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. ABSTRACT

=

. This report presents findings of the research efforts for 1971 in the
study of underwvater work performance and work tolerance conducted at the

‘ Univeraity of California, Los Angeles. The studies were directed towvards

the development of performance decrement curves related to the specific
variables yhich affect underwvater work. Experimsnts designed to add to the

body of knowledge necessary to the formation of decrement curves were conducted.

.The experiments examined: (a) the effect of cold-water exvosuie upon memory,
reasoning ability, and vigilance, (b) the effect of depth upon memory, (c) wet

~ v8. dry training for a specific underwater task, and (d) the physiological and
performance effects of heliox as a breathing gas in cold water. The
corresponding results show that: (a) cold-water exposure impairs memcry but
-not reasoning ability or vigilance, (b) although narcotic impairment to depths
of 110 feet are small, material learned underwater is not remembered wvell on
the surface, (c) training underwater for & specific underwater task is
preferable to dry-land training, and (d) physiological state changes and
performance levels in cold water are not substantially different for heliox as
compared to air for a wetsuited diver. These data and the data from the

literature are incorporated and presented as framework for the performance
decrement curves, -
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SUMMARY

This report presents findings of the research efforts for 1971 in
the study of underwater work performance and work tolerance conducted
at the Unilversity of California, Ios Angeles. The studies were
directed towards the development of performance decrement curves related
to the specific variables which affect underwater work. Experiments
designed to add to the body of kncwledge necessary to the formation of
decrement curves were conducted, The following sections summarize
briefly the principal findings:

l) Underwater Work Tolerance. The concept of a system which
could predict diver work effectiveness under specific
conditions was developed. Performance decrement curves and,
ultimetely, work tolerance tables would provide an information
base for the system. The research effort concentrated
primarily upon the establishment of the performence decrement
curves, An extensive review of the literature reveasled that
the data now available was not adequate for esteblishing
immediately useful decrement curves. Considerable more work
is required before the d2crement curves can become useful
tools, As a foundation for the decrement curves, data from
the literature and the data reported in this document are
offered,

2) Cold Water Exposure. A study was conducted to examine the
effects of cold water exposure upon cognitive efficiency.
Memory, reasoning ability, and vigilance were examined for
fourteen subjects who were exposed to LO® F, and 80° F. water,
Vigilance to peripheral visual stimulus during performance
of a central task was tested, Reasoning abllity was tested
via a sentence comprehension test which was administered at
the beginning and end of a one-hour exposure, Memory of
material learned underwater after a one-hou, exposure was
measurcd. Recall and recognition tests werz administered
approximately thirty minutes after the diver surfaced.
Although a mean fall in rectal temperature of 1,.3° F. was
recorded, vigilance and reasoning ability were unaffected by
the cold; mewmory, however, was significantly impaired. An
interpretstion of the memory impairment in terms of state-
dependency is suggested.

3) Memory Underwater., Divers spent five minutes memorizing a
prose passage elther on board e diving boat or at & depth of
15 or 110 feet in the open sea. They surfaced, and after a
30-minute delay, recall and recognition of the passage by
all three groups was tested. Recall of material learned at
15 feet was worse than that learned on the surface. but no
ditference was round between recall at the two depths.

There was no impairment in recognition performance. These
results support the interpretatlon of the recnll decreument

in terms ot state-dependent memory. The practicel implications
of these results are discussed.
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This report presents findings of the research efforts for 1971 in
the study of underwater wcrk performunce and work tolerance conducted
at the University of Celifornia, Los Angeles, The studies were
directed towsrds the development of performance decrement curves related
to the specific variables which affect underwater work. Experiments
designed to add to the body of knowledge necessary to the formalion of
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Underwater Work Tolerance. The concept of a system which
could predict diver work effectiveness under specific
conditions was developed. Performance deciement curves and,
ultimately, work tolerance tables would provide an informaetion
base for the system, The rcsearch effort concentrated
primarily upon the establishment of the performance decc:ement
curves, An extensive review of the literature reveslec that
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immediately useful decrement curves. Considerable mor¢ work
is required before the decrement curves can become useful
tools. As & foundation for the decrement curves, data from
the literature and the data reported in this document &re
offered .

Cold Water Exposure. A study was conducted to examine the
effects of cold water exposure upon cognitive efficiency.
Memory, reasoning ability, and vigilance were examined for
fourteen subjects who were exposed to 40° F. and 80° F. water.
Vigilance to peripheral visual stimuluys during performance
of a central task was tested. Reasoning ability was tested
via & sentence comprehension test which was sdminlstercd at
the beginning and end of a one-hour exposure.. Memory of
material learned underwater after g8 one-hour exposure was
measured. Recall and recognition tests were administered
approximately thirty minutes after the diver surfaced,
Although a mean fall in rectal temperature of 1.3° F. was
recorded, vigilance and reasoning ability were unaffected by
the cold; mewory, however, was significantly impaired. An
interpretation of the memory impairment in terms or state-
dependency is suggested.

Memory Underwater. Divers spent five minutes memorizing &
prose passage elther on board a diving boat or at a depth of
15 or 110 feet in the open sea, They surfaced, and after a
30-minute deley, recall and recognition of the passage by
all three groups was tested. Recall of material learned et
15 feet wes worse than that learned on the surface, but no
difference wae found between recall at the two depths.

There was no Impairment in recogniticn peifommance. Tnese
results support the interpretation of the recall decrement
in terms of state-dependent memory, The practical implications
of these results are discussed,
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Training, The UCLA pipe puzzle construction task was
performed by a group of divers who trained for the ta:sk

on dry-land and by a group whe trained underwater, Task
completion time and error production were used as indicators
of e¢fficiency. The water-trained group was consistently
faster in all phases of the task. There was no difference
in error production between the iwo groups., The resulis

of ithis pilot indicate that training on dry-land is not as
effective as wet training in preparing divers for complex
task performance,

Heliox and Physlologic State, A study was conducted in
order to determine the physiological and work performance
effects of breathing a heliox mixture as compared to breathing
air in 42° F, water. Twelve wetsuited subjects performed
the UCLA pipe puzzle task twice, once while breathing an 50%
helium - 20% oxygen mixture and once while breathing air.

As indicators of physiologic state, heart rate, respiratory
minute volume, and rectal temperature were monitored, Task
completion Lime and error production provided a measure of
task performance, The results show that heliox does not
affect a wetsuited diver's ability to work, and that his
physiologic state is slightly different than that for ajr,
Heartrates werc slightly higher and minute volume larger
during the heliox trials. Mcan rectal temperaturc rell

more during the air trials,

Navy-Makal Diving Operations, These operations involved a
200-foot dive of the Aegir submersable work station wnich
was accomplished, and a 500-foot dive whicn was not, The
UCLA contribution to these operations was a Study of Viver
Performance 1n Underwater Construction Tasks, cgndyried as
part of the ocean-floor experimental program <~ hic etudy

is described in detail in a forthcoming ONR report., Section
VI of this report is a brief summary of the study.
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T. WORK TOLERANCE TABLES

A review of the history of man's efforts to develop effective
underwater work canabilities leads to the recognition that highly
speclific adaptations are made to the imposed demands of the environment,
the problem requiring solution and the equipment used. The concept
that diving is a generalized skill which can be applied to any under-
water work situation by a diver hes been meodified to accept the fact
that diving is a means of supporting life and transporting a diver to
a work site. There the actual task then requires all of the art and
sclence associated with any other highly complex technology, and
performance decrements can be anticipated as intervening variables sare
introduced,

The current year's effort on underwater work measurement and
diver effectiveness has reinforced our belief that there is a definite
need for the development of performance decrement curves related to
the specific variables that affect underwater work. Work tolerance
tables that can be used to quantify the effects of these variables
should ultimately be feasible. Performeance curves and work tolerance
tables would provide several advantages to underwater programs.

1. The performance decrement data would identify the important
varlables and provide for & synthesis of the effeat of
particular variables on underwater work performance.

Using cold as an example, 1t appears feasible to develop
data which would identify a predicted decrement in memory,
vigilance, ete, for a given range of water temperatures as

" a function of exposure time. This data might indicate no
significant differences until certain critical levels of
exposure were reached and then follow & decrement curve
along the time line.

2. The curves and tables which would be established would
enable the diving superrisor or underwater work planner to
make predictions as to the elfectivenss of the diver operating
in & specific work environment.

3. Projections for the modification of underwater work methods,
equipment and environmental controls could be based upon
objective evidence rather than speculation,

L, Tdentification of "safe limits" could be used to permit
monitors to be vsed for controlling dives.

Tae ultimate validity of such a system will require extensive
testing in the field, but immediate gains in understanding the decrements
will result from the synthesis of existing data.

The basic concept involved in underwvater work tolerance tables
provides for the development of a predictive tool. This tool could be
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utilized in planning for safe, effective diving operations under a wide
range of conditions. It is recognized that only fairly gross decisions
are possible until a reliable data bank is obtained. It is, however,
felt that the initial development of such tables should show marked
benefits in identifying the critical variables which will effect the
diver's work behavior.

The diagrams contained in this document represent an example of the
methodology encorporated ip using such tables, Figure I-1 represents
the generalized decision system. Immediate physical and physiologlc
data serves two functicns. First, it provides a current picture of the
state of the diver and the environment; and second, it provides informa-
tion relative to the modification ot the effective environment, The
effective environment consists of & reduced number of variables as &
result of synthesizing obviously interdependent specifics. For example,
the effective temperature would be the produce of water temperature,
diver insulation, metabolic level, time, etc. The effective temperature
would exert different levels of influence on the periphery and the core.

IMMEDIATE WATER
PHYSICAL TEMPERATURE DEPTH LIGHT
¢ LEVEL
& FATNESS GAS MIXTURE \
Elal 4 PJ_}A LIGHTING
PHYSIOLOGICAL THERMAT, ADA TION
DATA PROTECTLON LEVEL ATTENUATION
& SCATTERING
TIME NARCOSIS
LEVEL VISIBILITY
EFFECTIVE | {
TEMPERATURE
¢ \
HAND DEEF
TEMP  BUTY
‘ {
EFFECTIVE ENVIRONMENT

{ {

JOB JOB TOLERANCE WEIGHTED DIVING
leed  TOADING i |t DECREMENT pam~! CONTROL
DESCRIPTION FACTOR MATRIX PROFILE DECISION

|

Figure I~l1. GENERALIZED DECISION SYSTEM
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In Table I-1, the effective environment would be expected to
exert 1t8 influence on Task Performsnce Factors. This influence would
then be ranked from 1 to 5, with 5 being the highest level of expected
decrement. BEach of the effective environment decrements for a factor
would then be accumulated and multiplied by a job losding factor.

This factor would result from cata drawn from the availsble
literature and current practice reviews (work records and diving logs)
The resultant Weignted Decrement Profile could establish the relative

decrement to be expected for s gi- tank performance factor. The
decrements would then be totaled, a percentage decrement for the
particular person under the exist. onditions could be expressed.

With this information at hand, a decisdion could be rendered.

The values entered into Table I-1 describe, for example, &
routine assembly task in cold, shallow water, fair #isibility, some
swell and low risk. The predicted decrement for this task is 16.8%.

TABLE I-1
TOLERANCE MATRIX

EFFECTIVE ENVIRONMENT
TASK , )

lalale |E| & SN L

s | | 618\ (E | HIEIE |2 |5E|Be

m H < 3 3 oo’%

" S vl e | = ) Ay <L, M | H

FACTOR % E < (B |8 S| & = S & gE
PHYSICAL WORK

CAPACITY 2 0 0] 2 ol1 ol 116 T L2

SENSORI-MOTOR | 4 0 ol 3 1|2 ol1r 1 5 55
SKTIIS

PERCEPTUAL 0 0 o 1 210 1] o L 1 4

COGNITIVE 0 0 o] o 0jo o]l o ) 2 0

101/600({MAX)

16. &% DECREMENT
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It is recognized that the performance decrement curves for the
individusal varisbles related to underwater work must be developed
prior to any synthesis.

As the work on the performance decrement curves progressed,
it became apparent that attempts to synthesize these curves into
tables with predictive capability was virtually impossible. This was
due in large wmeasure to the variability in data gathering and
reporting techniques used by the various investigators., $o great is
the variability that even performsnce decrement curves which we were
developing for purposes of identifying gaps in the existing literature
were of little practical value. It is obvicus that efforts directed

toward developing meaningful decrement curves will require considerably
more work than was originelly propos=4,

The curves which are presented in Figures I-2 through I-7
represent the present state of knowliedge in these areas. Much of the
informetion has been extrapolated from data which is not precisely

comparable, As the data bank improves; nowever, the accuracy of the
curves should improve proporticnately.
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Figure I-2. PERCENT PERFORMANCE DECREMENT ON PSYCHOMOTOR
TASKS AS A FUNCTION OF WATER TEMPERATURE AND
TASK COMPLEXITY

Psycnomotor performance is severely degraded by cold water
exposure. The degree of impairment is a function of exposure severity.
Activities that require fine manipulation are impaired more than those
that require gross movements. For example, Stang and Wiener (1970)
observed & 19% decrement on a speed wrench test that required gross
movements snd a 57% decrement on & screwplate test that required fine
manipulation.
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Figure I-3. PERCENT PERFORMANCE DECREMENT IN COGNITIVE
TASKS AS A FUNCTION OF WATER TEMPERATURE AND
TASK COMPLEXITY

The effect of cold water exposure on cognitive performance is
not well defined. Clearly more d.ie is needed before reasonably accurate
predictions can be made. In light of the existing data on tasks heavily
relying on reasoning ability, it appears that performance on simple
or well learned, complex tasks are minimally impaired. Complex tasks
with which the diver is not familiar are impaired to a greater extent.
Experience on the cognitive task at hand should, therefore, be &
factor when predicting cognitive performance.
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The effect of hyperbaric air on cognitive performance reported ;
by variouc investigators varies widely, There does, however, seem to
be a correlation between task complexity and degree of impairment. ‘
¢ Adolfson (1965) observed & 25% decrement on an arithmetic test at
10 atmospheres; whereas, Kiessling and Maag (1962) observed a 33% !
decrement on a complex conceptusl reasconing test at only 4 atmospheres. :
The degree of cognitive loading should apparently be weighted quite if
heaviiy when predicting task performance. ?%
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II. COGNITIVE EFFICTENCY OF DIVERS WORKING IN COLD WATER

INTRODUCTION

It is frequently necessary for a diver to work in cold water; and
¢ desplte advances in thermal protection, he is llkely to experience a

1 significant drop in body temperature. There is abundant evidence that
this will impair his manual dexterity (Fox, 1967; Bowen, 1968; Stang
and Wiener, 1970), but there is very little evidence that cold had an
adverse effect on his cognitive efficlency.

e Bowen (1968) did in fact study a number of cognitive tasks. They
found some slight evidence for impairment and tentatively suggest that
"e0ld water stress, in addition to causing specific sensory and motor
losses, causes increasing losses of capability as the task becomes more
complex and 13 more dependent on sustained attention and memory
functions" (Bowen, 1968). The only other evidence for such an impairment

¢ comes from a study of time estimation in divers (Baddeley, 1966) in

: which the estimated duration of a ninute increased after diving in

3 cold (4° C.) water, and from a recent study by Stang and Wiener (1970)
who found an increase in two-choice reaction time. However, in view 7
of Teichner's (1954) failure to find an effect of cold on reaction i
time, it secms pocsible that this slowing of response mey have been due :

) to impaired manual dexterity rather than to slower information processing.

T

—

With the growing technical sophistication of underwa-er work, the
cognitive demands placed upon a diver are increasing. It Ii: therefore
important that this gap in our knowledge of the effects of .'old stiress
should be filled. The present study is a step in this direction. The

P performance of divers on tests of reasoning, vigilance, memory, and } f,;r
pipe puzzle assembly task was studied when performed in warm water S
(78° F.) and 1n cold water (40° F.)

PR R L Y 2 T P RN

METHOD

N A. Reasoning Test

The test used was devised by Baddeley (1968). The subjects are
required to Judge as true or false a series of sentences. Each sentence
claims to describe the order of two letters A and B and is followed by
either of the letter pairs AB or BA. For example, "A is not preceded 1
by B -- BA." To properly respond, the subject should answer false.

Performance speed has been shown to be correlated with intelligence,

and the tust has proven to be sensitive to a range of stresses

(Baddeley, 1968). Our procedure was slightly modified from Baddeley in

order to present sach sentence individually and to measure individual ’
response time and accuracy. The sentences were projlected by a 35 mm &
glide projector onto the back of a frosted glass viewing screen which 1
was placed at one of the observetion porte of the diving tank, The

[ sentences were easily seen by the diver subject standing in the tank |
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at the observation port. The subject responded by moving the lever of
an undervater switch to the left for true and to the right for false.

The underwvater switch was connected to a display unit in the instrumenta-
tion room which presented the subject's answer to the experimenter. An
electronic timer was incorporated into the system to measure the interval
from the onset of sentence presentation to the subject's response with
the switch. The experimenter reccrded the answer and the response time.
He then cycled the system for the next presentation. A large lever

(5 inches) on the switch was used to minimize the effects of impaired
manual dexterity. To provide a further check, an estimate of reaction
time with minimal cognitive load was obtained by including slides
containing only the word "true" or the word "false" in upper-case letters.

The subjects were simply to respond accordingly. A sketch of the system
is presented in figure II-l.

3
7 I
SLIDE o VIEWING
PROJECTOR PORT
_— >
4
% TRUE M | MFALSE
RE SPONSE |__ ¢ |
LOGIC § SRR
] d UNDERWATER
Y SWITCH
TIMER

Figure II-1. RBASONING TEST SYSTEM CONFIGURATION
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During each dive, subjects were tested twlce - once at the
beginning of the dive and once at the end. Each test run was comprised
of a random sequence of 16 sentences and 5 "TRUE" and § "FALSE" slides.

Initially, subjects were trained for the task on land, using the standard

written form of the test (Baddeley, 1968). Subsequently, they trained
using the experimental apparatus. The experimenter gave them knowledge
of the results and discouraged them from making errors. This was
followed by a training run in warm water and subsequently by the two
test runs. Example tests are presented in the appendix.

B. Memory Test

A diver's ability to remember facts learned underwater was examined
ucing the procedure devised bty Friedman (1972) whereby a prose passage
is created comprising a number of ltems, each being accompanied by
information on several characteristics. The divers were later given a
recall and a recognition test. For example, one passage described six
underwater wrecks around an imaginary island. Bach wreck was specified
In five ways; the type of ship, its name, its depth, the nature of the
surrounding sea bottom and the principal danger to a diver investigating
it. Thus the passage contained a total of 30 "facts."

The subjects were tested simultaneously. BEach was presented with
a different passage at one uvf the two observation ports. They were
allowed 5 minutes to memorize the passage. They were warned when
3 minutes had elapsed to help them distribute their learning time
optimally. The passages were presented after the divers had been in
the water approximately 45 minutes. Retention was tested after an
interval of 4O minutes by which time they had completed the dive, had
taken a hot shower, and dressed, First they were required to recall as
much as possible of the passage, and then they were to perform a
recognition test. This test was comprised of 2k true-false sentences
about the passages, of which 12 were true and 12 were false,

A passage about girls was used for practice, and passages about
wrecks and underwater jobs were used for experimental runs. Three
separate recognition tests were used for each passage. Assignment of
passages and recognition tests was counterbaianced across conditions.
The specific passages and tests are given in the appendix.

C. Vigilence Test

The UCLA Urierwater Construction Task was used as the primary
loading task for the vigilence experiments., While the divers were
working on the construction task, a small dim lamp which was mounted in
the lower right visual periphery of the Kirby-Morgan band masks would
flash. The lamp would stay lit for approximately two seconds. The
interval between flashes varied randomly from 15 to 60 seconds. The
diver was to respond verbally if he saw the flash.

Throughout the assembly and disassembly. inderendent channels
presented the visual stimull to the divers, The apparm*us presented

1k
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visual and sudio signals to the experimenter when the subjects were
presented with the stimuli. The experimenter scored the subjects on
each presentation.

The UCLA Underwater Construction Task was simplified in this study
by the omission of the dewatering and pressurization phase. The divers
’ were required only to perform the assembly and disassembly phases.
The assembled structure, shown in {igure II-2, stands about six-feet
tall on a four-by=five foot base. For a detalled description of the

Wnd e o Wl o Al e LA o L i S Tl 2ot e SR 8 s
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task, consult Weltman and Bgstrom, et al (1971).
MANIFOLD
o ;
% :
- :
SECTION 2 :
AIR SUPPLY H
LINE ,
SECTION| e 1
4 L - '
— i
3 ] 7 3
| ' SECTION
i
0 < :
» - 5

AIR SUPPLY ’;
' k3

Figure II-2 UCLA UNDERWATER CONSTRUCTION TASK ;

Physiolgocial Data

Heartrate and rectal temperatures were the physiological indices
recorded duriang the experimental exposures. We have found (Weltman
3 and Egstrom et al., 1969, 1970, and 1971) that & diver's heartrate is a
’ good indicator of physiologle worklond., Rectal temperatures were used
i as an indicator of the diver's thermal state.

TP b
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A. Hesrtrate

Electrodes were placed on both aides of the torso st about the
fifth rib, lateral to the pectoralls muscle. This arrangement provides
distinct QRS complexes from which heartrate can he derived. DBoth divers
were similarly instrumented. The electrodes were connected by conductors
attached to the umbilical tu 8 physiological strip chart recc:der.

b Data was later reduced by hand from the strip charts.

g B. Rectal Temperatures

Bead thermistors were utilized in small, comfortable rectal probes
to obtain rectal temperatures for both divers. The probes were inserted
four inches into the diver's rectum. They were connected to a swiltching 3
device via conductors attached to the umbilicals. The switching device,
which in turn was connected to the strip chart recorder, allowed the
recording of both rectal temperatures on the same channel of the strip
chart recorder.

R TP

! Experimental Protocol 1

Bach two-man team visited the Underwater Research Facility three
times. The first was an introductory and training run. The second and
third were the experimental runs. Half of the subject group had their
first experimental run in warm water and half in cold water. The

» training sessions began with a brief introduction to the various tests
to be given, A dry-land training run on the construction task 1ollowed
the introduction. The divers were then given extensive training on the
reasoning and practice memory tests, Next, the divers suited up in
their wetsuits and were given a warm water, construction task, training
run. No vigilance presentations were made during these runs. Upon
completion of the underwater training run, a second underwater training
run was given. This run was a duplication of the experimentsl runs.

e AT A -

P

The schedule for an experimentval run is diagrammed in Figure II-3.

A Time
- g per 5 min 5 min 35 minutes Y min 5 min | 5 min
C Task
1 '
' Red Diver| Strength Reasoning] Construction [Memorize |Strength |Reasoning :
Test Test B Task Passage Test Test A -
A .
with
s White Reasoning] Strength|Vigilance Memorize Reaaonin& Strengtn }
Diver Test A Teat Task Passage Test B Test
B i |
Time o 5 10 L5 50 55 0

Figure II-3, SCHEDULE FOR SINGLE EXPERIMENTAL TRIALS
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Upon entering the water, one diver (desisnated red diver for identification
purpcses) proceeded to the strength-testing device. For & period of five
minutes he peiformed isometric force tests. Simultaneously, white diver
vas at one of the viewing ports in the diving tank performing the
reasoning test. When the tests had been completed, the divers exchanged
places and the tests were repeated. The construction and vigilance
tasks followed for approximately thirty-five minutes. This varied from
thirty to forty -five minutes depending on construction task completioun
times. Memorization of the passages for the memory test occupled the
next five minutes. Finally, the strength and reasoning tests were
repeated exactly ae during the beginning of the run.

Locale

The experimental sessions for this study were conducted at the UCLA
Underwater Research Facility. The primary component of the facility is
the 16-Zoot deep, 16-foot diameter cylindrical diving tank. The tank i8
equipped with & large refrigeration unit and an oversized pool heating
system that allows control of water temperature to within two-degrees
farenheit over & range of 40° to 90°. Adjoining the tank is the
instrumertation facility. Housed within this facility sre all the
phyelologic monitoring systems, the breathing gas supply, and other diver
support gsystems.

Test Conditions

The mean water temperature for the cold exposures was 40,5°F, with
a range of 40° to 42° F, For the warm exposures, t! : mean water tempera-
ture was 78.4°F, vith a range of T4 to 80° F. Visipility was unlimited
and depth was 16 feet.

Subdects

T™e experimental design initially specified sixteen subjects.
During the course of the experimentation, two of the subjects refused
to continue due to extreme discomfort. One subject was from the warm
expoeure first group of subjects, the other was from the cold Tirst
group. The subject population was tlherefore reduced to fourteen.
Physical data for the fourteen are presented in table II-1.

TARLE TI-1 _
SUBJECT PHYSICAL DATA (N = 14).
Mean Range
Age 23 19-38
Helght 521" 1" - Greht
Weignt 174 pounds - 140 - 210
17
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Personal Equipment
) The aivers wore full 1/k-inch neoprene wetsuits, 1/8-inch hooded
vests, 1/k-inch booties, and gloves. Kirby-Morgan band masks, supplied
from the surface, were the breathing apparatus used. The divers also
wore fins and approximately 30-pound weight belts.
» RESULTS
4, Reasoning Test
Teble II-2 shows the mean simple response times measured with the
TRUE/FALSE slides. 'fhere is obviously no reliable decrement due to
cold either at the beginning of the exposures (test 1) or at the end of
) S50-minutes exposure (test 2). Errors were virtually non-existent on
this task.
TABLE TI-2
MEAN RESPONSE TIMES IN SECONDS FOR THE SIMPLE RESFONSE
TIME TRST USING THE TRUE/FALSE SLIDES (N = 14)
)
Response Time (secs)
CONDITION TEST 1 TEST 2 EXTOSURE
, DECREMENT
WARM 0.762 0.795 0.033
COLD 0.788 0.769 -0.019
COLD DECREMENT 0.626 ~0.026

Table II-3 shows mean response time and errors for the reasoning
test, Compariscons of warm and cold exposures yield no evidence that
speed of reasoning 1s effected by water tewperature either initially
(Wilcoxon sign rank test, T = 45, N = 14, p > .1) or at the end of the
exposures (T = 52, N = 14, p > .1). Nor is there any effect of tempera-
ture on accuracy; five subjects were more accurate in the warm condition,
three in the cold, and six were equally accurate in both.

18
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TABLE II-3
MEAN RESPONSE TIMBS AND BRROR RATE FOR THE RRASONING TEST
IN THE WARM AND COLD EXPOSURES (N = 1k4)

RESPONSE TIME (SECS)
CONDITION TEST 1 TEST & EXPOSURE |TESI . TEST
DECREMENT | 1 2 EXPOSURE
DECREMENT
WARHM 3.263 3.306 0.0L43 12.5 12.5 0.0
COLD 3.281 3.242 -0.039 15.2 14.3 -0.9
OOLD DECREMENT 0.018 -0.06L 2.7 1.8

B.

(T =

two conditions.
reported correctly out of the 30 presented (i.e.
Comparison using the Wilcoxon test indicated
significantly poorer performance in the cold condition on recall

recognition (T =

Memoyy

Table II-k shows the mean recall and recognltion scores for the

five characteristics).

Recall 1s scored in terms of the percentage of "facts"
8ix objects each with

10, N = 14, p ¢ .0l, 2 tail) and borderline significance on

THE MEAN NUMBER OF OORF
FOR THE WARM AND COLD EXFOSURES (N =

1L, N = 12, p = .052, 2 tail).
be more marked in the casge of recall, but there is no obvious way in
which the recall and recognition scores may validly be compared.

TABLE II-4

RECT RESPONSES FOR THR

The effect appears to

MEMORY TESTS
lh FOR THE

RECALL TEST AND N = 12 FOR THE RECOGNITION TEST)
CONDITION RECALL REQOCNITION
(MAX = 30) (MAX = 2L)
Warm 18.00 18.57
Cold 12.00 16.44
Cold Decrement 6.00 2.13
P < .01 = ., 052
19
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C. The Pipe Puzzle

Since the pipe puzzle is e two-man task, no data are availab