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} SUIMARY .‘\ND CONCLUSIONS
N% |

—X. The purpose of this investigation was to
dctermine whether the operating cfficicncy of submarine
porsennel dctoriorated during submorgunce winen the
atmosrheric oxygen was maintained at 17% and the carbon
dioxide at 3% for extended periods.'

~

2. Obscrvation of submarine dutivs and dis-
cussions with submarine officers helpoed us constract a
serivs of job opurations which simulatced the actual
submarinc jobs thumsclves,

3. The cruw of the U,3.8. SATIFISH were made
familiar with the job orcrations prier to the submergence.
On the boat, the men porformed the job orpcrations before
the boat submorged; this represcented their lovel of
cfficiency in nomal air.

- Le -The air in thce submarine roeachod 3% carbon
dioxide after 18 hours submergence. ‘4. gns s held

“at this lcvel for a further 68 hours,

50 Aftcr the air had reachad 17% oxygen and 3%
carbon dioxide a3 many men as rossible were run through
on the job opurations. Observations on thuse men: were,

. for the most part, rupeated at four differ.nt stages

during subicrgence. The average of these four obscr-
vations represcnted the lovel of cfficicney for the
conditions of submergunce,

6, Tre diffirwace in luvils of fficicncy obtained
in normal air 2nd increascd carbon dioxide conditions
rerresenta the eficet of the conditions of submergence.

X. “The rcsults of the observations shovs

{a) Very definitely decreased capacity for
phyzical work for all hands, '

¢ b) Very definitc decrease in cfficicncy of
night vision for about onc tnlrd of the

ship's comrany.
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¢) Indications of marked decrem:nt in mental .
efficiency for all hands, )

:d) Very probable decrease in efficiency of
interior voice cormunications.

e) Noticeable, but unproven, tendency towards
. general decrease in efficiency of radar watch
and watch on the bow and stern planes.

[ £) No indication of detericration in straight-
forward listening rerformance for sonar
sigt;u:-u. tee - L]

(g) No reliable evidence either on efficiency
in watching the "Christmas Tree! or memory
for numbers. -~ ) : B

[N

Swla

€. The following opiﬁions were submitted by ob-
servers aboard for the entire submergence: .

a) Commanding Officer:# Definite decrease
in general efliciency of the boat's comple-
ment; would be unfavorably disroscd towards
periditting gas conditions to become any
worse than 17-3 as a gencral practice; men
temporarily motivated by considerations of
life and death would probably be able to
overcome the drop in efficiency encountered
during thia submergence, '

b) Medical Officers: General discomfort
owing to respiratory distress; guneral
lowering in rhysiological reservc; pro-
valent hoadachss, in some cases arproaching
incapacitating severity.

¢) Psychologists: The decrament in efficiency
of perfomance is, in gencral, probably
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greater and mora extensive than appeared
during this submergence, More refinced tuests
in some cases, and more vlaborate tests in
othars would, if morc¢ preparation timce had
beun available, have constituted more
critical moasurvs of ufficicncy. It was
clear during the submergoence that pro-
longed attuntivenoss and connected thinking
were adversely affected oven in routine and
habitunl dutics.

9, Foctors other than the purcentages of oxygen
and carbon dioxiac were undoubtcedly influencing performanco
during th. submorgencey; such factors arc tumr,rhturb,
humidity, lack of vxorcisc and borcdom. It is our lvuling,
howevur, that the struss caused by thesc factors is
slight comparcd with that dircctly atcributatle to the
oxygon want and cxcuss carbon dioxide.

10. To summarize, it is indicated by this oxreri-
ment, that no rclaxation in the present Novy stondards
of 17% oxygen and 3% carbon dioxide should bu purmitted,
and, further, thot Submarine Commrnders be informod of
the insidious cffects of cven thesu poreentages over yrro-
longed perlods of time, Carceful observations of carbon
dioxide purcontages should bo mnda, and, as it approachus

3%, immediato proparations be made far its absorption

and thc relcasc of oxygun. It must be rcmenbered that,
particularly under some combat conditions; any decrement
in efficiuncy, howcver slight, may be disastrous.



" -

SUGRADED 10

LA
STATRENT oF ~ME FrosLAt - > S!FIED

i. During submergence of a submarine, the atmos~
rheric oxygen gradually decrerses from about 21%, end
the carbon dioxide increases from almost QF, -

2. Navy procedures stipulate that t'ie alr in
submarines, durin; subnicrgei.ce, shall provide for a con-
centration of oxygen of not less than 174, and of carbon
dioxide ol not more than 3%, Experiencc has indicated
that thesc are the limits of safe oreration, ypuarticularly
for rrolonfed submergence; less favorable percentagcs are
thought to produce serious decrement in the efficicpacy of
submarinc personnel,

3. Informal report:- of so.e commanding officers of
submarines returned from potrol have often indicated that
even the 178 oxyren and 3% carbon dioxice limits do neot
alTow their men to carry out their jobs with the efficiency
they consider optimal 1cor battle conditions,

4., The present investigation was undertaken to
rrovide opyrortunity for systcmatic observation of the ef-
ficiency of submarine personnel exposed for ion;. periods
to 177 oxygea and 3% carbon dioxide under operating con-
diticns, .

5. It secimed to us that these observations would
be most uscful if:

a) They were'made on tests of efficiency which
simulated as closely as possible the actual
Jobs performed on submarines, and

b) They were made under conditions which
. simulated as closely as possible tliose en-
countered during patrols,

6. Thu nature of the tests usecd was determined

a) Discussion with submarinc co.imanders of
the specific submarine jobs which sccmed par-
ticularly to be affected auriag lengthy sub~
mergenee,
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P S T S -:_b) Knowledge of how other relevant tests of
A © 7 v .psychological and physical efficiency had
‘tumed out in rrevious experiments on de-
"iciant oxygen and excess carvon diqdde,

: ?. Both these sources of information led us to
concludn that. ‘

a) For sulmarine ,)obs of a simrle character,
- gerious drop in efficiency would result only
S ) . .7 1f the job called for lengthy and sustained
g attentiveness, required for example, in radar
S watches. '

") As the job became more complicated, the drop
S - .. 70 in efficiency would tend to show ur even in
R - . short-term tasks, as, for example, in reading
e ¢ < .- -an memorizing dial settings, and rerforming
S - ‘computatious on the inform:tion,

- ¢) The joba worth observing were:

 f 1, Ifficiency for physical work,
' 2. Night Vision.
3. Ability to tihinh clearly.
Lhs Interior Voice Ccmumnications.
5, Watchk on Bow and Stern Flanes,
6, Radar Watch. '
7. Sonar Liatening
el ' 8, Ability to notlice chans a3 in the
R ' - colored lights of tle "Xmas Tree"
ER . out ¢f the corner of the eye, wlen
attention 1y directed prinarily on
some other job. ’
9. Memory for numbers,

e

d) The submarine men would not willingly do
their best unloss any tasts Lhey tock were

enough like their normal jobs so that "hey
could sec some sense to it", and could feeli
that the results would really bec of service
to them in their future duties,

i e) The coservations be mede on submarine men
d . wlith patrol experience, rather than on trainees,

. B ko R -~
- PO, -
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It was decided, therefore, that the observations

be made as follrws:

a) The exrerienced crew af the U.S,S. SAILFISH,
Lieut, Comdr, L, Marcy, Commanding Officer,
be used;

b} The SAILFIZH be submerged until the at-
mospheric oxygen decreased to 17% and the
carbon dioxide increased to 3%, and that
these cenditions be maintained for a further
48 hours;

¢) During the 48 hours, the submarine rursue
a course of action previously mapped cut by
the Commanding QOfficer as being as close as
possible to conditions which might prevail
on patrol;

d) Observations be made on the men before
submergence to establish their “normal®
level of efficiency and that this level be
compared with that established during the 48
hours of submergence.,

e) Frior to submergence the men sheula be

weli practiced in the various simulated jobs
to be observed, so that any drop in efficiency
during submergence would not be obscured by
men continuing to learn more efficient ways

of performing thelr vasks;

f) Since the ideal situation of observing
men st their jobs on actual operations is not
rracticable, the men be observed instead
while using equipment Luilt to simulate

that on the submarine,

L e
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1. The crew of the SAILFISH were available for
training for a total of nine hours. This short time was
due to pressure of other demands on the boat, Nine hours

, is considerably less than the amount of training necessary
. to learn adecuately the jJobs involved; so il was expected’
- that any possible decrease in efficiency during the 48
hours would not show up as much as it might with more
: - training. This is because continued learning during the
: 48 hours would counteract decreasc in level of performance,
4 For some jobs, the training consisted merely in explaining
the nature cf the job, with only token practical expericnce.

! _ 2. Every possible effort was made throughout cvery
rrocedure to simulate patrol conditions. The usual coocked
moals were served, smoking was pormitted (during the latter
portion of the experimont combustion was so poor that most
smokers ceased), and other routine procedurcs wer: er—
couraged,

PR X P P

RS

3 3. Thc schedule of operations was as follcows:
2, May - 0900: Underway from Piur /3.

1400:  Anchored in Gardiner's Bay. Equipment
for job observation set up.

1600: Observations made on mun performing
various simulated jobs. Conning towcr
hatch open. Air rormal, Information
collccted during this period serves to
indicate efficiency in norial air.

24,00: Observations complete. lon asleep.
25 May - 0600: Buttoned ur the boat, submerged and
_trimmed down; underway with docks awash;
normal cruising watch stationcd.

080C: Exercised the cruw at general quarters,

1000: Evasive status. Commenced silent running.
l ) Crew standing two hour watches, Bow and
stern planes in hand; hand steering,
Simulat.d derth charge attack by Sub-
Chascr with hand grenades,

11~
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OLC0:

0600
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0800:
1100:

1600: |

2400

LibinaRAGER. 10

UNCLASSIFIED

Secured from silent running. Normal
cruising watch stationed. Crew standing
four hour watches.

The carbon dioxide was now up to 3%.

Boat trimmed down until lying on the
bottom. Bridge superatructure above
water, Four hour watches set to simulate
normal cruising, but no way on. During
cach watch men were required to carry

out their jobs on the equipment instelled
for simulated job rerformance, Obser-
vations were made continuously for twenty
four hours, Thus each man was observed
on two watcnes, The observers worked in
r<lays.

Return to normal cruising status, Under-
way; all equipment in operation.

Conducted general drills -- fire, chlorine.

Evasive status. Rig for silent r. wing.
Rig for depth charge. Attacked by Sub-
Chaser with hand grenadss.

Boat triumed down; lying on the bottom.
Normal four hour cruising watch sinulated,
but no way on, Qbservations on simu-
lated job performance made continuously
for eighteen hours, Qbservers worked in

relays,

Normal cruising watch stationed. Under-
way. Drills.,

Boat surfaced, Crew exercised at bat-
tle stations surface. This concluded

a continuous period of sixty-eight hours
dur ing which the boat was buttoned. up.
Crew now standing two hour watches,
Observations on job efficiency relating
to retum to normal air. ’

Underway from Gardiner's Bay.,

Moored st Pier #13,

-]

Jl""'
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3. The observations on efficiency thus fell into
three categories; ) '

a) Normal air prior to submergence; eight hours.

b) During submergence when the oxygen was kept
at 178 and the carbon dioxide at 3%; sixty-
eight hours. )

¢) Normal air after surfacing; six houis.

L. We belicve, that the best estimate of efficiency
for the conditions of period 3b is given by the average
of the four or so observations made during that period.
This is because a man's performance on any one simulated
Job will be affected by such factors a3 amount of previous
sloer, time aftcr last mcal, nature of watch dutics just
befora the observations, and tomrorary fluctuations in
the oxygen ard carbon dioxide concentrations.

5. The equipment for the simulatced job performance
was set up in whatever space was available in the sub-
marine. 8inec the forward torredo room was given over
to the apraratus for controlling the gas porcuntages, the
Job equipment was rigred up as best possible in the more
cramred spaccs, such as thoe pumr room, fore and aft cngine
rooms, and radio shack. Job performance was, therefore,
carried out under difficult and uncomfortablc conditions.
This tyrc of disadvantage »ill generally make job per-
formance more crratic. Any systematic decline in ef-
ficiency whicih shows itsclf in period 3b, as comparcd
with-3a, is therefore, all the more significant.

. 6. The rersonncl aboard the submarine at any onc
timec was comyrisad of:

a) Fivce officers,

b) Sixty-nine cnlisted men,

¢) Sixteen observers.

The observers wore given rest periods at least
once every two hours, After twclve hours of obscrving,
the observers were cxchanged with a fresh sct of obscrvers
from the Sub-Chascr in attendance. The exchange was af-

fucted via the conning tower; it did not affuct the pre-
vailing oxygcn and carbon dioxide concentrations.,

-13-
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7. Four obsorvers, two medical doctors and two
psychologists, rcmained aboard the full sixty-cight hours.
It was felt that thoy could help interpret the rosults of
thce obscrvations morc meaningfully if they underwent the
samc cxporience as the men performing the jobs,

-
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o DESCRIPTION R.ESULT" OF OBSFERVATIONS

It seems to us that observations on the efficiency
with which submarine men perform their jobs during lengthy
submergence, are most meaningful, if, among other points,
they take into account the following:

a) The jobs observed should duplicate as closely
as posaible the gubmarine jobs themselves.

b) If the job is easy, it should be lengthy
and require continuous concentration; other-
" wise decreased efficiency can be counteracted
: " by short bursts of abnormal energy.

¢) If the job is short, it should bec difficult
and tax effort to the utmost; this for the reason
given just above,

d) Since the period of practice, rrior to sub-
mergence, was so short, it is to be expected
that the men will continue to learn more ef-
ficient ways of rerforming their simulated
Jjobs during the period of submergence; this
will work agairst the appearance of any de-
crease in efficiency,

e) The arduous conditions under which the
Jobs were carried cut will likewise cut douwn
the amount of decresent in efficiency during
submergence; this is because the performance
will tend to beccome more erratic and make it
harder to show up systematic trends.

f) The conditions under whicihi the observations
are to be nade should afrroach rogular patrol

as much as rossible. The men should stand
normal watches, perform normal dutics, undergo
the strain of silent running and th. stress of
dcpth charges, The naintenance of thesc con-
ditions would, in addition, sustain the interest
and motivation of the crew,

Bvery effort was made to take into account the factors
above, either in setting up the simulated job situation, or in
evaluating the rcsults of job rerformanco.

~15-
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I. (Qbservations on Fhysical Efficiency

a) Introduction:

Expressed very simply, human muscle performs work
by, in addition to other recuirements, consuming oaxygen
carried to it from the atmosrhere by the blood strean,
and producing carbon dioxide, which is, in turn, re-
turned to the atmosphere by the blood stream, If the
blood oxygan is less than normal, there is danger that the
muscle will not operate at maximal efficiency. How-~
ever, if, at the same time, the atmospheric carbon dio-
xide is greater than normal, various complex compensatory
mechanisms will automatically come into play, in the at-
tempt to maintain the blood axygen at a level adeguate
for the needs of the muscle,

It is obvious that when muscles are Worked to ex-
haustion, these conpensatory mechanisms have become in-
adecuate. Therefore, it seemed sensible to us to test
rhysical efficiency by working the men to a point ap-
proaching exhaustion; for lesser tasks, decrement in
efficiency might be obscured by the action of thre com-
rensatory mechanisms.

The test chosen to measure physical efiiciency
was a "step-ur" test devised by the Fatigue Laboratory,
Harvard University, Cambridge, Massachusetts.# The man
being tested is required to step up on a platform twenty
inches high. He starts with the right leg, brings up
the left, straightens both, steps down wlth the r:.;,ht.,
then down with the left; the total task being accaaplished
in two seconds. Our preference for this test was based
mainly on the following considerations:

N

1. No skill is required.

2. The muscular work is proportional to the

¥ See aprendix, page 4O

~16~
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man's weight,

. 3. The test *has been shown to relate woll to
other criteria of physical efficiency used by
" various branches of the Services.

b) Procedure:

Since the test demands that the man exercise to
the point of exhaustion, it was deeided to call ior vol-
unteers, rather than endanger morale by making the test
compulsory. Thirtecn moen volunteered, The spirit of
~competition end excusal from the rest of the tests, were
the incentives used. The men all exvreised to exhaustic.a;
this statc was reached in five minutes or less,

Immediately aiter exhaustion, the man is seated,
rcsting, and his pulse rate is countud during tiie poriod
onc minutc to ono and a half minutes after cxercise,

The efficicney index is a function of the ratio:
duration of oxercise (in seconds),
se ratc (per mimitc

The test was carried out both in normal air and
midway through thu submergence, The difference betwoen
the two sets of rusults rupresents the decrement in
physical efficiency. The worse the rhysical state of a
man, tho more rapid will be his pulse ratu after strenuous
exercise,

¢) Rosults:

The statistics of the test arc given on page 40
of tiic Aprendix, They serve to showv that there vas a very
dcefinite decroment in physical efficiwncy during the
submergence, Fig. 1 illustrates this loss pictorially.
In eviry single onc of the thirteen cases there was a con-
siderable drop in c¢ffieciency. The avsrage drop was
17 points; to ¢valuate the significance of this drop,
it might bc mentioned that drorps of this size occur
typically:

1. After a respiratory illnuss of two or
more days.

2. In a working man after two days on a

di et which 1s deficiont by one thousand
calorics a day.

-17-
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3. In a trained athlete after two to three

weeks break in training,

2. Observations on Efficiency of Hight Lookout

a) Introduction:

To observe night vision, we were able to use a
test rreviously develoyed at this activity. This test
set up a job of visual performance at low levels of
illumination, which simulated the task of searching a
reriscope field, The visual field yresented to the man
tested aprroximated in area, brightness, and sky-sca
brightness contrast the aprearance of the sea on a
clear starlit night (5.05 log uul), when viewed through a
periscope. A target arpearing on the vhorizon" durlicated
in retinal area an aircraft carrler viewed head-on at
arrroximately 13,000 yards,#

b) Frocedure:

Thirty-one men who had received a minimum amount
of prior training, took the test. The men were dark-adapted
at least 30 minutes in red goggles in other compartments
prior to taking the test, and recaived their final adspe
tation period in the testing comrartment. Three men were
run, one at a time, talhing successive turns at the "peri-
scope', For each trial, the inan positioned his head to
the eyepiece, located the horizon, and then attumrted
to identify the target in one oi five positions across
the periscope field. When an ineorrect ruport was made,
the man continued tc scan until a correct rerort was
given. TEach trial was scored in terms of the time taken
(log seconds) to identify the rosition of the targct
correctly, after the horizon had been locaterd, After
20 trials tho man was rested; after 60 trials thc scssion
was ended, Mcn took part of one session in normal air
before submergence, cither threc or four sessions curing
submergence, and part of onu session in normel air after
surfacing. The curtailmeat of the sessions in roral
air was duc to prressure of tims, The two curtailed

# See Appendix page 41
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sessions were combinud to give 8 more reliable efficiency
level in nommal air,

c¢) Results:
1. Two measures of efficiency were obtained:
a) Average time to report target correctly
(log seconds); time was measured after lo-

cation of thie horizon, These times averaged
3-5 seconds,

b) Variability ol these times,

2. The test stotistics are presented on page
of the Arpendix,

3. Of 31 men observed:
&) None showed improvement during submergence,
b) Ten showed definite decrement,
¢) Twenty-one did mot show 2y change,
L, Tao2 decrcment for the ten men ranged from an
increase of 2(% to an ‘ncrease of £0%F in the time taken
to report the targei position corrcctly.
5. These rogults irdicate thay tuc nisht vision
of about one third of a submaripe crew would be adversely

affected by similar conditions durin, subuergence,

3. Cbservaticns on Efficiency of Complex Mortol Function

a) Introduction:

It seemed reasonable to us to surrose that the
cumulative disconfort znd straess whicl the bud- wder-
goes when subjected to 3% carbon dioxide for long poriods,
would inevitably have an offect on a man's uental offi-
ciency. Among the nore important of the wental activities
aboard a submarine are: ‘

1. Reading dial settings on various metars,
correct to tho smallest unit on the meter,

~19-
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2, Memorizing these readings, and relaying
then to other parts of the boat.

3. Observing changes in the readings, and
determining the size and direction c¢f the
change.

L. Performing computations on the basis of
_the infomation above,

Bacause of the impo_rt.ance of errors mude in any

:one of these four mental operations during critical

battle situations, we encieavored to set up a simulated
;job situation which would enable us to meagsure prossible
‘decrease of efficiency during the submergence, This
job wag called "Meter Reading and (}zmputing Test"

4 ooN

b) Procadure :

Three dials found tyrically cn subm-rines were

‘-uged in the test ~~ Depth Guage, DC Voltmeter, and Air

Injector Fressure, The three dials are presented simul-
taneously . In each case the man is recuired to read the

- dial correctly to the smallest vnit on the dial., All dial
- setiings were photographed on microfilim and projected on
- a screen., The Derth Dial was always on the left, the

Pragsure on the right, and the Voltmeter in the center,
The men were grouped around the acreen in groups of ten;
the dial setbings were clearly v:t.ﬂble to all men.

A typical 1tem of the test was as follows:

l. The f:.rst. frame would aprear on the screen. -
The readings might se: v ‘
: é8 w2000 -
. Ten seconds ars allowed for the men to read
- and memorize these aettms. The frame is
then removed, - '

2. The second frame then appears. The
reacings might be:

72 110 1900
As socn as tnis fraine appears the man ic
required to compare aralagous settings of .
the two frames. For tha dis) on the left,
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thie second frame became larger, so the ans-
wer written down would bo plus four; for the
¢enter dial, the second frame became smaller,
so the answer would ke minus thirly; for the
dial on the right, the answer would be minus
one hundred, Fifteen swconds are allowad
for performing the coampmtations and writing
down the unswers. The frame is then removed,
Item number one is thun complete,

Each test was composed of fifty such items, making
a total of onc hundred and fifty answers to bo written
down, Onc point is given for cach corrcet answer, An
anawer was scored correct only if both the size and
directica of thu chainge ware corruct., Six cquivalent
forms of th. tust were rreparcd, The men were given two -
_forms of tbu tust for practice prior to the observational
period; this was to pruvent learning during submergence
counivracting any deerumont in montal efficicncy., During
the observational period the men took one form of the tust
in normal air; this score was taken as representative of
the cfficlency in normal air; and four forms at various
stages of submergance; thicse scorcs wers to be compared
‘with those in nermal air for ducrument. On the average,
about tharty min took the tusts.

¢) Results:

1, The four tests during submergence showed small
but consistent improvement over the tust in normal airg
theugh this vias not of & degrec consisteat with greater
rractice; This is shown by Curve I in Figure 2; the scorc
obtained in normal air is taken as zero, so that the othur
roints on thu curve show the relative dmprovemeat,

<. This finding of an improvument was vury sur-
prising to us, for two rcasons:

a) Thure docs not seam to bu any rcason why
the discomfort of uxcess carbon dioxide should
improvce muntal cfficiuncy; on the othar hand,
the mintal job was camplicated, fatiguing,

and long enough (involving continuous thinking |

under pressure for half an hour for cach test)
80 that we would certainly have cxpected decre-
ment vrder the conditions of the subm.rgence,

-2]-
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b) Apart from the tests, it was 'emmllj
* obscrved during subm:.rr'\,nco that aormal
thinking: tended to beconic confused at tines,

3. It could only seem to us that the two practice
runs on the test were insufficient, and that the men con-
tinued to learn morc efficient ways of performing the
mental job all through the submergence. This inprovenent
could have been great cnough to overcorie any decercnent
which might bc occurring.

4. To check tihis hypothesis, we took a similar
grour of trirty men on the 3ase, and gave then the same
tests in the same order, but all in norual air. If these
men siowed greater improvemzat than the men did during
the submergence, then the diiierence in amount of ine
rrovemant mi~ht reaso:.ably be attributed o ti.c decrease
in mental efficlency breousht on by the conditions ¢f the
subnergence,

5. For rracticel reasons the grour on the gsse
could only take five furms of the test, one each on suc-
cessive days. Forms one and two, as with the Submarine
Grour, were considered as yractice. The score on Form
three was taken to correspond to tlie normel air score for
the Suomarine Grour, and is rlotted as zero c¢n Curve 11
in Fizure 2, Tiis score is very close to ti¢ score ob-
tained by the Sub.arine Group. The scores on the last
two foris noy” be eonsidercd comparable to tiie first 4wo
tests taloen durin: submerpence, These two points com-
rlete Curve 11,

6, It scems clear from Curves I and 1I in Fijure
2, that:

a) The mental job was difiicult cnoush so that
l:arning goes on {or all six successive forms
of tie test,

b) Hore learfiine takes rlace under normal
air than under tli: conditions of submergence,

¢) The difference between the tro rates of
lcarning, shown as Curve III in Figure 2
might -7¢1l Le the deercment in mental ef-

N
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ficiency during submergence, In other words,
the conditions of submergence slowed up men-
tal acuteness and tonded to prevent the men
from learmning more efficient ways of per~
forming the mental job,

7. We do not feel as confident of this conclusion
a8 we would have, if the submarine men could have boen
much better practiced before submergence and had them-
selvas shown a decroased cffieiency during submergence

£ unhampered by lcarning e¢ffects. However, we do fecl that
; ., ‘tho additional results of the Basc grour supports the

3 fucling we had during the submergence that mental ef-

' ficioncy is visibly impaircd. Page 33 below citus

! I further supporting observational evidunce on luss ef-

i . flcient mental function which was noted during submer-

i gence,

4. Qbservations on Efficicncy of Interior Voice Com-
muni cat lons ‘ *

: ' - " a) Introduction:

Most of tho observations during thoe submergence
were on single men carrylng out relatively specific opera-
tions such as radar watch or watch on the bow and sturn
Flancs. There arc also othor tyros of activity which
arc moru genemal and involve rerticipation by almost the
entive boat's company, in which co-ordination and co~
operation arc as importamt as the officicncy of single
men, Such activitius as drill at guneral quarters arc
of this typu. ' -

Because of thoe importance of thesce overall fun-
ctions of boat ¢fficicncy we attempted two such measures:

). Staging drills at general quarters;

this proved impractical because of lack of
time prior to submergence in wiiich to es~
tablish a norm of performance and efficiency
in normal air.

involved all men on a watch and could be ob-
served satisfactorily, since all men had
- taken the regular IVC course in the two weeks
‘ _ preceding the submergence,

‘ 2, Staging communication drills; these drills

-23-
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Two talker drills, Drills Able and Charley, were
given, Section II took Drill Able in normal air, midway
through the submergence, and just before surfacing; the
same section took Drill Charley in normal air and just
before surfacing. 3ection III took Drill Charley in nor-
mal air and about trmw-thirds of the way throuch submergence.

Drill Able clesely simulated the drills given to
the crew in the classroom prior to submergence, It con-~
sisted of a series of orders and messafes presented to the
talkers in mimeograrhed farm immediately before each per-
formance of the drill., The talker at the sending station
designated on the sheet, read off the message as written, ’
The talicer at the station called was responsible for fol- :
lowing standard voice comnunication precedure by giving N
acknowledgment, report of execution, «tc., as called
for by the boat's dogtrine, ’

. Drill Charley was designed to simulatc closely
actual shipboard voice communications. In this drill, -
the talker sending the message was rresented with a
tyrewritten order couched in very general terms. The &
order reQuired that the talker formlate a brief stan-
dard message from the information presentcd, and transmit
the message to a2 designated compurtaent, The talker at
the station callud was again resronsible for the use of
standard rrocedurcs in giving his acknowledgments and
formulating necessary reports of exccution, ovut did not
have a copy of the message he was receiving, This drill
provided morce realism and greater dif ficulty than Drill
Able where both the oripinator and receiver of the mes-
sage had the oxact written message before thom, Formu~
lation was rcouircd for 21 mussages of routinc rature,
and 12 mcssages containing difiicult numeral scries,

Samples of both drills are reproduced on rp. #3~4L5-#6€
of the Appendix. All tho drills were recorded in their
entirety on a "Commando" Model A Recerdograph, Amcrtype
Rucordgraph Corporation. Each drill was obscrved and
graded by cualificd instructors from the Communication
Schoocl, both at the time the drills were given and latwr
from the recordings.

-2y
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The frequency of errors was tabulated under two

general headings:

1. PErrors Affecting Intelligibility

a.
b.
C,
d.

€.

Repeats Required,
Corrections Made.,

-Garbled Messages,

Inaudible Messages.
Critically Poo;' Znunciation,

5.’f Errors of Irocedure

a.
b.
C.
d.

€.

¢) Results:

Failure to Acknowledge.

Failure to Rerort Ixecution.

Failure to Correct Lrror,

Failure to Use "Wait",

Incorrect Use of 'Vait'.

Nen-gstandard Fronunciation of Ciphers.
Unnecessary Acknowledgment,

Fause after Station Call,

Failure t.o Respond Promptly.

Compared with normal air, communications during
submer gence showed the following observable changes:

1. Slowness of sreech.

20 Lawred b!‘eathing-

3. Gasps resulting from the increased effort
required for talking.
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4. Considerable difficulty in carrying on

a conversation for longer than two or three
.short sentences, owing to shartness of breath.

The tabulation of errors is shown in Figure 3, in
which there aprears a consistent decrease in efficiencyof
communications for all three drills. The only indication
of the reliability of this decrement is the fact that’
it occurred in all drills staged. Fractical considerations
of time and personnel made it impossible to stage repeat
drills for any gas condition. If there is any learning
present in these drills, it would tend to improve the of-
ficiency of communications during submergence, since that
always came after the drill in normal air. Hence the de-
crement in efficlency of communications may be greater
than that indicated by the results,

These errors are ajrroximately equally distributed
between intelligibility and procedurw,

5. QObscrvations on the Efficiency of Watch on the Planes

a) Introduction:

Often a ducrease in efficiency of submarine per-
sonnel is temporarily obscurcd by short burats of energy
 during somc particular operation. 1n Watch on the Bow and .

Stern Flanes and in Radar Watch, the monotony and strain
of continuous attention, and th¢ length of the watch ‘
make it less likely that any such decrcase In officiency
will be obscured,

b) Frocedure:

Fortable apparatus was svt up to simulate the job
of watch on the bow or stern planes., The man on watch was
required to maintain a "zero bubble" over a period of half
an hour. During this period the bubble was occasionally
set off zero by the irregular movemeits of a rotating
wheel, invisible to the man on watch. The man on watch
restored the zero bubble by tuming a hand crank, The
movemert of the bubble was not restricted to any pattern
that the man could learn to anticipate. The movement
was slow and gradual, with intervals between movements
when the bubble remained stationary. The monotony of
the job produced a strong tendency towards lapses in
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attention. The position of the uAbhle was recorded on a

continuously mnving tape. The tape was divided into °

68 intervals of twenty seconds each; the number of errors
made by a man on watch was the numer of intervals in which
the bubble deviateZ noticeably from zero. An error was

a deviation which was large enourh to indicat= an obvious
lar3se in attention,

¢) Results:

Fractical difiiculties of arparatus break-doin and
unavailability of men at arpropriste momonts, limitcd the
number of men adecuately tested to six, Each man stood
watch once in normal air end twice during submersence,
The everage of the two watches during submer gence was
taken as the score for submergence,

The test statistics are shown on paga 43 of the
Arpendix,

Two men showed a small amount of improvement; four
showed a substantial decrement in efficiency.

On the average, the watch on the Plancs had six-
teen more errors rer man during sulmerrence than in
normal air.

The number of men tested is too small to permit
any very gereral conclusions, All that can be said is
that the results indicatc a strong likelihood that watch
on the planes was adversely affected Ly the conditions
of the submergence,

6. Cbservations on Efficiency of Radar Watch
a) Introduction:

Like watch on the planes, radar watch involves
continuous attention to a lengthy, monotonous job, The
job itself may be casy, but inefficiency is apt to result
from the wavering of attention.

b) Frocedure:

The man on watch wis seated four feet from thé
screen of an oscillescopy, and was requircd to identify




IB.

."":.-:té DA T
D% l\hui".u i

UNCI.ASSIH!Q

a "plp" as being in one of five positions on the screen.
The pip stood about a quarter of an inch above the "grass",
and remained in view for about one second. The job was
easy enough so that it was impossible to miss the pip be-
cauge of visual difficulties alone, if the man on watch
was concentrating, Any decrease in efficiency, measured
by missing a pip, could only be caused by a slacking off
in attention,

Each watch lasted about half an hour, Durings that
time sixty pips were artificially injected at irreguiar
intervals and in randomized position on the screen, The
mant's score was the number of incorrect positicns re-~
ported plus the number of failures to report anything,

Only six men took the test often enough to pro-
vide useful infcrmation for a comparison of efficiency
between watch in normal air and during subaergence. The
test was taken once in normal air, and four times at
various stages during submergence, The average of the

- four scores was taken as the bost estimate of efficiency
during submergence,

¢) Results:

1, The test statistics are rerorted on page 43
. :0of the Appendix.

2, Of the six men on watch, one showed a small
amount of improvement, and five shcwed greater decrease
of efficiency during submergence.

3. The number of men observed is small, and the
decrease in efficiency is slight but consistent; general
conclusions should thercfore bc made with caution, Apout !
all that can be said here is that the results do tend
towards the conclusions that efficiency on radar watch
sufferod during the submergence,

L., If the job had bevn made somewhat more dif-
ficult by shortcning the hoight and duration of the pips,
the dcervase in officicncy would probably have been markod.

Note: Tho apparatus for part of this tost was provided by
Licut, Dean Farnsworth of this activity,
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During submergence, men often wavered in attentlion, and
caught Lhe pip out of the corner of the eye just beforc it
left the screen, With sherter rips there.viould not have
been time for attention to be focused back on the screen,
and the number of errors would have been substantially
great.r, It was also noted that subjects on this test,

during submergence, were irritable and fournd it necessary
to "work harder" at the job than they did in normal air,

7. Observagtions on Sonar Ef{ficiency

a) Introduction:

Frevious work had indicated clearly that hearing
is muck less impaired by deficient oxygen or excess car-
bon dioxide than vision., This finding refers to hearing
acuity, rati. er than to the more comrlex jlob of operation
of scuar gear; ti.is complexity lies in such factors as the
co-ordination of dif{ferent activities of the two hands,
dividing attention between auditory signals, visual signals,
and manual tasks, and resisting fatigue and monotony on
lengthy watches. For this particular submergence, wve
were not able to devise means of observing men on simulated
sonar watch, Instead, we observed only tae effect of the
submergence on hearing acuity as such, For this pur-
rose we used two tests used to select Sound Men, Fitch
Memory¥* and Loudness -Discrimination for Bands of Noige,#t
Our results will not tell anything about possible decre-
ment in manual dexterity and co-ordination of movements,
or wavering of attention during the monotony of lengthy
sonar watches, ‘

b) Frocedures:

Soth tests were given over loudspeakers to groups
of ten men. About forty men took the tests, Tae tests
were given once in normal air and four times durisng
various stages of submergence. Doth tests were playcd
from phonograrh discs. The pitch test has 100 items of
varying difficulty; in cach item the man has to decide
whether the simulated "return echo" of a "ping" has gone
up or down in pitch. The loudness test has 110 itoms of

# BuPers Sonar Pitch lMemory Test.
¢t Pgycho=Acoustic Laboratory, Harvard University,
Cambridgc, lass.
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varying difficulty; in each item the man has to decide
whether the second of two bands of noise, typical of

noises picked up by a hydrophone, is 1ouder or softer
than the first,

¢) Results:

1. There is 1o indication of any change in these
types of hearing acuity during submergence,

2. These results do not say anything about the
' efficiency of men on regular sonar watch during submer—
rence; factors such as fatigue, inattention due to mono-
tony, manual dexterity and co-ordination in handling
" sonar eguipment could not be observed,

8. Observations on Efficiency in Wh»chlnr the "Chrlstmas
Treah

&) Introductions

llen who are busy on other jobs) in addition, aoften
liawe to watch the "Christmas Tree" out of the corner of
their eyes, It has beecn suspected that under sone con~
ditions, such as fatigue or lack ol oxygen, the ability
to notice color changes out of the corner of the eye is
decreased, Failure to notice a cclor change could, to say
the least, be highly undesirable.

b) Procedure:

The man being observed was seated directly in front
of a small screen, Letters of the alphabet were flashed
on the secrcen, On his right side was a bank of colored
lights, consisting of two rows of three lights each,
one row above the other, Lights in the torp row were all
green, and in the botiom red, The four outside lights
were illuminated throughout the test; the middle green and
middle red lights could be turnud on serarately. Nore-
mally the middle green and middle rod lignts are {uwrned
off.

A dual exposure gystem was arrangced, wheredy, si-
multancously, a lctter flashed on the screen and cne of
threc things haprencd to the bank of lights:

~30-
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1. The middle red light went on and the

middle green stayed off.,

SGANGED TO
E

2, The middle green light went on and the
middle red stayed off.

3. Neithor middle light went on,

The man being tested was required, for cach ex~ °
posure, to nae the letter in front of him, and judicate
what Lad haprened to the middle column of lirhts by
saying "red", "green", or "neither". The cxposures were
controlled by a Telechron motor and wers short enough so
that the man was forced to use the center of his visien
to identify the letter anc the side of his vision to
observe the color changes; the exposure time did not
yermit the man to shift his center visinn to the colored
lights,

: The fixation letter was absut twenty inches froin
the eye; the bank of lights formed angles ot 6G, 75,

90 and 105 degrees with the line of sight. The lights
were in the horizontal meridian, 1In each testing
session, four series of successive diserimninations were
glven, going from the 6C degree pasition to the 105, Ex-
posures were presented at five second intervals, The
score was teken as the number of errors in naming

cnlors during the 4O trials of each sussion,

ft should be mentioned that the test was given
uader very unfavorabie conditions. The only space
~avgilable was in the pump room; both the man taking the
test end the man siving it, were perched precariously
on machinery adjuncts, Incautious movement vas detrimental
to life and limb,

¢) Results:
\
1, The unfavorable conditions under which the ob-
servations were made rroduced results w.ich are not meaning-
ful in efficiency. '

2, No change could be attributed to the effects
of submergence. )
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3. A fair test of indirect color vision would
require better erparatus and testing conditiorns than were
availavle during this particular submergence,

9. Observations on Efficiency of Memory for HNumbers

A test of momory for numbers tyTrical of target
bearings was tried, and later rejected becouse of un-
controllable errors which crept into the adminjstration
and obgserving of the test, These errors made the re-
sults meaningless.

'10. Medical Oliservations on General Efficienc:

Two of the observers were 3ubmarine Medical Oificers,
and were ahoard forr the entire submergence, They made
the following observations relating to general efficiency
during submergence: .

1. Respiration, rulse and blood rrossure:

Ferhaps tie nost noticeable offect was
bresthing difficulty. Respiratdion was cuite
lahorad during sabnmergence aiter carbon ci-xide
reached its greatost concentration, 1l hands
cuickly learned to limit any rarticular con-
versation to no more thun a courle of short
sentences, so as to avoid the »auvlting suori-
ness of breath, Likewise, men soon realized lhat
durins submoergence azcent of ladders iato the
rumy room or cenning tower at a rate confortoule
in normal air yproduced toth siortness ci breath
and dizminess for several minutes afterwards,
Measurements made vy the medical ¢fficers on
14 men indicat.d that tic Lasal rospirstory
rate rer minube went up on the average irom
16.1 to 20.5, Readings of vasal pulse ratc
(ccunted for thirty seconds) averaged 61,4
per minute before and 63.0 per minui. during sub-
mergonce, Blood pressure clange was fron
103.1/67.3 to 95.3/53.3 on the same fourt.cn
men at the same time, (Diastolic blood proessure
was takon at the point of disarpearance of
sound, )
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It was f£clt that MG SLES €8 cioncy . .

was decreased; especially where any kind of exerticn
vias involved, For example, one man, who had to
hielp open a torpedo tube during a drill, found
himsell exhausted, had to lie down in !dis bunk,

and was incapacitated for about 15 minut es.

2. Headache:

The opinion of the observers, corroborated
by the Commanding Officer of the subrarine, was
that almost everyon: aboard suffered from head-
ache at some point during submergence, Fourtecen
men and six ofiicers had lieadaches 3o severe that
ti.ey recuested trcatment from the Medical Officers
or the Fharmacist's Jates, These headaches were
~unusual in that they were chiefly occipital. Also,
one cificer, an ex~-enlisted :man with considerable
experience aboard subaarines, oocamc nausotted and
vomited several times towards the end of t.¢ sub-
mergence, Tiere was no explanation for tlis, -
cepl the ilncreese in carban diexide snd decrcasc in
OXYygun,

3. Clarity of loental Activity:

The ccnditions of the submergence excertod
an insidious but noticiable effect wn tuc thinking
fFrocess, It was genwrally obscrvod thal, during
tho wubmerzenee, and eorecially bovards the lattor
part oir th. submargence, one's thouzkits nad a ten-
dency to wander, and it gomctines bocame rati:or
di-fficult to carry through a train of thiougcht to
its logical conclusion, A few incidunts will
illustrate this point: .

a. The Skirper .wring final surfacing,
was using a sto; atch to timc the Battle
Surface; he complained that tac figurcs on
the wateli arpcared to be rotating arouvnd
the face,

b. Tho Chicf of the Boat, during the finzl
surfacing, found himsclf attempting to blow

a tank with the vents oren, "Somcthing I ncver
did before in all my life " N
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¢, Tho shipts cook, on the second night of
the submergence, fargot to put yeast in his
brend == "I had a heck of a time trying to
conccntrate.

de Several of the ship's company, found, to
thedr surprise, that they had difficulty in
ranombering "points" in crap gmcs,

€s Several men taidng the radar test found

not only that the pips were often ceun in
duplicate, but that oftun 2 plp would be

seen and not reported for scveral seconds bee
chuse of - vagucness in remenbering the pure

rose of the job in hand, \
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On the day following swfacing, a liet of questions
was submitted in writing to the officers of the submarine
Laviting thoeir cvaluation of the cfficicney of tiis boatts
crow during submargence, After consulting among them=
selves, the officars returned arrropriate answers. Both
cuestions and answers are reproduced below in their origi-
nal form, -

I, Go Would you regard the acti:vitias of the men during
“the subrerpence as falrly typical of actusl opera-
tions?

A. The activity of the ship's company during tne 72
hour test was a: typical of operating conditions as
safety permitted. It would boe fairer to say that
trne operations of the ship simulatew operatiag con-
ditions but never actually aprroaciiec them nor were
they typical inasmch as such elerents as derth
control, evasion, etec., were lackin~., It is be-
lieved, however, that the spirit of coryetition
nade up for at least part of the lack of tension.

II.

.::)

Did ;ou or your officers note a decrasnt in the
operating efficiency of tie submarine at any time
during the 72 haur periecd? If so, at vi:tat tines?

A. There was a decided decrease in operating ef-
ficicney duc to two causes, The first can be
attributed to eicessive carbon dionide and lack ,
of oxygen. The second was cue to lack cf tene-
sion. Tris occured at about 20 hours, [he lack *
of tension was, howover, minimized by thu spirit
of compelition thet prevailed amongst the men
taking the verious tests. .

III. Q. On the basis of this submergence, would you

. feel that oy submarin:e commander would be
justified in tolerating the purcentage of _
oxygen to bucome less than 17, or the percentage
of earbon dioxide to risc higher than 37 It
so, for what lungth of time, or under what
circumstances?
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SELHE T
A, Not a3z a g- ndral’ﬂ MS 5'1&' §P 50 essential
that each member of the team do his job perfictly
o , that it would bo desirable to keep the air as
- purc as possiblc, Naturally there are so many '
differ.nt situations that could arise which
‘ would necessitate accepting groator than 3%
carbon dioxide and lesa than 179 oxygen that
i to cnunicrate thuem all and pass Judgoment on
) ‘ thonr would be foolhardy,

LV. Q. ‘That pcreentage of axygen and carbon ¢iexide do
- you fuil is consistent with cificient op.ra=-
ting conditions?

o A. The ship's opinion is 2.7% carbon disvdide and

L 168~19% oxygen, ¢ sent people stk l.adachus
to the forvard torpado roau for cure, It was
trore that gus control was o.dng (xereisad,

i . ) heace; 1asz carbon dioxide and sor. myoan.

: ' V. Q. “Toulq you fecl that, whethor or not obsorvatls

'{ i . deeraaent in overt action ayveares, the physieal
cfficiency of the crew deteriorated? If so, can

\ ‘ this Jdetiricration be overcoiww undur cmergency

! conditions, as when the mon are hizhly moti-

b vated?

A. Yuse 1.“1“ 1.ot1vntch by tav nucessity oi suving
. their lives can do roemarksbl: thin

‘J.
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OJSTRVATICNS ON FFICIENCY TMMEDIATELY FOLLONING RETURN
TO _NOIMAL AIR AFTER GUBLRRGINCE

1. A limited number of hours was available for
observing efficiency of rerfornance on the job opera-
tions following surfacing and opening of the main induc-
tion and the hatches,

2, A battle surface was staged to end tihe sub-
mergence, o definite effaects on efficiency were noticed
with the sudden r:turn to normal sir. No aymptoms of
aizziness or sickness were shown by any of the hands,

The Comranding Offjcer rororted that the battls surface
vas as good as aversge,

3. Observations on the simulated job orerations,
viile curtziled in exteni, showed clearly it the men
were in no way incaracilated by suddon return to nerial
air., -

L. Trege observations were Loo sietchy to indicate
anything nbout the course of rrogress back to norml.
OQur imrression is that efficiency is raridly restored
to normal, :
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crrrrcaL EVALUATION G AR EhfERRnr

. . -~ 1. We feel that the cxperiment would have been more
. 4 valuable if:
N IV a.) More time had been available for training the
: - men in the various jobs to be observed during sub-
- nergence, Continued learning during submergence

wa3 a decided hindrance in interpreting the rezults.

b) More time had been available for setting up
equipment in the submarine and rehearsing the
jobs before observation proper began, Uitforeseen
difficulty in oobtaining suitable testin: space
adversely affccted the reliability of our data,

-

2. It is ouwr opinion that the decrement which did show
up is, becausc of tlic unfavorable testing conditions,

all tne morw significant, in that it had to ovurcone

the errors introduced by these conditions. It is our.
strong impression that, given more time to rofine some
of the tusts and claboratc on otihcrs, we would Lave iound
that the decrument in officiency was both noru ierked
and morc¢ cxtensive than that dlscow.rod dquriii; this

subnriergence,
A
e 3. Theorcticelly, we cannot te sure that the decrerment
2
in efficicncy which ¢id arpear was Que to the oxygun lack
and cxcess carbon dioxide rather than to a nunber of
PO Y

other factors prusent, such as lack of cxurcise, borcedom,
unusualness c¢f the prolongsed submergence, and sc on,
Theorctically, the ontire submargence should be rereatcd
with tho one aifference that tiic 2ir be kopt normal
turoughout, ITf, in thuse clrcumstances, deercaent in
cfficicney did not appeuar, the presumption would be very
fgood that it was the oxygurn want and .xcess carhon dioxide
which were responsible for the presunt deerciicat. How-
cver, practiczl considerations of availability of sub-
marincs and porsonncl make this repeat suomergunce un-
feasible for the timc being, In addition, there is such
widespread agrecnent among all the men underpoing the
subincrgence, including officers, obsurvers, and crow, tnat
the Jffeets of the axyrwn want and cxeuss carbon dioxice
far- outwuished thosc duc to other causcs, that we would
not, oven if we could, fceul justificd in rocucsting such
a roreat, Othor problams scom to us more urgent of solu-
. tion than checking on tiis somewhat remote possibility.

gl
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RELATION OF THE FINDINGS oF MiNsCeAof® 468 hEQn oF TiR
COMFIDENTIAL REFORT OF BuMED RESEARCH PROJCT X-349, NMRL

23rd SEFTFLBER l9hl¢.

1. DBul.d Rescarch Froject X-349 presunts an uxe
haustiv. study of the cffects of carbon dloxide inereasc
and oxygun deoreasc. It is pruciscly becausc of 1tz
cxhaustivenoess that we were able to make our roport vury
specific; woe folt that the reader could turn to thu pre-
vious ruport for the large fund of excelloent data con-
taincd therd, and that, for the most gpart, there was no
point in owr ropcating any of tho studics described
therein, particularly the rclationships of atmospheric,
alveolar 2na physiological blood gas contunts,

2, Our cxreriment, however, does not agrec with
the general findings on ufiiciency of operating por-
sonnel during prolenged submergence., Qur rosults indicate
clunrly to us ihiot decruise in ¢fficicney doca roesult,
This discropancy iy rossibly <rise:

a) Because our procedurc morc nearly ap-
proximatcd patrol condiviong,

b) Bucause our tusts would eppear te siiwlate
sow vhat more closcly thic actual jobs on sub-
marines,

c) B.caus. in thoe eases where, in the pre-
vious rerort, statistically significant de-
cr.ment did occur, the dicranent was decmed
practically unimportant, ’

3, We belicve thet the provious roeport performed
a grest sorviee in showing us that ven 128 oxygen and
5% c~rbon dioxid. c¢an be reached, in an wacrgency, witiout
drastic inenpacit~tion. This finding was certainly also
truc in our oxpericnce with 17% oxygun mnd 3% carbon dio-
xide, But that is not to say that opuratmﬂ efficicney
was not impnired,

£
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1, Step-up Test

(a) Half the mon took the tcst in normal air bee
fore submerpence and then the test in 3% carbon dioxide;

"the other half took thie test in 3% carbon dioxjde first,

and the test in nommal air six cays after surlacirg,

This arrangemeat rrovides a checi on thie pos:ibilit:- that
decrement in efficiency durin. sulinergence was due to
fatigue carried over froan prior exercising in normal

air,

(b) The index of ;hysical fitacss duriny exyosure
to 3% carkon dioxide deteriorated for all 12 subjects.

Menn dror ~ 17,3 points,

Standsrd error of ti:e difference of th: two .ueans

4 = Bohhw

nLn o 5'(;3
"] » 0,0002

(c) The correlation betwean rhysicsl index and
resting rulse beat c¢iiher in normal air or in 3% corbon
dioxide is gzero,

(d) Yor furtner information aboul the step-un
test see:

i. The problem of measuring rhrysical {itness
for nard work., Report 7 to 032D, frcm the
Fatigue Laboratory, ilervard Unwersity, Can-
bridge, tess., 21 Mgy 194 <.

2. Rev, Canad, Bicl., Vol. 1, ilo, 5, June 1942,

3« Report from School of Aviation liedicina,
Randolph Fizld, Texas, v Fetor V. Kerpovich, M,D.

Le Marnmal of Instructions for 5tep-Up Test of
Ph;rsical Fitnesc, Harvarda Isti;uc Laboratory.
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2. Night Vision Test

(a) Deserirticn of test

The test of visual performance at low levels of
illuminations was designed to simulate the task of
- scarching a perisoopu field, The visual field proserted
Lo the sulject in tials test aprroxirnted in area,
brichtness, and sky-sea brightness contrast the aprear-
ance of the cea on a clear starlit nigiht (5.05 log uul),
wher viewed throush a periscope. A target arrcaiing on
the "horizon" duplicated in rctinal area an aircraft
carricr viewsd head-on at arproximately 13,000 yards,

This test was selected inasmuch as it was desired
to include a night visual performance which dependcd not
only on rutinal rhysiclory, but also on general psycho-
lorical and physiolorical factors. Extensive experience
with this tost in anothiir cxpoeriment indicated that it
met these rvcwdrements, ¥

: The apparatus consisted in a modification of the
NDRC Model III adaptoreter, The stimulus patch of this
instrument, from which th¢ rotating T had be.n removoed,
was viewed throush ore barrel of a 7 x 50 binocular,

Ti.c whoic optical pathlviay, and the frent cand of the adap-
tomctoer was housed in & black box. Spatial rolations were
suc:: that the 7 degree ficld of th: binecculzoy just in-
cluded o illuminated fizld of the adaptoncter,

Across the iace of the adsaptoncter iiuld, and bi-
secting it horizontally, moved a slide consisting oi 2
o0 log density ncutral gelatin 1ilicr cemented botuoen
two shects of clear glass, This slide rrovided the
tseat forepround to the subjeett's ficld of view, At~
toched Lo the upper odge of this slide wos the sanll
gelatin tab of Gunalty «J0 log units which served as
target,

Movement of the slide cnabled the target to ~prear
in sny of five positions, #far right", "far leftn, Wrightn,
neft", and “center",

W A T N NS e aud WS e WS W WD Gmy e A R cWB UV SED e wmm Mme el e e sap e A

# MRed Illuminntion of the Conning Tower", to Lo issued
Shortlyo




(9) Tusy stotisties Assy Fi B
The fellowing is the distribution of wt" and "ph
vi.luss for th. 31 subjects:

(1) Deerament:

t 71 5.4 F.90 5.3 3.7 2.5 3,2 2.5 3.1 1,3
P LGOOL ,CCCL L0001 .O0G1 ,0001 .006 ,CO007 LOL6 .00 097
t
P

7 1

. 2 1.1 0.7 l.2 4.1
<06 5

Gk 15 W15 L.097 L84 W15 136 L20% (115 L0001
(2) Improvemant

t - 05 »101 «10 «1C5 171 » 206 C.16 1.27
P 309 60 L460 450 «4:30 o213 olidy .11

Two subjiucts showed ro chonge,

All cianges significont veyond the 1% level
were deerawnts,
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"3, Watch on Bow and Stern Plancs

Averal’e increase in errors durin; sulwmergence = 16,0

Standard erior of mean = 8,66

€= L84y

For t = 1,85

and nt = 6 \
P = L0066

h. Rader Watch |
(1) - Forn = l:@ié7i &-
Mean increase in errors during submergence = 1,09
Standard Grror of mean = 1.04
t 1.0 |
P =7 | L

(2) Omitting subject "Bar! wheosc performance is suspect: ‘
.-

-

n =467 o ,
‘Wean increase = 1,723
Standafd error of pean = 0,94 Ny
1 = 21,8
p = 066
.
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5. Dry Bulb Temperature §°F2 and Fercent Relative Fumidity
Dml{nj; the Period o 7 Oxygen and 3% Cerbon Dioxide.
Compartment Mzan Standard

‘ Deviation

Forward Torpedo 72 2.6
Forward Battery ' 73 1.5
cocC : 73 2.6
Pump Room 73 3.0
After Battery 7 1.6
Forward Engine 72 3.8
After Engine . 15 242
After Torpedo Co . : 70 5e2
Forward Torpedo b 2,8
Forward Battery R % L3
coc ) ' 62 L,0
“Pump Room S 61 Bl
After Rattery 60 8.1
Farward Eagine , 6L 5.3
After Engire . - 58 501
- After Torpedo ‘ bl 9,2

These conditicas are cuoncidered canfort ible
compared to the respivation a.itress produced by 3% car-
bon dioxide, Higher temperatures snd nuwnidities, such
as those encountered in Faciiic watcers, vould no doubt
cause more narkec decrement in eificiswicy ti=n appeared
during this subuecrgence, ' v '
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U.5.5. SAILFISH (S3192), DRILL ALLE

CONTROL

CONYI

CONTROL

CorM

COTTROL

FID. MACHINERY

TUSES FORJ:ARD

AFT R BATTERY

MANTUVERING

S rm s mE e s e s

e aum m—p Sl R e e

e wm e atm e -

iTAl THE FHONES FOR A TALIiER DRILL.
All stations, Control testing,
Forwzrd Battery, Captain to Conn,

After Machinery, tell Mr, Friedsan
to core forward and take the dive,

*

Maneuverirg, are you making 50 turns?

Aftcr Maciinery, secure the evarorators

and take salinity reading,

Conn, recuest permission to szcure
port lube o0il purifier. :

Tubes Aft, is Chief Gray in Tubes
ALL? :

Conn, request permission to dump trash
and garbage,

DRILL CHARLEY

Messages

Tcll Forward Battcry that ;}ou want
them to clieek on the rosition of the
battery blower vamper

Finc out if After Machincry has nlaced
its bilzes on the drain line,

- PS en e e e M e e EE e e RS e S S S e G e

Tell Tubes Aft to scnd the Pharmacist's
¥atc back to After Battoery in a uurry.
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CONNING TOWER Ask JP to give you a turn count on a
o target. that he reported on bearing CO8.

DRILL CHARLEY
Nunerals
MANEUVERING Send this message to Control,
"Rearing C60, range 9000, speed 10,"

CONNING TOVER Pass the word to the Captain in
Battery Forward that ship has been sighted
bearing 269, looks like ereny cruiser.

W M whr R NN MEN (VR L WS Wy IR s ES GMD N AW D W e WD WA e A TR me ww vEB

F/D. MACKINEEY Send this message to After Battery,
' "Aircraft bearing 135, position angle 15."

G n A T e e MER B ARE G E ek W G WL SES cER SEE @ SME MDD Gar A AW S e e e

AFTZR BATTTRY 3ead tid.s message to Connins Tover,
"Target is on 055, sreed €5, lust be
blimp."

CONNING TOT"R Call Fourward Machinery and get the
amount of fuel ccnsumed from CLGO Lo




