sometimes only one) which is the basis for the sizing categor ies

8
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of the test item. Air Force partial pressure gloves, for example ,
have been sized on the basis of hand circumference and hand length

H (Barter and Alexander , 1956). A U.S. Army chemical defense over-
garment originally designed for men was sized for women according
to a single dimension--waist circumference (Alexander et al.,

t l977b). It is this dimension or dimensions for which as complete
a range of subjects as possible must be obtained. In the case of
the protective gloves, a full range of overall body size, as rep-
resented by height and weight, is more or less irrelevant. What
is important in obtaining a proper sample is to get subjects rang-
ing from the first to the 99th percentiles in the hand dimensions
of interest.

A note of caution should be inserted here concerning incon-
sistencies in measuring techniques with particular emphasis on
waist and hip. If the investigator is not aware that the location
of some dimensions may vary slightly from survey to survey , he or
she would be wise to check on the variables of interest in a report
of the or iginal survey or in a compilation of measurement tech-
niques (Garrett and Kennedy , 1971).

An expanded series of body size dimensions which can be said
to interact with the test item is also measured on each subject.
These additional measurements are usually taken as comparative
data to use in determining the adequacy of the sample in represent-
ing the larger user population. Thus, in testing the MC-l oxygen
mask, lip length and total face length were the two key dimensions
measured to obtain the indicated size (Emanuel et al., 1959). In
addition, menton-subnasale , bizygomatic diameter, bigonial
diameter and nose length were taken for use as comparative
data. Height, weight and age are always routinely recorded for
the same purpose.

Occasionally, specific additional dimensions are measured
for other reasons. In the case of the NBU-12/P oxygen mask, nasal
root breadth was added to the list of variables because questions
concerning leakage around the base of the nose had arisen and fit
of the mask at this point appeared to be critical.

Whi le there are no hard and fast lists of variables which can
be prescribed for use in testing a particular item, the following
are suggested :

Head Face

head length lip length
head breadth total facial height
head circumference menton-subnasale length
saggital arc bizygomatic breadth
bitragion-coronal arc nose length
head height bitragion-minimum frontal arc
bitragion breadth bitragion-subnasale arc

bitragion-menton arc
bitragion-submandibular arc
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Face and Head Body

face length biacromial breadth
nose length hip breadth
menton—subnasale length chest or bust circumference
lip length buttock circumference
bizygomatic breadth thigh circumference
bigonial breadth sleeve length
head length crotch height
head breadth vertical trunk circumference
nose breadth waist circumference

Hand

hand circumference
hand length
hand breadth
palm length
wrist circumference

Ultimately, the choice of dimensions to supplement the key dimen-
sions is based on common sense, general knowledge and particular
problems of fit which are indicated .

SUMMARY -

Minimum of 30 subjects

• Minimum of three to five subjects for
each size

• More subjects required for items with
close fit tolerance than for items
requiring less conformity to the body

Sample group should cover 90-100% of
body size range found in user popula tion

• Dimensions of interest in two categories:

- key dimensions on which garment
sizing is based

- a selected group of 3-10 associated
variables to be measured for corn-
parative purposes (sample vs. user
population)

r
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SETUP PROCEDURES

While questions to be asked will vary and steps to be under-
taken in the conduct of a fit test will be modified according to
the item to be tested , the basic procedure remains essentially the
same. Subjects representing as wide a range as possible of the
ultimate user population will try on indica ted sizes of the test
item and the investigator will ascertain from both objective ob-
servation and subjective reactions how well each subject can be
fitted and whether the item functions and/or protects the user as
specified. It is also desirable for the investigator to verify ,
in the f ield, that the sample population does, in fact, span a
broad range of the larger user population in terms of the signif i-
cant dimensions under study. The following materials should be
prepared before beginning the fit test.

Questionnaire

This form , to be custom-made in advance of each test, repre-
sents the skeleton upon which the study of the fit test will
depend . It is essential that it be planned with care; it should
be comprehensive in scope, clear in its intent and should leave
room for possible additions to be made in the field. Information
can be discarded later if it is not needed , but it can seldom be
retrieved if it was not observed or recorded at the time of
the test.

A form for each subject should solicit the following informa-
• tion: identification ; sufficient descriptive information to allow
$ comparison of the sample with the ultimate user population ; sizing

data; observaLions and reactions of the investigator and the subject
relative to the comfort, mobil ity and saf ety factors involved in
the fit test of the given item.

1dentL~~catLon : This category includes only a name and
a subject number which should be assigned to each subject
for purposes of simplif ying analysis of the data. If the
test is conducted at more than one site, the locatior
should be included.

Vee~~tLp t- tv~ £n~ckmat~on SO/I. compakatLue~ pufl.po 4~ 4 :  This
should include rank and occupation as well as, in every
case, age, height and weight. Also appearing here is
a list of measurements to be made which includes the key
dimension (s) and the 3-10 related dimensions selected
for their interaction with the test item.

The section of the questionnaire devoted to the measure-
ments should include blank spaces for recording the popu-
lation percentile into which the measured dimension falls.
The indicated percentile is obtained from a table in the
hands of the investigator and is recorded for purposes of
field-checking the measurements (see Section III).

• 
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S~tz~~ng £n~~okmatLon : The indicated size , the size suc-
cessfully fitted if upgrading or downgrading from the
indicated size is required, and the fact that no avail-
able size f i ts properly , if that should be the case,
appear on the form. The indicated size is usually
determined by measuring the subject for the key dimen-
sions on which the sizing is based. The following
table taken from the report of a sizing system for
high altitude gloves (Barter and Alexander , 1956)
illustrates the procedure.

TABLE 1

ESTABLISHING INDICATED SIZES FOR A
FIT TEST OF HIGH ALTITUDE GLOVES
(From Barter & Alexander , 1956)

If Hand Circumference is And Hand Length is Then Glove Size is

7-7/8 inches or below 6-5/8 to 7 inches A
7—1/8 to 7—1/2 “ B
7—5/8 to 8 “ C

8 to 8—3/8 6—3/4 to 7—1/8 “ D
7—1/4 to 7—3/4 “ E
7—7/8 to 8—1/4 “ F

8—1/2 to 6—7/8 7 to 7—3/8 “ G
7—1/2 to 7—7/8 “ H
8to 8—3/8 “ I

9 to 9—1/4 7—1/8 to 7—1/2 “ J
• 7—5/8 to 8—1/8 “ K

8-1/4 and above “ L

Often the technical order accompanying the test item
specif ies in considerable detail how such measurements
should be taken. This document, provided to the inves-
tigator by the program manager or manufacturer , contains
fully detailed descriptions of the item including its
specified dimensions at each size and other essential
specifications such as the need to overlap or cover other
garments or to protect against some environmental hazard.
An example of such a technical order , issued in support
of the MBU-l2/P oxygen mask , appears in the Appendix.
In the case of a prototype, a tech order may not yet be
available but a copy of the product specifications may
be obtainable from the program manager or from the con-
tractor responsible for the design of the item.

12



Ob4 eitvatton4 and tea~tcon4 : Three areas of inquiry
are associated with fit tests, although they are not
necessarily all involved in every test. The first
order of business is the actual fit of the item--is
it long enough...wide enough...loose enough...too
long...too narrow.. .too restrictive. Results of the
investigator ’s examination of the garment f i t (in
such areas as torso fi t, crotch placement, sleeve and
leg length in a one-piece overgarment) would appear
briefly noted on the questionnaire , which may list
particular areas of f i t to be checked off or merely
provide space for the examiner ’s comments. The matter
of comfort is largely a subjective judgment. Some
individuals prefer snugly fitting garments while others
are bothered by any area of tight fit. Good fit or
comfort is best ascertained by asking such open—ended
subjective questions as “Is the mask comfortable?” or
“In terms of fit and comfort, which oxygen mask do
you prefer?”

Then , since the subject wearing the item is not a
static model , the next group of queries, especially
when dealing with bulky protective equipment, revolves
around the mobility of the subject wearing the test
item and his or her ability to perform required tasks.
In the case of a fit test for 14-inch gauntlet butyl
rubber protective gloves, tests for dexterity and
tactility were made on the subject (Alexander and
McConville , 1977). The subject was queried as to her
ability to perform her routine and necessary flight-
line duties while wearing the gloves, and answers were
recorded on the questionnaire. It is important for
the investigator to ascertain in advance what function-
al tasks or capability could conceivably be impaired by
wearing the test item (this would include visibility in
head gear or respiratory equipment) and devise tests to

• ascertain what., if any, impairment occurs. In this
connection it is useful to obtain from the program
manager the relevant Air Force Specialty Code (AFSC),
a job description issued by the Air Force for each
of its occupational categories.

A third area of inquiry involves the safety of the
individual when the garment or equipment is designed to
protect. the user from some environmental threat. One
would need to ascertain not only whether an oxygen mask
f i ts  the face comfortably but whether it f its snugly
enough at all points to prevent leaks. It should be

• added here that questions concerning the item ’s capabil-
ity for protection must cover its performance at the
outer limits of the environmental threat the equipment
is designed to offset. Thus, in the case ot the MBU-
12/P oxygen mask, such questions as: “Did the mask

• provide a satisfactory facial seal and provide breath—
ing safety in flight? If ‘no ’, please comment” and

a 13
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“Was the performance of the. . .mask in a high-G environ-
ment satisfactory?”

A sample questionnaire, used in a fit test of the MBU-12/P
• oral-nasal oxygen mask is shown in the Appendix.

Percentile Table

Having selected the list of variables which will be measured
on each subject for purposes of comparing the test sample with the
larger user population , the investigator should prepare a percen-
tile table showing the first through 99th percentile values for
each of the variables in the overall USAF population or in selected
segments of it. These data will, in all likelihood , come from the
1965 and 1967 surveys of USAF men (Churchill et al., 1978) or from
the 1968 survey of USAF women (Clauser et al., 1972). Such a table ,
illustrated in the Appendix , will be used in field-checking the
measurement data as they are obtained (see Section III) and for
insuring that the test sample represents a comprehensive range of
relevant body sizes.

Bivariate Frequency Table

The investigator should also secure, in advance of the test,
a bivariate frequency table for the key sizing variables. A
bivariate table (illustrated in the Appendix) shows how individuals
from a given population are distributed over the entire size range t
of any two selected measurements. Each subject, as he is measured,
will be “entered” in the appropriate spot on the table, thus pro-
viding the investigator, at a glance , with a graphic indication of
~he range of subjects being tested. By this means he will be
alerted to the necessity for securing additional subjects in size
categories which may be under—represented during the course of
the test procedures.

SUMMARY

• Devise questionnaire:
- identification (name and subject number)
- descriptive information (rank, occupation ,
age, height, weight, selected measurements)

- sizing information (indicated size based
on measurement of key dimensions

- observation and reactions (f i t comfort,
mobility , protective capability)

• Draw up percentile table

Draw up bivariate frequency table

14
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c SECTION III

THE FIT TEST

SETTING UP AT THE TEST SITE

Upon arrival at the test site, the investigators will meet
with the project officer and check over with him that all the
requirements for the test-—i.e., adequate space, the requi~ itenumber of subjects, any special testing equipment and associ-
ated personnel--are, in fact, available. If anything has been
overlooked , arrangements can probably be made at this time to
provide it.

The area assigned to the fit test is usually a conference
room or ready room and should have enough space and furniture
to arrange into the following areas:

• A table and chairs for initial interview of sub-
jects and sufficient floor space for measuring
them.

• An area for trying on the test item (this would
include a screened—off dressing area when sub—

• jects are required to strip). The test items,
clearly labelled for size, should be laid out
on a table in this area.

• If a simulated work space or special testing
equipment will be used, this should be set
up in a third area.

• A table and chair for use of the subject in
f i l l ing out the questionnaire should also be
arranged in a relatively distraction—free
corner. Since a continuous flow of subjects
is likely to be moving through the test pro-
cedure , this seating area should be in addition
to that provided for the initial interview and
measuring step.

Before the beginning of the test, it is essential to check
out both the measuring instruments and the test items as well
as any special testing equipment. A scale for weighing subjects
is usually checked by the simple means of investigators weighing
themselves. Anthropometric instruments are inspected and checked
with standard gauges to guard against a careless error in assem-
bling an instrument or the possibility that it may have been bent
in transit. An antiseptic solution, such as alcohol, and sponges
should be available for cleansing measuring instruments after use
on each subject. If there is special equipment, such as an A-14
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regulator used in the testing of oxygen masks , then a technician
should be assigned by the base to operate this equipment, to
check it out and to assure , at this time , that a sufficient

1 supply of oxygen is readily available for the test. f
It is particularly important to verify that the test items

supplied are properly sized and labelled and to make sure that
they meet their various dimensional and functional specifica-
tions. The tech order accompanying the test item should be
scanned to see if it instructs the user in how to select the
proper size and if its instructive sections are generally com-
prehensible. At least one of each size garment should be tested.
In a fit test for chemical defense gloves, such a pre-check
turned up the fact that the glove marked 8½ was larger than the
so-called size 9 glove.* In addition , only one of a pair of
gloves was marked with the size so that as soon as its mate
became separated it became an unsized question mark.

If it can be arranged in advance of the test, it is useful
to conduct a briefing session for all the subjects to explain
the purpose of the exercise and to outline the test procedures
which will be carried out with their aid in the next day or two.
This briefing , along with an ensuing question and answer period ,
increases the likelihood of obtaining more intelligent and rele-
vant responses to questions about the test item.

SUMMARY

Check testing area:
- initial interview area
- area for trying on item
- testing area
— debriefing area I

• Check measuring instruments for accuracy

• Check out auxillary equipment

• Check out numbers and sizes of test items

Check technical order accompany ing test I ~item for accuracy and clarity

• Briefing session with subjects

* Alexander , Milton , John T. McConville and Russell Carison , Design!
Sizing Evaluation of Seiberling Neopreme Glove for Chemical Warfare

r Use. Unpublished report.
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- PROCESSING TEST SUBJECTS
- 

When the subject f i rs t  presents himself , an investigator
brief ly interviews him for the basic background information re-

• quired on the form--name , age , rank , etc. At this time , the
investigator explains the nature of the test if a prior briefing
has not taken place. While it is often tedious to repeat this
explanation over and over again , it is essential to secure the
full  cooperation of the subject and serves, also , to put him or
her at ease.

Experience has shown that two trained investigators are
required at various critical points of the test procedure. The
first such point is measuring of the subject which takes place
after the initial interview. One anthropometrist measures the
subject; the other records the called-out dimensions, simul-
taneously observing and checking for errors. As noted earlier,

— 
the questionnaire provides spaces for the given measurement and
for the population percentile into which that measurement falls:

Measured Dimensions mm %ile

Height 
__________  __________

Weight 
__________  __________

Face Length 
___________ ___________

I Nose Length 
__________  __________

Subnasale-Menton Lgth 
___________ ___________

Nasal Root Breadth 
__________  __________

Lip Length 
__________  __________

Bizygomatic Breadth 
__________  __________

Bigonial Breadth 
__________  __________

Head Length __________- ___________

Head Breadth 
___________ _______

Nose Breadth 
___________ ___________

Percentiles are determined by ref erence to the percentile tables
& for the relevant dimensions which were prepared in advance (see

Section II). The recorder watches for apparent anomalies in
proportions as , for instance , head and face length percentiles
widely at variance with each other or a face length in the 90th
percentile with a subnasale-menton length in the 20th percentile.

- 

- 
Such an apparent contradiction is quietly called to the attention
of the measurer who then remeasures the subject. The anomaly may
have been an error in the measuring but may also reflect the actual
configuration of the subject’s face. Disproportionality is care-
fully noted by the investigator since it may affect the fit of the
item designed for a more normal proportion of bodily dimensions.
In fact, the unusual relationship of dimensions often has no effect
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on the fit of the test item but it can later explain a particular
observation or comment concerning undue pressure or oxygen leakage
at some point of a protective mask.

The subject undresses for measurements except when hand or
head and face anthropometry is concerned . In these cases, the
subjects’ height and weight are recorded as reported by him
or her.

In addition to continuous scanning of the measurement data,
the recorder also locates each subject on the previously prepared
bivariate table with which he is armed (see Section II). By this
means, investigators can keep track of the distribution of the
test subjects as the test proceeds, and assure that a reasonably
representative number of individuals spanning about 90-100% of
the user population will be tested. If the number of subjects
goes much past the halfway mark without beginning •- .o cover the
desired distribution , the liaison officer is asked to beat the
bushes for additional subjects known to approximate a specified
size range-—it may be that tall women are needed or men likely
to have small heads or hands. Such subjects can upually be found
through informal contacts on the base. The liaison officer , other
personnel assisting with the test, or other subjects usually know
of people fitting into the requisite dimensional category and all
past experience points to a high degree of success in obtaining
additional subjects via this “grapevine” method.

Following the measurement, from which the subject’s indicated
size is derived, one investigator accompanies the subject to the
table where the test items are displayed . Here the investigator
makes sure that the subject gets the right size, helps him don
the garment and explains a little about the special features of
the item. It may be, for example , a new oxygen mask designed
especially to alleviate slippage under high-C conditions. If the
item differs from what the subject is currently using , the investi-
gator explains how it is intended to fit differently so that the
subject knows what tc expect and does not reject the item on those
grounds. If it is a brand new item, such as a new chemica’.. defense
protective garment, the investigator explains its purpose and why
it is to be added to the inventory. In all cases, the investiga-
tor helps the subject adjust the item properly but it may be
immediately apparent at this point that it is much too big or too
small for the subject. In that case, the size is up- or down-
graded from the indicated size and this change is recorded.

The subject is now informally questioned : how does it f it?
are there any pressure points? is there any discomfort? The
investigator probes for specific details to elucidate any com-
plaints. At this point, too , if the subject is obviously uncom-
fortable, the size is up— or down-graded and that fact recorded .

It may as well be stressed here as it has been earlier that
all observations and all comments and reactions by subjects should
S~~recorded since memory, however sharp , is never a substitute for

r
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recorded observations. While much of the information assembled
at a fit test may later be discarded if not needed , very little
can reliably be reconstructed if needed .

When a reasonably satisfactory fit has been achieved , the
subject is exercised in any one of a variety of means selected
to test the fit and function of the garment in actual use.
Flight garments and equipment are usua lly tested in a simula-
tor although on some bases arrangements are made to accompany
the subject to the flightline and observe his movements in an
actual cockpit. In the case of oxygen masks , the subject is
usually put through tests on a console designed to test leakage .
For garments designed for ground crew, a simple set of calis-
thenics is designed. Subjects in protective gloves will be asked
to manipulate various objects.

In all cases, both investigators participate in this stage
of the test watching carefully from all angles for any noteworthy

z details. These include decrements in the ability to perform
necessary functions or interferences with mobility as well as
stress lines of the garment itself during the exercises. The
observer watches for riding up at the crotch or bunching up at
waist or armhole . Uppe rmost in the investigators’ minds should
be the function of the garment. If it is designed to protect,
are there gaps: at the waist? between the wristband and the
glove? does the mask seal?

Often the test item is designed as part of an assemblage.
The investigators must study the nature of the integration
with other garments or pieces of equipment. Can the subject
wear glasses with it? In one fit test the edge rolls of a test 

4

helmet butted up against the flyers ’ goggles to such a degree
that the goggles were pushed away from the face (Gillespie , 1977).
Are garments, designed to be worn over or under other garments ,
too restrictive? Do they cause undue bunching of fabric in the
secondary garment? If the subject does not comment on the inte-
gration of the test item, the investigator should make a point of
asking specifically how it fits vis-a--vis other garment~~.

While a camera is not essential to the conduct of a f it
test, it is highly recommended . Photographs of stress lines
and defects are excellent means of documenting and illustrating
findings. A photograph is often clearer and more convincing
than several paragraphs of detailed description (see Figure 1).

The final step in the testing procedure is debriefing . After
the subject has removed the test item, he is given the question-
naire to fill out. When that is completed , the subject is asked
to stay while the investigator goes over the filled-out form to
make sure all the responses are clear and to the point. The in-
vestigator will often ask several more questions to clarify
responses on the form. Even at this late point in the proceedings
sizing may be up- or down-graded. It is not altogether uncommon
for a subject who has been apparently satisfactorily fitted to

--
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Figure la. Seam failure on lower edge of ear
cup receptor of HGU-28/P helmet.
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Figure lb. Poor integration between test helmet
assembly and goggles.
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• indicate on the questionnaire or during the debriefing conversa-
tion that “I really can ’t stand anything tight against my body .”
Thus , while the item theoretically “fits,” the subject would , in
practice , always choose a larger size. It is useful then for the
investigator to suggest that the subject come back to the table
where the test items are laid out and undergo a re-test in a
larger size. If the subject is more comfortable and the item
re tains optimum function ( i .e . ,  protects as specified) , then this
b~ comes the subject ’ s preferred size. In any case , the record
then shows that while the subject can be fitted in the size indi-
cated by his dimensions , he is likely to opt for the larger or
smaller size.

If the officer in charge of the squadron or base requests it,
the investigators meet with him at the conclusion of the fit test
and deliver a tentative statement of results of the test insofar
as they can be estimated prior to data analysis. It is, in any
case, desirable to hold such a meeting with the liaison officer
and any other observers or base personnel who have taken part in
the test to report on the success of the enterprise and receive
any feedback . Such a meeting is essential in the case of any neg-
ati7e findings important enough to alert people about immediately.
In one fit test, a two—piece chemical defense garment was found to
gape at the waistline with bending and , because of an elasticized
band , stay separated after bending (Alexander et a l . ,  l977c) .
Since this garment was already in use for another branch of the
service , an observer from that branch was informed and production
subsequently stopped while the garment was modified .

SUMMARY

• Initial interview

Measure subject:
• •- one investigator measures

— second investigator records, checks
accuracy of measurements and tracks
total sample group to in sure full
size range

. Subject dons test item ; investigator
checks on preliminary fit. Indicated

• size up- or down-graded if indicated
size is obviously a misfit

t . Subject undergoes test(s) observed by two
investigators who check for :

- protective capacity
- loss of functional capability by subject
(mobi lity, agility, visibility , etc.)
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- areas of stress on the item
- integration with associated garments to
be worn with the test item

— fit
- comfort

• Subject photographed in test item with
emphasis on photo of problem areas

• Debriefing of subject

• Debriefing meeting with officer in charge
and/or base personnel who took part in
fit test

k

I

I
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SECTION IV

ANALYSIS AND REPOR T ING OF RESULTS

Analysis of the fit test results takes place in two steps:
documenting the representativeness of the test sample, and
analyzing the results of the test with a view toward recommend-
ing acceptance , modification or rejection of the item under
consideration .

VALIDATING THE SAMPLE

It is important that the representativeness of the sample be
established if the reader of the test report is to be confident
that the results obtained , in terms of fit and function , can be
extrapolated from the small test sample to the larger user popu-
lation. Perhaps the best method of establishing the representa-
tiveness of the test sample is to compare the anthropometric
profile of the sample with that of the user population. The
Aerospace Medical Research Laboratory Anthropometric Data Bank

I - at Wright—Patterson Air Force Base contains all the anthropometric
data available for men and women of the various U.S. military pop-
ulations. It is thus possible to draw from the data bank a survey
population or sub-population which will characterize the body size
variability of a particular user population. In the sizing eval—
uation of a chemical defense eight-size commercial overglove for
flight personnel, selected dimensions of the test sample were
compared to those of the USAF flying population as surveyed in 1967
with the following results:

TABLE 2

ANTHROPOMETRIC COMPARISON OF FIT TEST SAMPLE
WITH 1967 USAF FLYING POPULATION FOR HAN D SIZE DIMENSIONS

(Alexander and McConville, 1977)

Fit Test USAF Flying
• 

• 
Sample (n=33) Population (n=2420)

Variable* S.D. S.D.

Height (reported) 7G.47 2.78 69.58 2.37

• Weight ( reported ) 172.80 26.10 173.06 19.65
Hand Length 19.17 0.80 19.11 0.82
Palm Length 11.11 0.55 10.83 0.54
Hand Breadth 8.91 0.38 8.90 0.41
Hand Thickness
at Meta III~~ 3.01 0.25 2.97 0.12

Hand Circ 21.31 0.82 21.55 0.94

• Wrist Circ 16.97 1.09 17.59 0.92

* Height in inches, weight in pounds, all other values
• in centimeters.

r ** From USAF flight population—-1950. 
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As can be seen , the test sample closely mirrored the user
population.

When specialized items are under consideration for specific
segments of the population , it is useful to draw relevant sub-
groups from the survey data. The same USAF survey cited above
contained 803 rated subjects assigned to the Strategic Air
Command . This group could be--and has been--used to character-
ize the body size variability of the user population for items
specifically designed for SAC aircrew.

The test sample may be additionally characterized by stating
the percentile coverage of the sample in terms of the target
population. Table 3, below, reports sucn data obtained in the fit
test of chemical defense protective overgloves described above.

TABLE 3

RANGE OF HAND SIZE VARIABILITY OF
FIT TEST SAMPLE

(Alexander and McConville, 1977)

Variable Percentile Range

Hand Length 2nd - 99th
..I Palm Length 4th - 99th

Hand Breadth 3rd - 92nd
Hand Thickness
at Meta 111* 2nd - 99th

• Hand Circumference 3rd - 90th
Wrist Circumference 1st - 93rd

* From USAF flight population--1950.

In some-instances, the sampling strategy may call for “n”
individuals to be tested for each size of a particular item. As
the extreme sizes (extra—short and extra—large) may be purposely
designed to cover only a few percent of the individuals i~ the

• design population , the sample will be of a plateau type and the
standard deviations of the test series may well be as much as
double those of the design population. Yet the mean values of
the test and target population may remain the same . Such . a result
is not cause for concern as the purpose of the test is to consider
as much variability or more in the test sample as exists in the
design population , but not less.

The whole purpose of the initial data analysis is to be
able to establish that the “test” population , in terms of relevant
body size variability (or perhaps other parameters such as age),
can be considered an adequately representative micro—population
for purposes of the test.
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SUMMARY

Compare measured variables of sample with
those obtained in survey of appropriate
user population

• Check distribution of measured variables
with those obtained in survey of user
population to verify adequate size range
of sample

REPORTING THE TEST FINDINGS

The anthropometric fit test usually represents the final
hurdle to be negotiated before an item goes into full production .
The final report must provide to those who will make the decisions
about the item, information which is to-the-point and which covers
all the areas of concern. If the findings cannot be classified as
altogether objective , they should at least be accurate and illumi-
nating in their reflection of the facts as observed by the investi-
gator and reported by the subjects. To this end the investigator
should summarize the material garnered from the questionnaires ,
presenting results, wherever possible, in quantitative terms. One
means is a tabular format illustrated in Table 4 which summarizes
findings from the report of a f it test for the MBU-12/P oxygen
mask. It should be noted that when findings are transmitted ,

• subjects are identified only by their numbers ; names are reta i ned
confidentially in the files of the investigator.

With the results compiled , it is up to the invest Lqator to
study them and report on significant trends. It is important, for
example , to note if certain di f f icu lties crop up across the whole
gamut of sizes or seem concentrated in one sector of the size
range. It may be found , for example , that the edge rolls of a
para-rescue helmet are set too close together to permit the jump
goggles to be properly fitted to the face (see Figure ib) but
that this deficiency exists only with the smaller sized helmet.

While the major concern of the test revolves around fit,
function and integration, the subjects ’ comments regarding comfort
and preference are also of concern . If an item is good in terms

• of fit and function but repeatedly causes a pressure point that
would rapidly become intolerable, the item is unacceptable until

- that problem can be resolved. It is here that it becomes important
to have experienced test subjects who are familiar with the item
or class of item under consideration. No one particularly looks

r
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forward to wearing multiple items of f l ight  clothing and personal-
protective equipment . A test subject who has had no experience

0 
- wearing a three-pound-plus f l ight helmet can rarely be objective

wi th regard to comfort or preference whereas the aircrew member
who may have worn such an item for several thousand fl ight hours
will take a more useful view of the matter and can rapidly deter-
mine if the item is better or worse than similar items he is used
to. More importantly, he will be able to determine if the test
item will integrate with the other items of the personal-protective
clothing and equipment normally worn and whether it will allow him
to function effectively.

There is always a danger that the detailed documentation of
test results will inevitably give the reader of the report a
negative opinion of the item being evaluated because of the empha-
sis placed on any deficiencies that appear in the test item during
the evaluation. Positive features may be covered in a few brief
sentences stating that the item under consideration provided a
comfortable , functional f i t  for the majority of the test sample
and that no integration problems were noted. The report may then

• begin to enumerate in considerable detail the number , types , and
14 degree of the problems noted . This highlighting of defects or

alleged defects is unavoidable. The intent’ of the test is to
establish the merit of the item prior to extensive procurement.
By highlighting the deficiencies, attention is directed to prob-
lems that may be resolvable before production takes place or which
may actually hold back procurement until a solution can be found.

It may be possible to effect a fix during the test itself.
In the fit test and evaluation of a two—piece chemical warfare
protective overgarment to be worn by Air Farce ground personnel,
a gap in the waist—back between the overblouse and the trousers
occurred when the subject bent over or extended his arms for
extreme reach (Figure 2a). Since the garment was designed to
act as a physical barr ier , such a gap was unacceptable and w~s
cause for rejection of the item. Three snap fasteners were
af fixed to the garment and were found in subsequent testing to be

• effective in preventing the separation of the blouse and trousers
(Figure 2b). The solution devised during the fit test was then
incorporatee. in the procurement.

SUMMARY

Detailed documentation of observations
and subject reactions in terms of:

- protection
- function
- f i t
- integration

• — comfort

• Note significant problems and trends
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Figure 2a. Waist-back separation with extreme
reach motion.
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Figure 2b. Waist-back closure accomplished with snap
fasteners in place during extreme reach motion .
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RESULTS AND RECOMMENDAT IONS

Unlike school examination s, f i t  tests do not incorporate a
• grading system in which definit ive cutoff points indicate whether

an item has “passed” or “failed .” There are , nevertheless, guide—
lines which can be suggested and the following discussion is
intended to provide the investigator with a f r amework for consid-
ering his reconunendations.

When the purpose of an item, such as a respirator or chemical
defense garment, is to ward off a life-threatening hazard , then
the investigator must determine with assurance that the item wi ll
achieve this end for at least 98% of the user population. If
there are grounds to suspect that the protective quality of the
item may be compromised in any segment of the size range, it must
be rejected in its present form , although often the investigator
can suggest a modification of the design which will better meet
the need .

More often , the problems lie in the f i t  of the garment, the
comfort of the subject and/or some resulting decrement in mobil-
ity, agility or visibility. In a test of chemical defense pro-
tective gloves, for example, some 19% of the subjects were unable
to obtain a satisfactory functional fit and investigators con-
cluded that “the fit test for Glove A for USAF ground support
males is believed to be marginally adequate. While protection
can be afforded to all personnel with this glove, such protection
is possible only with a loss in the user ’s (hand) function”
(Alexander et al., l977b). It might be suggested as a rough rule
of thumb that unless at least 80% of the test sample can be prop-
erly fitted, further consideration of the item in its present form
would be called into question.

At the other end of the scale, if more than 90% of the sample
acñieves a functional fit, this can be considered to be a good

c result. It should be stressed that no design will fit every user
and the investigatcr must be alert to those subjects with unusual
dimensions or proportionality who, if they cannot be f itted,
should not overly influence the results. Some subjects are so

• sensitive to discomfort that their reactions should receive less
weight than those of most others. In this category we would find
Subject #17 in Table 4 who wore only a custom-made oxygen mask.

In the “grey ” area in which 80-90% of the sample are well-
f i tted, the investigator will usually give a qualified approval
to the test item. Here, it is important to the sponsoring agency
that the investigator interpret the results and recommendations
as clearly and objectively as possible. While isolated subject
complaints are not necessarily significant, a problem which pre-
sents itself more than once or twice bears looking into. Demon-
strable design defects--such as the microphone in an oxygen mask
touching the lips--are easy to deal with. Loss of operating
capacity--the ability to grasp levers in a protective glove, or
loss of visibility in a helmet or oxygen mask--is often associated

_ _  

_ _ _ _ _ _  
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with particular sizes of the test item and should be reported
clearly as such , if that is the case. Where problems of integra-
tion with other gear crop up, it is important to note whether

• this difficulty occurs with a specific type or make of associated
item or whether the difficulty appears to originate in the design
of the test item itself. Other difficulties such as persistent
complaints about specific areas of discomfort are less clear-cut
but should be reported by the investigator along with his judg-
ment of their significance.

SUMMARY

When item is designed to protect from
life-threatening hazard, it must achieve
this protection for at least 98% of the

• user population

For all other garmen s and functions , if
at least 90% of sample population achieve
a functional f it, it can be considered a
good result

• At least 80% of sample must achieve
functional f i t or production of garment
in present form is called into question

80-90% functional fit means qualified
approval

- • Meaningful defects should be clearly de-
scribed and recommendations should be

- made for needed or desirable modifications

TARIFFING

The final element of the fit test report is establishment of
the procurement tariff—-that is, how many items of each size should
be manufac tured for the accommodation of the user population. Follow-
ing is a sample tariff for high altitude gloves (Barter and
Alexander , 1956):

k 

30

40’ - - .—_ * . -1.O. ..~~~ ~~~~~~ ‘~~~ “~~ -‘ . 4 1 .- 4 4 111 -43*0) ~~ - 1 
• -



• .4 .- ~ —.-—- - __~01_~ -- - - - • 14-- —-— -— .  14.— .- ,_._ •14• fl5 1**4~~~~~~~~~~~ 1C ~~~ 14IA• .14.14* 0 4 _ _
~~~~~ .~~

TABLE 5
14
,

SUGGESTED PROCUREMENT TARIFF FOR
HIGH ALTITUDE GLOVES PER THOUSAND PAIRS

(Bar ter and Alexander , 1956)

Size Size
A 55 G 74
B 62 H 167
C 34 I 84
D l40 J 24
E 208 K 43 -

F 80 L 29

This tariff was based on the number of subjects included in
each size category of the hand circumference/hand length bivariate
table expressed as a percentage of the total sample. The per-
centages were then adjusted so the sum of the total equalled
exactly 100 percent. The fit test is used to verify the tariff
by demonstrating that test subjects are fitted in their indicated
sizes. Tariffs can be adjusted at this time as necessary.

CONCLUSION 
. 

-

Ultimately the responsibility for the further disposition
of the item lies with the program manager . It is the central
purpose of the fit test report to provide the program manager
the wherewithal to arrive at his decision and if this is not
possible then either the test or the report must be considered
deficient. •41n either case, additional time and money may be
required to provide the needed information . It is thus incumbent
on the anthropometric fit test team to invest the initial test
with adequate planning , conduct and reportage the first time
around. - 
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APPENDIX

Sample material -

- to be prepared
and/or assembled
in advance of
the f i t  test.
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EXCERPT FROM SAMPLE TECHNICAL ORDER

RDT & E Equipment Manual
L Pressure Demand Breathing Oxygen Mask

USAF Type MBU-12/P
Sierra Engineering Co.

15 February 1977

5. MASK SIZE SELECTION

a. General

The Type MBU-l2/P oxygen mask is manufactured in four
sizes from which to choose the proper fit for the face
(refer to table 1). The mask sizing caliper, Sierra
Engineering Co. Part No. 450-100, (3, figure 13),
is an aid in determining proper fit and choice of mask
size for an individual. To select mask size, proceed
as outlined in paragraph 5.b.

NOTE

If a mask sizing caliper is not available ,
choose the mask size that most closely
follows the contours of the face when the
mask is held to the face with little or no
pres sure.

b. Measurement and Selection Procedure -

As illustrated in figure 7, measure the total face
length. Subject’s facial muscles are relaxed and his
jaws lightly closed. Measure the vertical distance
from the tip of the bottom surface of the chin to the

- point of maximum depression of the nasal root. Table
• 1 lists the indicated mask sizes for various ranges of

total face lengths .

• • NOTE

- The appropriate size mask for individuals
with borderline total face lengths should
be determined by checking out both mask
sizes per paragraph 4b.

H
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Table 1. Part Number and Mask Size Designations

Total Face Length• Part No. Size Millimeters (Inches)
I
’

834—01 Short 102.5 (4.05) — 111.5 (4.39)

834—02 Regular 111.5 ( 4 . 3 9 )  — 120.5 (4.74)

834—03 Long 120.5 ( 4 . 7 4 )  — 129.5 (5.10)

834—04 Extra—Long 129.5 (5 .10)  — 138.5 (5.45)

J
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QUESTIONNAIRE
(Investigator to fill out)

SIZING/DESIGN EVALUATION
14513-12/P ORAL NASAL OXYGEN MASK

NAME______________________________ AGE____________ SUBJECT NO._____

- AeroRating_____________________ Career Flight Hours________________

Operational Squadron___________ Command_____________

Current A/C__________________

Helmet Size__________________ Type Liner________________ Bayonet Style_________

Current Size Mask_______________________

Measured Dimensions mm %ile

Height 
__________ __________

Weight 
__________ __________

Face Length 
__________ __________

Nose Length 
__________ __________

Subnasale-Menton Lgth 
__________ __________

Nasal Root Breadth 
__________ __________

Lip Length 
__________ __________

Bizygoinatic Breadth 
__________ __________

Bigonial Breadth 
__________ __________

Head Length 
__________ __________

Head Breadth 
__________ __________

• Nose Breadth 
___________ ___________

INDICATED MBU-.12/P

102.5 — 111.5 111.5 — 120.5 120.5 — 129.5 129.5 — 138.5
Short Regular Long X-Long

PRESSURE CHECK

Saf ety 41M 43M 45M >45M

Subject’s Comments_______________________________________________________

(Minimum of 4 hours are desired for flight test) 1’

35
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• QUESTIONNAIRE
(Subject to fill out)

FLIGHT EVALUATION

Sizing/Design Evaluation
MBU-12/P Oral Nasal Oxygen Mask

SUBJECT NUMBER__________ DATE______________

NAM E_________________________________________ OPERATIONAL SQUADRON________

Size MBU-12/P mask tested : 
__________

Number of missions flown with MBtJ-l2/P mask: 
_________

Total number of flight hours MBU-l2/P mask was worn : 
_________

1. Did the mask provide a satisfactory facial seal and provide breathing
safety in flight?

YES___________ NO___________

If “NO” , please comment:

2. Was any leakage noted?

- 
YES__________ NO__________

If “ YES” , what pressure setting was in use? 
- 

ft.

On what part(s) of the face did the leakage occur? 
_____________ _______

3. Was the performance of the MBU—12/P mask in a high-G environment satisfactory?

YES__________ NO__________

Comments:

r i
- 

-
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FLIGHT EVALUATION (con tinued)

P - 
4. Was there visual degradation while wearing the mask?

YES__________ NO__________

If “YES” , please coimuent: __________________________________________________

- 
5. Was the f i t  of the MBU-l2/P mask acceptable?

YES__________ NO__________

- If “NO , please comment: ____________________________________________________

6. Was the MBU—12/P mask comfortable?

— YES__________ NO__________

If “NO ” , please comment: ___________________________________________________

7. Were pressure points noted on the face during use of MBU-l2/P mask in flight?

YES__________ NO__________

If “YES” , please comment : __________________________________________________

8. In terms of fit and comfort , which oxygen mask do you prefer?

MBU-l2/P__________

MBU—5/P___________

Comments: 
_________________________________________________________________

r~~~~’1
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