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SUMMARY PAGE

THE PROBLEM

To integrate that segment of the literature of submarine psychology which
focusses on the major problems reiated to the effectiveness of crewmembers
during prolongea submerged submarine cruises.

FINDINGS

The common denominator across some 36 rather narrowly focussed
papers in this field was the finding that there are remarkable individual dif-
ferences in tL= capacity to adjust to long submergence. Thus, the efficacy
of submariner selection procedures becomes a paramount consideration in
attainin, and maintaining an efficient submarine service. In thkis study, per-
formance decrements, incidence of debilitating morbidity (including psycho-
pathology) and decompensatory trends in crew morale appeared minimal.
Certain hypothetical factors, such as efficient screening techniques and high-
quality group leadership are suggested as causally related to this optimistic
appraisal of submarine crew effectiveness as a whole.

APPLICATIONS

This integrative summary of the literature dealing with the major fac-
tors related to submariner effectiveness argues strongly for the relevance
of a dynamic psychiatric screening program. By delineating the major
classes of submergence stressors, it suggests specific adaptive mechanisms
which may be optimized by proper human engineering and ship design.

ADMINISTRATIVE INFORMATION

This investigation was conducted as a part of Bureau of Medicine and
Surgery Research Work Unit M4306,03-2071DXC9 - Identification of the
Major Factors Affecting the Performance, Safety and Health of Navy Divers.
The present report is Nc. 1 on thi.: Work Unit. It was approved for publica-
tion on 28 October 1971 and designated as Naval Submarine Medical Research
Laboratory Report No. 686.

This material was prepared in April, 1971, at the request of the Chief
of Naval Operations (OP-0TTL) for presentation to the NATO DRG Panel
Meeting.

PUBLISHED BY THE NAVAL SUBMARINE MEDICAL CENTER
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ABSTRACT

The major objective of this study was to integrate wat sec-
iion of the literature of submarine psychoiogy which is concerned
with the major factors affecting the performance of submarine
crew members during prolonged submerged cruises.

First, the major submarine stressors werz delineated, tc-
gether with the specific adaptive processes correlated with them.
These were found to be: Confinement, revitalized air, flattening
of the circadian rhythms, threat of hyperbaric exposure, and
sleep deprivation. Performance decrements, incidence of de-
bilitating morbidity (including psychopathology), and decompeusa-
tory trends in crew morale appeared to be minimal during long
cruises. In general, the impressions from this integrat..e re-
view of this specialized section of literature is that the habita-
bility situation in the submarine service continues to be optimal,
partly because of effective psychiatric screening procedures in
force, but also as a resuit of the caliber of ieadership demon-
strated by the officers aad petty officers making up the crews of
the submarines in the Fleet.
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SUBMARINE CREW EFFECTIVENESS DURING SUBMERGED MISSIONS OF
SIXTY OR MORE DAYS' DURATION

INTRODUCTION

The modern atomic submarine is an
excellent example of a closed ecological
system. As oXygen is noct necessary
for the nuclear propulsion system, all
of the ecological factors are contained
within the confines of its 400-foot, 6-
inch thick steel pressure hull. In con-
trast to maximum submerged periods
of 72 hours possible with World Waxr II
diesel submarines, modern nuclear
submarines such as the NAUTILUS and
TRITON have remained submerged for
60 days or more while transiting be-
neath the Arctic ice cap and circum-
navigating tke giobe. In fact, the sub-
merged duration of each of the forty or
more SSBN's (Fleet Ballastic Missile
Submarines) and the almost sixty SSN's
(Nucleas Attack Submarines) now oper-
ational is limited only by the amount of
food, oxygen, and other vital essentials
that the submarize is able to transport,
synthesize or manufacture. While it is
true that the size of the modern subma-
rine has increased by about one-third, it
is also true that the size of the crew
has increased by approximately the
same proportion. As an actual matter
of fact, the space per man has dccreased
as a result of the introduction of a great
deal of additional instrumentation nec-
essary to propel and navigate the vchi-
cle and to fire its torpedoes and missiles,

The objectives of this paper are
three in number: First, to delineate
the unique, stress-inducing aspects of
the submarine ezvironment which re-

quire equally-unique adaptation proc-
esses hy each submarine crewmember;
secondly, to describe the psychological
and psychophysiological "male-up" of
the carefully~selected submariner in
terms of these specific adaptative re-
sources; and finally, to integrate the
research findings pertaining to the
changes in morbidity patterns and in
psychological and physiological stress
indicators observed during prolonged
submergence—all as they relate to
overall submarine crew effectiveness.

First to be developed is an over-
view of the submarine environment
with a view toward identifying those

unique characteristics which are, or
at least are assumed to be, corre-
lated with specific adaptative mecha-
nisms essential if the submariner is
to adjust optimally to the stresses of
submergence. Having delineated the
major classes of environmental
stressors to which the submariner
must adapt, we shall then move on
to a comprehensive description of his
adaptative resources. Finally, the
"picture' of the submarine crewmem-
ber will be "rounded out" to include
an evaluation of the crewmember's
effectiveness both as an individual and
as an essential component of the crew
which, in turn, is an integral part of
the complex man-machine weapons
system, the submarine.




TEE UNIQUE STRESS-INDUCING
FEATURES OF THE
SUBMARINE ENVIRONMENT

Confinement, Restriction, Stimulus In-
variance, and Related Factors

It has been estimated that there are
5 cu. yds of space provided for each
nuclear submariner in an underway
submarine. Whereas the untoward hal-
lucinatory and delusional effects re-
ported in the McGill University sensory
reduction studies in the mid-fifties
(Bexton, Heron and Scott, 1954) have
not been observed during long "'dives",
there is growiug evidence that the mal-
aise, headaches, irritability and de-
pression (albeit most often benign) ob-
served during protracted submergence
(Weybrew, 1957; Weybrew, 1962) may
be the result of restricted muscular
activity (Zubin, 1963) and stimulus in-
xariance (or both) rather than the result
of reduced level of stimulation per se
(Weybrew, 1963).

At least two other perceptual factors
may affect submariner effectiveness.
In the first place, although with no
acutely debilitating consequences, the
close-viewing distance characteristic
of the confines of the submarine may
result in mild Lateral Esophoria
(Faucett & Newman 1953). Also possi-
bly symptomatic of lowered crew
morale, is the occurrence of a distor-
tion in time perception in the direction
of increased positive (over-estimation)
of passage of time during long sub-
merged periods, For example, on the
75th day of the 83-day submerged cir-
cumnavigation of the world by TRITON,
an observation, possible symptomatic
of distorted time perspective, was the

notation found on the combatcenter plot-
ting board: "Time remaining on cruise,
10,200 minutes, 171 hours, 7.3 days,
0.23 months, and 0,195 years, and
0.000195 centuries.' Constants to be
employed to reduce each equivalent unit
of time every 5 minutes of clock time
were also provided! (Weybrow, 1963),

Revitalized Ambient Atmosphere

As stated earlier, as a result of the
anaerobic nature of nuclear fission, the
submarine is a closed ecological sys-
tem completely separated from the
earth's atmosphere. Thus, toxic sub-
stances such as carbon dioxide from
exhaled breath (20 cubic ft/man/day),
carbon monoxide largely from the com-
hustion of smoking tobacco, aerosols,
hydreccarbons from paints and lubricants
may possibly become accumulative in
their effects. Carhart & Pratt (1963)
state "there are 200 discrete com-~
pounds existing in submarine atmos-
pheres, albeit in low concentrations."
(p. 58) Whereas the same scientists
state that both gases and particulate
matter ""may affect greatly the per-
formance of both man and equipment. in
the submarine" (op, cit, p. 58), there
is no substantial evidence of direct ef-
fects on submariner performance.
However, certain subjective sympto-
matology may be correlated with at-
mospheric components. These findings
will be presented later on in the paper.

Threat of Hyperbaric and Radiation

E sure

Though minimal, radiation contam-
ination is always a remote possibility.
A new word has appeared in the lexicon
of the phobias, namely, 'bathyophobia"



defined as a morbid fear of great at-
mospheric pressures. Most submar-
iners are well aware of the fact that at
a depth of a thousand feet of sea water,
the pressure on the steel hull is more
than thirty tons per square foot.
Whereas the anecdotal literature con-
tains some suggestions that the "'sitting
duck" predicament of the World War I
submarine during depth charging re-
sulted in ineffective and, in some
cases, acutely maladjustive behavior
by some of the crew, (Duff, 1947) the
speed, maneuverability and depth capa-
bilities of the modern nuclear subma-
rines quite probably reduces the likeli-
hood of a need for "running silent",
Thus the feeling of helplessness com-
monly reported by diesel submariners
is much less likely to occur for the
modern nuclear submariners.

Interruption of Diurnal Periodicity

During prolonged submerged mis~
sions of 60 days or more typical of
SSBN's, the submariner is removed
from day-night cues. The literature
(Schafer, et al, 1965) supports the find-
ings that such biological processes as
heart rate, blood pressure, body tem-~
perature and quite possibly quality of
performance are synchronized to such
circ:dian cues as sunrise and sunset.
The possibility exists that the desyn~
chronization of these: cycles by the im-
position of 4 on 8 off work/rest sched-
ules and by such practices as "watch-
dogging" may contribute to fatigue-like
symptoms observed during long periods
of submergeace (Weybrew, 1963).
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Sustained Effort, Sleep Deprivation
and Fatigue

Just wentioned above was the possi-
ble contribution of disruption of circa-
dian vhythms to fatigue symptomatology.
As an example, for the nuclear sub-
macriner, in particular the SSBN crew-
member, missile-ready countdowns of
1/2 to an hour are commonplace.

There is some evidence (Weybrew,
1963) that the quality of sleep for some
submariners worsenc under these ardu-
ous work schedules after 3 to 5 weeks
submerged, While unproven, highnoise
levels, improper lighting or any condi-
tion that adversely affects the submar-
iners' sleep haoits may in turn impair
their effectiveness.

The degree of impairment from this
or any other cause is not considered
acute except for a few individuals whose
quality nf adjustment to the submarine
is less than optimal for a variety of
reasons including poor quality of sleep.

THE CHARACTERISTICS OF THE
PERSONNEL MAKING UP THE
TYP{CAL SUBMARINE CREW

Having ldentified the major classes
of stresses unique to the environment of
the submerged submarines, let us now
present a description of the submarine
crewmember in terms of the specific
resources affecting the gquality of his
adjustment to these conditions, More-~
over, having presented a description
first of the adjustive demands of the
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submarine environment and second of
ihe adjustive capacity of the submarine
crewmember himself, we will then be
in a position to present a meaningful
assessment of the overall submarine
crew effectiveness in the final section

of the paper.

Characteristics of the Input Populaticn
to the Submarine Service

Since the mid-sixties the annual in-
put to Basic Officer and Enlisted Sub-
marine Schools in New London, Con-
necticut, has been 4500-5800 enlisted
men and 320-450 officers. The average
age of the officer input is 22 and of the
enlisted men 18.5. Virtually all offi-
cers have college degrees while about
87% of enlisted men are terminal high
school graduates, 6% are high school
dropouts and the remainder have had
some college. Whereas attrition rate
varies a gre** ‘eal from class to class
in Submarine School, enlisted attrition
for medical, acadzmic, and other rea-
sons has in the past 3-4 years ranged
from 10% to 28% (see footnote* for a
description of the Selection Ratio, a
major factor affecting attrition rate).
What then are some of the character-
istics of this sizeable personnel input
to the submarine service?

Prior to admi sion to Basic Subma-
rine School each officer and enlisted
man must undergo a comprehensive
medical examination, Because of the

*The degree to which a given assessment program is a
selection rather than a screening program is « functior:
of the Selection Ratio, tat is, the ratio between the
number of trained submariners needed to the number
of eligible volun.zers. If this ratio is abore 90% (the
current level) the program is of necessity functioning
as a screrning program.

nature of the submarine environment
there are several criteria besides gen-
eral medical health thu. must be met.
For example, rather rigid standards
for visual acuity, color perception
sensitivity or any condition (respiratory
or otherwise) contributing to an inabil-
ity to equalize pressure of 15 PSI
(pounds per square inch) in the recom-
pression chamber - to successfully
execute a 50 ft ascent .rom the escape
tanh must be met. Something of the
order of 5-10 percent of each calisted
class are "dropped" for the abovo rea-
sons (Weybrew, 1938).

Following are some general state-
ments grossly indicating the nature of
the submariner selection criteria cur-
rently being applied to the input popula-
tion. The details of the present sub-
mariner screening or selection program
are presented in two publications (Wey-
brew, 1966, Weybrew, 1968).

Specialized Aptitudes

For the enlisted input, test score
cutoffs for the Arithmetic and JMechani-
cal Aptitude tests are set at or about
the 75th percentile for the Navy as a
whole. Whereas there are no compara-
ble aptitude cutoffs applicd to the offi-
cer input, a recent factor analysis
(Weybrew, 1970; identified .an aptitude
{actor nighly correlated with perform-
ance in Basic Submarine Officers
School.

Motivation and Attitudes

All officers and enlisted men have
volunteered for the Submarine Service.
Enlisted men apparently volunteer be-
cause of pay, good food and educational
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opportunities (in decreasing order of
significance), (Youniss, 1956). On

the other hand, the motivational pat-
terns underpinning-an officers decision
to volunteer for "subs' are: (1) satis-
faction associated with being & member
of the "sub" crew; (2) the adventure 2771
challenge of a submarine career; und
(3) concrete benefits such as pay, re-
tiremen. plan, etc. (again in decreas-
ing order of relevance), (Giles, Collins
& Weybrew, 1971). A "custom-
tailored' motivation test called the SMQ
(Self-reported Motivational Question-
naire) is one of the present battery of
Submariner Selection Tests in use and
has been shown to have usetul validity
for quantifying individual differences

in motivation for this branch of the
service (\Weybrew & Molish, 1959;
Rubin & Parker, 1961). Data from the
SMQ and other sources have served to
demonstrate the high degree of rele-
vance of motivational and attitudinal
processes for atiaining and maintaining
a cohesive, productive submarine crew
under a variety of stressful conditions
(Weybre:. 1962; Weybrew, Molish &
Ninow, 1961).

Psychiatric Screening Criteria

A number of both projective and ob-
jective personality tests have been de-
veloped for the purpose of identifying
poor psychiatric risks for the Subma-
rine Service (Weybrew, 1963). The
most useful single test of this kind is
the PIB (Personal Inventory Barome-
ter) (ar ong others). which provides an
Emotional Stability Score and a Depres -
sion Score (Weybrew & Youniss, 1958:
Weybrew & Kinsey, 1968). Both coffi-
cers and enlisteu submuriner candi-
dates with the number and severity of

symptoms at perczntile 99 or so in
these two test score distributions have
been snown to be poor adjustment risks
for the service (\WWeybrew & Molish,
1959; Rubin & Parker, 1961). Other
contraindicators of effective submur-
iner adjustment are:

(1) history of los of consciousness without
anv apparent reason (here o neurological
eranunation mught be indicated):

(2} presence of svmptoms of inciprent
psschoses sueh us hallueinaiions. delusions,
motor disturbances or any other etidence
of loss of reality contact: (3) frequency
and severity of neurotic symptoms or any
other remarkable signs of earotional in-
stabuality. tendencies for neuratic depres-
ston and the like: (1) motuational de-
frerencies and or inappropriate attitudes:
and {3) presence of severe psvehopathic
trends such as inadequate vapulse control
and trats indicating recbless unconcera for
the social consequences of his hehatior,

The search for these contraindica~
tors is carried out as a part of the total
assessment of cach submariner candi-
date {officer and enlisted man) by stud-
ies of his battery profile, from inter-
view data and from a review of the
volunteer's medical and service rec-
ords.

At least a start has been made to
answer the question, "What configura-
tion of personality traits describe the
typical officer and enlisted submarine
crewmember upon whose operational
effectiveness this paper is focused.
First, a factor analysis of one Subma-
rine School Class of officers (N-150)
delineated 5 factors describing subma-
rine officers (Weybrew, 1970) listed as
follows:

Factor I Iraut pattern enphasizing moti-
wat:onal and attitude parametors: Factor 11,
a general Temperament Dimension: Fector
. Speci Apttadec: Factor I3, Politico-
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Economic Interests; and Factor V, Focused
Yheoretical Intesests. Factors Iand III snly
appear ;o be correlated with Submarine
hool performaace. Employing the same
statistical method but this time based
largely upon underway ratings, a like
number of Factors were extracted from
both crews of one SSBN (Weybrew, 1962).
Accordingly, the five dimensions describing
the enlisted submariner were: Factor I, a
Motivation--utéitude Dimension; Fuctor Ii,
Emotional <:ability; Factor III, and Factor
IV, mixed bipol:r factors related to Military
Appearance, Emotional Stability and
Quality of Performance, and Fuctor V,
Leadership Potential. Unlike the Sub-
marine Officers Factors, however, all of
the enlisted factors were correlaied with
submariner effectiveness.

R e b e S i - - - = -

MORB.DITY PATTERNS AND PSYCHO-
PHYSIOLOGICAL CHANGES
AS INDICES OF
SUBMARINER EFFECTIVENESS

Before focusing upon the morbidity
and change problem under operational
conditions; it might be advisable to con-
sider the size of the submariner popu-
lation following Submarine School grad-
uation. Table 1 containg approxima-
tions of the number of each class of
submariners that is operational and the
approximate crew size of each, while

TABLE 1

Estimates of Numbers of Operational Submarines and
Allowed Billet Strength by Type of Submarine

SSBN SSN Diesel
No. of Operational Submarines 41 58 60
No. Under Construction ¢ 5 0
Allswed Billet Strengtn
Officers 14(10%)2 | 9¢9%) 9(12%)
Enlisted Men 125(90%) 92(91%) 64(88%)
Estimated Totals in Submarine Service 12K 6.3K 4.2K

aZX, sincz each SSBN has a Blue and (iold crew assigned.
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Table 2 contains gross approximations
to the distributions of occupational spe-
cialities comprising the crews of each
submarire class.

Two observations concerning these
tables appear in order, namely, that
the crew size for SSNs and SSBNs has
increased by about 50% and 100% re-
spectively {as compared to diesels) and
at the same time the proportion of elec-
tronics, engineering and ordnance rat-

ings has increased by a factor of at
least one and one half. This require-
ment for an ever-increasing proportion
of highly specialized technicians within
the crew of a modern nuclear subma-
rine has become an accepted fact by
personnel managers generally, How-
ever, there is evidence in both the
older submarine literature (Scott, 1952)
and in the more recent lite1 ature (Wey-
vrew, et al, 1961) that suggests that as
a submariner's role becomes more

TABLE 2

Estimates of the Distribution of Rating or Skills Categories
Constituting the Crews of SSBN, 3SN and Diesel Submarines

SSBN SSN Diesel

Specialty Groupings N=125)2 (N=92)a (N=64)2

Percent Percent Percent
Electronics & Precision Instr. Group 20 18 6
Engineering & Hull Group 31 39 22
Ordnance Group 19 9 19
Deck Group 9 14 14
Administrative & Clerical Group 6 6 10
Medical Group 1 1 1
Steward Group 2 2 5
Non-rated Men 12 13 23

3 Phese are gross estimates as bosih billet allowance and on-board count
vary from time to time.




congruent with the status imposed by
the system, the effectiveness of the in-
dividual ar well as the crew as a whole
increacres. This relationship provides
rather obvious implications for long
range planning in the area of submarine
personnel management.

Behavioral and Physiological Changes
During Prolonged Submerged Missions

Since the years between the launch-
ing of the first nuclear submarine
NAUTILUS in 1954 and the first Fleet
Ballistic Missile mission in 1960, an
ever-present question among submarine
medical researchers generally has been
and still is "What is the maximum dur-
ation of a submerged mission before
decompensation, performance decre-
ments and debilitation begin to occur
within the members of the submarine
crew?'" Bearing cn this question are
some brief comments based upon a
number of laboratory and field studies
completed dvring that epoch-making
era and subse went to it,

Vigilance

It would seem to be a fair assump-
tion that the accuracy of radar and
sonar target detection and the ability to
r2ad the dials and manipulate the con-
trols necessary to operate a nuclear
submarine are effected by the "'readi-
ness'" of the men to respond to signals
of various kinds. In the context of an
outline of the major problem areas an-
ticipated in the FBM program, Leviae
(1958, p.1) states, "Even if the atmos-
phere is such that men can live in a
submerged submarine for periods of 60
days or so, the subtle and more pzy-

chological antialertness factors would
still be present."

Observations made during a 30-day
simulated war patrol in a Guppy~Snor-
kel submarine indicated a tendency
toward reduced alertness, inability to
concentrate, and a general reduction in
excitation level as the cruise pro-
gressed (Ritch, 1948). Similarly, self-
reported data collected daily during the
first prolonged (11 days) submerged
cruise of the NAUTILUS suggested the
possibility that reduced alertness was
symptcmatic of the majority of the 20
men ircluded in the sample (Weybrew,
1957). However, daily measures of
critical flicker frequency thresholds
indicated no significant changes in visu-
al sensitivity during the same sub-
merged period. Similarly, plots of
nieans of perceptusl spans for numbers
and letters measured biweekly during
eight weeks of ircarcerationinan evac-
uated submarine showed no decrement
(Faucett and Newman, 1953).

In summary, the significance of the
probiem appears to have been recog-
nized but the results now in at lexst ap-
pear to be equivocal as to the severity
of the effects of long exposure to these
conditions.

Psychomotor Performance

Most of the studies in the area of
submarine psychology have been de-
signed to determine grossly whether
performance efficiency is in fact main-
tained during prolonged periods of sub-
mergence. One early study involved
the confinement of 22 men to a subma-
rine for 60 days (Faucett and Newman,




1953). The performance measures
were the Minnesota Manual Dexterity
Test, a two-hand tapping task, a letter-
cancellation task, and the seven sub-
tests of the MacQuarrie Test for Me~
chanical Ability, Plots of means for
reseaxch test or subtest score showed
some significant changes between ses-
sions but no definite trends over the
period of confinement. Where per-
formance did decline between sessions,
self-reported motivation simultaneously
also declined, suggesting that the ob-
servad decrements may have been due
to de! sriorating motivation rather than
to any direct effect on the experimental
conditions upon psychomotor processes,
This finding points up the very serious
limitation to this kind of experimenta-
tion, namely, the difficulty in deter-
mining the difference between capacity
and performance, that is, what the per-
son "will do' as compared with what he
"can do". In the jargon of the submar-
iner, the "will do"/"can do" ratio as an
output criterion for a crew member day
in and day out is very much to the point.

The ancedotal literature (Duff, 1947)
is replete with reports of increased
tension among the crewmembers ob-
served during prolonged submerged
cruises. Estimates by means of scores
obtained from a standard stylus-in-hole
apparatus, the level of muscular ten-
sion of 22 subjects during a 60-day
simulaicd <ubmergence decreased spo-
radically at the outset then maintained
the approximate levei of the control
pericd throughout the remainder of the
experiment (Faucett and Newman,
1953). Similarly the mean hand-steadi-
ness scores obtained irom 30 men from
the crew of the NAUTILUS were plotted

by day duriag an 11 day submerged
cruise (Weybrew, 1957). These data
suggested a trend toward increased
muscular tension from the fifth day
submerged until the end of the cruise.
In short, the level of mnuscular tension
does change during submergence. The
literature fails to indicate, however,
whether the change in tension is related
to performance efficiency as the sub-~
mergence progresses.

A recent study conducted during a
56-day submerged mission ofan SSBNwas
designed to assess trends in psycho-
motor performance (measured by a
two-hand tapping task) and in spatial
perception (MacQuarrie Test Mechani-
cal Ability) as a function of passage of
time (Johnson, 1971). Briefly, the re-
sults based upon data collected from 14
enlisted crew members indicated that,
following a brief learning period, the
curve of mean scores plotted by week-
submerged reached a plateau, holding
constant or at least showing no decre-
ment, for the duration of the 8 week
mission, This was true at leas: for the
MacQuarrie Mechanical Ability data and
for the two-nand tapping test also until
the 6th week of the patrol at which time
the psychomotor performance of the
crewmen sample improved significantly
(5% confidence levels) as indicated by
an increase in mean tapping score.
Although unproven by this study, the
impression is that this increment
represented what has been called the
"end spurt', or in Navy jargon, the
outset of ""channel fever'. In any
case, the most parsimonious explana-
tion of this change is motivational,
whatever its cause.




Emotional Response Patterns as
Denoted by Autonomic, Endocrino-
logical and Subjective Indicators

In conducting the following studies
and interpreting the resulting data it
was hypothesized that individual differ-
ences in the quality of adjustment to a
stressful environment 2re intricately
related to a person's characteristic
modes of adjustment, his "life style",
which includes his repertoire of modes
of emotional expression. One of these
modes of emotional behavior involves
patterns of autonomic and endocrino-
logical processes, the nature of which
probably depends in part upon heredi-
tary predispositions and early develop-
mental history particularly as affected
by long term autonomic conditioning.

Although in various places in the
submarine literature metion is made
of the probable changes in autcnomic
function resulting from submergonce
(for example, Essen:, 1948), very little
experimental data are available. In so
far as autonomic reactivity can be in-
ferred from the function of the adrenal
system, significant drops in eosincphile
counts were reported during eight
weerks of simulated submergence (Fau-
cett and Newman, 1953), Moreover, a
significant fall in blood pressure during
submerged exposure to an atmosphere
containing from 2 to 4 percent carbon
dioxide was reported by Schaefer (1959).
A decline in mean (N=30) radial pulse
the first five days and a rise in the
same measure during the remaining
five days of the submerged cruise
aboard the NAUTILUS were also re-
ported (Weybrew, 1957).
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However, measures of blood pres-
sure and pulse rate chonges and recov-
erability obtained by means of the U.S.
Navy ''step-up'’ procedure were col-
lected from 28 men during a 60-day
simulated submergence (Faucett and
Newman, 1953). Ti:ere were no sig-
nificant fluctuations in these variables
reported in this study.

Two multivariate laboratory siudies
and one underway-submerged study, all
involving submariner subjects, pro-
vided some empirical support for the
relevance of peripheral autonomic in~
dices for predicting submariner adjust-
ment (Weybrew _sad Alves, 1959; Wey-
brew, 1962; Weybrew, 1964). Three
statements from a paper summarizing
these studies suggest some tentative
conclusicas as follows (Weybrew, 1965,
p. 12):

1. As inferred largely from tke resting level
of palmar electr conductance (EDC),
low excitation level (low EDC level) is assoc-
iated with favorable trait ratings made during
submariner training, but is correlated in the
opposite direction yor ratings obtained during
prolonged submergence.

2. Similarly, the data from the two major
studies are consistent inssmuch os favorable
adjustment ratings made on shore-based
pertonnel cre associated with high EDC in-
creases to, and more complete recovery fol-
lowing, stress. In dissgreement, however, is
the fuct that lnw, not hir™, EDC dist-‘acement
during laboratory—induced stress was assoc-

iated with favorable ratings during prolonged
submergence.
3. All of these experiments involving sub-

mariners st that the more co tel
the ANS :i?epbcemut resulting fmm:‘le 7
lsboratory-induced stress is recovered the
greater the likelirood to receive favorable
adjustment ratings during iong submerged

missions.
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In brief, the data reported in these
studies argue that reliable measures of
autonomic responsivity to contrived
stress situations are correlated with
adjustment ratings but possibly in dif-
ferent dir>ctions from one set of en-
vironmental circumstances to another.
ANS recoverability or resiiiancy on the
other hand seems to be positively re-
lated to adjustment adequacy across
different kinds of adjustment situations.
Ali in all, the possibility of employing
ANS measures obtained under laborsa-
tory conditions to predict individual
differences in emctiality under sub-
merged conditions seems plausible at
the very least.

Most of the studies aimed at evalu-
ating behavioral changes during pro-
longed submergence have relied heavily
on self-reported data. What has this
kind of information contributed as indi-
cants of the behavioral effects of pro-
longed submexrgence?

Some relatively recent data of this
kind were collected as a imeans of eval-
uating changes in the quality of adjust-
ment to submerged conditions during
the TRITON world circumnavigation
(Weybrew, 1963). Since the duration of
the submergence was approximately
three months, a duration similar to that
planned for the FBM submarines, the
circumnavigation provided a unique op-
poriunity to observe changes in the
j-aychological status of the man,
changes that may be applicable to the
FBM situation.,

A list of adjectives or behavioral
statements designed to tap moods, self-
perceived efficiency, interpersoual at-
titudes, and the like were compiled for

use in the TRITON study. Examples of
these items are: tense, happy, irrita-
ble, can't concentrate, energetic, dif-
ficult to breathe, tired out, etc. — 50
items in all. Each man of a sample of
approximately 40 men from the crew of
the TRITON indicated daily the degree
to which each of these items described
himself at that time. A multiple-cate-
gory response format was used by the
men to indicate the relative signifi-
cance of each item on each day of the
cruise.

A factor analysis resulted in the
removal of three centroid factors from
the 56x56 correlation matrix. The
first factor, loaded by virtually all of
the varisbles including one of the six
atmospheric variables (barcmetric
pressure) was without question a gen-
eral factor accounting for & large por-
tion of the communalitics. The loud-
ings for the mosi significant variatles
identifying the remaining two factors
are presented in Table 3 and 4. The
second factor (Frg) was tentatively
labled a "Composite Morale Indizator'
(Table 3), whereas the third factor
(Frg) received the tentative label
""Covariants of Atmospheric Variables"
(Table 4).

Scores for each of the 79 days for
the two factors delineated in Table 3
and Table 4 were estimated and plotted
(Figure 1) in order to shed some i1ight
on the question: What environmental
conditions were coincident with (or
possibly causal for) the factor fluctua-
ticn from day ‘o day?

Beofore some environmental condi-
tions ave suggested that may have af-
fected thye level ¢f the factor scores in
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TABLE 3

Major Identifying Variables for the Second Factor (F‘I‘z)

Fp, Tentative Label: Composite Morale Indicator
‘;tm: Loadinga Contentb
g 7 0.88 Morale low
i 22 0.76 Fed up
10 0.70 Irritable
E 31 0.68 Homesick
; 15 0.65 Don't feel like talking
13 0.64 Annoyed
24 0.64 Disinterested
41 0.64 Feel like giviag up
11 0.63 Mouth dry
4 0.59 Bored stiff
5 0.58 Don't feel like doing anything
19 0.58 Daydream a lot
40 0.58 Headachy
43 0.58 Uncomfortable
50 0.56 Frustrated

aFactor has been reflected.

bTakes into account the sign of the loading.
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TABLE 4

ol s

Ma jc.» "dentifying Variables for the Third Factor (Fy 3)
Fq_ Teatative Label: Covariants of Atmospheric Variables

3
3
E ;?;:;l;!: Loading Content®
‘ 56 1.00 Hydrogen (0/0)
51 0.60 Barometric pressure (mm)
45 0.53 Difficult to sleep
53 0.50 Carbon dioxide (0/0)
6 0.47 Inefficient
52 0.46 Oxygen (0/0)
30 0.45 Jittery
28 0.44 Anxious
34 0.43 Excited
36 0.43 Clutched up
42 0.43 Feel closed in
14 0.42 Joints and limbs tired
13 0.41 Uncomfortable
44 0.41 Don't feel like eating
25 0.40 Tight or hot feelings in stomach

a'l'akes into account the sign of the loading.
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Figure 1, it should be pointed out that a
high positive score in FTg (Table 3) in-
dicates reduced morale and presumably
less favorable adjustment. Similarly,
high scores on Fr3 (Table 4) also ap-
pear to be indicative of less favorable
adjustment. In addition, the structure
of FTg (Table 4) suggests the possibil-
ity that atmospheric conditions at least
tend to covary with {(and could be caus-
ally related to) the subjective indices
used in this study.

Several general findings emerge
from an inspection of the curves in Fig-
ure 1. First, adjustment adequacy as
indicated by troughs in both curves are
found wherever a landfall is approached.
Accordingly, troughs are seen on the
tenth day, St. Peter's and Paul's
Rocks; on the twentieth day, Cape Horn;

on the twenty sixth-day, Easter Islaad,
and so on (Beach 1960). Second, ad-
justment is favorable on Sundays (days
13, 20, etc.) and least favorable on tke
weekly field days (complete clean-up of
ship), as indicated by peaks 1n the fac-
tor curves, for example, days 11, 18,
25, 32, etc. Third, tke subjective ef-
fects of a smoking curfew may have
been reflected by the peak in the Fp,
curve coinciding with the fifty-ninth
day. Finally, the well-known "end
effect’’ mentioned previously in the sec-
tion on psychomotor performance ap-
peared to have set ir approximately two
weeks before the end of the cruise.

These findings suggest certain en-
vironmental conditions that appear to
affect the morale and the general ad-
justment status of the personnel.
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TABLE 5

Percentage of Submerged and Shore~Based Crews
Changing Their Recponse to the Question:

Do You Think the Submarine Atmosphers is angerous to Your Health?

H
Change toward Change towaxd
"Less Danger" No changs ""More Danger'
3 Submerged Crew % 38% 55%
b N=101)
4 Shore-Based Crew 16% 54% 30%
(N=101)
With df=2, p of X2<.01
“ Motivational and Attitude Ch_aggg:.s results of the analysis of one item only

is presented as an example in Table 5.
Most of the studies designed to de-
lineate and assess the effects of long Morbidity Patterns During Extended
submerged missions have consistently Submerged Missions
demonstrated among other findings, that

Y o
Ry b

gLy

individual motivation and, concomitant- It should be obvious from the pre-

3 ly, group moraie often declines as the ceeding discussion that the submarine

cruise progresses (e.g. Weybrew, environment is indeed unique in several
1957; Weybrew, 1963). Attitudes, respecis. The question arises as to

which avre ‘'sharply" polarized motives, whether there is in fact morbidity pat-
also are modified during submergence terns endemic to submariners incar-
as demonstrated by comparing the sub-  cerated in a sealed-off environment for
merged SSBN crew simultaneously with  sixty days or more.*

the matched shore-based crew (N=125)

in terms of attitude change (Weybrew, The most updated epidemiological
Molish and Ninow, 1961). While dif- data pertaining to submarines and sub~
3 ferences between the submerged and
b shore-based groups in terms of changes “The Naval Suvmarine Medical Research Laboratory in e

so-called Lorgitudinal Health Study cusrently in
in response patterns on 89 attitude test  ;"7T L7 vpon the clasees of di dy 9"’:{:‘

items were examined in the study, the submarine environment.
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riners has its origin in a paper by
Wilken (1969). The "population-at-
risk" reported in this monsgraph was
estimated by the autbor as 3,000, 900
submerged man-days. This calculation
was based upon the fact that the paper
contains data from the trip reports of
360 POLARIS patrols, averaging 60
submerged days per patrol. Sincethere
are approximately 140 men per crew,
another way of describing the sampling
procedure would be in terms of man-~
patrols, in this case, apprcximately
50,000,

At the outset, a categorical state-
ment was made regarding the general
health of the SSBN crewmen. Thus,
Wilken (1969) states (page 1) "Indeed,
82 of the 360 patrols reported no sick
days for the entire patrol!' ‘The author
hastens to state however, that i4 medi-
cal cases "were of sucna consequence as
to necessitate the interruption of patrol
to transfer the patient at sea.’ (ibid).
Also four deaths occurred during these
patrols.

Infectious Diseases

Since the submerged subwmarine must
maintain watertight integrity at ex-
tremely high pressures (45 PSI, rela-
tive pressure for every 100 feet of sea
watey), the flora and fauna, pathogenic
or not, taken in when the gaskets are
sealed are trapped ti:evein. The first
guestion then pertains to the incidence,
severity and epidemiological signifi-
cance of infectious diseases reported
during long submerged cruises. Respi-
ratory diseases, as expected, are re-
ported the most frequently of all general
medical conditions, With incubation
periods of 7-11 days, colds appear in

70-90% of the crew early in the mis-
sion, then tend to disappear thereafter.
In totzl, diseases of the ear, nose and
throat accounted for 107 cases resulting
in 297 sick days during the 360 patrols,

Other respiratory conditions (upper
respiratory infection, nonspecific,
puneumonia, bronchitis, pleurisy and
pneumothorax) occurred during the 360
patrois in 111 cases in 433 total sick
days (Wilken, 1969, page 12)* Inilu-
enza occurred in 74 cases (160 sick
days), infectious hepatitis in 7 cases
(187 sick days) and infectious mono-
nucleosis in 18 cases (162 sick days).
Gastric conditions {gastroenteritis and
gastritis)were the diagnoses in 97 cases
for a toial of 197 sick days. Finally,
medical conditions, lousely grouped as
urological, accounted for 56 cases and
275 sick days.

Surgical and Orthopedic Problems

In contrast to the World Wax II die-
sel submarines which were limited by
air revitalization capacity and battery
power to submerged periods, rarely
exceeding 72 hours, the modern SSN
and SSBNs are capable of submerged
periods limited only by the amount of
vital essentials that can be transported
or manufactured. Or, as one nuclear
submariner facetiously put it, "the
nuke sub needs only to surface every 4
years — jfor the men to re-enlist!"
Consequently, orthopedic and surgical
cases resulting from hasty descents of
crewmen from the superstructure of a
surfaced "sub" to its internal recesses

*All of these data are contained in the W ilken monograph

{196%) which reference will be omitted hereafter.
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before they "take her down'' have been
virtually eliminated. For examnle,
during the 369 FBM patrols being dis-
cussed, 100 surgical casecs, totalling
532 sick days, were reported. Inter-
estingly, appendicitis, ireated non-
surgically, accounted for almost 50% of
of the total sick days. Orthopedic
cases specifically, on the other hand,
occurred in 109 casss, with 560 sick
days resulting. Not unexpectedly, about
40% of these sick days were accounted
for by back-related conditions or in-
juries.

Psychiatric Problems

The incredibly small incidence of
psychiatric casualties during World
War II patrols amounting to 56 out of
126,160 man-patrols attests to the ap-
parent insignificance of this type of
problem (Duff, i947). Similarly, Ninow
(1963) reported an incidence of psychi-
atric referral from the operational sub-
marine force as 20 per thousand. Of
these more than half were classified as
character or personality disorders and
another fourth as neurotic disorders.
As a rule approximately two-thirds of
the submariners referred for psychi-
atric evaluation (circa 13 per 1,000
referrals) are disqualified for addition-
al submarinc “uty.

Returning aain to the Wilken (1969)
study :nvolving 360 FBM patrols, it is
seen that 192 psychiatric cases were
reported, 136 of which were described
as anxiety reactions. However, only 69
sick days resulted frcm these 192 cases
and of these, 52 sick days were ac-
counted for by 2 submariners who de-
veloped acute psychopathology early in
a patrol. This remarkably low sick-

day record results from the fact that
most of the psychopathology charac-
teristically involves mild emotional
(often neu-otic) disturbances, usually
situational in nature and hence tran-
sient, and, which, in most cases, are
controllable by the application of mild
chemotherapeutic (minor tranquilizers)
and psychotherapeutic techniques.

A reliable statistic indicative of the
magnitude of tiie decrement in subma-~
rine crev. ~ffectiveness resulting from
illness and incapacitation of one kind or
another is difficult, if not impossible,
to obtain. Epidemiological studies gen-
erally and including those dealing with
military data, for example, (Plag &
Phelan, 1970), have tended fo agree on
one issue,namely, that a relative small
proportion of the population-at-risk
most often accounts for a disnropor-
tionately iarge fraction of the sickness.
For example, in the study cited immed-
iately above, 8.7% of the more than
6,000 enlisted Navy men included in the
sample accounted for 34.2% of all ill-
ness. Hence, in the morbidity statis-
tics cited in this paper, the number of
cases is of course not to be construed
as equivalent to the number of sick
crewmen. This is true because many
of these cases are recidive, resuiting
from relapses or reoccurrences of ill-
ness or incapacitation. Obviously, the
number of man-days lost because of
sickness occurriug during a submerged
patrol of 60 days for example is a use-
ful index of crew effectiveness. Plag
and Phelan (op. cit.) state that the
average eulisted man loses approxi-
mately 1 per zent of his time by sick-
ness, or statedl another way, the Navy
enlisted man averaged 4 sick days per
year. Although Wilken's (1969) data

»
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does not lend itself well to this kind of
analysis, if one accumulates sick days
across all illness categories some~
thing of the order of 2,500 sick days is
arrived at for 2,000,000 man-days on
submerged patrol. Although not cited
here as an accurate epidemiological
fact, this gross analysis nonetheless
suggests an incidence rate of something
less than 2 sick days per 1,000 man-
days on patrol.

It was mentioned earlier but may
bear reiterating since it tends to sup-
port the incredibly low morbidity rate
estimated above, that Wilken (1969)
reported more than 11, 000 man-days on
patrol with no sick days whatsoever ap-
pearing in the ship's log. There seems
little doubt that submarine crew effec-
tiveness in general is not reduced sig-
nificantly by illness.

SUMMARIZING COMMENTS
PERTAINING TO THE FACTORS
* KNDING TO MAXIMIZE
SUBMARINER EFFECTIVENESS

Ecologists quite generally accept the
fact that biological adaption is a com-
plex function of (1) the nature and se-
verity of the imposed environmental
stresses and (2) the adaptive capacity of
the persons involved. Accordingly, this
paper has focussed upon the quality of
the submarine crewmen's adaptation to
the unique strezses of the submarine.
While the supporting data are sparse in
certain areas, nonetheless, a gross
assessment of thc results already in the
literature suggests that there is little,
if any, evidence for seriously debili-
tating physiological or psychological
effects of exposure to submerged condi-
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tions of 60 days duration. Neither are
there any remarkable morbidity pat-
terns clearly endemic to the submarine
environment for the same submerged
period. Why is the habitability situa-
tion withir the Submarine Service. as it
seems, so favorable?

In the first place, the modern nu-
clear submarine not only has incorpor-
ated the most advanced designs in the
fabrication and function of the air re-
vitalization, fire control and navigation
systems but also has benefited from the
application of modern human engineer-
ing concepts aimec at providing ample
'hotel accommoda ions' and "creature
comforts'', presumably essential for
attaining and maintaining crew morale
and "esprit de corps'. Other factors
accounting for the favorable livability
situation in the "'sub" service, though
implied in several places in the pre-
ceeding discussion may be reiterated
here for the purpose of clarilication:
(1) Efficient personnel screening or
selection procedures; (2) Group inter-
action processes tending to produce
cohesive submarine crews; and (3) The
quality of leadership intrinsic to and
presumably essential for the integrity
of the crew.

Efficacy of Submariner Selection

Procedures. Quite likely to a signifi-

cant degree, the optimal quality of th.
submariners' adjustment results from
first, the comprehensiveness of the
medical and psychiatric screening pro~
cedures designed to identify poor ad-
justment risks for the service. Sec-
ondly, another factor inextricably tied
in with the selection process itseif has
to do with the motivational patterns un-
derpinning the officer or enlisted man's
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decision to volunteer for this branch of
the Navy in the first place. A3 a re-
sult, each of thz 5, 00O enlisted and <00
officer annual input intc the service has
a bigh probability to adapt cptimally to
the stresses of prolonged submergence.

Cobesive Effects of Social Motiva-
tion. Identified by the muck-coveted
dolphin, submarners characteristically
demonstrate in a number of contexts the
self-perceived significance of their role
as a submariner. This fact i~ inferred
not only from the ciosely-kni. .ub-
groups identified with .-ating speciaii-
ties within the crew itself, but also
from the integrity and functional signif-
icance of submariner families well-
coalesced within the civilian communi-
ties adjacent tc submarine-related
shore activities.

Charismatic Qualities of Submariner
Officers and Petty Officers, Follcwing
the first successful pussage beneath the
polar ice cap by the Submarine Nautilus
in 1958, the Medical Officer, member
of the Nautilus crew, stated his opinion
that the effectiveness of the crew during
the treacherous crossing twas in a large
measure the result of the manner in
which the officers and petty officers
channelized and integrated individual
crew member effort into team effort so
that the mission came to a triumphant
conclusion. Though difficult to assess,
leadership potential of the kind typically
found in submarine crews quite likely
has components orviginating both from
"nature and nurture'. Whatever their
source, these personal qualities appear
to be essential for the maintenance of
submarine crew etfectiveness during
long submerged missions.
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