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SUVR N D CONCLU3ONS

-1.The purpose of this invt~atifgation was to
dcterminew ihother Vic operating ufficicey of submrarine
porsonnoJ. deteriorated during submurgunce whe.n th~..
atmoaspheric oxyrgen was nvdntairwd at 17% and th ; carbon
dioxidu at 3% for extende~d periods.,

2. Obscrvation of submririno duties and dia-
aussioris with suixrarinc officurs he~p-d us coi-xtract aN. series of job operations which aimulatcd tho actual
aubmarine Jobs thuwlvmse~v.

3. The crtew of the 1.S.3. SAT.FISH! were Piade
familiar with the, job oprr-tions prior to th.- submcx'gence.
Oth boat., thbeg: thi prormdsthntob tpirain bore
Oth boat thbared this pro:rt-td thi obv~ oprtobfor

offiienc innoxiial air.

4. h%.airin thoe submarimu. rn~.chud 3% carbon
-dixid ater18hours submergnce. I~ gas waj held

at this lcvcl frafurthur 68 hours.

5. Aftizr the air had reachddK 17% oxygun nnd 3%
Carbon dioxide as many mon as possibly wer, rim through
on the job operations. Observations on the;se mutt wcec

* for thk: mo~st part, rupeated at four differ-ft stzases
durine subk.,rgcrice. Thu averqge of th,.sec fouir obscr-
vations rcrresentcd th,. luvU.] of efficiencey for thc

*conditions of subnurf-nce.

6. !Th,- diff.;re-nce in L1sof tLfficj.,rjcy obtained
-4 in noimal air and incronsu.d carbon dioxide conditions
I reresents the offoct of tht. conditions of sub~n,,rg,.ncC.

-~. The results of the observations show:

(a) Very d&finiteJly decrcased capacity for
ghysical worle for all h' rids..

b) Very dofini'Le d&cruaste in Afficincy of
night vision f or about on,; third of thez
ship,'s coirany.

-5-
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c) Indications of marked decrement in mental
efficiency for all hands.

(d) Very probable decrease in efficiency of
interior voice communications.

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

f) No indication of deterioration in straight-
forward listeni.ng rerformince for sonar

Ng) No reliable evidence either on efficiency
in watching the "Christmas Teeor mo
for numbers.

6. The following opinions were submitted by ob-
servers aboard for the entire submergence:

a) ComandinF Officer:* Definite decrease
in general efficiency of the boat's comple-
ment; would be unfavorably disrosed towards
p r.itting gas conditions to become any
worse than 17-3 as a general practice; men
tearporarily motivated by considerations of
life and death would probably be able to
overcome the drop in efficiency encountered
durine this submergence.

b) Medical Officers: General discomfort
owing to respiratory distress; guneral
lowering in physiological reservo; pro-
valant hoadachas, in some cases arproaching
incapacit ating severity.

) Psychologists: The decrement in efficiency

of performanc is, in general, probably

-------------------------------------------

* s. page 35
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greater and zmr coxtcnsivu than aproarod
dur'ing this submarevnce. Kore rf-finod tostu
in some cases, arid more olaborate tests in
others would1 if morQ I-ruparation 'tim.- had
be-in available, hav . constituted morJ
critical moasuros of ufficioncy. It was
car du~ring thQ subm,;rE~.nee that pro-

longed att,.ntiv, ness and connected thinking~
wure advL-rsdy: affectted ovun in routin%. and

nxF~tors othcir than th(. purcentaLus of o~cy-tvn
adcarbon dioxii,; wcrv undoubtedly influuncin,6 p'.rformrnncu

during th,~ sbmv.rgcncu; such factors Pr,. tumj,2ratiur,
humidity, lack of .;xercise and bor ,don. it is our flnE

A hoi;Kvur, that th,. struss caused by thesc factors is
ali~bt compared with that dirvctlyr at~ributatlo to th.-
oxygon want and c-xc.-.sa carbon dioxide.

10. To sumrarizu., it is indicated by this cxp.ri-
muent, that no rolaxation in the prcsont N- vy st.7ndards
of 17%~ oxygen -Lnd 3% carbon dioxide; should 6., p,.rmittcd,

Iand, further, th-t Subinrint.; Comm.ndI;rs be, inforni.C of
the insidious ceffects of .evn tht,3'. p,,rc.:ntage;s ovLr pro-
longed periods of time. Care-ful obstirvations of cairbon
dioxidu purcontag..s should bu ndo, -nd, as it approachos

* .3%, inunediatoe reparations bte made for its absorption
And the, relcasc of oxygen '. It must bu reinrnibared that,
particularly under somv con-bat conditions, any det'ren-nt
in efficiency, hov~ver slight, may be disastrous.

4
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. During submergence of a submarine, the atmos-
yheric oxygen gr-idually decrer:ses from about 211, &nd
the carbon dioxide irncreas-.j frow almost 0%.

2. Navy procedures stipulate that t',e air in
submarines, durinl" subcrge;.ce, shall provide for a con-
centration of o.ygen of not less than 171, and of carbon
dioxide of not more than 3Z. Experienco has indicated
that these are the Ul-n.ts of safe oreration, 1,rticularly
for prolonged submergence; less favorable percimtaus are
thouht to produce serious decrement in the elliciqicy of
isubmaric rn ersormel.

3. Informal report, of sz.e cowrvndinti officers of
submariries returned from I'.troi have often indicated that
even the 17% oxygan and 3% c'oon' dioxide livits d., not
alfow their mrn to carry oxt their jobs with the efficiency
they consider optimal ior battle conditions.

4. The p-e 3ent investigation was unct.rtaken to
provide opportunity for uytontic observation of the ef-
ficiency of submarine persomnel exposed for lon. periods
to 17% oxygen and 3% carbon dioxide under opfratin- con-
ditions.

5. It seetned to u that those observations would
be most useful if:

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

b) They w.r r made under conditions wdch
simulated as closely as possible those en-
countered during patrols,

6. Thu nature of tho tests used wac determined
by:

a) Discussion witt; aubmarine coxnandors of
the sqpecific submarine jobs which scomed par-
ticularly to be affected auring lengthy sub-
mergence,

IIIIII I I I I I I I I I I
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..b) Knowledge of how other relevant tests of
psychological and rhysical efficiency had
tumned out in rrevious experiments on de-
ficient oxygren end excess carbon digxide.

7. Both these sources of information led us to
". oncludA, that,

2 :a) For submarine jobs of a simrle character,
serious drop in elficiency would result only

".if the Job called for lengthy and sustained
attentiveness, required, for example, in radar
watches.

h) As the job becamae more complicated, the drop
in efficiency would t4.nd to show ur even in
short-term tasks, as, for exa-rle, in reading
and memorizing dial settings, and performing

acoputatioris on the inforntion.

c) The job3 worth observing were:

4 1•". Efficiency for physical work.,
2. Night Vision.
3. Ability to think clearly.
4. Interior Voice Cc-.uaunica~lons.
5. Watch on Bow and St'rn Flanes.
6. Radar Watoh.
7. Sonar Listenirr
-8 Ability to notice chan as in the

colored lights of tL.e "Xmas Tree"1
out of the corner of thte eye, when
attention iv directed, prii. rily on
some other job.
M9. emory for nmbers.

d) The submarine men would not willingly do
their best w-iless any tests they took were
enough like their normal jobs so tbt .fther
could see some sense to it", and could feel
that. the results would really bc of service
to them in their future duties,

e) The observations be made on submarine mon
with patrol experince, rather than on trainees.

-9-
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8. It was decided, therefore, that the observations
be made as folirws:

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

b) The SAILFILE be submnrged until the at-
mospheric oxygen decreased to 17% and the
carbon dioxide increased to 3%, ana that
these conditions be maintained for a further
4S hours;

c) During the 48 hours, the sabmarine pursue
a course of action previously mapped out by
the Commanding Officer as being as close as
possible to conditions which mLoht prevail
on patrol;

d) Observations be nmade on the ,aen before
subrergence to establish their "normal"
level of efficiency and that this level be
compared witkh that established during the 48
hours of stbmergence.

e) Frior to submergence the men sheula be
weli praoticed 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 their iasks;

f) Since the ideal situation of observing
men at their Jobs on actual operations is not
practicable, the man be observed irstead
while using equipnment built to simulate
that on the submarine.

-1.0-
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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 adeuatelt the Job's involed; so it'was exqected"
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 decreast. in level of performance.
For some jobs, the training consisted murej.y in explainng
the nature of the job, with only tokn practical experience.

2. Every possible effort was made throu.hout every
procedure to simulate patrol conditions. The usual cooked
meals wure served, smoking was permitted (during the latter
portion of the experiment combustion was so poor that most
smokers ceased), and other routine procedures weru en-
couraged.

3. The schedule of operations was as follows:

24 May - 0900: Undern;ay from Pier #13.

1400: Anchored in Gardiner's Bay. Equipmunt
for 'ob observation set up.

1600: Observations madu on mun performing
various simulated jobs. Conning tower
hatch open. Air normal. Information
collected during this period scrvus to
indicatv efficiency in norill air.

2400: Observations complt, 11on asleep.

25 May - 0600: Buttoned ur thv boat, submerged and
trimmed down; underway with ducks awash;
normal cruisinp watch stationed.

0800: Exercised thv crew at guneral quarters.

1000: Evasive status. Comanced silent running.I , Crew standing two hour watchc3. Bow and
stcrn planes in hand; hand stecring.

Simulated depth chargc attack by Sub-
Chaser with hand grenades.

-11-
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1600: Secured from silent running. Normal
cruising watch stationed. Crew standing
four hour watches.

2400: The carbon dioxide was now up to 3%.
Boat trimmed down until lying on the
bottom. Bridge superstructure above
water. Four hour watches set to simulate
normal cruising, but no way on. During
each watch men were required to carry
out their jobs on the equipment installed
for simulated job rerformance. Obser-
vations were made continuously for twenty
four hours. Thus each man was observed
on two watches. The observers worked in
rclays.

27 May - 0000: Return to normal cruising status. Under-
way; all equipment in operation.

0200: Conducted general drills -- fire, chlorine.

0400: Evasive status. Rig for silent r, ining.
Rig for depth charge. Attacked by Sub-
Chaser with hand grenades.

0600: Boat trimed down; lying on the bottom.
Normal four hour cruising watch simulated,
but no way on. Observations on simu-
lated job performance made continuously
for eihteen hours. Observers worked n"
relays.

2400: Normal cruising watch stationed. Under-
way. Drills.

2 May - 0200: Bo't surfaced. Crew exercised at bat-
tle stations surface. This concluded
a continuous period of sixty-ei~it hours
during which the boat was buttoned-up.

Crew now standing two hour watches.
Observations on job efficiency relating
to return to normal air.

0800: Underway from Gardiner's Bay.

1100: AMoored at Pier #13.

-12-
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3. The observations on efficiency thus fell into

three categoriess,

a) Normal air prior to submergence; eight hours.

b) Luring submergence when the oxygen was kept
at 17% and the carbon dioxide at 3%; sixty-
eight hours.

c) Normal air after surfacing; six hours.

4. We believe, 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 as amount of prtvious
sloop, time after last meal, nature of -.&tch dutics just
beforo the observations, and temrorary fluctuations in
the oxygen aid carbon dioxide concentrations.

5. The equipment for the simulated job performance
was set up in whatever space was available in ti% sub-
marine. Since the forward torpedo room was oiven over
to the apparatus for controllig the gas p.3rczxtagcs, the
job equipment was rirCed up as best pos3ible in the more
cramred spaces, such as tho pump room, fore and aft ungine
rooms, and radio shack. Job performance was, therefore,
carried out under difficult and uncomfortable conditions.
This type of disadvantage will gcerally mak,. job per-
formance mom- erratic. Any systematic d-clin in ef-
ficiency which shows itself in period 3b, as compared
ith'3a, is thurefore, all th: more significant.

6. The personnvl aboard the submarine at any one

time was coMI'isod of:

a) Fiv officers,

.b) Sixt,-nize enlistod akn,

c) Sixteen observwrs.

The observers werc givn rust periods at luast
once every two hours. After twelve hours of obsurving,
the observers woru -xchanged -.'th a fresh set of obsurvurs
from tho Sub-Chasc;r in attendance. Th; exchange was af-
f*cted via the conning tower; it did not affuct the pr,-
vailing oxygen and carbon dioxidu concntrations.

-13-
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7. Focr obsorvcrs, two medical doctors and tw
psychologists, rc.mainod aboard the full sixty-Uight hours.
It was filt that thuy could huIp inturpret thQ r,.sults of
tho obscrvations moru mwaningfully if they underwent thtu
samc experionce as the mun rerforming the jobs.

- -
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MSCRIPTION AND RsULS OF OBSERVATIOS

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 eubmarine 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.

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

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

e) The arduous conditions under which the
jobs were carried out will likewise cut don
the amount of decr.-,ent in efficiency (luring
submergence; this is because the performance
will tend to become more erratic and make it
harder to show up systertatic trends.

f) The conditions under which the observations
are to be made should arrroach regular patrol
as much as rossible. Thu men should stand
normal watches, pvrform normal duties, undergo
the strain of silent running and th-j stress of
dcpth clarges. The maintenance of these con-
ditions would, in addition, sustain the interest

and motivation of thu crew.

Every effort was made to take into account the fac:tors
above, either in setting up thu simulated job situation, or in
evaluating the results of job r[rformance.

-15-



I. Observations on Yhysical Efficiency

a) Introduction:

Expressed very siL.ply, human muscle performs work
by, in addition to other reouirements, consuminc oxygen
carried to it from the atmosrhere by the blood stream,
and producing carbon dioxide, which is, in turn, re-
turned to the atnmsphere by the blood stream. If the
blood oxygen is less than normal, there is danger that the
muscle will not operate at maximal efficienc. How-
ever, if, at the srne time, the atmospheric carbon dio-
xide is greater than normal, various complex compensatory
mechanisms will automatically come Into ylay, in thd at-
tempt to maintain the blood oxygen at a level adequate
for the needs of the muscle.

It is obvious that when muscles ar&"-i6rKe1 toex-
haustion, these compensatory mechanisms have become in-
adequate. Therefore, it seemed sensible to us to test
physical efficiency by working the men to a point ap-
proaching exhaustion; for lesser tasks, decrement in
efficiency might be obscured by the action of the com-
rensat ory mechanisms.

The test chosen to measure physical efliciency
was a "step-up" 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, brin;s up
the left, straightens both, steps down with the right,
then down with the left; the total task being accomplished
in two seconds. Our preference for this test was based
mainly on the follcwing considerations:

1. No skill is recuired.

2. The muscular work is proportional to the

* See appendix, page 40

-16-
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man's weight.

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

b) Procedure:

Since the test demands that the man oxcrcise to
the point of exhaustion, it was decided to call ior vol-
unteers, rather than endanger morale by makin6 the test
compulsory. Thirteen men volunteered. The spirit of
competition and excusa! from the r,st of th,. tests, were
the incentivts used. The man all exurcisod to uxhaustic0.;
this state was reached in five minutes or less.

Immediately ait-Tr exhaustion, thu a.n is seated,
rCsting, and his pulse rate is countuu durint tL- .uriod
one minute to one and a half minutes after exorcise.
The efficiency index is a function of thQ ratio:
d!Xation of qxorciso (in seconds).

The test waj carried out both in normal air and
midway throuF.h th- submrgence. Thu difference between
the two sets of rusults rupresents the decrement in
physical officiency. The worse tb physical state of a
man, the more rapid will bt_ his pulsu rate after strenuous
exerci .

c) Results:

The statistics of the test are givwn on page 40
of the Aprmndix. They serve to sho.i that there iias a very
definite decrment in physi cal efficitncy during thu
submergence. Fig. 1 illustrates this loss 1 .lctorially.
In bevry singlc onc of the thlrt n cas;s thur was a con-
siderable drop in cffici.ncy. The average drop was
17 points; to 1valuate tho significancu of this drop,
it might bc mentioned that drops of this siz, occur
typically:

1. Aftcr a resyiratory illnuss of two or
more days.

2. In a working &n after two days on a
diet which is dvficiont by on, thousand
calories a day.

-17-
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3. In a trained athlete aftertvao to three
weeks break in training.

2. Observations on Efficiency of Night Lookout

a) Introduction:

To observe night vision, we were able to use a
teat previously develored at this activity. This test
set up a Job of visual performance at low levels of
illumination, which simulated the task of searching a
periscope field. The visual field Tresented to tht man
tested approximated in area, brightness, and sky-sea
brightness contrast the appearance ol' th e sea on a
clear starlit night (5.05 log uul), when viewed through a
periscope. A target aprrearin, on the '?horizon" duplicated
in retinal area an aircraft carrier viewed head-on at
approximately 13,000 yards.*

b) Procedure:

Thirty-one men who had received a minimum amount
of yrior training, took the test. The men were dark-adapted
at least 30 minutes in red ooggles in other compaitments
prior to taking the test, and received their final adap-
tation period in the testing comrartment. Three men were
run, one at a time, tnabing successive turns at the "peri-
scope". For each trial, the man positioned his head to
the eyepiece, located the horizon, and Uien atteimr-ted
to identify the target in one ol five positions across
the periscope field. When an incorrect r,.dport was mcrde,
the man continued tc scan until a correct rerort was
given. Each trial was scored in terms of the tim-e taken
(log seconds) to idfntify the Tosition of the tarct
correctly, after the horizon had been locatcl. After
20 trials the man was rested; after 60 tria1. tl,; sussion
was ended, Mon took part of one scssion in nornel air
before submergence, either thre. or four sessions ckuring
submergence, and part of one session in normal air after
surfacing. The curtailmeat of the sessions in noi.al
air was duo to pressure of time. Thu two curtailed

--------------------------------------------

* See Appendix page 41
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sessions were combinud to give a more reliable efficiency

lev in normal air.

c) Result3:

1. Two measures of efficiency were obtained:

a) Average time to report target correctly
(log seconds); time was measured after lo-
cation of the horizon. These timaes averaged
3-5 seconda.

b) Variability of these times.

2. Thn test statistics are presented on pat.:e
of the Arpendix.

3. Of 31 men observed:

a) Noni! showed improvement during ubmerence.

b) Ton showed definite decrement.

c) Twenty-one did not shocw aay chanL'e,

4. Thn decrrm,,nt for the ten m.n raned from an
increase of 2C% to an -ncrease of 66% in the time taken
to report the target position correctly.

5. These r, aults indicate th-a tiL n_. ht vision
of about one third of a subrmarine crew mould be adx.ersely
affected by sJ mil ar conditions &-rin. su 1,,e -rence.

3. Observaticns on Efficiency of Complux M.rtd,1 Function

a) Introduction:

It seemped ro.sonable to us to suf:,oso that the
cumulative discor.fort and stress which Vho b,4d" umder-
goes when subjected to 3% carbon dioxide for Long periods,
would inevitably have an .ffect on a man's tarntal fii-
ciency. Among the maore important of the m.ental activities
aboard a submarine are:

1. Reading dial settings on various rwtars,
correct to the smallest unit on the meter.
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S1 Memorizing these readings, and relaying
thera to other parts of the boat,

3. Observing changes in the readings,, and
- determining the size and direction of the

change.

* 4. Performing computations on the basis of
the infomation above.

" •Because of the imrortance of errors made in any
one of these four mental operations during critical
battle situations, we erneavored to set up a, simulated
Job situation which would enable us to ,masure possible
'decrease of efficiency during the submergence. This
job wap called "Meter Reading and Pomputirg Test".

P*) rocedure:

U three dials fo nd tyrica Uy cn suhm nrines were
.used in the test - Depth Guage, DC Voltmeter, and Air
Injector Pressure. The three dials are presented s iaul-
taneously . In each case the man is reruired to read the
d ,ial correctly to the smallest vnit on the dial. All dial
settings were photographed on microfilm and projected on
a screen. The Derth Dial was always on the left, the
Pressure on the right, and the Voltmeter in the center.
The men vire grouped around the screen in groups of ten;
the dial settings were clearly visible to all men.

A typical item of the test waa as follows:

1. The first frame would apT'ear on the screen.
The readings might )e:

68 140 200
Ten seconds are allowed for the men to read

. and nemorize these.pettings. The frame ;z
then r~zinved.

2. The second frame then aprpears. The
readings might be,

72 110 1m
As soon as this frame appars the nman is
required to compare aralagoun settings -f
thd two frames. For the, dik.. on the left,

* ' 1 i .. -W' ' "i
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the second frame became larger, so the ans-
wer written down would be plus four; for the
center dial, the second frame became smaller,
so the arnwer would be minus thirty; for the
dial on thL right, thu answer would bo minus
one hundred. Fiftcin s,4conds are allowed
for performing the computations and writing
down the answers. The framu is then removed,
Item nulbur one is th.,n completv.

Each test was composod of fifty such items, making
a total of onA; hundred and fifty answers to be written
down. OnL; point is givwn for ach correct answur. An
answer was scored correct only if both the size and
directicn of thu chage wore corroct. Six equivalent
forms of th, tvst werc rrzq3rcd. The mun wvere given two
forms of tb test for practice prior to th observational
puriod; this was to prevwort learning during submergence
counteractin & any decrement in mental efiici.mcy. During
the observational period thu men took onQ form of the test
in normal air; this score was taken as rupresntativQ of
thQ cfficlcney in normal air; and four forms at various
staecs of subncreence; ithsc scores wer. to bc comparud
with tho~c in normal air for decr"ment. On thQ averace,
about tbirt.y m.n took the tests.

c) Rosults:

1. The four tests during submurgancQ shamed s;T.ll
but consistent improvement over the test in normal air.
-teugh. this zas not -of -e c-egrecrawistnt with greti*r
.ractice, This is shown by Curve I in Figure 2; the scoru

obtained in normal air is takei as zero, so that the other
foints on thu curve show the relativw improvement,

2. This finding of an improvwmurat was vw;ry sur-
prising to us, for two reasons:

a) Th:rv dos not see to be any reason why
the discomfort of uxcoss carbon dioxide should
improve mntal ufficiuncy; on the other hand,
the rne.ntal job was complicated, fatiguing,
and long enough (involving continuous thinking
under pressuru for half an hour for each test)
so that ;u would certainly havo cxpected decr-
ment Laumer the conditions of th. submergence.
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b) Apart from the tusts, it was ,imrally
observed during subr'-r,,-4nco that lormal"
think:intf tnd,:d to becomo conlusod at tilus.

3. It could only seem to us th-,t thu two practice
runs on the test were insufficient, and that the men con-
tinued to learn mort efficient ways of perforingn' the
jnental job all throuji the jubnrgenct. This improvement
could have been great enough to overcotoe any decreerit
which might b. occurring.

4. To check tis hypothesis, we took a similar
group of tcirty rEn on the ase, and gavi theoi the same
tests in the same order, but. all in noruial air. If ticse
men iowed greater improvemenat than the men did during
the &iubmergence, then the difierence in amount of ,ii,-
Trovemnt mi:-ht reasol-ably be attributed to U.e decrease
in mental efficiency brctuht on by the conditions cf the
s ubm rgence.

5. For rracticel reasons tLe group on the i se
could only take fivc Iorns of the test, one esch on suc-
cessive days. Forms one ayl two, as with the ubiarine
Grour, were; considered as p'ractice. The scoie on Form
three was taken to correspond to the norrrl air score for
the Submarine Grour, and is plotted a3 zero on Curve II
in Figure 2. This score is very close to ti-i s'core ob-
tained by the Sub.irine Group. The' scores or- the last
two for xs ,ao- bo consicterd com-arable to t;u firit ,o
tests takkxi durin- -umierrvace. These tvo points cot-
pletc Curve iI.

6. It seu.s clar from Curves I nd II in Fi,;ur
2, that:

a) The mental job was difli cult unou h so that
l-arning goes on for a1 six successive forms
of the test.

b) 1!oru learftin , takes rlace under nornl
air than under tL-: conditions of submerLence.

c) The difference between thJ t'o rates of
lcarning, shown as Curvt. III in Figure 2
might -,itll be th; d.cr,.mcnt in nx-ntil ef-
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ficiency during submergence. In other words,
the conditions of aubmargence slowed up men-
tal acuteness and tended to prevent the men
from learning more efficient ways of per-
forming the mental job.

7. We do not feel as confidtt of this concluoion
as we would have, if the submarinw man could have bon
much better practioed before submergence and had them-
selves shown a decreased efficiency during subterpence
unhampered by lcarnin$ offects. However, we do feel that
the additional results of the Base grour supports tht;
fueling we had during tht. submrge nce that mental ef-
ficiency is visibly impaired. Page 33 below citus
further supporting observational evidknce on 1-ss ef-

* flcient mental function which was noted daring submur-
gence.

S 4. Observations on Fflciuncz of Interior Voice Cam-

a) Introduction:

Most of the observations during tho submergunce
were on single men carrying out relatively specific opera-
tions such as radar watch or watch on the bow and sturn
plans. There are also oth#,r typos of arctivity which
arc more general and involvu participation by almost thu
entirw boat's company, in which co-ordination and co-
operation arc as important as thv Qfficirncy Qf sing]e
men. Such activitius as drill at g,-n2al quartors are
of this t u.

Because of th.e importance of thvso overall fun-
ctions of boat cfficiency wt; attmptLd two such measures:

1. Staging drills at general quarters;
this proved impractical because of lack of
time prior to submergence in whiich to es-
tablish a norm of performance and efficiency
in normal air.

2. Staging communication drills; these drills
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.
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Tm talker drills, Drill' Able and Charley, were
given. Section II took Drill Able in nori1il air, midway
through the submrgence, 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 t 'o-thirds of the way through submergence.

Drill Able closely simulated the drills given to
the crew in the classroom prior to submergence. It con-
sisted of a series of orders and messages presented to the
talkers in mimeographed form immdiately before each per-
formance of the drill. The talker at the setding station
designated on the sheet, read off the message as written.
The talker at the stetion called was responsible for fol-
lowing standard voice communication procedure by givil g
acknowledgrent, report of execution, etc., as called
for by the boat's doctrine.

Drill Charley was designed to simulate closely
actual shipboard voice conmunications. In this drill,
the talker sending the mssage was presented viith a
typewritten order couched in very g~.neral terms. Th.
order required that the talker fornulate a brief stan-
dard message from the information presnt.d, and transmit
tho message to a designated comrartmont. Thu talker at
thu station called was again rusronsible for thc use of
standard rro 3durrcs in .dving his acknotvledgmcits aid
formulating. necessary r;ports of excution, 'out did not
have a copy oi the mssage he was recuivinr. This drill
providd more realism and gruater dif iculty than Drill
Able iere both the originator and recerivr of the mes-
sage had th .xact writtzn *mssagu before thum. Formu-
lation was required for 21 messages of routinu nature,
and 12 messages containing difticult numeral series.

Samples of both drills are reproduced on Tp. 4-45"#(
of the Appendix. All thu drills wure recorded in their
entirety on a "Commando" Model A Recordograph, Amertype
Rvcordgraph Corporation. Each drill was observed and
graded by qualified instructors from the Communication
School, both at thu timu the drills wer. &ivwn and later
from the recordings.
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The frequency of errors was tabulated under two

Seneral headings:

1. Irrors Affecting Intelligibili!

a. Repeats Required.

b. Corrections Made.

c. Garbled Messages.

- d. Inaudible Messages.

e. Critically Poor 'iunciation.

2. Errors of _rocedure

Sa. Failure to Acknowledge.

b. Failure to Report Lxecution.

c. Failure to Correct Zrror.

d. Failure to Use 'qait".

e. Incorrect Use of , ait".

f. Non-standard Fronunciation of Ciphers.

g. Unnecessary Acknowledgment.

h. Fnuse after Station Call.

i. Failure to Respond Promptly.

c) Results:

Compared with normal air, comunications during
submergence shcwed the following observable changes:

1. Slowness of speech.

2. Labored breathing.

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, cwing to shortness of breath.

The tabulation of errors is shown in Figure 3, in
which there appears a consistent decrease in efficiency of
communications for all three drills. The only indication
of the reliability of this decrement is the fact 

that

it occurred in all drills staged. Practical consideratiorn
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 ef-
ficiency of communications during submargence, since that
always came after the drill in normal air. Hence the de-
crement in effi-ciency of communications may be greater
than that indicated by tho results.

These errors are ayTroximately equally distributed
between intelligibility and procedure.

5. Observations on the Efficiency of Watch on tht Planes

a) Introduction:

Often a ducrease in efficiency of submarine per-
sonnel is temporarily obscured by short bursts of energy
during some particular operation. in Watch on the Bow and
Stern Flanes and in Radar Watch, the monotony and strain
of continuous attention, and thu !cngth of the watch
make it 1-ss likuly that any such decras, In Qfficiency
will W, obscured.

b) Procedure:

Portable apparatus was set up to simulate the job
of watch on thu bow or stern planes. Th man on -ratch 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 movements of a rotating
wheel, invisible to the man on watch. The man on watch
restored the zero bubble by turning a hand crank. The
movemert of the bubble was not restricted to any pattern
that the man could learn to anticipste. The movement
was slow and gradal, 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 bubbe was recorded on a
continuously mrnvinE tape. The tape was divided into *
68 intervals of twenty seconds each; the number of errors
made by a man on watch was the nurber of intervals in which
tie bubble deviate' noticeably from zero. An error was
a deviation %ich was large enoufh to indicat.; an obvious
lapse in attention.

c) Results:

Practical difliculties of apparatus break-dovn and
ulavailability of man at appropriate mom3nts, ltiiitcd the
number of mon adecuately tested to six. Each man stood
watch once in normal air arnd twicQ durinr submerjonceo
The average of the two watches during suhbmergence was
taken as the score for submrgenc, .

The test statistics are shown on paga 43 of the
Appendix.

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

On the ave!ragte, the watch on the Planes had six-
teen more errors per man during subnerrence than in
normal air.

The number of man tested is too small to pormit
any very general conclusios. All that can be said is
that the results indicate a strong likelihood that watch
on the planes was adversely affected by the conditions
of thz submergence.

6. Observations on Efficiencr of Radar Watch

a) Introduction:

Like watch on the planes, radar watch involves
continuous attention to a lengthy, monotonous job. The
job itself may bv easy, but inefficiency is apt to result
from tho wavuring of attention.

b) Frocedure:

The man on watch was seated four fet from the
screen of an oscillQscope, and was required to identify
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a "pip" as being in one of five position, 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-
cauae 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. Durinp that
time sixty pips were artificially injected at irregular
intervals and in randomized position on the screen. The
man'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 information for a comparison of efficiency
between watch in normal air and during subiaergence. 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 submerrence.

c) Results-

1. The test statistics are reported on page #
of the Appendix.

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

3. - The number of men observed is siall, and the
de(crease in efficiency is slight but consistent; general
conclusions should therefore be made with caution, About
all that can be said here is that the results do tend
towards the conclusions that efficiency on radar watch
suffered during the submergence.

4.. If the job had btxn made somewhat more dif-
ficult by shortcning tho hight and duration of the pips,
the decrease in ufficiency would probably havQ been marked.

---------------- ---------------

Note: The apparatus for part of this test was provided by
Lieut. Dean Farnoworth of this activity.
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During submergence, men often wavered in attention, and
caught the pip out of the corner of the eye just before it
left the screen. With shorter pips there.would not have
been time for attention to be focused back on the screein,
and the number of errors would have been substantially
greater. It was also noted that subjects on -this test,
during submergence, were irritable and found it necessary
to "work harder" at the job than they did in norrial air.

7. Observations on Sonar EfficiencX

a) Introduction:

Frevious work had indicated clearly that hearing
is much less impaired by deficient oxygen or excess car-
bon dioxide than vision. This finding refers to hearing
acuity, rat.er than to the more complex lob of operation
of soaar -ear; tiis complexity lies in such factors as the
co-ordination of different activities of the two hands,
dividing attention between auditory signals, visual signals,
and manual tasks, and resisting fatifue'and monotony on
lengthy watches. For this particular submergence, vie
were not able to devise means of observing men on simulated
sonar watch. Instead, we observed only tau effect of the
submergence on hearing acuity as such. For this rur-
pose we used two tests used to select Sound Men. Pitch
Memory* and Loudness Discrindnation for Bands of Noise.**
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) Procedures:

Both tests were given over loudspeakers to groups
of ten men. About forty men took the tests. T.ie tests
were given once in normal air and four timus durit,&
various stagus of submergence. Both tests were playcd
from phonograph discs. The ritch test has 100 items of
varying difficulty; in each item th e man has to decide
whether the simulated "return echo" of a "ping" has gone
up or down in pitch. The loudness tust has .10 items of

* BuPers Sonar Fitch Ifemory Test.
** Psycho-Acoustic Laboratory, Harvard University,

Cambridge, Mass.
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varying difficUty; 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 louder or softer
than the first.

c) Results:

1. There is no indication of any change in these
types of hearing acuity during su'bmergence,

2. These results do not say anything about the
efficiency of men on regular sonar watch during submer-
Z7ence; factors such as fatigue, inattention due to mono-
tony, manual dexterity and co-ordination in handling
sonar equipment could not be observed.

8. Observations on Efficienc in Watching the "Christmas
Tree" '

a) Introduction:

len who are busy on other jobs, in addition, often
have to watch the "Christmas Tree" out of the corner of
their eyes. It has been suspected .that under some con-
ditions, such as fatigue or lack of oxygen, the ability
to notice color changes out of the corner of the eye is
decreased. Failure to notice a color 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 screen. 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 top row wc r, all
green, and in the bottom red. The four outside li3hts
were illuminated throughout the test; the middle greorn and
middle red lights could be turnd on jeparately. Nor-
mally the middle green and middlu rd li4 hts ar turncAd
off.

A dual exposure system was arrariged, vih ;reby, si-

multaneously, a letter flashfud on the screen and one of
three things haprenud to tho bark of lights:
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1. The middle red light wont on and the

middle green stayed off.

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

3. Neither middle light wunt on.

The man bting tested was required, fbr each ex-
posure, to nram~e the letter in front of him, and indicate
what iiad happened to the middle column of lights by
saying tired", rigreen", or "neither". The exposures were
controlled by a Telechron motor and were short enough so
that the man wau forced to use the center of his vision
to identify the letter an the 1side of hIs vision to
observe the color changes; the exposure time did not
permit the man to shift his center vision to the colored
lights.

The fixation letter was ahout twenty inches from
the eye; the bank of lights formed angles ,) 60, 75,
90 and 105 de~rees with the line of sight. The lights
were in the horizontal meridian. In each testing
session, four series of successive discriminations were
given, going from tiie 60 degree position to the 105. Ex-
posures were presented at five second intervals. The
score was taken as the number of errors in naming
colors durirg the 40 trials of each sussion.

It should be mentioned that the test was given
uader very unfavorable conditions. The only space
available was in the pump room; both the man taking the
test and the man iving it, were perched precariously
on machinery adjuncts. Incautious movemit was detrimental
to life and limb.

c) Results:

1. The unfavorable conditions under which the ob-
servations were made produced 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. Afairtestof indirect color vision wrould

requie bet e paratus and testing conditior3 than wore
avala~ daingthis particular subnwrCgence,

9,Observations on Ef ficiency -of Ifemory f or M~ubers

A etof rmmory for numbers t Tical Of t-irjet
bearings wfas tried, and later rejected because of un-
controllable errors which crept into the adjLninistraLion
and observinC of th-e test. These errors ade tho: r--
aults meaninilesz.

10. Medical Observations on General FEfficienc:-

Two of the observers were Submarine Medical Off'icers,
and itere aboard for the entire submergence. They rrade
the follaxing observations relatinEt to9 general efl.iciency
duringj submergonce:

1. Respiration, Tule anti bl~ood rr, ssure:

Ferhaps tuje mo~st noticeable Ifiect was
breathing difficulty,,. Reulirat~.on was - u~te
laborpd dureng sozimrgence aitcr carbon di.-xide
reached its greatcost cozicentr~tion. All h-anc~s
quickly learned to limit aay r rticular c-)n-
versation to no Tore thzin a c~xplo of si-ort

sentwices, so as to avoid thu lii sl-ort-
ness of' breath. Likuwis C, jiuun soon r 3lizecd We-it
durire submnorperice asctont ofi 1adders ito the
r'ur room or cconnin- tovr(.r at a rat,3 coi,.frt'lQ
in normal air productd both sh.ortness c! breath
and dizr~iness for several mdnutes afterwardcs.
M-easuruax.ntsi mae b- th.. medical c fi.;rs on
11, inen irdicat-Le tat ti.( b&a7al r23spi &tory
rate pe-r minutte ivnt up on thu am.-;ra~c 1rom
16.1 to 20.5. Readings of ibazzal yulsu rate
(counted for thirty stucondi) aviraged 61.4
per minute bofore and 63.0 p_ r iinut, duriiig aub-
murg cme. Blood pressur. cliarige was from1
103.1/67.3 to 95.3/63.3 on tht. sarit £ourtccn
men at thr- sarnu time. (Diastolic blood rrossurt;
was takon -A thv poiht of disarp,;arance of

sound.)
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It was fclt thYV Mhhltbl41 OPficiency
was decreased; especially where any kirid of exertion
;,ra~s involved-. For extimplo, one man, who had to
help open a torpedo tubte diring a carill, found
himself exhausted, had to lie down in Uis bunk,
and wias incapacitated for abuut 15 minutes.

2. Headache:

Tha opinion of the observeru, corroborated
by tie CoirtandlinS officer of the subparine, was
ti,.at salmost everyon.' aboard suffered from head-
, -che at cnine point during submLorJence. Fourtteen
men and six officers had Leadaches so severe that
tihcy rer'uested treatiucnt from the *11.edical Officers
or thc rhariacist's 1,ates. Thesc headaches were
unusual in ti'vat they were chiefly5 occipital. Also,
one officer, arn ex-enlisted -ranf with considerable
exporience aboard sub~rvirines, vocamc nauso.-ted and
vornitc-d st'vx-,ral timu~ tavarcts thku ond of tI.Q sub-
mw gaerce. T:ire was no explanation for this, x
cep't the incroase in c--a-b.--a dioxide anc! cl' crc aso in

3. Clarity of7 1.1ritaJ. Activity:

The coniditions of tht. submurguice excrt 3d
an in~idious but notic;.ablQ effect i&n ti--- thinking
Iprocoss. It was gcurxally obsc-.v.cd thv.at. eurin"

t:.ubracrx..neu, and E~ort cialiy l..-ard5 th. leatt-cr
part oa. th1. subnxrnc -, Onk.1' thou:J.Ls had a ut
dency to v~andvcr, and it 4oomti--uas b. camu. raU~ur
di-fficult to carryi throughi a train of tloa~ht to
its log.cal conclhion. A feuw incidunts will
illustrate this point:

a. Thu Skipjrer -.ring final surfacing,
was using a sto, atch to time thu iattlxe
Darfacre; he, comyplaint-d that the. figur~s on
tho. watcii a-rpeared to be rotating aroiind
the) Lace,

b. Thu Chie.f of the !goat,, during the final
surf aci-ig, found himsclf attemaptiing to blow
a tank with the vents open, "Somothing I ncver
did be fore. in all my lif ;."
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1JNCLASSIFIIOc. The ship's cook, on tha second ni41t of
tho submorgence, forgot to put yeast in his
bred - "I had a hock of a tiine tryinE to
conccntrate.,

d. Several of the ship's company, fomd, totheir surprise, that thcr had difficulty in

rmiombrincr "points" in crap gimos,

C, Several m-n takinS the radar test foundnot only that the pips wer often Zeun induplicat,3, but that oft.,n a pip would bo

2 esn and not r-Torted for sauvral seconds be-
causo of vguufnoss in rvmb.iorin' t u-
pose of thuR Job in hand.

-
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RVACTI(Th1 OF S~ITIFS OFF-ICER"s'o 5 AF~ SU3?nm-
GENCE

On th- day following szfatcing, a list of questions
was submitted in writing to thc officors of thu subriarine
iavitin.. t iuir Lvriluation of t. cfficincy of tu boat's
crew during submncrgonce. After consulting .morig thuren-
selves, the officers returned ayr-opriate answers. Both
questions .and answtr; are reproduced below in their origi-
nal fo rn.

I. ' .1ould you regard the activities of the men during
the submergence as fairly typical of actual opera-
tions?

A. The activity of the ship's company daring the 72
hour test was as typical of optxating conditions as
safety permitted. It wuld bo fairr to say that
the operations of tht slip sijulatcdt opErat' ir con-
ditions but, n-eer actually aprroadce1 them., nor were
they typical irasiach as such eler,ents as depth
control, evasion, etc., were lackin. It is be-
licvud, however, that the spirit of conletition

mnade up for at least part of the lacL of tension.

II. Q. Did ;-ou or your officers note a decremnt in the
operating efilcincy of te submarine at any time
during the 72 hcur reriod? If so, at vitat times?

A. There wa3 a decided decrease in operating ef-
ficiency duc to two causes. The first can be
attributed to wxcessive carbon dioxide arid lack
of oxon. The second was due to lack of 'en-
sion. This occured at about 20 hours. £hu lack
of tension weas, however, minimized by tUiv slirit
of copoLition that prevailed amon:st the zren
takLich thu various tests.

III. C. On the basis of this submergence, would y(,u
feel that ony submarine commander would be
justified in tolerating thl. percentagc of
oxygen to become less than 1.7, or tht percentage
of cairbon dioxide to rsc.; higher than 3? If
so, for what langth of time, or under %hat
circumstances?
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A-AG i INI;'
A, Not az k ~aP-AS.S I f!) L I30 ets-Cnt4h

that each nmmber of thu team do his job rurfoctly
tiiat it would bu desirablo to kcvp 'Vh( air ais
pure; as possibL, Naturally thc ;re arc 6o0 mayny
difTamnt situationu that could arl.~c which
would necessitate acce~pting grcatjr bia, 3%
carbon diaxd and i'2sa tlian l711" oxyrgcm that
to cnurtwrate th-em all ansi pai Judf,; munt on
th ai w ould 'cc f oolhiardy.

LV. Q. .7hat percentao of 'oxygcrn and carbon e&ioyxidu do
you f1is consistc-pt i.-ih o.ificint op.:ra-
t4 ,v ccnd-tions?

A. Th,: ship' - opinion is 2.7/'U carbon di-:i'idc and

to th., form~ard torpt.do roari for cum,. 2t. mav

flcaic; I c*,,rbor. dioxid& and jrir,

V. q. -roulq you ft-;l that, whcthlr rir not ozorval;2,-
doc~antin ovu.rt action a:r r'. hy ihcsic:I.

,Meimeyc3 o ' ti(, crim dotorioratci? 11 5o can
this det .riora'tion bQ ov, rco;,:! undor omf, rt~ncy

vated? i
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UNCLASSIFIED

O33"IPVATICYS. ON I-FICIENCY IMMEDIATELY FOLLOWIlNG RETURN
TO NOIX1AL AIR AFKMR SUBIERGIWCE

1. A limited number of hours was available for
observing efficiency of rerfornmnce on the Job opera-
tions following surfacLng and opening of the main induc-
tion and thc hatches.

2. A battle surface was staged to end the sub-
mergence. 11o definite effects on efficiency were noticed
vzith the sudden 12turn to normal cir. No .3ymptoms of
dizziness or 3icknxss were shown by any of the hands.
The Cormanding officer rerorted that the bttle surface
was as good as average.

3. Observations or. the siulated job or-erations,
vwhile curtniled in extent, :%howed clearly tUi.t the mexi
were in no way inc'iracitatcd by sudden return to noriml

4. These observations were too shetchy to indicate
anythint- about the course of rrogress back to non il.
Our impression is that efficiency is rPid1y restored
to nonmal.
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CRITICAL EVALUATENA W~ M h A'

1. We feel that the cxreriment would t ave been miore
valuable if:

a) More time had been available for training the
men in the various jobs to be observed during sub-
nergenco. Continued learning during ;ubjinergcnce
wab a decided hindrance in interpreting the results.

b).More time had been available for setting up
equipmnit in the submarine and rehearsing the,
jobs bafore observation proper began. Utforcseen
difficulty in obtaining ruit&blc testii , epace
adversely affected the reliability of our data.

2. It is our, opinion that thu ducrenrxnt wihich did show
up is, becaus(; of tlhe. unfavorable testing co.)ditions,
all trio mro :gnificantl, in that it hadl to ovuomc
the errors introch~ccd lby these conditi!ons. It i s our,
strong inlprus,-iori that, given more timne to rufne ojru
of the tc ,ts and1 elaborate on oth.-rs, vie would k-avu lound
that tho &cru.mvnt in Jfficicnicy was both :2orkk-.~d
and more extensive than that discovurtd duriii,_ this
submergencu,.

3. Thoor3tically, we cannot be sure tle.t thu, docruriknt
in efficiency whiich (3id ar~pcaru was du: to th-~ -)xyGtn lack
and xcoss carbon dioxide rather than to a nui~iber of

* Sothor factors prusorit, such as lack of 'Lx(;rcJ2,o, boredom,
unusualness cf the-- prolonged submErgezce, anl so on.
Thoore-tically, the; vntire submr:gunce +,ould be rereatted
with th.; onu ciff eronco that t~i, ai~r bu ku:pt roormal.
t,'-iroughout. If, in these c", rcumrnsac,;s, deeru-inkrnt in
officiency did not appear, th rresumrtiori wiould be very
good th.t it WaS tUh1 oxygent iant and e.xcess carbon dioxide
ivhich w,.r,; rLusponSibic for tho prcs .nt dccr(_uet. Hlow-
cver, practiczal considerations of availability of' riub-
marines and pcrsonnel nwkv this rvep.,at sul1rjpnzcc un*-
feasible for th- tiime bing. In addition, thcr- is such
widespread ag~ri'enit among all the. mun ta-guToing th,.
subincr.-unc . inc3ldirng officors, obsurv.,rs, anid cr(.w, that
t.hkt uffects of the Qxyfg,.A want and Lxc;s3 carbon dioxico
far- outwuil-,iud thOSU dIuL to othor causcs, that uLe viould
not, even if wve could, fc*.-l justifiid in r~x~ue;sting such
a r%.re(at. Oth'!,r problcns soom to us mort; urgent of solu-
tion than c h(ckiag on ti-is sm~uwhat rLemotv possibilit.-y.



TOMATION. OF TIKE FINDTNG3 OF *PSrA#It(6 'P§E OF THE
CODTrIDENTIAL RPU'ORT OF BUMED RESEARCH PR0lO3T X-349, NMWAE

23rd SEE1JHER 1244.

1.. !3ul!.A Rc.search FroJ,,ct X-349 pr,.s-,ts an ux-
h,4ustiv,. study of th ; cffects of carbon dioxide incrnas~c
and oxygn dccrcaste. It is pr,.cisoly b, causo of it3
~,;xaustivteri.s3 that wt.. w(er,. ablt. to makt. our r,.port vury
specific; w(: £ alt that the roader could turni to th,. prej-
vious r.port for t. largu fund of o.xctllant data con-
tPtin-A tlier,. ,and that, for thu most part, thur,_ was no
]point in our r .pcatinjg any of th; ,Atidics describud .
ttir,_in, p'articularly the. rmlationships of atmospheric,
alveolar finc physiological blood gas corkterits.

2. Our cxr(;rim~nt, howevc r, does not agrvu withi
thc gtneral findings on uflicioncy of orera-ting rpcr-
sonnol duringc proiongcd rubrErtncie. Our rcesults indicate-
cl,;rly to us tkh2t, ducr,.:.ste in jfficienry do,-; r, suit.
This discrepancy iiay I.ossibly --rise:

a)DuauLour rrocQcdur.- mome iieir!vly ap-
Proxiat ud rn~trol corii U5.u

b) B,..causo our tvsts would appear to sli tu~lateo
so!,-.,hat aort.. C1os0ly tllt. actual -'obu on sub-
rmarinjs,

c) B-_,cuis%- in th, c.ascs -ah-jre, in thte pre-
vious r~port, statistically significant de-
cr~..iont did occur, th,.. dtcrrnvnt vias de,,m.:d
pri'ctically unimportrknt.

3. 71', 1blitv1. that thL. previous re.port ptrformn;d
a gr,_-t sorvico in showing us t1hat .(. 12% cygen and
5'0 c!-rbon dioxide- can be rencht-d, in an c:,aiergency, cjt;out
drastic incrVacitntion. Thi-3 finding was certainly ttlao
true; in our e;xrpricncc with 17% oxyge,.n and 3 carbozp dio-
xide. But th-at is not to say th-it ope,:rating cfficiency
waz not imiircd.
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A E E I#XSSI I E D

1. Ste-up Test

(a) Half the man took the tct in normal air be-
fore submergence and then the test in 3% carbon djoxict;
the other half took the teot in 3% carbon diox~itu first,
and the test in normal air six J:ays after surfbcing.
This arr-vae nt provides a checi1 on tUe po; biLit.- that
decrenent in efficiency durin.. submergence was due to
fatigue carried over froii yrior exercising in norfaal
air.

(b) T1-, indwx of hysical fitness drin exposure

to 3%,carbon dioxide deteriorated for all !3 subjcct.

Mern dro- - 17.3 roInts,

Stwidard eriror oi t,:e difference of t h tavo .ieans
) =.44.

"1t"i a 5.03
"p 0.0002

(c) The co: relation between x'hysic!2. iciex and
resting -ulse beat citer ii normal air or in 3% coz-bon
dioxide is zero.

(d) Ior Xur-er informationabout the stcp]-ut
test see:

1. The problem of mftasurin7 phy:sica1 fitness
for hard work. Re-ort ',P7 to 031RD, froi the
Fatiue Laboratory, Nl'rvard Uu.versit ', Cam-
bridgu, I*is. r 194.

2. Rer. Canad. Biol., Vol. 1, 11o. 5, June 1942.

3. Report from School of Aviation k[dici~,
Randolph Fpeld, Texas, by retor V. J:rrpovicoh, M.D.

. ~anual of Instructions for itp-Up Test of
Ph:sical Fitneszs, llarvari Pt tiLuo Laboratoiy.
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2. Nih Vision Test UNCA SS I F I

(a) Dcscrirtien oif tcst

The test ofl visual perfornancv at Jf.o levels of
illuminations designed to simulate tho t-ask of
searching a periscope fifct. The3 visual fiel.d prcsu.rted
to the subject, in tl-is tcst. arrroxirated in arca,
brig-htrv-~asr, and s]~r-:3tua bri ftr.63s contrast th& arrear-
ance of th.- Vcea on a clear starlit nigiJt (5.05 log uul),
ivhen! viewod throu;'t a Periscopc. A tareet arp-eavInC onl
the "h1oriz;onf" duplicated in r~tinal area an aircraft
carrier viewied lhcad-orn at approximately 13,000 yards.

Thij tot was cel(:cte-d inasmulch as it was do'sired
to include~ a night vi ua2. performnce nhich dcpend ,d not
onl,, on r Airal rhyn.Lolo~y, bout also on gencral psycho-
loi-ical and phySinlog-Ccal factora. Exte-nsivo exporicnce
with this t',st in anoth, r cxpu ,ri~ment indi cattd tiLi~t it
met thcseuv rrert.

Thce aparatus consi.stud in a nwdification of thu
NDRC Model III adartoicetcr. The stimulus yatch of thisi
instrument, frow. which terotating T had br,.~n rcmo'z.4,
wa,3 viewed throuch orQe barrel of a 7 X 50 binocul.ar.
T;'. whoiQ oy.tical- rathw:iy, ari~i tufront und of the adap-
top-,etor wag houmncd in a black box. Spatial r,,;ationa were
suc., that the dcegrec iold of ti: I binoaulrar jus t in-
cluo ed tLuilhim.ratec4 fi~id of tnh. adaptofiiter.

Acr'-.ss the 1c0 of th,- Lndr,.itorAvtr -j.i~mnd bi-
se;cting it horizontally, mivced a slid,- consi.,sti,-:- 01; a
.40 log d-.nsity riuutral gelatin iltvr cemented bo-,t~en
two 3,htSr ofl clear glass. This blide rro~vidc-d the,
"sea" forcro-cnd to thu- subject's fiold of viuvr. At-
tm;ched to thu ujpper .dgo of this sl.iLdv vr thj 5!ixll
gela-tin tr'.b of de;nsity .30 log units Which served as
target.

Movumnt ofl thu slide enabled the target to .7ppear
in :tny of five- positions, "Ifa-r right", "fi~r left, "rght"
"left", and "center,'.

*"Rocd Illuminv tion of the Conning Tower", to bQ issued
shortly.
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(0) T, .qt st--tistien-s IC A S S le

The folloviing is t h. di3tribution of "t" In "p"
vklu ,; for th, 31 subjccts:

',. ') Dom rm at :

t 7.i 5.6 ,.9 5.3 3.7 2.5 3.2 2.5 3.1 1.3
p .001 .0001 .0001 .000i .0001 .006 .¢O7 .o6 .001 .097

t 1.5 2j2 'L2 1,.2 1.3 0.9 1.2 1.1 0.7 1.2 4.1
p .067 .004 115 .115 .097 .184 .115 .136 .24.2 ,.15 .0001

(2) £n provnnt:

t .05 '101 .10 .iC5 .171 .206 0.1.6 1.27
p .309 .460 .460 .460 .1,30 L,23. ,4 .11

Imo subj cts showed no chrnFu.

All ciru-in simnificmnt uycrd thG 1:% levcl
wur 4 cr.. 4ts.
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NCLAS S I F ED

3. Watch on Bow and Stern Plancs

Avera,,e Increa3e in errors durin, substmergence 16.0

Standard error of mean 8.66

t' =1.847

For t 1.85

and n' 6

p - .066

4. Rader ll--tch

(1) For n = q" P

Mean increase in errors durine subdergence 1.05

Standard c-rror of mean = 1.04

t 1.0

p :.178

(2) Om-ittjng ubjvct "Bar" whooc performance is suspect:

Ycan increase = 1.723

Standard error of ;fiean = o.?4

t =1.8

p -- c66
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UNCLASSI FIED

5.Dry Bulb Temperature (OF) and Percent Relative Humidity

Compartment Mean Standard
Deviation

Forward Torpedo 72 2.6
Forward Battery 73 1.5
COC 73 2.6
Pump Room '73 3.0
After 3attery 77 1.6
Forward Engine 72 3X
After Engine 75 2.2.
After Torpedo 70 5.2

Forward Torpedo 64 2.8
Forward Battery 65 43
.COC 62 4.0
*Pump Rbom 61 5e1

After Battery 60 8.i
For'ard Eagine 64 5.3
After Engir.e 8 5.1
After Torpedo 64 9.2

These conditions are cons-idered caxifort Able

compared to the respiration -. cuss produced b---3% car-
bon dioxide. Kit.her tenler .turrzu anrd '-.idities, such
as those encountered in Facific .,trs v-I no doubt
cause more marked decrement in eifici y t,I-n appeared
dutrn .C s submtrgence.
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6. Sample Interior Voice C iAUA&Si RkL-tIs

US.S. SAILFISH (SS192), DRILL ABLE

I!"C: i.AN THE FHONES FOR A TAL:R DRILL.

CONTROL All stations, Control testing.

CON Forward Battery, Captain to Conn.

CONTROL After Machinery, toll Ur. Fried;-.an
to come forward and take the dive.

CONiT. Maneuvering, are you making 50 turns?

CO"TRO Aftcr L-"Achinery, secure the evalorators
and take salinity reading.

F'ID. fACHINERY Conn, request permission to secure
port lube oil purifier.

TUBES FOR'ARD Tubes Aft, is Chief Gray in Tubes
Alt?

AFTER BATTERY Conn, request ermnission to durip trash
and garbage.

DILL CHARLEY

Yessages
___________ Tell. Forward Battcry that you vwant

them to check on the rosition of the
battery blowur (ampe r

FWD. MACHINERY Find out if After Machincry has placed
its bilges on th.- drain line.

- ------------------------------
FT.7'?. rATT ,Y Tell Tubs Aft to send thi Pharix.cist's

Mat, back to After 2attory in a hurry.
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CONNING TOMER Ask JP to give you a turn count on a
target that he reported on bearing 008.

DRILL C HARLEY

Nuinerals

MA4EUVERING Send this message to Control.
"pBearing 060, range 9000, speed 10."

-------------------------------------

CON*NG T.V=R Pass the word to the Captain in
Battenr Forward that ship has been sighted
bearing 269, looks like enermy cruiser.

FID. MACHINEY Send this message to After Battery.
"Aircraft bearirn 135, position e An.e 15."

AFT-7 BATT-MY Sead ti.s meosage to Connin2 Tover.
"Target is on 055, speed 65. Lust be
blimp."

CO "., Ir TO' M Call Furmvrd Machinery and 8(et the
amount of fuel consumed from 01(0 to
0400.
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