. 3 N - P - b :‘ ~'~E ‘
2 ) .mu ‘R.ES'E{RCH“LABORATORY KEPORI NG

U. S. Submarine Base
Ncw London

R 2R

OmmERﬁrmN OF*% UBMARINE ’MEDICM., ‘DROBLEMS % ek

RS

::*:*__’*: . S\' NAVALNEDICKITRES“ARCH LABORATOR

P R M’W"“‘“‘W B N s T - e i not ARy Bt MR BTe o

- e y s S g P S A YR QP P T murﬂmm sy g vy
FE | NSRRI e T B
VSRR W NP8 - - -~ Bt g e e ——— g v o St doppa C e - -
: N PP S u—w.-.-—n.-:.a-umdi.;-v el a.q.--é —-J—‘:...,v e leie v e td 1 ager . BE e R,
L - RN y . gy 8 »n_“ M_" ~

Bl MR e -bs Y w_‘r_vj"'*r" -

. @‘&.\&M*‘::J&,—‘
*M:W‘—m.‘_x;@' [P ar S

.

AR Mw‘-z.r‘,.«-
¥ ﬂo‘ﬂ-

e PR - —— A

T, L. VILLMON, Captein (MC) USN - Officer in Charge.

; NAV1.870319.049
:




CONSIDERATION OF SURMARINE MEZICAL PROBLEMS
AN
CURRENT STATUS COF INVESTIGATICNS
AT

U.S. NAVAL MEDICAL RESEARCH LARCRATCRY *

2] February 1948

T. L, ¥ILLIMCN, Cantain (MC) USN, Cfficer in Charge.

- L ) - o = - e B e e e e e e P e e & = e e e ® ® w® = e =

* * condensed version of this report was presented et ONR Col-
loquium on Naval Research held 2t NMRI 19, 20, 21 Feb, 1943.



kT

PPOELEMS IN SUBRMAKRINE MEDICINE

Submearine medical problems include the ever-o>resent de-
mands of the past, which are now augmented by im)3roved meth>is,
equivbment and construction enabling deeper submergence, greater
submerged speeds, »nd more nrolonged cffectiveness oi the sub-
mearine.

For the benefit of the soldiers and surface-sailor readers,
2 subma=rine is a cigar-shased craft the length of a football field,
divided into nine water-tight comnartments, powered for suriace
cruising by diesel electric drive, and for submerged running by
electric motors sowered from storage batteries. Ventilaticn or the
surfrce is effected through air induction lines leading from the
conning tower. Upon submergence, the air contained in the hull is
recirculated and conditioned by refrigeration units. As necessary,
air maybe revitalized by bleeding oxygen into the ship and absorb-
ing carbon dioxide. Contrery to common belief, a negligible in-
crease in >ressure is ex»erienced within the submarine during a
normal dive,

Duration of submerged runmning is limited by the battery
canacity. In order to prolong submerged operation, the snorkelling
device was develosed, The snorkel is a rigid, stream-lined, re-
tractable housing containing two 2ir conduits sufficiently large to
respectively supnly intake air and serve as engine exhaust. The
length of the snorkel is sufficient to enable the submarine to run
at deriscove depth. The ton of the snorkel is fitted with a2 water-
closing valve which is activated when the snorkel head becomes
awash through loss of depth control or advance of seas. Since the
engines continue to function, this closure causes a vartial vacuum
to be induced in the hull of the submarine to the nDoint where a switch
automa=atically is activated to shut down the engines. In a seaway
there is continuous znd ranid fluctuation of ambient pressure in-
duced by frequent closures of the head valve.
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aviators. A sl1ghtly decreased nressure is present in the boat
during 21l snorkelling., U»non sudden closure of the snorkel head
valve, the physiological altitude within the submarine rapidly in-
creases, so that personnel are subjected to a rarified atrmosphere
reaching the order of 7,000 feet altitude. Unron surfacing and re-
opening of the head-valve, air at atmosoheric pressure flows into
the boat at a rate comnarable to 2 vertical dive-bombing run of
=bout 7,000 feet per minute,

In snorkellmc, submenners physmlogxcally have become



This fluctuation of pressure requires patency of sinus ostia
and continuous opening of the Eustachian tubes to compensate dres-
sure in the middle ear and sinuses. Although selective screening
of submarine personnel includes ability to compensate forincreased
pressure, a majority of individuals experience difficulty from time
to time in clearing ears and sinuses. Vith continued snorkelling,
the nroblem becomes more acute inasmuch as this is a voluntary
»rocess and not effected during sleep.

Acute pain in the ears and sinuses with induction of a trau-
matic otitis media result from failure to comnensate for nressure
fluctuation.

An adequate evaluation of the seriousness of this problem
must awaitmore prolonged periods of snorkeloderation, This work
is currentlyin progress. Findings to datehave been of less magni-
tude than originally anticipated,

Cue to the relatively small volume of air contained in the
engine room, it is pot operationally feasible to limit the snorkel
induced fluctuation of >ressure to that space. However, fluctuation-
frec sanctuaries may be necessary in »ortions of the ship for use
of sleevping personnel and those temvorarily experiencing inability
to comnensate for dDressure variations.

Fesearch =2nd therapeutic use of radium applications to
adenoid tissue of the nasosharynx has been carried on since 1644
in the submarine examining section of the laboratory. The method
used follows the Crowe-2urnam technique originated in and vali-
d=nted since 1931, This »rocedure gives promise of orophylaxis or
selvage of over 85% of those submariners unable to comoensate
for pressure fluctuation.

Carbon monoxide, carbon dioxide or hydrocarbon content of
air in our snorkelling submarines has not been found in deleterious
concentration, I : o C e
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" No evaluztion has yet been nossible of the crew's emotional
reaction to almost continuous submergence in orolonged snorkel
oderation, but it is believed with current selection procedures and
adequate inter-vatrol rest and recreation periods, that stability
and effectiveness of the crew will be maintained.



It has longbeen realized that it is unsafe to man submarines
with the general run of the population, due to the fact that certain
individuals lack the attributes of intelligence, judgment, and
emotional maturity, enabling them to serve aboard submarines
with safety to the ship. A submarine is an intricate, highly comn»li-
cnted »iece of machinery, It is a tremendously effective,but »arti-
cularly vulnerable weanon of war. Since the organization of the
Submarine Force, 2 degree of selection has been exercised by ex-
submarine officers on other duty,and by attrition during submarine
training. During the recent war, selective screening »rocesses
were developed, which have been retained and are in current use.

A selection screening program to the uninitiated carries a
connotation of mystery; actually, it has been found that require-
ments are met by the following orocess:

(1) Elimination of versonnel below median intelli-
gence;

(2) Miaintenance of reasonably rigorous -hysical
requirements, particularly as regards snecial senses and freedom
from chronic disease;

(3) Acceptance of only those mean highly motivated
for the Submz=rine Service;

(4) Elimination of personnel considered to be un-
stable emotionally, immature, 2nd temperamentally ill-adavted to
close living conditions aboard submarines on long patrol, the neu-
rotics and others having vsychodathic tendencies.  Thysical and
mental status of individuals are =2menable to measurcment; the
temperament, emotionality and ssychiatric evaluation of the indivi-
dual are obviously more difficult of determination end subject to
errors., A judgment of these factors is made on the basis of writ-
ten personality inventory tests, used only as a rough screcning
measure; by means of a2 Jersonal interview conductzd by a medi-
-eal.offices-trained-insubmarines -and employing a:-osychiatric a>-
Proach; and by emotional reaction of the candidate during sub-
marine escape training. This is an imn»ortant, difficult, and fertile
field for continuing study,

SROTZCTIVE CLOTHING
Topside watch-stenders on submarines have always been

wet in inclement weather., In rough seas and cold weather, their
vhysical tolerance has often been limited to 30 minutes. S»ray is
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commonblace; green seas, waist-deep, not unusual. For dryness,
something comparable to a diving suit is required, Efforts have
been directed toward the develooment of waterproof and warm
clothing, without bulk, easily dried and economically stowed.

Vorking in conjunction with 2uS&A, several experimental
suits have been tested at sea during the past year, culminating in a
contract for 50C of the resultant orototype for large-scale testing
beginning this Fall. The current model is a one-piece, nylon,
neoprene-coated, gusseted, zipper-closed, hooded, coverall tyne of
garment, with snug wrist closure, and boots attached., The hood is
designed sevarately from the garment with a waist-length inflatable
skirt, to nroduce a Mae West type life-preserver. This suit, built
large, and worn over warmwoolen clothing, is foundto be comfort-
able in cold wet weather, For extreme cold a study is being made
of an electrically-heated undersuit, The greatest problem remain-
ing is that of nroducing gloves which are warm and waterproof, yet
non-slip and flexible,

LIGHTING

Throughout the Navy, lighting of ships is inadequately de-
signed and executed, Submarines are no excevtion., Advances are
being made in the lighting of instruments and illuminating for
specific onerational tasks, but the problem of zeneral illumination
remains,

Mass visual testing done on submariners two to three years
ago showed clearly that those with two years in the service, as a
groun, had considerably noorer vision than submarine qualification
requirements. This may be due to poor lighting in bunks, Men will
read in bunks, and the problem cannot be remedied by saying they
should not, Cn the other hand, other causes mayneced investigation,

A study is current under the cognizance of the Pureau of
Ships, for improvement of lighting. It is believed that innovations

- aboard submarines-will include specifications of color for working

and living svaces, re-design of lighting fixtures, decrease of con-
trast ratios, and >rovision for adequate illumination for bunk read-
ing.



SUPNMARINE ESCAPE AN RZCCUT

T ne of the hazards of submarine overations is accident=]
flooding of the hull to a dezree that vositive buoyancy cannot be
att=ined by blowing ballast. This occurred in the ST UALUS dis-
aster in 1539,

If the de>th of the wateris such that the hull is not crushed,
it is likely that a considerable »ortion of the crew will be safe
within the shi~>.

Two 2lans are in vogue for saving the crew., Tne is the
submarine escaje device, commonly known as the '‘lung’’, which is
= rubber bag, equid>>ed with a mouthpiece and carbon dioxide ab-
sorbent, so that o:'ygpen may be breathed while floating to the sur-
foce. The second is the rescue chamber which requires that a
diver attach a2 down-haul ceble to & hatch of the disabled submerine,
following which the ¢-ton near-sheped steel chamber »ulls itself
down and forms a2 sexnl over the hatch, which is then o»nened to re-
move the submearine's occu»ants for delivery to the surface, This
method was emnloyed on STUALUS at 24C feeat for removal of 33
men,

Vith stronger hull construction, deeser submerced opera-
tions ~re dossible and submarine crews may be saiely entombead
within a disabled subinarine at denths not feasible at this time for
dee> sea diving overations. Ixd>eriments are underway to develo)
mesasures enabline a disabled submerine to release a buoy which
will surf=ce the cable for hzuling down the Rescue Chamber, ob-
vieting the necessity of em»sloying 2 diver. fesults to date hzve
bezn unsatisfactory due to fouling of the czble.

Submarinz esczne by the brezthing device, or '‘lung'’, hes

de~>th limit2tions due (1) to oxyren tokicity undar increased oras- -

sure, if oxycen be used =s the res:uratory gas, due {2) to nitrosen
narcosis and attendant confusion in flooding the escave trunk,

->hysical shock induczd on contact with cold-sea water.— - —

- oarticularly-at oressures greszter than 20T feet, and duc” (3) to the )

Studies of augmented training and imworoved techniques of
escade from disabled submarines have been bepun, but currently
are limited by dersonnel shortages. These studies include: (1) im-
>roved doctrine and augmentation of training to effect greater
facility in the use of the Jresent submarine escaje ap»oliance; (2)
studies in feasibility of free escane, wherein & man without benefit
of 2 breathing device maintains »ositive buoyancy and floats to the
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surface, exhaling continuously to compensate for decreasing am-
bient water pressure; (3) a variation of free escape in which 2 man
wears a flotation vest of about 25 lbs., positive buoyancy, thus
grently increasing speed of ascent and requiring that expiration be
maximal throughout the ascent, and {4) (an absolute necessity for
escape in very cold water), & water-proof coverall garment, It is
recognized that at water temperatures of 32° - 349 F, shock ensues
and death may occur within 10 minutes. This protecting garment
is visualized as a light-weight, snag-resistant, hooded, plastic
coverall, econornical in stowage and slow in deterioration, which
if free escape be found feasible for general training, will supplant
the present submarine escape appliance. It is planned that helium-
oxygen mixture be breathed during the flooding-down period pre-
paratory to escape.

MEDICAL RESEARCH LABORATORY

Inasmuch as the Medical Research Laboratory, Submarine
Base, New London, is the center of medical and psychological re-
search, development and testing for the Submarine Force, it is
considered pertinent that a resurne be given of work in progress
there. The Laboratory is inadequately stafied as to numbers, but
those presentzre of high caliber. The application of the work being
effected in 2 large part is not limited to submarine protlems, but
is basic in fields of wvision, night vision, color wvision, audio-
research, and the psychophysiology of personnel selection. The
heads of each of the facilites, --Forrest L. DIMMICK, Dean
FARNSV¥ORTH, J. Donald HARRIS, and Ellsworth 3. COOK, were
asked to assist in preparation of a resume of work in progress in
each facility.

The General Visual Facility is at work on two problems in
Night Vision:

The first deals with evaluation of tests for n.igh_t

_vision. _One of the-duties -of the-examining medical -officer-is-to -

elimin~te for night-look-nout watch standing, men who are deficient

- in night vision.” Thz subj2ct of *‘night blindness® rcmaincd largely”
an academic matter until the imperative need in the last war led to

the invention of 2 number of night vision tests. One of these, known
as the Radium Plague Adaptometer, was adopted as standard for
the Navy. During the severzal years of its use this test has proved
of considerable worth, yet it seems never to have been entirely
satisfectory and many substitutes have been offered. A study is
currentin evaluating and comparing five adaptometers and attempt-
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ing to develop an improved device for determination of night visual
ability,

(2) The Radium Plaque Adaptometer consists of a
black silhouetted '‘T'' against a luminous disc of low brightness.
The disc is always presented in the lower quadrant of the field of
parafoveal vision. The orientation of the *‘T'' silhouette can be
changed and the test requires recognition of the correct position of
the GCT".

(b) It has been suggested by Livingston that a man's
facility with night vision depends in large measure, if not entirely,
upon the size of the central blind spot in scotopic vision, urging
therefore that this centrzl scotom= be measured and used as a test
criterion,

(c) Following the same argument Korb has proposed
determination by means of a diaphragm, the largest luminous area
of low brightness that remsins just invisible. Obviously (b) and
(c) involve the same clinical principle.

(d) More recently, a mechanical device has been
offered by Draeger and Lee of NMRI for presenting the stimulus
by which scotometric measurements are made.

(e) Since the Hecht-Shlaer Adaptometer gives one of
the more basic measurements of low adaptation levels, data are
being obtained with it on all subjects used in the other tests.

(f) On the basis of experience with the foregoing and

other night vision tests, 2 new instrurnent is under construction
following the suggestions of Farnsworth, in an effort to attain a
truer mezasure of night vision.
T 7 7" Since "all tests of night vision depend upon some standard
level of dark adaptation or its equivalent, it became necessary to
determine the relative merits of dark goggles, red goggles and
complete darkness in obtaining the necessary adaptation level. The
study of these relationships has been completed and & report is
now in preparation.

The second problem concerns the effect of illumina-
tion on visual acuity, taking into account the optometric corrections
of the subject. The present emphasis is upon acuity at a low level
of illumination.



The project originated under the late Dr. Franklyn D.
Burger, an ophthalmologist, and emphasized the clinical approach.
The original scope has been enlarged to endeavor to answer certain
basic questions, such as: Does true ‘'night myopia'' exist? If so,
what is its fundamental nature and what are the conditions which
give rise to it? If it is true myopia, to what extent can it be cor-
rected, or if it is pseudo, in what way can it be prevented ?

The plan of procedure begins with the determination of
acuityfor checkerboard target resolution at light levels below 1ft-L
down to or beyond ,0001 ft-L., This range is to cover primarily the
scotopic levels,

The second group of measurements will be made in the
region of combined scotopic and photopic vision which is being
called mesopic.

In 2ll determinations a wide range of subjects, from myopic
to hyperopic will be used both with and without ophthalmic correct-
ions.

Another section of the Visual Facility is continuing its
evaluation of commercial optical devices for measuring such visuzl
functions as acuity, phorias, and stereopsis. These include the
Bausch & Lomb Ortho-Rater, the American Opticel Sight Screener,
and the Keystone View Telebinocular. All of these instrurnents are
far from ideal, but 2 comparison of their performances with the
standard clinical method is warranted since the commercial de-
vices are especially suited to situations where time, space, and
optometrically trained personnel are at a premium. In this work,
the standard of comparison is the New London chert which uses
letters constructed according to Snellen specifications but equated
for difficulty of seeing, and with more gradations of acuity at the
~criticzl level between 20/20 and 20/15.

The reliability of messurement with screening instru-
ments, following procedures prescribed by the-manufacturers, was.
found to be slightly inferior to that of meticulously conducted letter-
chart tests. Visual screening devices are as reliable, apparently,
as the clinical methods for the measurements of heterophoria.

A factor analysis study of this data conducted by the Adju-
t=nt Gener=1l's Cffice revealed the presence of several independent
factors which played a definite role in the variance of test scores
obtained. These acuity factors were labelled ‘‘retinal resolution'’,
‘*lens accommodation'’, ‘‘form (letter) perception'', ‘‘depth per-
ception'’, and ‘‘resistance to interference'’, the last being definite-
ly & machine factor. In the phoria data the factors were identified
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as ‘‘lateral phoria‘’, ‘‘near lateral phoria’' (or convergence effici-
ency), ‘‘vertical phoria‘’, and ‘‘anti-fusion’'., There seems to be a
general lack of relationship between the acuity and phoria factors,
Results of investigation stress avoiding assumptions of inter-
changeability of either interpolation of scores or validities from
one machine or method to another. Non-pertinent factors account
for a sizable portion of test scores, varying with each instrument
and method.

To determine whether the differences in scores obtained
between screening devices and clinical visual testing is attributable
to the instruments themselves or to the different test objects used,
an experiment was done in which the machine test targets were
photographically enlarged so that the same visual angle was sub-
tended on weall charts as on the machine targets, These data are
currently being analyszed.

As time and personnel permit, future plans include continu-
ance of efforts to separate and examine causes of test variance.

The Color Vision Facility is devoting an increasing amount
of time to problems involving normal, rather than abnormal, color
vision, Color blindness is so fascinating, and in some ways so
mysterious, a phenomenon that it has always received an undue
amount of publicity. Because the facts of color blindness are intri-
cate and beyond the scope of knowledge of most doctors and per-
sonnel specialists, it becomes the job of the laboratory to explore
and develop these facts into easily usable tests.

The Navy Lantern is a2 case in point. Since 1900, it has been
generally accented that lanterntests provide the most valid method
of testing color vision for maritime, naval, railroad, and, in later
years, the aviation service. The names of these lanterns are
familizr; the Board of Trade Lantern in England, the Williams
Railrord Lantern in America, the Royal Canadian Navy Lantern,
the Royal Canadian Air Force Lantern, and the Edridge-Grecen.
Since 1942, the Laboratory has been studying suchlantern tests and
incorporated the results of continuous independent research to pro-
duce 2 test for color vision, now known as the Navy Lantern.

This device is believed to be the answer to the long-time
troublesome problems of screening the unsatisfactory color blinds
from the usable border-lines and near-normals, and removing the
variables inherent in testing for color deficiency by unspecialized
examiners. Twenty-five finished trial models of the Navy Lantern
will be completed this month for field distribution and final test,

-9 -
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It is designed to satisfy the following conditions:
(2) reject the dangerously color defective,

(b) pass the borderline and near-normal group (who are
likely to distinguish color codes as are normals),

(c) eliminate most of the variables in testing which have
been responsible for the confusion in the past, and

(d) give a definite pass-fail response, which requires no
personal judgment nor experience on the part of the operator,

The study of color vision has much broader fields of use to
the Armed Forces. The majority of the laboratory's work in Color
Vision is devoted to color applications for normals in such fields
as:

(2) the use of color in instrumentation; interpretation and
transmission of data;

(b) reinforcement to shape, position, symbols in indicators,
dials, meters;

(c) the examination of thresholds of color sensation, signal
strengths and visibility ranges;

(d) influence of color on habitability;

(e) relation of illumination to color and color to illumina-
tion;

(f) transmittences in sunglasswere for eye protection and
for color rendition; and

(g) use of color in specialized devices such as recognition,
restricted signalling, orientation, confusion of the enemy, selection
of color codes, dark adaptation, and fluorescence.

The Sound Facility of the Laboratory is engaged in three
areas of auditory research which have direct bearing on sonar se-
lection, training, and doctrine: these areas are, first: auditory
acuity, the ability to hear very weak sounds; second, pure tone dis-
crimination, both for pitch and for loudness; and third, the effect
on such discrimination of a masking background of noise.

- 10 -
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In auditory acuity, a region of 2-6 decibels has been recent-
ly found between the point at which an indefinite sound can be de-
tected, and the point at which it can be recognized as 2 pure tone.
This region has been named the ‘‘zone of detectability'' by Hallo-
well Davis and represents a very useful range of intensities, now
largelyoverlooked insonar training and doctrine. This zone varies
with frequency, and with level of background noise.

Sound level measurements have been taken recently of a
fleet-tyme Submarine while cruising on the surface. These readings
indicate that no compartment except the engine room generates suf-
ficient noise to be of serious psychological or physiological con-
sequence. Whatever deleterious effects on vital processes occur
may be rather quickly overcome by adaptation to the noise. The
noise spectrum is not an excessively annoying one, being peaked
below 500 cps; a General Radio wave analyzer was used.

In the engine rooms, overall levels from 109 to 124 db were
recorded for various maneuvers and microphone positions. This is
somewhat less than the earlier boats, and is within the limits of
tolerance whichDavis has showncan be learnedby normal subjects.

In the area of pitch discrimination, a psychophysical tech-

nique has been devised which overcomes nearly all the constant
errors and which produces a true differential threshold., It is
found thatthe accepted concepts of discriminability mustbe altered.
For example, at 4000 cps, the traditional view from the work of V.,
O. Knudsen and of Shower and Biddulph is that the average person
ca2n discriminate about 12 cps. But if their warble method is super-
seded by a technique which allows only a second or less to elapse
between the standard and the comparison stimulus, this figure of
12 cps rises to 50 or more, We are at present covering the audi-
tory area with this technique.

In the field of loudness discrimination, discriminability for
complex noises is being investigated. The only published data re- _
port decibels discriminable solely for an increase in.loudness; we -
find a distinct difference.between increases and decreases. Data
have been collected on discriminationas a function of time interval
between standard and comparison noises. These data bear on the
doctrine of listening with sonar gear,

In studies concerning pitch discrimination in a noise back-
ground, research is nearing completion on cycles discriminable as
a function of signal/noise ratio. The parameters of overzll noise
level have been drawn, and of frequency up to 2000 cps. These data
bear on the extent of training needed in echo-ranging, and on echo-
ranging doctrine in generzal.

- 11 -



. - TV S LW e L 3 e ey Tl nasig . S

In a2 joint psycho-physiological-medical study in personnel
selection the laboratory instituted research in 1946 to study the 17-
ketosteroid excretion and blood lymphocyte changes in connection
with stress situations, induced in the Submarine Escape Traininn
Tank.

This project was instigated by studies from the Worcester
Foundation for Experimental Biology which indicate that stresses
result in changes in adrenal cortical activity and are reflected both
in the urinary output of 17-ketosteroids and in alterations in lym-
phocyte count, Variations in these responses were found to be re-
lated to fatiguability and psychological factors significant to success
in the military service.

In addition toa study of the ketosteroid functions the project
included other areas of investigeation such as anthropometric
measurements and body typing, physical fitness tests, psychiatric
and psychological tests, and blood cellular alterations. Subjects
used were 120 enlisted candidates for the Submarine School. The
various tests were administered by qualified submarine medical
officers. Every effort was made to maintain conditions of extreme
uniformity throughout the testing period, including standardization
of diet and conditions of leisure-time activity.

From this program some 400 variables were obtained on
each subject. For purnoses of convenienthandling of such a quanti-
ty of data, the results were grouped into sub-studies of thirteen
such areas or matrices. Each matrix was subjected to a factor
analysis in order to reduce the 400 variables to some 10 or 15 in-
dependent and significant factors. The statistical analysis is pro-
gressing. The data would appear to indicate that each matrix is
composed of definite factors which should explain the intercorrela- .
tions obtained between the various items composing each group.
By way of illustration, it seems that three distinct factors emerge
from the physiczl fitness study - a pulse rate factor, a2 blood pres-
sure factor, and a hand dynamometer factor. The blood data
sppear to indicate that in the differential counts there is a distinct
- factor for each type of blood cell, and in many cases, a separate
factor for the stress and psychological samples.

This program was not designed in anticipation that its re-
sults would be immediately or directly applicable to the selection
of candidates for submarine duty. The hope is, rather, that on the
basis of this study it will be possible to establish a simple selection
battery consisting of the primary physical, physiological and
psychological data, and that these may then be validatedin a second
study, simpler in design and consequently larger in scope, the re-
sults of whichmight have directapplication in selectionprocedures.

- 12 -
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In addition, a number of perhaps more valuable by-products
are anticipated from the project. The massiveness of the data
makes available for the first time the possibility of inter-relating
in a single population, measures from a number of related but
distinct scientific fields, such as the medical, the anthropometrical,
the psychological, the psychiatric, the physiological, and the bio-
chemical., Investigations include for example, the relationships of
two independent scorings of the Rorschach ink-blot tests now so
popular among psychiatrists. The correlational relationship in
healthy male adults between the various types of white blood cells
is investigated here in a sizable population for the first time. A
repetition is included of one of the leading studies of body types
and the relation of such types to other measures. Finally, initial
studies are being made into the biochemistry of nervous stability,



