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A field study was conducted to compare the influence of
vessel motions, characteristic to a 89’ Navy experimental Small
Waterplane Area Twin Hull (SWATH) vessel, a 95’ Coast Guard
Patrol Boat and a 378’ Coast Guard High Endurance Cutter, upon
motion sickness incidence and severity, physiological indices of
stress, affective state and psychomotor performance in male
Coast Guardsmen.

Psychomotor performance (navigation plokking, complex
counting, code substitution, Spoke Test, time estimation and
critical tracting) , motion sickness symptomatology, urine output
and specific gravity, stress hormone excretion, heart and sweat
rate, and subject mood were repeatedly sampled for eight hours
a day during three control days at dockside and three days at ‘“
sea as the vessels steamed side-by-side in four-hour octogonal
patterns about a wave measurement bouy. All vessels were
instrumented with accelerometers to continuously record vertical,
lateral and longitudinal accelerations within the test compartments
located below decks amidships and roll, pitch and heave
accelerations at the vessel centers of gravity.

Results show subjects who were exposed to the motion
environment aboard the Patrol Boat as it steamed through sliaht I
seas suffered severe motion sickness vhich led to pllysioloqi;ii wstress, slight deter~oratlon m 11 to mode-
decrements m psychomotor task performan ce. The SWATH vessel,
mth ougn close m s~ze to the Patrol Boat, produced an accelera-
tion environment similar to that ~’.~erienced aboard the much
larger High Endurance Cutter. As a result no motion sickness,
stress, mood deterioration or performance task decrem.ns were

●found aboard either the SWATH vessel or High Endurance Cutter.

Changes found in motion sickness symptomatology severity,
physiological stress, mood state and task performance aboard
the Patrol Boat were examined for relationships between
motion sickness severity, accelerometer records and other
independent variables. Relationships found are presented
and are compared with previous laboratory motion generator
and field study findings. Limited, recommendations are made
with regard to vessel ride qualitij-design criteria.
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not been validated aboard seagoing

motion exposures are significantly

nature.

Over the past thirty years of

frequency, whole body accelera~ion

motor performance tasks out of the-

vessels where whole body , ‘.

more complex and random in

laborato~ based, very low

research; only a few psycho-

many investigated showed

—

INTROEWCTION

To date investigation of very low frequency whole body vi-

bration influences upon motion sickness incii!ence and severity,

physiological correlates to motion sickness, psychophysiological

str2ss and psychomotor perfomancs has been performed principally-

in the laboratog. Use of one or two degrees of freedom oscil-

lating platforms, slowly rotating rooms, Bazany chairs and other

mechanisms designed to generate relatively simple wb.ole body

motions have shown motion sickness to be .a frequency and accel- -

eration specific vestibular-dependent malady associated with a

number of physiological changes such as increased secretion of

antidiuretic hormone, glucocorticoids and catecholaines,
dia-

phoresis, and tachycardia du~ing the emesis episode.
Yet motion

sickness and associated physiological changes obsemed during

exposures to simple motion environments in the laboratory have

decrements during exposures to whole body motions or resultant

motion sickness. With recent independent reports of psychomotor

performance decrements in a variety of-tasks examined aboard
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vessels at sea, concern over the lack

of ship motion simulator findings has

Whether the psychomotor performance results obtained from

a limited number of field studies are truly contradictory to a
-

vast number of laboratoq findings is difficult to determine-.

No motion records were made during the studies at sea which would

permit comparisons of the farce environments”’endured and many of

the tasks which suffered at sea were not examined in the labora-

tory. Certainly the applicability of laboratory findings

to real world complex whole ‘bcdy motion environments will be

suspect until experiments are conducted aboard “vessels fully

instrumented to record the motions presented to subjects and

replication of laboratory studies are.made for comparison.

The opportunity to perform such a study arose during the

(
,.

\ Spring of 1978 when the United States Coast Guard, witlh the co-

- operati:-.nof the United States. Navy, performed a series of oper-

ational sea trials to evaluate the seakeeping capabilities of

three very different classes of vessel: a 378’ WHECY Coast.:-

Guazd High Endurance Cutter; & 95! WPB, Coast Guard patrol Boat

and an 89’ SSP, Navy Semi-Submersible Platform. These vessels

vary not only in size, speed, endurance and possible mission

P1-ofile but are predicted to yield different motion responses

to equivalent-sea states.
. .

As the vessels were extensively instrumented to record their

motions, and the operation called tor side-by-side steaming of

patterns designed to induce regular changes in the motion

response of the vessels as they progressed through measured sea

conditions, the-opportunity to investigate the effects of ship

. .
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motion upon a number of physiological-,’affective state and

psychomotor performance variables were seized.

The objective of this study was .to examine the influence

of actual ship motions, characteristic to three very different

classes of vessel, upon motion sickness incidence and severity,

objective physiological indices of motion sickness and human

stress, affective state and psychomotor performance in young

male Coast Guardsmen. Selection of a physiological, affective

state or psychomotor performance indices for study was based

upon their redundancy with respect to results obtained under

previous laboratory motion generator environments, their

proffered utility in objective measurement of motion sickness -

severity

tion and

during a

All

or psychophysiological stress in whole body accelera-

their economy, ease and acceptability of collection

week-long human performance experiment.

significant changes in measured human response to the

motion environment were examined for direct and ind-.irect

(i.e., motion sickness) influences of the vessel motions endured

and results were compared with previous laboratory and field

study”results.

.

(.



f
,1 . . .

~.’.. . . . . .

,<,,:

C--—.-.-.

(“---,,
G-
.=

-..-

—

-----

BACKGROUND

Vessel Motion and Motion Sickness
-.

Motion sickness, sometimes referred to as kinetosisr is a
.

familiar malady to those whose occupation,
or avocition, expose

them to very low frequency whole

sea. Whether an individual hasi
.

sickness depends upon the he~lth

body motions aboard vessels at

or will experience motion

of his vestibular syst~, the
amount of recent exposure to ‘similar motior environments,

the
characteristics of.the motions experienced, and the length of

the motion exposure (Money, 1970).

The breadtlh of motion sickness incidence implied above is

supported by studies with small marine craft which in~uced frank

motion sickness (emesis), depending upon severi.i of s’aast~~=,
in 11 to70% of the passengers and crew (Helling, et al.,

1944;
Tyler and Bard, 1949; Llano, 1955).

Larger vessels, such as
passenger ships and naval destroyers making winter crossings of

the Atlantic Ocean, have produced similar magnitudes in incidence

during the first few days of the crossings (Bruner, 1955;
Chinn,

19.56;Chinn, 1963). Although such studies do not pezmit an

accurate estimate of susceptibility in the.general population,

..
examination of histories taken from a population of college

students showed 90% of the students had experienced motion

sickness at one time or another (Reason, 1967).
I

Motion sickness is not only widely experienced but is easily

recognized. It is characterized by the development of facial
. .

..-. . --- A
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pallor, cold sweating, drowsiness, nausea and ultimately by

emesis (Desnoes, 1926; Flack, 1931; Ma-itland, 1931; McEachern,

et al., 1942; Hemingway, 1944; Tyler and Bard, 1949; De Wit
t

1953; Schwab, 1954; Crampton, 1955; Money, 1959; Taylor,
et al.,

1960; Clark and Graybiel, 1961; .Kennedy, et al., 1965; Whiteside
I

1965) . Such symptoms are generally reliable and exhibit a

sequential. patte.m du-ring onset. Drowsiness, pallor and cold

sweating usually precede nausea which intensifies to the point

of emesis (Hemingway, 1944; Crampton, 1955) . A.few individu=~s,

however, may reach the eme=is stage so rapidly t~at nausea and

other prelimina~ symptoms are not encountered prior to emesis

(Maitland, 1931; Loftus, 1963). Exceptions at the other extreme

are cases where individuals suffer severe and protracted states-

of nausea without emesis, or who fail to develop me nausea and

(.

f’
<. vomiting syndzame altogether (Reason and Brand, 1975) ..“

c

Due to individual idiosyncrasies mentioned, and the possi--

bilitiy for other pathological conditions to manifest similar

slmptoms, sole reliance upon the aforementioned “cardtial” signs

and symptoms in determining tlheonset and severity of motion

sickness can be unwise. Fortunately additional indices do exist

for substantiation of the s~drome and its progress.
Such indi-

cants, although exhibiting a greater degree of individual varia-

bility, provide not only confirmation of the syndrome but offer
. .

greater precision in scaling its severity within the individual

(Kennedy, et al., 1965; Miller and Graybiel, 1970; Wood, 1970;

Wiker, et al., 1979a). The additional indicants range from
(“/

(~
gastrointestinal symptoms (e.g., epigastirc awareness

t burping,
increased desire to move bowels) to changes in affective state

-. -... . . .
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(e.g., anxiety, depression, apathy] and neurological state (e.g.

headache, dizziness, vertigo). --

Navy scientists, searching for an experimental endpoint

which would spare test subjects from the rigors of vomiting

during vestibular research, developed a motion sickness syqptom-

atology questionnaire and severity scaling system (Gray’biel, et

al. , 1968) . The technique was successful as it required only

stiple self-assessments of’familiar symptoms and, although

SymptOm~tOIOky iS somewhat-variable f~o~L htiiVidUd tO iridividua:
.

the progress of the syndrome was found”to be reliable and

characteristic within the individual.

Use of the scaling system allows appropriate weighting of

symptoms and their transformation into numerical scores for

inclusion in statistical analyses of within subject-experimental

data. The method has been successfully employed in antimotion

sickness drug therapy evaluation (Wood, et al., 1966) and motion

sickness incidence studies aboard vessels at sea” (Kennedy, et

al., 1972 and Wiker and Pepper, 1978).

Although recognition and measurement of motion sickness has

enjoyed practical success, its etiology continues to spur contro-

versy. A major etiological’ advance was made in the late eighteen

hundreds when a ship’s physician discovered c~af mutes to be

immune to seasickness. Believing congenital damage to the
.

auditory faction of the labyrinth to be frequently associated

with damage to the nonauditory ”apparatus, and vessel motions to

be predominantly angular rather than translational in nature, he

attributed seasickness to an irritation or overstimulation of the

Semicircular canals (Imin, 1881) . This somewhat circumstantial

. ---- .-.
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indictment of the vestibular apparatus did not receive experim-

ental scrutiny_until the study by S~o”berg in 1929.

Sjoberg, using a crane to induce vertical oscillatory

motions in an elevator car, examined motion sickness susce~ti-
----

bility among normal and deaf humans as well as normal and - -
-.

bilaterally labyrinthectomized dogs. His findings confirmed
. ..

immunity among deaf individuals but more importantly demonstrate
.

confi.mned bilateral destruction of the labyrinths led to perma-

nent and complete immunity in once susceptible dogs. Sjoberg’s

work and other independent reaffirming studies (Johnson, et al. ,

1951; Money and Friedberg, 1964; Kennedy, et al., 3965) have

led to general agreement as to the requisite involvement of the

vestibular system in ger.esis of motion sickness=

Disagreements remain, however, as to the -~ype-of vestibular

transduction (e.g., otolith or semicircular canal stimulation) ,

and where or how the transduced vestibular ~’~tputinteracts with

other sensozy input to produce motion sickness; the frequency

and acceleration characteristics of the motion environment which

are most or least provocative; and whether motion sickness is

purposeful or pathological.

Arguments for otolithic causation stem from Sjoberg?s work

and the work of many others who have experienced little difficult

in producing motion sickness w+th vertical translational motions

(Alexander, et al., 1945a, b, c, d, e; Alexander, et al., 1947;

Alexander, et al., 1955; O’Hanlonanci McCauley, 1974; McCauley,

et a~., 1976) .

A recent experiment examined the etfects of adding angular

acceleration components (e.g.,
pitch and rolll to vertical

..-- . . . . . . . .
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translational acceleration. No significant changes in emesis

incidence wertiound between vertical- “accelerations alone and

combined translational and angular conditions (McCauley~ et al.,

1976) . The testing paradigm, however, required the heads of the

subjects to be restricted in support devices to permit accurate

assessments of head and body movement. Restriction of head
.

movement in prior swing and aircraft:.studies has been reported

to be effective in reducing motion sickness incidence and

severity (.Johnson,et al., 1951; Johnson’andMayne, 1953); tlhusr

the contribution of the added angular accelerations as well as

t!!eoverall magnitude of

es@nated.

Additional evidence

eme’sis incidence may have been under-

for otolithic causation cor.~esfrom

objective studies of ship motion which show a predominance of

(
/

<. translational rather than angular accelerations @joberg, 1970).,

- and reports of motion sicl-~ess relief with adoption of ~.he

supine position (Manning and Stewart, 1949; Brunner, 1955; Isaacs

1957) . Theoretically, adopting ‘the supine position should::--

reduce otolith stimulation.

,-

(_-.—--...

—

Though such evidence certainly argues well for otolith.

involvement in motion sickness, no definitive experiment demon-

stra~ing otoiith responsibility can be found.

Supporters for semicircular canal causation believe linear

acceleration environments produce angular accelerations of the

head which are ultimately respons-ible for the sickness.
Manning,

et al., 1943, found vertical accelerations unable to provoke

motion sickness when head restraint was employed. yet motion

sickness occurred when subjects were exposed to equivalent

. .-.
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vertical accelerations under angular acceleration conditions

(swings). Fra_ser and Manning (1950) ‘also found that vertical

accelerations were unable to produce the magnitude of illness

seen in swings producing equivalent vertical linear acceleration

components. --

The most convincing evidence for semicircular canal, genesis

of sickness comes from the work of Money ~d Friedberg in 1964.

Using a two-pole swing, fifty-seven susceptible dogs were exposeE

to cyclic anguiar accelerations

minutes or until first emesis.

week for four consecutive weeks

as the criterion.

far a period of twenty-five

Each animal was exposed once a

with time to first emesis se.ming
.

Upon completion of pretests, otolith and se]~icircular canal

function exams were pe.rfomed.after which the animals were

randomly assigned to one of four experimental surgeg groups:

bilatera: Iabyrinthectomy, surgical plugging of all sis”suwi-

circular canals, surgical plugging of less than six cana~sr
and

a placebo group which underwent a sham operation. Surgical goals

were confirmed by postoperative vestibular function tests.

Postoperative experimental swing tests were then conducted for

seventy-five minutes or until first emesis for a period of four

wee}:s following recove~.

Results showed total immunity in bilaterally labyrinthect-
.

omized animals as well as in those which possessed nonfunctional

semicircular canals. Blockage of-less than all six canals led

to reduced susceptibility while the placebo group exhibited no

chancjes.
( ‘“,.

( N“
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Such results support the idea that the semicircular canals

are involved in motion sickness genesi-swith rotational or
—-

angular acceleration environments; however, the evidence does

not rule out otolithic involvement in predominantly linear

acceleration systems. --

Motion sickness incidence is clearly dependent upon a

functional vestibular apparatus, yet other ’5ensory systems

appear to play a role in its genesis.

Benfari (1964] observed presentation of ‘cinerama’: type

films led to vertigo and nausea in.theater patrons; particularly

during scenes which utilized rapid shifts in background scenery.

Miller..and Goodson.. (1960) investigated the onset and

severity of xiotiaonsickness aboard a fixed-base Bell 2-FH-2

helicopter simulator. The simulator consisted of an actual

cockpit display and assembly, a computer system to operatesthe

projection system, and a wide screen multiple arojection apparatu.

The projection apparatus provided a moving terrain and horizon

display in excess of 260? azimuth and 75° elevation- central to

the pilot’s field of vision.

The apparatus simulated flight response to aircraft control

c’:.,.,..
movement by altering visual cues such as terrain and horizon

angle, increasing terrain passing velocity or changing terrain

(-i
( k.

magnification and horizon elevation to indicate altitude. Use
● .

of the simulator provided dramatic changes in the visual surround

while the body remained relatively-immobile.

Motion sickness questionnaires completed at the end of

training “flights” showed 78% of all pilots tested (n=36)

experienced acute motion sickness. Moreover, pilots with the

. . . .
. .- . . . . .-
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greatest amount of actual helicopter flight time suffered the

most rapid and~evere cases of sickne~s during the simulated—

flights. Vertigo was reported to be most severe when pilots

lost control of the “aircraft” leading to increasingly erratic

and exaggerated visual presentations. Finally, the sense of

vertigo and nausea often returned ,.or increased in severity,

upon exit from the simulator following relatively long’’flights”.

The most rigorous examination of the importance of visual

input in moticn sickness genesis is provided by Dichgans and

Brandt in 1973. Visual and vestibular cues, as well as their

interactions, were studied using a Bara.ny Chair and a rotating

cylindric~l dr’umenclosure for visual surround presentation.

Subjects were strapped into the chair with their heads fixed so

that only a 45° side-to-side head movement could be-achieved.

The chair sat within a cylindrical drum housing which was painted

with vertical alternating:black ..a.ndwhite st.+pes subtending 7°

of visual angle. The chair and’drum could be rotated separately,

simultaneously, at different speeds orin different directions

while the visual field or surround was masked.

The experimental paradi~ exposed subjects in random order

to either a rotating chair witi no visual cues, a rotating

visual sur~ound without chair motion or a combination of simul-

taneous chair and surround rotation.
During the experimental.

conditions subjects were to move their heads side-to-side upon

command while making magnitude es-t-imationsof vertigo, nausea

and perceived body tilt based upon experiences during an initial

controlled stimulus run.
Additional physiological data such as

L

.- -- -— .. . - --
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blood pressure and

(

f
the number of head

;>,- ——

galvanic skin response (GSR) were taken along

movements required ‘to reach emesis.

._ (::.’ No differences were found between purely visual conditions,

the rotating chair or combined movement conditions with regard

to blood pressure or GSR changes; however,. emesis incidence-

associated with only visual input w-as somewhat less than that of

chair rotation or coupled conditions.
Simtiitaneous rotation of.?4 ..

the chair and visual surround yielded the highest rate of illness

c

...
-.>.-.~., with severity declining as surround movement was slowed to a,.

stop. Fur&Ae~ore, both chair and visually induced sickness

increased with the increase in rotation rate (r = .79, p c
.01) .

Masking the visual surround showed wider presentations led

to greater sickness severity under visually induced conditions

(r = .78, p < .001). At the same time,/ ,,. masking the-cente~ of
[

the visual surround had no effect upon any variable measured;

thus , indicating the periphery of the retina plays the central.

role in visually induced sic.kiiess.

The evidence not only etiologically implicates the visual

system with motion sickness onset, but is congruent with a

theory which states the development of miotion sickness results

from establishing disagreement.s, or neural mismatches, between

two or more sensoq~ inputs (e.g., vestibular, visual and possibly

proprioceptors) which have previously established correlations.
,.

The theory, originally developed by Claremont (1930] and recently

championed by Reason (1970) and Reason and Brand (1975), argues th

sensory information is constantly integrated and, along with

learned senso~ correlations, is evaluated in the higher centers

of the central nervous system.
Generally, senso~ input is

\-x

.
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highly correlated; that is, visual field

movements are _mrroborated with parall-el

lar and proprioceptor systems.

shifts due to head

inputs from the vestibu

According to the sensory conflict theory, a susceptible

organism subjected to an unusual motion or visual environment

which elicits conflicting sensory -input may lead to motion

sickness if the sensory input discrepancies ““arelarge enough.

If motion sickness occurs in response to an unusual visual or

inertial environment, and the situation remains relatively con-

stant, then sickness wanes as neural adjustments are made and

sensory input correlations are reestablished. Once “sensory input

rearrangement occurs under dynamic environmental conditions,

rapid return to a stable environmental condition may lead to a

retuzn of sensory mismatch and motion sickness (Miller and

Goodson, 1960).

Numerous previous~~ ur~cc+led peripheral phenomena dissoci-

ated with the motion sickness syndrome have been accounted for

by the sensory conflict theory {Reason and Brand, 1975). Yet

the most compelling aspect of the theory may lie in its provision

of basis for a hypothesis that motion sickness is not a pat.?.?o-

logical condition but rather a natural selective defense .4

mechanism.

Treisman

effect of our

(1977) hypothesized motion sickness is not a side.. .
advancing technology but rather an evoluticnarily

developed defense mechanism agains-t toxin ingestion. Support for

such a hypothesis is necessarily based upon circumstantial

evidence.

..J,
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Treisman points out that motion sickness is a phenomenon

which is widely reported throughout lih”eanimal kingdom. Its——

incidence has been reported in all primates examined, horses,

cattle, sheep, dogs, several species of birds and even in fish

(Money, 1970) .

Second, assuming the

pathological condition or

sensory conflict theory is valid, any

pharmacological .a~ent capabie of pro-

ducing sensory disturbances, ataxia or disruptions in normal

sensory input would be expected to produce symptoms of nausea

and emesis. Many pathological conditions and chemical agents

which disturb sensory processes are

vomiting (e.g., Meniere~s Syndrcmer

ingestion) .

associated with nausea and

alcohol, glaucoma, lead

Finally, he argues that although unselective feeders may

reject toxic substances by smell, taste, or alimentary chemo-

sensation, many substances,, such as some neurotax”ns, are not

effectively challenged and are absorbed. Unchallenged toxins

may act upon the central nervous system, thus, disturbing input

or processing of sensory information. Such disturbances may

produce a sufficient sensory conflict or decorrelation condition

which would in turn promote emesisr sweating, increased saliva-

tion, and defecation illan effort to rid the body of the harmful

substance.
..

Treisman points to the differences found in motion sickness

susceptibility associated with ag-e-.andsex and attributes such

differences to food gathering activity.
Infants, who do not

search for food and rely upon breast milk, are not generally

susceptible to motion sickness. Adolescents, who are not likely

. .. - - - . .- .- -. - - . .
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to be skilled in food selection, or aging adults with failing

near field vision, are generally more “susceptible’to motion
—-

sickness than young adults. Women, who breast feed and who

traditionally have been charged with the selection and gathering

of food, appear to be more susceptible than males. --

Cextainly a good deal more research is necessary before

reliance can be placed in such theories? Yet these theories

along with the results of the previously discussed studies

indicate motion sickness is a multifaceted problem which may

require several different approaches toward its elimination,

mitigation, aboard present and future transportation systems.

any

or

Drug therapy approaches, which have drawbacks in the form

of physiological and psychomotor side effects, have been effec-

tive solutions in many cases for short-term and infyequenk

exposures to provocative stimuli which are difficult, or ilR-

practical, to control through engineering methods. Eff ‘etiveness

of engineering control measures (e.g., hull design or post hoc

vessel stabilization systems) or administrative control measures

(e.g., ship handling strategies, “limitations for operation orders

or personnel selection) has been limited by the slow development

of reliable extensive frequency and acceleration profiles

responsible for motion sickness inciuence.

Although the debate over ~estibular endorgan responsibility
.

and other sensory influences upon motion sickness incidence and

severity remains unresolved, there is little doubt of the im-

portance of the vestibular system. Given the vestibular appara-

tus’s prime function of detection of head movement and orienta-

tion, researchers have sought to resolve the qualities, or

..._.
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characteristics, of provocative motion environments which are

necessary for effective engineering c-o”ntrols.—

Using an elevator car, Alexander, et al., (1945a, b, c, d,

e) examined the effects of vertical frequency and acceleration

upon motion sickness incidence. Numerous experiments with.a

“wave mac~ine” demonstrated motion sickness incidence to be

frequency and acceleration dependent. -The ’lowest frequency

condition examined (0.27 Hz) was found to be significantly more

provocative than higher frequencies tested. Furthe.rmcre, higher

acceleration levels appear~d to be more effective in producing

sickness than lower levels examined.

Such pioneering studies, however, suffered from certain

limitations. First, subject exposure times were relatively sho-rt

in duration- Second, the wave farms studied were essentially

square waves whereas ships generate motions which are more sinu-

soida~-like in form. Thixd, althoush frequency changes were

evaluated under constant acceleration conditions,
no attempts

were made to investigate the influence of varying acceleration

levels in a systematic manner.. Finally, the frequencies examined

were generally higher than those seen aboard the majority of

ships.

With these criticisms in mind Hanford, et al.,
(1952) at-

tempted to correlate motion-sickness incidence aboard a troop
,. .

ship making an Atlantic crossing with vessel motion recordings

of pitch, roll and heave. No significant correlations were

obtained between seasickness incidence and vessel motions data

during the three days of data collection.

. ..-
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Several factors may account for the lack of correlations in

the above study. Subjects were allowed to roam about the ship

on an at will basis making accurate exposure histories impossible

to obtain. ‘Second, ship motions were recorded only during the

first five minutes of each consecutive thirty minute data col-

lection period. (Generally, sixteen or more minutes are required

to Obtain statistically reliable ship motio”n meas~~res.) Third,

the motions in a majority of the ship’s compartments were

estimated rather than directly measured. Finally, tilevessel

motion records taken durin~ the first five minutes of each half

hour were correlated with nonsimultaneous subject observations.

Another real world study compared motion sickness symptomat-

olo~xraboard C-121, C-130 and P-3 l?a’~ aircraft penetrating

hurricc~s (Kennedy, et al., 1972). Aircraft motions were re- “

corded with line’arand angular ~ccelerometers during the flights.

Due to the low sensitivity of the recording e~-”lipmentit was not

possible to accurately evaluate the magnitude of accelerations

experienced; however, frequency analysis showed the aircraft

which possessed the highest degree of illness also possessed

the lowest frequency of vertical oscillations (e.g.,
0.42 Hz VS.

0.83 Hz V.5.0.98 Hz).

Given the limitations of the work c]fAle~ander,
et al.,

(1945! and the inherent difficulties of conducting field studies,
.. .

O’Hanlon and McCauly (1974) systematically examined the influence

of vertical frequency and acceler-ation levels upon motion sicknes

incidence using a laboratory ship motion simulator.
The study

exposed 306 male college students to a variety of vertical ‘fre-

quency and acceleration conditions ranging between 0.083 Hz to
.

: -“



0.500 Hz and 0.03 g to ().40g. Independent groups of twenty or
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ing

more s-ubjectsyrere subjectedto a par-t’icularmotion environment,.

a two hour period or until first emesis.

Motion sickness incidence (percent of population experienc-

emesis) was found to be maximum at 0.167 Hz for any given

accelerate.on level. Deviation from the nodal frequency led to

a reduction in emesis incidence if the acceleration level was

held constant. Furthermore, emesis incidence was found to in-

C
..,.-.. crease monotonically with acceleration level when frequency was

held constant. A graphic ~epresentation of-the motion sickness

incidence prediction model developed is presented in Figure 1.

The above study represents a significant advancement over

previous laboratory studies in that a much wider range of moticn

environments were examined witlh sinusoidal rather than square
/
<. wave osci~~ations; yet, several questions remained concerning the

#
contributions of more camplex wave forms and combinations of

linear and angular accelerations.

McCauleyr et al., (1976] exaiiined the influence of roll and

pitch motions separately and combined with heave motions upon

e.mesis incidence. Three angular frequencies (e.g.,{->, 0.115 Hz,
< 0.239 Hz and 0.345 Hz) were combined with three levels of angular

accelerati:>ns (e.g., 5.5, 16.7 and 33.3°~sec2) in a partial

factorial design to yield six different angular motion environ-
..

ments.
.

These angular motions were superimposed upon a heaving

motion of 0.11 g at 0.25 Hz with ‘the subject’s orientation in

(
the test compartment dictating whether angular motions experience

were pitch or roll. Six [pitch and heave), six (roll and heave)

and three ‘ccntroll~motions (pitch only, roll only or heave only)

...- .
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Figure 1: A Model of Motion Sic~ess Incidence (}IsI)as a Func-
tion of Vertical Frequency and Acceleration for Two-
Hour Exposures (taken from OIHanl(ln and fZcCauley,
1974)
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were examined for differences in subject motion sickness inci-

dence.
.

No significant differences w&e obtained with combined

motion environments from the heave only motion environment.

The results, which reaffirmed the validiti;~of the motion

sickness incidence prediction model derived earlier (0’Han3&

and NcCauley, 1974) , indicate within the linear and angular fre-

::
l’? quency

bility

.
and acceleration envelopes of today”’svessels, only heave

of importance in predicting moticn sicd<iess.

prelimina~ experiment, conducted to evaluate the feasi-

of the e-xperimental paradi~ used in this study,
found

both emesis incidc~nce and motion sickness sympb~-.tology sevenity

to vary with the vessel’s encounter directionto the primary

swell {Wiker and Pepper, 1978).
As the small ~onohull vessel

steamed octogonal pattern~i in open seas courses with head sea

(.

/“.”
<.

components (,i.e.8“seasstriking the bow) led to significantly

~d higher reports of sicirjess than courses with follow@g seas (i.e.

seas coming from the vessels stern or quarters) .
See Figure 2.

As such findings were replicated not only wi~in each,:j

steaming day (two octogons were steamed during an eight hour

period) but between days as well,
fluctuations in motion sicness

(-
severity were attributed to the changing vessel motion character-

istics. As no vessel motion recordings were made, no relation-

ships between vessel motion frequencies and accelerations could

be drawn; however, the findings support the belief that frequency

and acceleration profiles such as those provided by OfHanlon and

McCauley exist and can, upon validation
? be useful in vessel de-

sign efforts to improve crew habitability and performance.

.—.
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To date, however,

to validate the motion
——

support the conclusion

JJJ!XJ-%JJ~

no real world studies have been conducted

sickness incidence prediction model and

that only vertical vessel motions are

important in the provocation of motion sickness aboard ships.

Moreover, the prediction model scussed is limited to predi-ctior

of emesis incidence while sube.mesis levels of motion sickness

may be equally or more important from a physiological,
affective

state, or psychomotor performance standpoint.

Vessel Motion, Motion Sickness and Antidiuretic

Hormone Release

Measurement of motion sickness incidence and severity has

in the past relied upon subjective information provided from

subjects or observers. Although reliable subjectil;e assessment/’-,..
L. techniques are evolving, they lack the advantage of objective

measures. One promising objective index is th~’:of antidiuretic

hormone (ADH) secretion rate.

Taylor, et al., (1957) investigated the effects of laboratoz

induced motion sickness upon urine production rate, urine speci-

fic gravity and urine chloride concentration in humans and dogs.

c

.-.*
~.- Total void urine samples from humans, and aliquotted samples

from catheterized dogs: were collected every fifteen minutes

during a two hour control peri?d.
Immediately following each

collection subjects were provided water or a diluted punch to

drink until their body weight retu-rned to the initial level;

distilled water was provided to the dogs by gavage.

Following the control period subjects were exposed to ei~her

a swing or turntable apparatus to inducp motion sickness.
Humans

.-

..
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exposed to the turntable experienced 30 rpms while their heads

were mechanically manipulated vertical-ly in a 36 degree arc to
——

bring about motion sickness within a two to three

Humans and dogs were exposed to swings which

body mctions of seventy degrees in arc at sixteen

minute . Sw-ingexposures brought on severe nausea

minute period.

producsd whole

cycles per

and the urge

to vomit in humans generaily within six minutes while nine

minute exposures for dogs produced profuse salivation.

Results showed 72% .of subjects who reported severe nausaa

experienced a 65% or greater reduction in urine output.
Further-

more, urine specific gravities and urine chloride concentrations

increased with reduced diuresis associated with motion sickness

while urine chloride excretion rates remained unchanged. Of

those stijects reporting little or no motion sickness 80% ex-

perienced less than a 25% reduction in urine output from control

levels.

Resulting antidiuresis was attributed to the release of anti

diuretic hormone from the neurohypophysis,
although hemodynmic

effects from acceleration ex~osures might have contributed to

urine production rate changes.
Ancillary experiments, conducted

with turntables and no subject head movements (i.e., little or no

motion sickness) resulted ix-ilittle reduction in urine proc-~cti~~n

thus, discounting any significant hemodynamic contributions.
.“

140reover, the increased specific gravity and urine chloride con-

centrations, obsemed without changes in chloride excretion rates

during periods of reduced urine

were due to renal resorption of

glomerular filtration rates.

output, indicate such results

water rather than changes in

—-
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Graybiel, et al. , (1965) while investigating the effects of

long-te.m expGsure to slow rotation at 10 rpm, found significant—

reductions in urine production during the first two days of

exposure. During the last half of the twelve day experimental

period urine production increased toward control levels while

motion sickness severity declined despite condisderable individua

variability between tne four subjects studied. Although the

authors report bioassays of the urine samples indicate samples

collected during periods of moticn sickness contained an ADH-

like substance(s) no further information was provided.

The most conclusive evidence for correlation between moticn

sickness and ADH release comes from the work of Evezsmannr et al.

(1978). Frank r,otion s$.ckness, induced by rtiythmic head move-

ments made in cardinal directions aboard a rotating.chair, pro-

duced on the average a twenty-one fold increase in blood ADH

from presickness levels (r =“ .96, n = 31). Urine samples

collected for twelve hours beginning two hours prior to rotation

exposure were reported to be significantly lower than control

levels; however, no volumes were provided in their report.

Twelve-hour urine samples collected, which inciuded the

motion sickness episode, showed significantly elevated specific

gravities when compared to control values (~ = 21.5%) while

se.rurnosmolality remained unch?ngesi.
.

Hormone secretion during the rotation period leading to
.

emesis was examined in eight subjects using blood samples taken

every four minutes pre, per and post rotation. ADH release was

found to be stimulated prior to emesis and in concert with

developing syrnptomatology severity, while rotation without head

.

,.

.--, ..
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movements, consequently without motion’sickness, failed to

,elevate ADH levels.—

Results of these studies argue

or indirect measures of ADH release

-.

for the utility of direct

in efforts to objectively

mezsure changes in motion sickness severity. Investigatias

thus far have been restricted to short-term exposures to highly

provocative environments or to long-term exposures to consistent

single dimension motion stimuli.

A pilot experiment conducted for tlhisstudy found signifi-

cant relationships between bot~ urine output (r= -.65, p <
.05]

and motion sickness symptomatology reports (Wiker, et al., 1979)

Significant changes were observed in bcth urine volumes and spec.

fic gravities from control (dockside) two-hour total void sample:

and samples collected at sea (see Figures.3 and 4)-..

,.
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Figure 3: Mean Urine Output Comparisons Between Dockside and
Steaming Days Ctaken from Wiker and Pepper, 19721



(’
/

:-
f-

1
i-;.

.:

j

( -..
(.

,
J

—.

u!

.—.— -— —-—- —-—. —-— ____

1.03 L

1.02

-------
/

/ --
/ -. -.%-

x ,/ .
\\ /

x 0
- 0
--N /

1.01 -
\ /
\\ 0

/
-’\ ‘“---- CONTROL

\
-1“/” ‘AT SEA 1

‘-—-AT SEA 2

1 1
2 4 “~

HOURS OF EXPOSURE
.8

Figure 4: Mean Urine Specific Gravity Comparisons Between Dock-
side and Steaming Days {taken from Wiker and Pepperr
1978)

. .

No significant variations were found within steaming days

in either urine output or specific gravity despite-

octagonal steaming patterns which lecito large and

variations in motion sickness severity (see Figure

exposure tO

Consistent -

2}.
The lack of within day variation was attributed to the smal~

:ubject population employed (n =
6) and tke lack of statis”~ical

ccntrol of temperature, and humidity changes within

periods. . .

Whether ADH release, urine output or specific

the testing
..

gravity can
be used reliably as objective measures of motion sickness severi~

unaer lonq-tem real world circumstances where complex and ever-

changing motion environments result in cyclic, random or subtle

changes in motion sickness severity requires further examination.
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Vessel Motion, Motion Sickness and the

—— General Adaptation .S-yndrome

General Adaptation Syndrome (GAS), originally described

(1S?36)may be described as a stereotypic physiological
--

to noxious stimuli, independent from the nature of the

is most notably

and b.ypertrcpti-y

Though somewhat

characterized by enhanced adrenal gland activi&J~

(Canncn, 1914; Selye, 1950; Mulrow, LS72).

circuitous, a preponderance of studies which

correlate GAS, and associated adrenal activity, with environment

construedito=be noxious to man or laboratory animals has led

scientists to label such environments as stressful. Two widely

employed measures

are catecholamine

of adrenal activity and environmental stress
.-

and glucocorticord secretion rates.

Catecholamines and glucocorticords differ in thei~ origins,

synthetic pathways, chemical structures, physiological effects,

catabolic processes, method’s of quantification, and to some ex-

tent the stimuli responsible for their release.

Catechobmines such as epinephrine, norepinephrine and

dopamine are dihydroxyphenylamines which are produced in the

br~in, sympathetic nerve endings, and chromafin tissue sites

such as the medullary region of the adrenal gland. As dopamine

is primarily a neural trans.mit’terwith very little secretion

into the blood stream by the adrenal gland, the following dis-
--

cussion shall consider only epinephrine and norepinephrine.

Release of large amounts of epinephrine and norepinephrine

from the adrenal medulla during periods of stress leads to a

variety of physiological effects which may serve to maintain



sustained physical activity. Elevations in catecholamine levels

lead to increased cardiac output, pulmonary ventilation, blood

glucose and free fatty acid concentrations, along with redistri-

bution of the body’s blood supply from nonessential areas such

as the skin, mucous membranes and viscera to tissues of greater

immediate survival importance (e.g., skeletal musculature and

brain) . Redistribution of the blood supply to skeletal muscles

increases not only the &nount of available metabolic substrates

necessary for increased muscular activity, but serves to reduce
.

muscular fatigue by removing metabolic waste products such as

carbon dioxide and lactic a“cid,(Zkxelssont.1$?71;K“illiams, 1974;

Innes and Nickerson, 1975)”;thus, periods of sustained physical

activity may be expected to produce increased se=retion rates

of catecholamines.

To insure adequate substrate levels for muscular and central

nervous system activity, catecholamines inhibi+. insd:in se-retion

promote glycogenolysis and gluconeogenesis in.the liner, glyco-

genolysis in muscle, and stimulate the breakdown of adipose

tissue to release free fatty acids for muscle metabolism

(Celander, 1954; Bueding and Bulbring, 1964; Porte and Williams,

1!366;Chalmers and White, 1967; Kosterlitz, 1968).

Aside from the metabolic influences discussed, e~.evaticns

in circulating catecholamines increase contractility of fast

twitch muscles, promote contraction of the radial muscles of the

eye (dilation) to permit entry of-more light and relaxation of

ciliary eye muscles to increase depth of field at the expense Of

near-field ~ision- Such changes may be of importance in perform-

ance of visually dependent psychomotor tasks.

--

,

.-
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In certain cases, increased catecholamine secretion has

been correlate_&wifi changes in centr-al nervous system state.

Learning behavior and mental efficiency have been reported to

improve after epinephrine secretion was increased (Bovet-Nitti,

1965; Franke~euser, et al., 1970; Patkai, 1970] . These im--

provementsr which were attributed to increased vascular supply

to the brain and activation of the reticular formation,. we”xe

significantly correlated with epinephrine secretion rates.

However, other studies have Xepcrted no significant correlations

between vigilance or cognitive performance and either epinephrine

or ncrepinephrine secretion {Edoch and Brackenridge, 1972:

O’Hanlon and Iiorvat.h,197’3).’

As varied as the physiological consequences of catecholmine

release so too are the release mechanisms involved.-- Catecholai.in

secretion is governed directly by sympathetic innervation of the
,.

adrenal medulla aridindirectly through chang~}s in basal synthesis

rates associated withdiumal rhythms and varying concentrations

of other hormones (e.g., adrenocorticotropic hormone (ACTH),

follicle stimulating hormone (FSH), angiotensin 21, histain=
-t

bradykinin, serotonin and tyramine) and possibly as a result of

vestibular activation or mediation (.Colehourand Graybiel, 1966; .

Once rele=sed into

to effecter organ sites

tion they are destroyed

the blood catecholaines are transported

where ~pon stimulating cyclic AMP forma-

by plasma or intracellular enz~es, re-

bound into granules within sympathetic nerves or excreted in the

feces, sweat and urine (von Euler, 1964; von Euler
t 1966; Axelsso:

1971) . As a result the half-life of catecholamines in the blood

-’
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is relatively short (2-3 circulation times according to Axelrod,

et al., 1959) -d, therefore, catecho~amines have been useful in

measurement of environments where stressor levels change rapidly

The amount of catecholamines excreted in the urine repre-

sents only

gland, yet

elites, in

a few percent of the amount secreted by the adreial

measurement of free catecholmines, or their rnetab-
.

the urine has proven to be a re~iable index of blood

levels (von Euler, 1964, 1966). Urinalysis techniques offer ad-

L- vantage over blood sampling through greater subject acceptance,

ease and safety in sample collection, less interference with

psychomotor performance, and urinalysis are not susceptible to

local pe~fusion changes. At the same time, however, urine

sampling techniques require longer time intervals between sample:

/.’ thus, reducing the ability to.resolve short-term responses to

<.
stressors.

Normal urinary excretion values for combined levels of

epinephrine and norepinephrine may range between 0-115 yg per

twenty-four hour period with excretion rates generally highest

in the early morning and lowest in late afternoon (Holvey, 1972).

r;
Excretion rates during stressful situations such as childbirth,

L thermal extremes, hemorrhage, immobilization, hea~~ exercise and

strong emotional states, may double or triple in magnitude from

x..

. .

pre-stress levels (Goodall, et.al., 1957; Sundin, 1958; Pekkarin,

et al., 1961; Levi, 1965; von Euler, 1966; Patkai, 1970; Bloch

and Brankenridge, 1972; von Eulerj 1972; Sultanor, 1975; Veisfelc

et al., 1975; Matlina, 1975; Bhagat and Hornstein, 1975; Kuja~ovz

et al., 1974; Kozlowski, et al., 1974; LeBlanc, 1975; Miku~aj,

et al., 1975; Krahenbuhl, et al., 1977).

. ..
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Unlike catecholamines, which are continually produced and
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stored for later release, glucocorticoids, steroid-ring based

structures synthesized in the cortex of the adrenals,
are re-

leased in proportion to their rate of synthesis. Control of

synthesis appears to be heavily controlled by ACTH release-f-rem

the adenohypophysis.
.

Stressors may act upon the hypothalamus, or higher brain..

:<

centers, causing an increase in the secretion of corticotropic

.Y
releasing hormone {CRJ?). This hormone stimulates release of

ACTH from the adenohypophysis which, in.turn, acts upon the

adrenal torte:{to stimulate production glucocorticcids such as

cortisol (McKerns, 1969; Williams, 1974).

..--’

.
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Physiologic ievels of glucocorticoid secretion act in a

variety of ways to elevate or maintain blood glucose levels

necessary for central nervous systa activity and other glucose-

dependent processes. Glucor,~rticoids accelerate extrahepatic

protein and adipose tissue catalysis while inhibiting peripheral

amino acid uptake and protein synthesis; thereby, providina neces

sary substrates for gluconeogenesis.
Additionally, hepatic

glycogen deposition is promoted and peripheral glucose utiliza-

tion slowed through insul;n inhibiti~~n.

Along with their effects upon carbohydrate metabolism,

glucocorticoids can increase blood pressure by producing fluid

shifts from cytoplasm to intravascular spaces and by prolonging

the actions of catecholamines th~o-ugh antagonization of their

degradative enzymes (Deane and Rubin, 1964).

.- -. . .
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Once released, glucocorticoids are inactivated principally

in the liVer, _~ngulated to form water- soluable derivatives, and

aze then passed out in the urine, sweat and feces (McKerns, 2969;

Williams, 1974). One metabolize of cortisol found in urine,

l?-hydroxycorticosteroids (17-OHCS), has been found to increase

two to four time from basal levels of 3-8 mg per twenty-four houx
., .

under :stressful conditions such as tissue injury, inflammation,

hypoglycemia and electroconvulsive shock (Braun and Hechter,

1970; Kendall, 1971; Hale, et al., 1971; Bloch and Brackenridge,

1972; Courtney and Marotta, 1972; Bridges and Jones, 1973;

I,each, et al., 1974). ““

Catecholanines and glucocorticoids react to a wide variety

of physiological stimuli which are generally conside::ed to be

stressful. Whether the actions of these two classes of adrenal

hormones are directly beneficial in the defense against or

adaptation to noxious stimuli requires further study. ‘The ut.l-

ity of such measures as relative gauges of both physical and

emotional stress, however, is widely accepted for use in within
,1

subject experimental paradigms (von Euler, 1965a; 1965b; Masonr

(-

1968) .-%----
.-

Motivated by the belief that low frequency whole body accel-

eration and result~ng motion sickness may be both’:physiclogicallv

and psychologically challenging, studies have been conducted to
.

examine the relationships between catecholamine and 17-OFiCS

excretion rates under such condit-i-ons. Dahl, et al., (1963),

( -.
/

comparing serum 17-OHCS levels obtained during

during acrobatically induced airsickness found

czeases associated with motion sick subjects.

preflight and

significant in-

-. .

-“
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Similar findings were obtained when catechol~ne excretior

rates were compared between labyrinth&e defective (LD) normal

subjects in the same acrobatic envirorunents. The LD subjects,

who experienced no significant motion sickness, failed to pfoduc

elevations in catecholamine excretion rates while ncrmal sfib’jec

experiencing motion sickness did (Colehour, 1965) .
.. ..

In a subsequent laboratory study Colehour and Graybiel t196

found subjection of”four young naval officers to increasing

coriolis stimulation over a period of six days led to nausea

and increased excretion of adrenalcorticoids and catecholmines.

As habituation to the motion environment occurred,
the adrenal

.
corticoid response declined to prerotational levels.

Similar
results were obtained with epinephrine,

however, there was a

terminal rise on the last day of experimentation which was

attributed to subject anticipation.

Norepinephrine excretion, on tie other hand
, init~.ally

fell below control levels and gradually increased throughout’

the experiment. .-
.The gradual increase was attributed .to elevated

levels of subject physical activity associated with habituation

to the nauseogenic motions.

Eversrnann, et al., {1978) investigating the influx of

coriolis-~.nduced rnotior.sickness upon serum cortisol. levels,

Ifound over a two-fold increase. in cortisol which began fifteen

minutes prior to emesis and peaked approximately thirty minu’tes

postemcsis. Examining the secretion profiles of the thirty-two

subjects studied, a high test-retest correlation was obtaine’d

(r = .76, p < .01).
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Other laboratory motion generator studies, however, have

provided less supportive results. G~aybiel, et al., L(1965)

exposing four aviators to ten days of coriolis stimulation in

the Pensacola Slow Rotation Room found elevations in catechol-

amine and 17-OHCS excretion only during the eighth and tenth

days of exposure.

Jex, et al., (1976) investigating primarily linear acceler-

ations in the vertical ~Mne similar to the vibration spectra

seen aboard some surface effect ships, found no changes in sermi

epinephrine levels. .

In the pilot experiment conducted for the present study,

17-OHCS excretion rates of the six habituated subjects increased

from dockside levels on the average of 123% (p >~.05) the first

day at sea and 232% (p < .05) during the second day-at sea.

At the same time, catechohmines were found to increase at sea

only durir:gthe second steaming day (steaming day “1yie..~ed an

average increase of 508% (p

a 197% (p < .05) increase).

within day samples nor were

> .05) and steaming day 2 yielding

No significant changes were found

within day values significantly

correlated to changes in octagonal steaming courses or motion

sickness severitiy changes recorded (,Wikerand Pepper, 1978) .

Though the evidence suggests a relationship bstween motion

sickness incidence and stress hormone response, particularly
.

with the adrenalcorticoids, the vast majority studies have failec

tO systematically assess the infz~ences of ~otiona~ state durin.

motion sickness. Field studies, in which subjects were able to

withdraw from experiment participation yet would still have to

suffer the nausiogenic environment, have consistently shown

. ..
.

.- . . .
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elevations in stress hormone excretion rates. Laboratory
.-

studies in whie.h subjects knew they could remove themselves

u

.:.

not

only from the experiment but could experience rapid elimination

of motion sickness by stepping upon terra firma’,have not

always yielded supportive results.

As well as possible affective state differences among the

studies mentioned, there are distinct differences in the motion

environments themselves, experimental paradigms and, of course,

subject populations which r,aye.xpl.ainthe disagreements between
.

findings. .

Whether elevations in stress hormorles, such as catechoiamin

and glucocorticoids, are caused primarily by vestibular influenc

or by other factors such as affective state and physical demands

upon the musculoskeletal system remains

Vessel Motion, Motion Sickness

to be discerned.

,

and Heart Rate

Exposure to vessel motion may place extra demands upon the

body?s musculoskeletal system{ increase metabolic -activity, spee!,.

fatigue onset and as a result alter cardiac output.

Studies of stressful environments have found elevations in

heart rate; particularly those which are associated with signifi-

cant muscular activity (Bronha and Zapp, 1967; Simonov, et al.,

1975) or central nervous system state changes (Deane, 1969;

Blix, et al., 1974; Fenz and Jones, 1974; Smith, et al., 1974;

Simonov, et al., 1975).

Exercise or work increases

for substrates as well as waste

muscle tissue metabolic demands

product removal. Such demands
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is that of adj-usted cardiac output.

Cardiac output may be elevated by either increasing the

stroke volume of ventricular contraction as well as increasing

heart zate (Guyton, 1971). It appears, however, that when-mus.

cular activity is light cardic output requirements are met

primarily by elevations in stroke volume. ‘If workloads are in-

creased to moderate or heavy ~eve~~, stroke Volme capacity is

reached, thus, forcing elevations in cardiac rate to continue
.

meeting cardiac output demands ~Brouha and Zapp, 1967}.

Heart rate elevations have also been associated with partic-

ular.(:e.motionalstates such as anxiety or aggression (Blix, 1974 ;

Simonov, et til.,1975; Bloo~~, et a~., 1976; Deane, ~~~~~
. ,Heart

{ rate ck.anges seen with shifts in “affective state may, however,-,
k.

be tempered by performance task demands. Cognitive or problem

solving tasks, which are characterize< by envirorunenta”lrejectic.

(e.g., digit-symbol, recall and Stroop Color-Word], generally

show elevations in heart rate. On the other hand,. tasks which

require environmental acceptance (e.g., vigilance tasks) were

C.

[“

associated with reductions in cardiac rate. Complex.tasks in-

volving mixed types

icant c!langes (Dahl

Examination of

of performance are associated with no signif-

and Spencet 1970) .

cardiovascular activity of subjects exposed

to laboratory vessel motion simulators has generally led to

conservative outcomes.

Using a swing pole motion generator to induce motion sicknes

Hemingway (1945) found pulse rates to generally decline with ex-

posure although there were large individual differences.
Emesis

.—
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/- was associated with increased pulse rate but no relationship

(
..

j, ‘. was found between motion sickness incidence and resting blcod
/.(- .

pressure.

.’.
.
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Craxnpton (1955) using an elevator car for a vertical motion

generator, produced similar results when sick versus nonsick

group comparisons were made.
--

These laboratory findings indicate very low frequency whole

body motion, or motion sickness, are not likely to affect heart

c:
.......

rate except during the period of emesis. Yet no studies have”
---

been performed aboard actual

environment are more complex

inusculoskeletal standpoint.

vessels where the dynamics of the

and possibly more taxing from a

Moreover, previous studies. have

examined subjecis who were not actively performing tas’ks.

/ Changes inheart rate may be seen when the compl~xity of
<.

the motion environment is enhanced and subjects-are faced with a

sustained worklcad.

Vessel Motion, Motion Sickness and Sweat Rate

Sweating has been long recognized as a symptom of motion

c

sickness and is incorporated ‘in the majority of motion sicknessY.....

severiti~ scoring procedures discussed previously.
Cold s~:eating

is visibly progressive with the development of the motion sicknes

syndrome and has, therefore, been singulqKly considered in the

paSt for objective measurement of motion sickness severity and

susceptibility prediction (Hemingway, 1946; McClure, et al., 3.971

L..

Use of sweat rate alone as a measure of motion sickness

severity is complicated by thermal

McClure and Fregly. (1972) examined

and metabolic influences.

sweat rates of eight young
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males subjected to coriolis-induced motion sickness under strict-

ly control~ed thermal conditions. Gaivanic skin response and

electrochemical moisture sensors were placed on the dorsal surfac

of the hand and continuous recordings made while subjects per-

formed head movements in a rotating chair to induce sickness to

the point of stomach awareness. Experiments were repeated under
_—

a variety of thermal conditions to examine resulting changes in

the onset of an arbitrary sweat rate endpoint and its relation-

ship to the first report of nausea.

Results showed sweat-~ate to be effective as an indicator of

motion sickness onset as well as habituation within an indivi5ua3

thermal range. If ambient temperatures were too cold, the cold

sweat response was abolished altogether whil= on the other hand,

warm environments, which inciuced significant thermal sweating, ‘

shrouded both the onset and degree of Lhe cold sweat response.

Within the individual’s acceptable thermal range, ~we.+.rate

endpoints were encountered sooner, with a given provoking

stimulus, as ambient t~mperatmes increased.

be a

re-

McClure and Fregly hypothesize that such changes may

result of neural summation of both vestibular and thermal

ceptor input or that vestibular stimulation effectively changes

the hypothalamic “set point” for thermal sweati g
Ii .

Regardless of the mechanism involved results from these
,.

studies indicate that if appropriate thermal conditions are

maintained, sweat rate information may be of value in objectively

discriminating between motion environments which provoke only

mild degrees of motion sickness.

L../
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. ,.
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Vessel Motion and Affective State

Review of the literature concerning affective state indicates

exposure to stressful stimuli can bring abo~t measurable shifts

in mood (Nowlis, 1965; Griffitt, 1970; Griffitt and Veitch, 1971;

Freedman, et al., 1971; Spielberger, 1972). The direction,
.

magnitude and transiency of such shifts appears to be related to

the type, magnitude and duration of the stressor as well as the

physiological and psychological posture of the individual.

Changes in affective state during exposures to stre:;sful -

situations may have several consequences. First, mood shifts

may be either advantageous or disadvantageous in the individual’s

attempts to deal with the stressor(s) . Second, changing affectiv<

state may alter managerial or leadership effectiveness. Third,

chronic or.sustained negative mood shifts may yield ~coping

behaviors which interfere with organizational goals (e.g., ab-

senteeism, reenlistment rejection) . Finally, mood shifts can

lead to direct or indirect physiological changes (e.g., sleep

loss, incr~ased adrenal activity, cardiovascular changes) which

inturn may affect both the short and long term health of the
..

individual (Glass and Singer, *972; Spielberg, 1972) .

Although one would perfer to be able to make statements

regarding the impact of vessel motion upon the aforementioned

concerns, assessment of mood shifts in this study was motivated

by previous reports of mood shifts associated with very low
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frequency whole body motion exposures and their possible in- ““

fluences upon physiological and performance measures.

Apathy, depression, anxiety or fatigue are frequently re-

ported by either subjects experiencing motion sickness or by

clinical observers (DeWit, 1953; Clark and Graybiel, 1961;

Graybiel, et al., 1965; ~rams, et al., 197+7 Wiker and pepper,

1978) .

Abram=, et al. , (1971) USed a mood adjective ch~~k li=~

(MACL) developed by Nowlis,t1965) to systematically evaluate the

influence of simulator motion severity upon subject affective

state. See Table 1.

TABLE 1 --Affective Dimensions and Their Associated Adjectives.

Aggression Fatigue Vigor
Angry Drowsy Active
Defiant Sluggish
Rebellious

Energetic
Tired Vigorous

Anxiety Sadness
Clutched up Regretful
Fearful Sad
Jittery Sorry

Concentration Skepticism
Concentrating Dubious
Engaged in Thought Skeptical
Intent Suspicir~us

Eqotism Social Affection ..
Boastful Affectionate
Egotistic Kindly
Self-Centered Warm Hearted

Elation Surgencv
Elated Carefree
Overjoyed Playful
Pleased Witty
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Of the ten mood dimensions examined (social affection was

not examined) only reports of reduced vigor and increased fatigue

showed any changes upon motion exposure and resulting motion

sickness. Such changes were not, however, systematic in nature

and proved to be more sensitive to time of day influences than

to sea state level. —-

The same MACL was employed in a pilot study in which six

experienced Coast Guardsmen were subjected. to two consecutive

steaming days aboard a 95’ .Coast Guard Patrol Boat in sea state

two conditions (Wiker and Pepper, 1978). Checklists completed

each half hour during the eight hour exposure periods showed

only one mood dimension, that of fatigue, to change significantly

between dockside to steaming day reports. Subject concentration

ant skepticism reports showed significant and consistent within

day variations associated with octagonal steaming patterns.

Correlational analyses of MACL responses showed significant

associations between motion sickness symptomatology -severity

scores and mood dimensions of fatigue (r = .83; p < ‘.01) and

concentration (r = -.50; p < .01). Whether additional changes

will be found when larger numbers of subjects and more extensive

tests are conducted at sea remains to be seen.

(

‘Q”
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Vessel Motion and Human Performance

Crew performance at

biodynamics interference,

sickness associated with

sea may be perturbed as a result of
_-

increased fatigue and possibly motion

the motion environment. In the past

such possibilities have been largely disputed by investigators

using laboratory based mot~& generators, however, more recent

studies under both real world and laboratory :conditions indicate

performance is Vulnerable.

Early studies using purely vsrtical motion generators -

found no significant post exposure decrements in performance tasks

such as running through sand, running a 60-yard dash, dart

throwing, speed and accuracy rifle shootin--- code substitution,

and mirror drawing following a twenty minute exposure period.

Only a tracking task, the Mashburn Complex Coordinator, showed

a significant post exposure decrement (Alexander, et al., 1945;

Alexander, et al., 1947; Johnson and Wendt, 1964).

Similar findings were obtained in Slow Rotation Room (SRR)

studies in which subjects were e}:posed to rotational environments

between 1.7 and 10 rpms for various numbers of days (Clark and
.*

Graybiel, 1961; Guedry, et al., 1964; Graybiel, et al., 1965).

Experimental results showed motion sickness, except during

the act of emesis, failed to degrade performance in combination

lock opening, arithmetic computation, dial setting, card sorting,

\_.
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dart throwing, ball tossing and Whipple. Steadiness Test scores.

Nonsignificant fluctuations in these scores were attributed to

shifts in subject motivation levels. However, grip strength,

tracking capability and time estimation performance did suffer

decrements when four aviators were subjected to 10 rpms for

twelve days in the SRR (Graybiel, et al., 1965) .

Abram,

examined the

performed by

et al. (1971), using a vertical motion generator,

effects of exposure to various sea states upon tasks

experienced sailors. No performance differences

were found between sea states (SS) O, 3, 4, 4 1/2, and 5 in tasks

such as target classification, turn count tests, sonar target

detection, Doppler Tests, Revised Minnesota Paper Formboard Tests,

memory and reading comprehension exams. The authors report,

however, that learning effects were significant and may have

shrouded possible decrements.

More recently, J&Y, et al. (1976), ,experimenting with a

three degree of freedom motion generator, in an effoxt to

establish design criteria for a two thousand ton surface effect

ship, found exposure to motions between 0.2-2.0 Hz at 0.5-1.0 g

led to interference in motor tasks (e.g., navigation plotting,

lock opening, writing and xitical tracking capability) . Sub-

jects reported, via postexperiment questionnaires, that such

decrements were due primarily to biodynamics interference rather

than to indirect effects of the mot-ion environments such as

motion sickness.

Simulated surface effect ship motions and associated

motion sickness produced no significant decrements in sensori-

motor tasks such as auditory vigilance, short term memory or

.
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critical flicker fusion rates which concurred with an earlier

investigation (Clement and Shanahan, 1974) .

In contrast to the majority of laboratory findings, field

studies which have assessed the effects of more complex whole

body motions upon performance, have shown that performance can be

perturbed by motion environments leading to-motion sickness.

Brand, et al. {1967), examined the effects of an antimotion

sickness preparation upon the computational ability of men

exposed to motions aboard a life raft. Life raft motions and

resulting motion sickness led to significant reductions in

computational ability when compared to preexposure levels.

lMoreover, subjects provided with placebos completed significantly

fewer additions than did subjects using antimotion sickness

drugs.

A study conducted by Sapov and Kuleshov (1975) analyzed

the effects of long term exposure of a ship’s crew to actual ship

motion. The influence of vessel motion upon three different

categories of performance was examined. The performance variables

were categorized as physical efficiency, mental efficiency or

professional efficiency.

Physics: efficiency was mea~:ured through the use of aerobic

and static muscle strength tests while mental efficiency was

evaluated through the use of mental arithmetic tasks,
Landolts’

Ring test, rearrangement of numbers- encountered in tangled lines,

tracking tasks and simple visual reaction times. Professional

efficiency was measured by comparing the speed of performance

on tasks associated with professional specialities under experi-

mental conditions with that of established “norms.”

.
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Data were collected during the six=week study under the

following sequence: one week steaming under calm sea conditions

within a sheltered bay; a second week”of steaming outside the bay

on the open seas;.and a final three weeks at sea immediately

following the second stage. Significant decrements were reported

in physical, mental and professional performance during the

second stage of data collection while a general improvement was

seen in be-d the mental and professional

third stage. The improvem~ts, however,

below control levels established in cam

performance during the

generally remained

waters.

Physical efficiency continued to decline through stages two

and three. This continual reduction was ‘attributed to the .

chronic stress and fatigue associated with postural demands

made by the constant rolling action of the ship.

It is interesting that the primary reduction in mental and

professional efficiency was attributed not to a reduction in the

rate of task completion, or quantity of work, but rather to large

reductions in the quality of performance (i.e., increased error

rates) .

Another real world study, conducted to evaluate the

feasibility of the experimental paradigm a-..dsensitivity of

measures used in this study, examined a variety of performance

measures under actual steaming conditions “(Wiker and Pepper,

1978) . Performance tests such as navigation plotting, grammati-

cal reasoning, visual search, complex counting, “critical tracking,

code substitution and Spoke Test were administered to six

experienced crewmen aboard a 95’ WPB Coast Guard Patrol Boat

while dockside and under steaming conditions in sea state 2.

.

.
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Results showed significant decrements in navigation plotting

accuracy and visual search performance in a letter search task

despite noticable learning effects and small sample size. No

significant decrements were found in grammatical reasoning,

complex counting, critical tracking, code substitution or Spoke

Test performance; however, with the exceptien. of grammatical

reasoning all tasks studied exhibited learning effects.

Navigation plotting accuracy scores were found to be

significantly correlated with steaming encountered direction to

the sea’s primary swe~l. Courses producing head or bow seas,

which also led to the greatest motion sickness severity, yielded

the poorest navigation plotting accuracy scores. Whether such .

decrements were due to biodynamics interference, motion sickness

or a combination of both could not

vessel motion records were made.

In summary, human performance

vulnerable to either the direct or

be discerned as no objective

appears, to some extent, to be

indirect effects -of vessel

motion. Given the paucity of studies examining the effects of

whole body motion below 1 Hz, no general statements are permis-

sible concerning the types of performance which may be expected

to suffer aboard ships or the characteristics of the motion

environments responsible for decrements.

The apparent disagreement between some laboratory and real

world findings in the area of human performance may not be

genuine. Although the severity of motions studied in the labora-

tory was probably greater than the more complex real world

environments, no real world motions data exist for objective

comparisons. Furthermore, though a variety of performance tasks

.
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were exa-ninedunder both testing strategies, few tasks were

similar enough

Clearly,

frequency high

. .
te make critical comparisons.

additional research is necessary under very low

amplitude motion environments to determine the

magnitude and scope of motion sickness and acceleration influences

upon human performance.
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Performance Test Battery

In the present study, a battery of psychological tests was
.

administered to assess the effects of motion on such psycho-

logical processes as short-term memory, pattern recognition,

signal detection and processing and mathematical reasoning.

These are objective measures which are related to successful

performance in many impOrtant shipboard jobs, esPecial~Y with

regard to watch-standing, surveillance, and search and resc~ue.

Six tasks were selected which were considered both relevant to

the performance areas of concern and of sufficient re-liability,

validity, and sensitivity to detect changes in performance pro-

duced by stress. T..->candidate measures ranged in character

from simple to complex, from operational to abstract and from

machine-paced to subject-paced tasks.

The battery of tasks were selected or constructed to meet

the following criteria:

a)

b)

c)

Tasks were to tap a variety of cognitive and psychomotor

skills.

Tasks were to possess operational relevance (i.e.,
had

similar components to those occupational duties normally

performed aboard ship). -

Tasks were to possess sufficiently good statistical

reliability so that repeated testing was possible.

“~/
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d) Tasks were to possess sufficient sensitivity to stress

—
induced performance decrements.

Tasks were selected based upon results obtained from a

pilot study (Wiker and Pepper, 1978) and ongoing work by Kennedy

and Bitner (1978). The six tasks employed in this study were:

a)

b)

c)

d)

e)

f)

Navigation Plotting Task

Critical Tracking Task

Spoke Test

Complex Counting Task

Code Substitution Task

Time Estimation Task

Navigation Plotting Task

The primary requirement of any shipj military or nonmilitary,

is tG navigate safely and accurately from one position to another.

To accomplish this goal requires the operation of electronic

and mechanical navigation equipment (e.g., loran, ra~ar, sextant,

etc.) , mathematical reasoning and operational manipulation of

plotting equipment such as triangles and dividers in the attain-

ment of geometric and trigonometric solutions to navigational

problems.

Navigation and position plotting performance is not only

important in the satisfaction of strategic operational mission,

but it provides information to bridge personnel regarding rela-

tive movement of other vessels or navigational hazards which is

necessary for collision avoidance, target pursuit and inter-

ception or escape from pursuers. Furthermore, such skills enable



( utilization of environmental information (e.g., current set and
—

drift, true wind velocity) ‘required for safe and effective
4.

ship handling.

To assess the effects of vessel motion upon these skills,

a navigational plotting task was developed using standard plotting

equipment and procedures typically employed aboard all Coast Guard

and Navy ships. The

to piot the relative

triangles, a compass

addition to plotting

to employ arithmetic

task was subject-paced and required subjects

movement of a target vessel using a pair of

and a standard maneuvering board. In

the relative movement, subjects were required

and geometric reasoning, as well as nomogram

(

“../

interpretation? to compute the relative course, speed and closest

point of approach of successive target vessel movements.

Although the task does not involve the more complex types of

plotting problems, it does employ all of the basic skills required

to solve more advanced” problems. The task was easily mastered

with practice, yet it involved sufficient complexity-to be

considered demanding. .

The navigation plotting task combines a variety of perceptual

cognitive and motor components including numerical computation,

spatial reasonir.g and dexterity in a highly relevant operational

task.

Critical Tracking Task

With the need for accurate and timely navigation, nearly

every aspect of shipboard performance requires some form of

manual operation of a control system (e.g., navigation~ gunnery,

communications, engineering, etc.). Degradation of performance
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in any of these areas can have a significant negative impact on

overall shipboar~ performance.

To assess such performance, it is useful to consider the

human operator as a biological servo-mechanism which receives

input from the sensory system, integrates the sensory information

within the central nervous system and produces an output in the

form of a motor response. Reevaluations of the output accuracy

by the operator are made in a consecutive manner. However, due

to the delay in time between the input and output processes,

this servo-mechanism (operator) is considered to be intermittent

or discontinuous in nature. Tzacking performance, or time on

target, is therefore dependent upon the dynamics of the target

as well as the functional integrity of the operator’s sensory

( sy~tems, central processing capability, and neuromuscular

capacities to provide an accurate motor response. Tracking per-

4 formance is frequently employed as a measure of rhe human

operator’s transfer function, or effective time delay between

(.

L

the incoming stimulus and the outgoing response (Rose, 1974).

If the dynamics of the target can be systematically con-

trolled, it is possible to evaluate the effects of various

environments upon the operator’s effective time delay. In addi-

tion to producing direct biodynamics interference in the operator’s

motor response characteristics, ship motions also may distort

visual sensory systems and higher nervous center processing which

could lead to decrements in tracking capability via lengthening

of the operator’s effective time delay.

Many forms of tracking exist for use in such evaluations

(e.g., pursuit, compensatory, subcritical, critical, etc.) . The
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~( Critical Tracking Task possesses several advantages over the

other forms for this particular study. First, the subject is
d

required to compensate for, or null out, an unseen evasive target

whose dynamics systematically exceed his tracking “capabilities

in a very short period of time. This allows several trials

within a few minutes. Second, the fact that-the target is unseen,

with only the error between the target and the subject’s pointer

displayed, reduces the ability of the subject to anticipate the

target’s movement making the task more difficult. Finally, the

critical tracking, or critical instability score provides informa-

tion concerning changes in the operators transfer function as

well as the dynamic limits of control operation in the form of an

oscillation bandwidth limit for the particular subject and the

conditions existing during his performance.

{
I
i
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Linked with the

ability of personnel

cerning the dynamic”s

Spoke Test

importance of target recognition is the

to make accurate and timely judgments con-

of a target. Spatial judgments are associa-

ted with functions located in, or strongly mediated by, the right

cerebral hemisphere of the brain. Numerous investigations have

been made througl.out the years concerning not only types of

performance specific to a particular cerebral hemisphere but the

degree of performance impairment associated with specific degrees

of organic brain damage to each hemisphere.

One such study was performed using an Army intelligence

test, the Trail Making Test (Manual: Army Individual Tests,

War Dept.; The Adjutant General’s Office, 1944) , to investigate
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the degree of organic brain damage in neurological patients

(Reitan, 1955). Results showed that not only did successful

performance hinge upon subject alertness and concentrated

attention, but that scores with numeric forms of the test were

highly correlated with damage to the right hemisphere; the lower

the score the greater the extent of damage (~eitan, 1958;

Fitzhigh, Fitzhugh and Reitan, 1961) .

The Trail Making Tests was later modified to include a

motor component to distinguish between visual and proprioceptive.

as well as cerebral contributions to the overall quality of per-

formance {Graybiel, et al., 1965); the modified version of the

test was renamed the Spoke Test.

The Spoke Test was included in the performance test battery

becal?se it involves several aspects of speeded cognitive pro-

cessing such as visual search, counting/storage, and directional

moremenL initiation. In addition, it is easily administered and

equipment requirements are minimal (e.g., pencil, paper, and stop-

watch) .

The Spoke Test requires subjects to move a pencil from a

central circle to a peripheral circle which contains a number and

return again to the central circle. This process is reFeated for

each of the thirty-two equidistant concentric peripheral circles

in numerical order. When the numbers in the peripheral circles

are randomly ordered, the subject must visually search the

periphery and judge whether a given nuinber is greater or lesser

than the number sought. By subtracting the time required to

complete the simple tapping task from that of the more complex

search task, it is possible to obtain an indication of the

. .
,.
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processing time required by the right

complete the usual search and numeric

difference score is less contaminated

hemisphere to successfully

comparisons. The

with variations in pro-

prioception and neuromuscular capabilities between subjects and,

therefore, is thought to be a more reliable indicant of dis-

ruption in central processing of spatial forms of information.

If vessel motion or motion sickness produces significant

increasss in the difference scores obtained with the S>oke Test,

then spatial judgement capabilities of shipboard personnel could

be expected to decline.

If the simple movement, or tapping task, shows significant

time increases, then the ability of personnel to effectively

manipulate multiple control panels in engineering control rocms,

on radio or navigation equipment, etc., would also be expected

to degrade under the influence of vessel motion.

Complex Counting Task

Aboard ship, long periods of sustained attention and utili-

zation of short term memory are generally required of radarmen,

sonarmen, lookouts and radiomen. To evaluate changes in these

parameters under steaming conditions, an auditory r~mplex

counting task was selected (Kennedy and Bruns, 1975) .

The task was originally conceived from observations of the

varying abilities of technicians in a nephrology laboratory to

monitor and count the number of drips produced from various

numbers of kidneys. Later this complex, or multiple, mental

counting task was adapted to a three light flashing display for

investigations of”sustained attention in high noise environments;



--&

(
.

(

“d

however, the maintenance of such performance was strongly
—

associated with an increase in physiological costs.

In a comparison between visual and auditory forms of the

test Kennedy (1971) determined that the auditory form was the

most difficult. The auditory version was subsequently employed

in an evaluation of three different aircraft penetrating a

hurricane (Kennedy, et al., 1972). Error percentages were found

to be related to the dsgxee of turbulence encountered; the

greater the turbulence the larger the error rate.

The complex counting task is demanding even under ideal

conditions and rarely produces error free performance when two

or more tones (channels) are monitored (Kennedy, et al., 1975).

A reduction in the ability to sustain attention or to

utilize short term memory would lead to significant errors in the

mental monitoring of the quasi-randomly presented tones. If

vessel motion directly or indirectly disturbs these processes,

then shipboard tasks which rely heavily upon SUCH processes

would be expected to degrade.

Code Substitution Task

Code Substitution is a paper-pencil test develop~~d in the

early 1900’s to select clerical workers and office personnel in

industry. It currently enjoys widespread use, with some version

employed in nearly every aptitude or intelligence test developed.

The form employed in the present study is an adaptation of

the Otis (1939)

(1939) employed

tapped elements

digit to letter substitution task. Wechsler

this task in WISC because he felt that it

Of perceptual-speed and accuracy, an important
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dimension discovered in his prior factor-analytic work of
-

human abilities.

The Code Substitution test was selected because of its

historic user face-validity, and the need to employ a test”

which is based upon perceptual-motor abilities. Additionally,

it has similarities to several jobs assigned-to shipboard

personnel, i.e., radio room coding and decoding of messages and

signallir.g.

.
Time Estimation Test

Accurate perception of the rate of passage of time is an

important aspect of many tasks performed in the operational

environment. Skilled performance in jobs that require judgments

of velocity and motion, such as collision avoidance and target

tracking, may be dependent on accurate time estimation. Several

reserachers have suggested that the perception of velocity and

motion may be related to one’s subjective experience of time

(Gibson, 1963; Henderson, 1971; Rachlinr 1966)- -

Considerable individual differences have been found among

subjects in time estimation research, and, therefore, a time

estimation test was a logical candidate for inclusion in che

performai]ce test battery.

Experiments on time estimation have been plentiful in the

past 40 years, often addressing theoretical questions such as

whether some internal, biological clock is the basis for time

experience (Doob, 1971; Fraser and Lawrence, 1975; Ornstein,

1969). Time estimation tests have been used to determine the

effects of a large number of variables, including physiological,
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developmental, personality, pharmacological, environmental,

and procedural variables (see Guay and Hall, 1977; Zelkind and

Sprug, 1974, for bibliographies). The effects of whole body

motion (vibration, rotation, sea motion) on time estimation,

however, have received little research attention beyond the

single study conducted in a slow rotation room. Graybiel, et al.,

(1965), found increased error in time estimation during rotation

at 10 rpm.

(’\
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METHODS AND ~?ARATuS

Subjects

c’
......,.‘...-..

{

( .-

Eighteen Coast Guardsmen were selected “’fromvolunteers ob-

tained from the existing crew aboard the High Endurance Cutter

MELLON mployed in the study. Selection for participation was

based upon responses provided on a preelection questionnaire

and acquisition rate of performance tasks during

Period (see Appendix A).

Subjects selected were male Coast Guardsmen

and appeared to be in good health. Each subject

the training -

who repoxted

report’ed a

history of average susceptibility to motion sickness and a normal

,.
‘d

c“
...=....,,

concern with shipboard performance, school exams and in”sporting
..

activities _ No subjects smoked or had a habit of drinking al-

-cohol heavily. Summary statistics”of physical and shipboard

experience characteristics of the subject population whic~ suc-

cessfully completed the experiment are provided in Table 2.

(One subject voluntarily withdrew from the study after two hours

of exposur.? to motions and motion sickness aboard the WPB.)

Subject participation was voluntary and on an informed con-
,.

sent basis (see Appendix B). No rewards were provided to subjects

with the possible exceptions that ‘regular duty was suspended

during the period of testing and a ninty-six hour liberty author-

(,’ ization was provided to compensate for curtailed liberty during

(- the week of experimentation.

i.=.
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FIGURE5-- 95’ WPB CoastGuardPatrolBoat,89’ SSP
378’WHECCoastGuardHigh Endurance

Navy Semi-SubmersiblePlatformand “
Cuttersteamingside-by-siderespectively
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Table 3
--

--General Descriptive Characteristics of Test Vessels

Vessel Descriptive Characteristics

Length

Bean

Draft

Displacement (tons)

Hull T~e

Design Speed (knots)

Crew

Ss?

891

47’

15.5’

217

SWATH

15-18

WPB

951

19.9’

6.0’

100

MONO

12-15

17

I

Wmc

37G’
’421

14’

3,000

M@No

25-3o

~~o

Sea state”recordings were mLade from a telemetrj.zed wave-

rider buoy placed within the octagonal steaming pattern.
Data

recording and analysis procedures are provided by W-oolaver, et

al., 1979.

Vessel testing compartment temperatures and relative humid-

ities were measured using a Mason’s form hygrometer.
Sound

decibel level recordings were made in the test compartments while

the vessels were underway.using a General Rqdio Company Octave-

Band Analyzer.

Procedures

Candidate subjects were trained on all performance tasks

.
and familiarized with’physiological sampling equipment and pro-

cedures for a period of one week prior to experimentation.
Per-

formance tasks were scored during this period and results used

in the final selection of test subjects; thus, subjects were

matched as closkly as possible regarding reported motion sickness

.
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susceptibility, physical characteristics, educational level and

task performanc~ capability.
.

Data were collected for six consecutive days upon completion

of subject training. The first two days of data collection were

dockside, the next thres at sea and the last day was spent dock-

side for the last control day. During the days at sea the

vessels le5t port at 0700 each morning, ste~ng in”formation

to a position in deep water off the coast of Oahu, Hawaii, where

at 0S00 stea?ming of octagonal patterns was begun around a wave

m.easure.mentbuoy. The vessels steamed in formation at ten knots

initially into the primary sweil, thereafter forti~-five degree

2’clockwise turns were made every thirty minutes. . At 1600 steam-

ing patte.ms were terminated and the vessels returned to port

togethez. During dmikside testing days data collection was

initiated at 0800 and terminated at 1600.

SUb~=~t~, qrcuped into two-man teams to facilitate per-

formance testing, were randomly assigned to vessels on a daily

basis such that each team was exposed to a dockside -{control)

and at-sea day aboard each of the vesseis.

While performing tasks in a synthetic work cycle, described

in Figure 6, subject electrocardiogram (ECG] records were made

continuously using Beckman standard biopotential electrode!;

following a three-lead procedure described by Goldman, 1975.

‘Due to an engineering problem aboard the WHEC on the first day
at sea, steaming was conducted at seven rather than ten knots?
octagonal steaming patterns were not initiated until 0900 and
two counterclockwise turns were made during the last half c)f
the day to place the vessels closer to port at 1600. NO such
Perturbations occurred during the next two steaming days.

. .
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A CYCLE

TRACKING / TEST
TASK /

—

Ti@( /.,

CRITICAL / T

1t-5nl/+.+1+5 ~jf)+ ?j-+5 Min+ 2 ]

B CYC’LE

COMPLEX
COUNTING

.TA SK

H .

SYh!PTOM -
ATOLOGY

QUESTIONNAIRE

SWEAT
RATE

SAMPLE

MOOD 9
MOTION

SICKNESS
SYMPTOM-

ATOLOGY
QUESTlONNAIRE

. SWEAT
RATE

SAMPLE

~ 5-—4
‘subjects dronk 240 ml of water or

***During steaming days vesselscommenced
hjg~lydiluted punch turns during subject rest periods and were

● * Subjects drank 240 ml of water or steadied up on the new course before
highiy diluted punch and provided total the next cycle” began

. void urine specimens at 1000,1200,
1400, ond 1600 eoch, day

.

PFigure 6--Data Collection Paradigm
.
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. . . . . .-



._

Sweat rates were sampled every thirty minutes as shown in

Figure 6 using preweighed sealed absor-bent fiber pads placed

upon the subjects’ foreheads under athletic sweat bands.
After

a three-minute interval, the pads and sweat bands were removed,

the pads returned to their airtight containers, and reweighed at

a later time to determine the volume of sweat absorbed per unit

area and time.
.

Total void urine specimens were collected every two hours

c
.....-.., during data collection periGds aiter discarding the m.orr.ing’s

urine just prior to 0800. ‘Each specimen was collected in a

separate twenty-four hour urine specimen container,
acidified

with 6 ml of 6N HC1 and stored in ice chests “foranalysis upon

completion of testing each day.

Urine specimen volume, specific gravity, total catecholamine

(“-. and 17-OHCS levels were determined for individual two-hour ..

S&’pies. Volumes were measured to the nearest milliliter using4

a graduated cylinder while specific gravities were determined

with a clinical hydrometer. Total catecnolmine levels were

radio-enzymatically assay,ed to the nearest tenth of a microgrm

using a modified Passon and Peuler, L1973) technique.

c
Levels of....

17-OHCS in the urine were colometrically determined to the

nearest tenth of a milligram using the Porter-Silber (1950)

method.

[. -

“d

. .
All subjects shared the same diet in which no fluids or

solid foods containing caffeine or alcohol were permitted. Re-

striction of stimulants and alcohol was enforced forty-eight

hours prior to data collection.
The morning meal was completed

one and a half hours before data collection and food was provided

.
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to subjects during testing on demand during their five minute
—

breaks throughout the day. To insure adequate hydration and

urine production all subjects drank 240 ml of water, or a highly

diluted punch, every thirty minutes.

Motion sickness symptomatology and affective state were

sampled after the first twenty minutes of each thirty minute

period using a combined mood adjective checklist and motion

sickness symptomatology questionnaire employed by Abrams, et al. ,

1971. Mcod adjective checklist responses were scaled and

scored according to Nowlis and Nowlis (1956) while motion sick-

ness symptomatology severity was scored according to Wiker, et

al., (1979).

The performance task battery, consisting of six separate
.-

( tasks (e.g. Navigation Plotting, Code Substitution, Complex

Counting, Critical Tracking Spoke Test and Time Estimation) ,
‘d

was administered in a synthetic work cycle described in figure

6.

The Navigation Plotting task was an operationally based

task of nine minutes in duration. Subjects were provided a

test sheet containing a series of printed relative position

reports of a “target vesse;..” From the position reports subjects

progressively plotted the movement of the target vessel using

a Pair of forty-five degree triangles, a compass and a standard

maneuvering board (H.O. 2665-20). -

Relative course, speed, and closest point of approach of

[

._J

the target vessel were plotted, measured,

on the test stimulus sheet in appropriate

instructed to complete accurately as many

computed. and recorded

boxes. Subjects were

problems as.possible.

. . . ..... . .. . . .,.
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Results were scored for total number completed and total number
—

correct.

The Complex Counting task required

three different tones (.100,900and 1800

sub’jects to listen to

Hz) which’were presented

in a quasi-random fashion for a ten minute period via a cassette

tape recorder (Kennedy and Bitner, 1978). Each subject was

instructed to listen to and mentally keep track of the number

of occurrences of each tone. Upon reaching a count of four

for any one of the three tones, the subject noted the event by

pressing an appropriately coded button which transferred the

event onto FM magnetic tape for later analysis. Upon pressing

the button the subject reset his “mental count” for that

particular tone and continued the procedure until told to stop.

Time intervals between button presses served as the scoring

measure and the percent of correctly counted quartets o.fthe

lower two tones served in data analysis. The highest tone was

presented in an irregular manner which gave the appearance of

randomness in tone presentations; however, the irregularity of

the 1800 Hz intertone time intervals made its scoring nonfeasible

for this study.

Critical Tracking Task Performance was investigated using a

Systems Technology Inc. Mk-8A Critical Task Tester. Each subject

was required to monitor and track a needle within the center of

a meter type display. To accomplish this task, compensatory

corrections against random needle movements were made via a freely

turning control knob located beneath the meter display. Eventu-

ally, as the needle was made increasingly unstable, the limit

of the subject to”effectively control or nullify the needle

—.
. .. .
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movement was reached and the needle disappeared, ending the

trial. The resultant score was displayed digitally indicating

the critical tracking limit, or oscillation bandwidth (At),

at which the subject could no longer effectively track. Five

trials were completed during each testing period. The median

score was employed for analysis to minimize spurious biodynamics

interference contributed by the jarring and pitching of the

vessel at sea.

It should be noted that subjects were encouraged to take.

measures were necessary to reduce biodynamics interference upon

their tracking performance. Code Substitution tests were ad-

ministered to subjects for a period of two minutes during each

hour as depicted in figure 6 and as described by Wiker and

Pepper (1978). During the allotted time, subjects substituted

a numeric array for an alpha array using a coding matrix provided

ast the top of the stimulus sheet. Scores were based only upon

the total number of items coded as error rates had been found

negligible in a pilot’s study.

The Spoke Test consisted of a stimulus sheet on which a

circle 24 cm in diameter was surrounded by a series of similar

circles which were equidistant from the center and e’venly

distributed along the periphery. Thi~ty-two numbers, 1-32, were

randomly located in each of the peripheral circles. Upon the

command to start, subjects were instructed to move a pencil point

from the center circle to that peripheral circle containing the

number “1” and return to the center circle. This process was

repeated in

subject had

nuiierical order as quickly as possible until the

located and marked all 32 numbers. Upon completion

. . .
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of this experimental task the subject notified the experimenter,

who indicated the time for completion, and logged it on the

stimulus sheet.

Upon completion of the “experimental” run, a “control” run

was timed in which subjects moved their pencil points from the

center circle to each successive peripheral circle and back

again repeatedly and in a clockwise manner as quickly as

possible until all 32 circles had been tapped.

Three performance scores were obtained - Spoke Experimental

score (time to completion), Spoke Control score (time to comple-

tion) ani Spoke Difference score, derived by subtracting the

Control score from the Experimental score. The Difference score

was intended by Kennedy, et al. , (1979), to provide the best

index of visual search time, by subtracting the limiting response

time factor of motor control which is purportedly measured by

the Spoke Control score.

The time estimation test used in the present study was

based on the method of production. A list of time intervals to

be produced, ranging from 2 to 12 seconds, was provided on a test

sheet. Subjects attempted to produce a given time interval by

pressing a key. The key presses were automatically time coded

and recorded on magnetic tape for later analysis. The subjects

were allowed to count subvocally. No feedback information was

given to subjects about the accuracy of their estimates.

A single administration of the time estimation tests included

a tOta~ of 40 trialS, ran~omly ordered, consisting of five sets

of the following eight time intervals: 2, 3, 5, 6, 8, 9, 11 and



( 12 seconds. The test was administered every half hour, as

described in Figure
“’--’

Scoring of the

the actual duration

time interval. Due

6.

time estimation test was done by comparing

of the subject’s estimate with the desired

to problems in retrieving and decoding the

data from the mag tape recordings, only the 12 second interval

will be reported, and CE, the average deviation with the error

direction included, was the primary descriptive statistic.

Performa~ce test materials were appropriately randomized

to eliminate unwarranted learning and other sequence effects.

They were administered during a synthetic work cycle each hour.

Upon completion of testing subjects were provided post-

experimental debriefing questionnaires (See Append& C) .

(.

u
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Before presenting the results, the reader should be aware

of the per”t.~rbationsexperienced in the experimental p~radigm.

An engine failure aboard the WHEC delayed the initiation of

steaming octagons by one hour and forced a three-knot reduction

in steaming speed during the first dav at sea. On the morning.
of the first day at sea the vessels remained in formation

s::owlysteaming, into the direction of the primary swell between

0200 and 0900 while temporary repairs were made “aboard the WHEC.

As the steaming pattern was initiated one hour later two

octogonal legs were omitted-during the last octagon of the first

day at Se~.” F~rthermOre, during that dayt~ last Moctagon,, -

the geometry was cl.tered in order to place the vessels closer

to port to expedite permanent repairs (the ,third course change

O: the last “octagont: was 130° to starboard, the fou”rth course

change was 45° to port and the fifth course “change was 90° to
.

starboard) . No perturbations in the steaming paradigm occurred

during the second or third steaming days.

The lack of stt’aming pattern congruency between steaming

days precluded comparisons between or within vessels as a

function of either steaming pattern positions or time of day.

In addition to changes in the steaming procedure during

the first day, examination of wave-rider bouy data provided

in Appendix G shows both the average period of the seas and
.

their significant heights to increase from the first to last

. . . . . . ....... ..-
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steaming day (p < .001); however, sea states remained

consistent during each eight hour stedminq period. Although

the day to day changes in sea state were small but statistically

significant, sea state definitions provided in Appendix H show

conditions remained within the criteria for a moderate sea

state 1 across steaming days.
—

Comparison of tes=ing compartment translational motions

data shows changes in wave height measures and vessel speeds

across steaming days were

aboard the SSP and WHEC.

frequency characteristics

of little consequence

~board the WPB, daily test compartment

remained equivalent across days,

however, smali.but statistically significant differences were

found between daily means of compartment acceleration indices. -

Daily mean accelerations increased across steaming days, yet

the range of accelerations experienced remained equivalent.

For an indepth presentation and discussion of the vessel motions

data see Woolaver, et al. (1979).

in addition to sea state and steaming pattern changes

mentioned, testing compartment temperatures were found to be

COol=r at sea aboard the ‘~B and Ssp when compared to dockside

levels (p < .001). Between vessel comparisons at sea show

the ‘WPBwas slightly cooler than the other vessels [p < .00i) .

Testing compartment relative humidities increased from dockside. .
to steaming conditions aboard the WPB and SSP [p c .001) while

no significant difference was found aboard the WHEC. The WPB

testing compartment

compartnmnts aboard

.

was generally less humid than test

the other vessels at sea (p < .001).

.

..

. . . . . .. .
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Appendix E provides test compartment temperature and relative

humiditiy time se=ies and vessle class plots along with

statistical summaries.

Analysis of sound pressure level recordings within the

testing compartments showed no statistically significant

differences between vessels. See Appendix F for

analysis summary.

Despite efforts to control test compartment

plots and

el?vironments

between and within experimental periods, small but statistically

significant differences in some environmental parameters

occ’urred. Where possible and in the vast majority of statistical

analyses performed, measures were taken to factor out such

undesired contributions to observed changes in the data.

In the initial set of analyses, which compare ch-anges in

dependent criteria from dockside to steaming conditions and

berween vessels at sea, no efforts were made to factor out

contributions to the observed variance made by daily’temperature

and compartment acceleration shifts. As efforts to adjust the

data provided slightly more liberal outcomes or no significant

changes, a decision was made to present results obtained with

unadjusted data.

Test compartment motions data provided in Appendix G

reveals that the very mild sea state experienced produced” re-

latively stable motion environments

the SSP test compartment proving to

that of the WHEC. The WPB produced

aboard the WHEC and SSP with

be slightly more dynamic than

a considerably more dynamic
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platform than the other vessels which led to significant

physiological, affective state

Vessel Class

and human performance consequences.

Differences

Dependent variable data were examined for within vessel

class differences between dockside and at-sea conditions and

between vessel class differences at sea using a dichotomous

variable regression technique described by Cohen and Cohen

(1975). The technique, which is equivalent to a one-way analysis

of variance (Edwards, 1975; Mosteller and Tukey, 1977), was

employed because it eased data manipulation and provided ad-

ditional statistical information.

Results of dockside versus steaming environment analyses

of physiological data are summarized in Tables 4, 5, and 6.

Physiological measures were’also examined for intervessel

class differences during steaming days. The results of those

dichotomous variable regression analyses are summarized in

Table 7.

(
‘w

-—..
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TABLE d--Comparisons between docksideand at Seameansforphysiologicalmeasurestaken
aboard the ~SP.

Docksicie
:+SE:.!easure At Sea

%+SE
Coef. of

determina-
tion

Mean
Square

0.11
1.31

I

69559
53103

10.2
119.7

0.07

0.04

1.4

0,13

27479
9000

1::6

F

I

.08

1.3

0
1

Sums of
Squares df

1
526

1
128

1
128

‘.

.,

Motion
Sickness
Symptoma-
tology
Severity
score

1.80 ~ 1.14 .00 Regression
Residual

0.11
687.8

rUrineoutput
(ml/2hr)

Urine
>pecific
Gravity

546 ~ 230 .01500 : 230 Regression
Residual

69559
6797229

1.013 ~ 0.010 10.2
15.320

1.013 ~ 0.,01( Regression
Residual

.08

1.88 ~1.6 2.0 $ 1.6 0.07

4.78

Excretion
Rate
of 17-OHCS
(mg/2hr)

Excretion
Rateof
Catechol-
amines
(pg/2hr)

Heart Rate
(~eatsimin)

.01; Regression
Reisidual

1

127

~

121

1
496.

1
521

1.86

1.7 ~ 1.6 5.4 ~ 3.2 Regression
Residual

1.4

16.1

.08 10.7
**

3,1

2.3

70.9 f 9.5 69.4 ~9.5 , .01 Regression
Rcsj.dual.

27479
4464017
.— —

25
5520

1.6 x 10-3
,

1.4 x :U-3

P
● p < .05

1.7 ; 10-3
Regression
Residual1.7 : 1.0-3

.00



(: \ -!

●

I

TABLE 5--Comparisocs between dockside and at sea means for physiological measures taken
aboard the WPB.

14easure Dockside At Sea Coef. of
x+SE x+SE Determina- Ss df 11s F

tion

FlotionSickness 1.5 : 1.7 5.0 ~ 1.7 ,52 Regression
Sympt. Severity

1594 1 1594 557
Residual

Score (MSSS) .. 1505 526 2.9 ***

Urine Output 450 ~ 226 180.9 + 226 .26 Regre==ion 232532
(ml/2 hr)

232532 45
Residual 6544764 12: 51943 ***

Urine Specific 1.015 : 0.10 1.030.3 .010 .31 Regression
Gravity

4752 1 4752 I 53
Residual 10385 115 90 ***

17-OHCS
Excretion

1.0~.6 2.6 ~ .6 .13 Regression .99 1 99 17

Rate (mg/2 hr) Residual 6.87 116 .06 ***

Catecho’lamine
Excretion Rate 4.8 + 2.8 5.0 ~ 2.8 .00 Regression 0.008 0.008 .04

(1.t9/2hr)
Residual, 22.55 11: 0.194

l{eartRate “?1.6+ 11.1 72.4 + 11.1 ●OO Regression 6764 1
(beats/rein)

6764 0.6
Residual 5069353 452 11215

Sweat Rate 1.5 x 10-3 1.4 x 10-3 .00 Regressionml/cmh + 2.5 1 .21

1.8 ~ 10-3 1.8 : 10-3 Residual 4952 415 1:::

* p < .05
** p < .01 \

,!***p < .001

I
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TABLE 6--Comparisons between dockside and at sea means for physiological measures taken
aboard the VJIIEC.

Neasure Dockside At Sea Coef. of
iT+SE Determina- Ss df !4s FE+SE

tion
.. t

Idotion‘ickl’ess l.I36~ 1.20Symptomatology 1.96 ~ 1.20 .00 Regression 1.4 1 1.4 1,0

Severity Score Residual 759.7 526 1.4
.- 1

Urine Output 376 + 234 426 ~ 234 .01 Regression 85752 1 85752 1.6
(ml/2 hr) Residual 7393740 134 55177

Urine Specific 1.081 : .011 1.017 ~ .011 .08 Regression 11.4 1 11.4 0.1
Gravity Residual 14931 132 113.1

Excretion
Rate 17-OHCS 1.6~1.6 1.8 ~1.6 .03 Regression 0.169 0.169 4.4

(mg/2 hr) Residual 5.072 13: 0.038 **

Excretion Rate i.O + 2.4of Catecholamine - 5.3 : 2.4 .02 Regression 0.46 0.46 3.2

(Ug/2 hr)
Residual 18.27 12: 0.14

HeartRate 70.9~ 9.5 72.4~9.5 .01 Regression 2T479 1 27479 3.1
(beats/min.) Residual 4464017 496 9000

Sweat Rate 1.5 x 10-3 1.6 X 10-3 .00
-1 -1

Regression 15 1 16 1.04
ml.cm. min 2.0 + 10-3 2.0 : 10-3 Residual 7977 527 15.1

● p < .05
● * p < .01
***p < .001
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TABLE 7--Comparisons of means for physiological measures taken aboard the SSP, WPB and WH12C
at sea.

Measure SSP \iPB WHEC Coef. of :
E+SE X+SE X+SE Ss

Determi.na-
timl

Motion Sickness 1.8 ~ 1.6 5.0 + 1.6 1.6 11.6 ,48 Regression 1768
Syinptomatology Residual 1894
Severity

Urine Output 546 + 234 180 -F-234 426 ~ 234 .29 Regression 4384836
(ml/2 hr) Residual 10599701

Urine Spe”cific 1.013 ~..ol 1.023 ~ .01 1.018 ~ .01 .27 Regression 6264
Gravity Residual 17138

Ex~retion of
17-OI!CS

2.2 : 0.2. 3.4 ~ 0.2 1.0 ~vo.2 .05 Regression 0.414

(mg/2 hr)
Residual 7.648

Excretion Rate
of Catecholamine

5.3 ~ 2.3 ,5.2 ~ 2.3 5.2 ~ 2.3 .00 Regression 0.003

(llg/2hr)
Residual 23.33

Heart Rate 69.4 ~ 10.4 72.5 ~10,4

\ 3 ,j

72.4 ~ LO.4 .02

4

Regr.sssion 157761
(beats/rein) Residual 8111669

Sweat Rate 1.6 X 1~-3 1.6 X 10- 2.1 x 10-3 .01
-1 -1 + Regression .51

ml.cm. min 1.0 x 10-3 1.8 ; 10-3 1.0 + 10-3
Residual 79.7

*p < .05
**p < .01
***p< .001

df :.!s ~1

2 884 365
781 2.4 k**

— ~
2 2192418 39.9
193 54921 ***

2 3132 33.3
182 94 **+

2 0.207 4.95
182 0.0420 ***

2 0.002 0.01
177 0.132

2 78881 7.3
746 10874 **

2 .25 2.6
508 .10
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Findings obtained

dichotomous regression

.
~ ~, 73
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from both intra -and intervessel class

analyses show a significant increase

in motion sickness symptomatology severity (MSSS) reports from

dockside to steaming conditions aboard the WPB. Eighty-nine

separate observed episodes of emesis occurred among sixteen.

subjects exposed to the motions aboard the WPB at sea (one

subject voluntarily withdrew from the experiment after two

hours of exposure to W?B motions and resultant motion sickness

and one subject who experienced moderate to severe levels of

nausea did not vomit during the eight hour pexiod) . No

significant

to steaming

Figure 7).

increases in MSSS reports were found from dockside

conditions aboard either the SSP or WHEC (See

The low MSSS scores obtained aboard all vesseis during

dockside periods may be attributed to reports of thermal s

sweating as well as general discomfort, fatigue and headaches

associated with eight hours of continuous performance testing.

Although it was possible to null out such reports by reducing

the sensitivity of the scaling method, loss of such information

was considered

made.

Breakdown

at sea snows a

to be disadvantageous and no such efforts were

of MSSS scores for each vessel during each day
.

slight decline in severity scores as the days

progressed despite growing seas and slight increases in vessel

motion severity. See Table 8.

.
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8—Average motion sickness s~ptomatology scores obtained
aboard vessels during eacilsteaming day.

.

Day

Day

Day

z

4.95

5.7>

4.81

I 5.16

SSP

2.18

1.86

1.32

1.89

‘Y7mc

2.42

2.25

1.21

1.96

3.18

3.27

2.56

3.00

.

.

.
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FIGURE 7--.Average motion sickness symptomatology severity
, ~core as a function of vessel class and testin-g

condition.

Figu~e 8 shows changes in steaming course, and consequently,

motion

aboard

ment’s

later.

el.vironment, led to recurring changes in 14SSS report::

the WFE. The ~elation,ship

characteristics and motion

between the moticn environ-

sickness severity is discussed

_,> . .
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FIGURE 8--Average mo kion sickness syrnptomatology severity

(MSSS) scores for each vessel class during days at
-sea. .,

Urine output did not change significantl~~ between dockside

an~ steaming conditions aboard either the SSP or WHEC.
The

motion environment and subsequent motion sickness aboard the

V=El, liowever, led to an average reductj.on in two-hour urine

output of 60.0% (p c .001).
See F-igure 9.
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DOCKSIDE AT SEA

FIGURE g-- ,
Av~.rage urine output per two-hour period as a function
of vessel class and testing condition.

Comparisons of urine output data between vessel-classes

at sea shows urine output curves for the SSP and WHEC to be

similar in form to those seen for dockside data,
‘while the

WPB cur’~eshows a sustained depression until the lattes part of

the day when motion sickness severity declined somewhat.
Urine

output was greater aboard the”SSP than either the WHEC or WPEJ

with the WPB yielding significantly lower specimen volumes

than either the SSP or WHEC. See F’igure 10. ~
h-)
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FIGURE 10--Average urine output aboard each vessel during
ske=Lin~ days.

. .

As with urine output, urine specific gravity levels were

)
....-..- uncnanged from dockside to steaming conditions aboard the SSP

and WHEC. Conditions aboard the WP13at sea led to a significant

increase in urine specific gravity from dockside values

(E = 100:, p < .()()1). See Figure 11.
.,
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It is interesting to note that differences between vessels

at sea in both urine outptit and specific gravity do not become

clear until four hours following initial test compartment motion

exposure. This is in spite of the fact that motion sickness

onseh was rapid and severe aboard the WPB (generally most

subjects had experienced severe

0830 each day).

.
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s.mptoms

.

of motion sickness by
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No significant change in urinary excretion rate of 17-OHCs

-) ~tasfound aboard the SS? between dockside and steaming COndi- I

tions. Steaiiing conditions led to an L8.8% (p < .01) elevation

in 17-OHCS excretion rate from dockside levels aboard the W5iEC

while exposure to the WPB produced a 160.0% (p < .001) increase.

-?-..
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@ ----~ 89’ SSP SEMI-SUBMERSI12LE PLATFORM
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o I I
DOCKSIDE - A? SEA

.

FIGU= 13--Average uriaary 17-OHCS excretion rate per two-hour
period as a function of vessel class and testing
Condition.

. .

Examination of 17-OHCS excretion rates between vessels

at sea snows significant differences between all vessels.
The

average excretion rate of 17-OHCS aboard the WPB was 230.0%

(p < .01) grea~er than that observed aboard the hiiEC and

.

—..

~. —.-. ---
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57.1% (p <

aboard the

aboard the

~yz .r! -’”~-
87

-.. . ....--s
.01) greater than that of the SSP. Excretion rates.-
SS2 averaged 120.0% (p < .Oi) greater than those

wfi~c.

>
..

.. -

-1-.....

3.60

1.Eit
PI

.

-——
-..-—

83’
378’

\
-\

\

SS? AT SEA
WI-!ECATSEA

.-. .-

i
1000 1200 14+1

I
1600 “ &g

TIME OF DRY

.
FIGU~ 14--Average urinary 17-OHCS excretion zste aboard each

vessel during steaming days.

(

Comparisons between dockside and at-sea urinary

.catechol~mine excretion rates snow significant elevations at

I

sea aboard the SSP (~ = 58.8%, p c .01) howeve~
: -t no signific~nt

changes were found for either the WPB or WllEC in similar

analyses.
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rate per
Cl”ass

Analysis of urinary catecholamine excretion rates during

sieaii,inqtiaysindicated there were no sig.nifi.cantdiffsrer.ces

between the vessels. See Figure 16.
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aboa~.deach vessel during steaming days. .

Comparisons between mean heart rates dockside and at sea

obtained during the first twenty-five ”minutes of each cycle

showed no differences within any of the vessels. See Figure 17.
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Although there was a general decline in heart

sea aboard the WPE and

differences were found

Figure 1$3.

WHEC a,>

between

.

the

the

day progressed,

three vessels.

rate at

no

See
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e



Y’

T
c.-
E.

“>..“.-.

‘w

*

~—~ 95’WP8 PATROL 90AT

o ---~ i39’SSP SEM1-SUE~,lERSIBLE PLATFORM

. “ ❑ --”” ~ 378’ WHEC HIGH ENDURANCE CUTTER

..-.-..—- -.——. ---- ---- -
,---- ---—

I I
DOCKSIDE AT SEA

19--Average sweat rate as a function of vessel class
and testing condition. . .

.
Highly variable sweat

no”significan.c differences
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rate data collected at sea showed

between vessels as shown in figure
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Vessel Class Differences In Affective State

Mood dimensions were examined within each vessel class for

significant changes from dockside to steaming conditions aboard

all vessels using the dichotomous variable regression technique

described earlier. Results obtained are summarized in Tables 9,

10, and 11. Mood adjective check list (.MACL)responses were also

examined.for vessel class differences at sea (See Table 12) .

Examination of subject MACL’S showed no significant changes

in mood from dockside to steaming conditions occurred aboard the

SSP and WHEC with the exceptions of small increases in reports

of social affection and surgency aboard the WHEC. The WPB

environment at sea, however, led to significant changes in all

mood dimensions examined with the exceptions of egotism, skep-

ticism and social affection.

Comparison of MACL data collected at sea s. lws with the

exception of heightened anxiety aboard the SSP, there were no.

significant differences between mood levels aboard the WHEC and

ssp*

mood

when

The WPB, however, produced substantial differences in

in every dimension examined, excepting social affection,

compared to the other two vessels.

Subject reports of aggression increased from dockside to

steaming conditions aboard the WPB (p < .01) while no changes

were found in the data collected aboard the other vessels.

See Figure 21.

Direct comparison of aggression MACL data collected at sea

shows no significant differences between the SSP and WHEC.
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TABLE 9--Comparisons between dockside and at-sea means for affective state dimensions
measured aboard the SSP.

T MS

Coc?f.
of i)e-
termi-
nation
—-
0.0005

0.0005

0.002

0.0001

0.002

——
0.0003

“

0.003

0.002

0.0006

—.
0,00002

0.00:

At Sea14easure Dockside
jr+slz

0.45 ~ 0.52

df

1
542

1
542

F

-
0.3

-
0,3

0.9

0.05

1.0

,

Aggression 0.21 ~ 0.52 Regression I 0.07
Residual 147.28

0.07
0.27

0.10
0.34

0.39 ~ 0.63Anxiety 0.38 ~ 0.63 Regression
Residual

0.10
181.63

Concentration 1.51 ~ 1.02

0.50f o,7i

0.57~ 0.53

1.59 ~ 1.02 Regression
Residual

0.98
566.69
—.

0.53
5249

1
542

1
542

0.98
1.05

0.53
9.68

0.92
0.28

Egotism 0.50 ~ 0.73 Regression
Residual

0.52 ~ 0.53Elation

---i

Regression 0.92
Residual 153.03

Regression 0,24
Residual 463.16

1
542

Fatigue 0.77,~0.92

0,14~.O.48

0.80f 0.92 1
542

1
542

0.24
0.85

D.34
0.23

0.2

S.50.19i-0.48.- Regression

}

0.34
Residual 125.72

——
Regression 0,23
Residual 135.5

Regression 0.15
Residual 256.66

Regression 0.01
Residual 237.87

Sadness

0.26 ~ 0.50Skepticism 0.30~ 0.50

—
0.51~ 0.69

1
542

D.23
3.25

3.15
3,47

1.01
).44

0.9

.—
0.3Social Affection 0.48f 0.69 1

542

Surgency 0.67 + 0.66

1.10f 0.93

D.68 + 0.66
.- 1

542
0.01

Vigor 1.03f 0.93 !z!El_ 3.60
).87

0.71
542

* p < .05
** [1< .01 Note: M)odswere scoreclas -- ‘O- Definj.~elvNot
**A p < .001 1- Undecided-

2- Slightly
3- Definitely -.((

(n
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TABLE 10--Comparisonsbetween dockside and at-sea means for affective state dimensions
measured aboard the WPB.

Ss

Coef.
of De-
termi-
nation

Dockside
~+SE

0,21 ~ 0.78

At Sea
Z+SE

o.~Clf 0.78

Measure df Ns F

7.4**
,

0.01Aggression Regression
Residual.

4.55
323.35

1
526

4.55
0.62 I

0.80~ 0.70Anxiety 0.36~ 0.70 0.10 Regression
Residual

Regression
Residual

29.80
258.17

1
526

1
526

29.80
0.49

21.27
0.93

—.
0.08
0.43

60.7**

22.9**

0.2

Concentration 1.52 ~ 0,96 1.12 ~ 0.96 0.04 21.27
489.62

.—
0.38~ 0.65Egotism 0.40 ~ 0.65 0.0003 Regression

Residual

Regression
Residual

0.08
224.82

1
526

0.20~ 0.57Elation 0.51 ~ 0.57 0.07 12.72
168.54

90.17
454.98
——
36.44
255.59

1.25
287.90

~
526

1
526

12.72
0.32

90.17
0.86

39.7**’

104.2
***

Fatigue 1.00~ 0.93

0.18~ 0.70 -1
1.83~ 0.93 0.17

0,71+ 0.70 0.13

Regression
Residual

I
Sadness Regression

Residual

Regression
Residual

1
526

1
526

1
526

36.44
0.49

1.25
0.55

75.o**j

2.3,

2.2

Skepticism 0.43~ 0.74

Social Affection 0.45~ 0.64

——
0.62~ 0.57

0.90
21.4.40

(JOgo
0.41

Surgency 31.24
181.12

60.14
310.3!3

1
526

52;

31,24
0.34

60.14
0.59

90.7**’

.—
101.9

● **
Vigor 0.96 ~ 0.77

Note: Moods.were s:ared as -- 0 - Definitely Not 2 _ sli,~ll+ly
3 - Defln~tely1 - Unclecided-
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TABLE 12--Comparisonsof means for affective state dimensions measures taken aboard the SSP, WPB
and WIIECat sea.

Coef.
of De-

SSP wP13 WHEC termi-
Neasure z~sE ~~SE” ~~SE nation Ss df MS F

Aggression 0.21 ~ 0.67 0.59 ~ 0.67 0.25 ~ 0,67
——

.0.06 Regression 22 2 1.1 24.4***
Residual 363 797 0.5

-—-— ..—-
Anxiety 0.40 ~ 0.61 0.81 ~ 0.61 0.24 ~ 0.61 0.13 Regression 45.8 2 22.9 60.2***

Residual 303.0 797 0.4

Concentration 1.6+_ l.13 1.1 ~1.o 1.9 ~1.o 0.04 Regression 33 2 16.4 16.6***
Residual. 788 797 0.99

Egotism 0.5 ~ 0.71 0.38 ~ 0.71 0.52 ~ 0.71 0.008 Regression 3.1 2 1.53 3.0*
Residual 403.1 797 0.51

I_
Elation 0.52 ~ 0.47 0.20 ~ 0.47 0.42 + 0.47 O*O7 Regression 14 2 7.0 31.3***

Residual 176 791 0.2
— .—

Fatigue 0.80 ~ 0.93 1.83 ~ 0.93 0.91 + 0.93 0.19 Regression 167 2 83.6 96,1***
Residual 694 797 0.9

Sadness
-- ..— —. .—

0.19 ~ 0.65 0.70 ~ 0.65 0.19 ~ 0.65 0.12 Regression 46.5 2 23.3 55.4***
Residual 332.6 797 0.42

Skepticism
—. — — .——

0.26 ~ 0.60 0.52 ~ 0.60 0.26 ~ 0.60 0.04 Regression 12 2 6.0 15.0***
Residual. 281 797 0.4

Social Affection 0.48 + 0.67 0.37 + 0.67
.— .—. —

0.47 + 0.67 0.005 Regression 1.8 12 0.92 2.0
Residual 358.9 797 0.45

Surgency
.—

0.68 ~ 0.63 .14 ~ 0.63 0.74 ~ 0.63 0.15 Regression 57 2 28.5 72.2*~*
Residual 315 797 ().4

Vigor
--—

1.03 ~ 0.82 0.’29~~0.82 1.09 ~ 0.82 0.16 Regression i2a.7 2 51.8 76.6***
Residual 539.1 797 0.7

* P < ●O5 Note: Moods were scoredas -- 0 - Definitely Not 2 - Sliqhtly
** p < .01 1- Undeciclcd 3- Dcf~nitely
*** p < .001
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TABLE n--Comparisons between dockside and at-sea means for affective state dimensions
measured aboard the WliEC.

Coef.
of De-
termi-

nation
—.

0.0005

I

14s F
— .—

0.08 0.03
0.31
— .—
0.28 1.3
0.22
.— ——.
0.03 0.03
1.13
. —
0.16 0.3
0.56
. .—
0.11 0.4
0.29
.—.
0.21 0.2
(),87
— —.
1.27 8.8**
0.14
—. .—,
0.67 2.6
0.26
.— .—
2.40 6.0*
0.40
— —
2.40 4.5*
0.53
.— .
0.40 0.5
0.85
—

Regression
Residual

Regression
Residual

—-. —
Regression
Jlesidual

Regression
Residual

Regression
Residual

Ss

.

df
Dockside
Z+SE—

Et Sea
x+SEMeasure

Aggression 0.23 ~ 0.56 0.25f 0.56 0,88
167.77 54:

Anxiety 0.28 + 0.47—

1.52 ~ 1.06

0.55 : 0.75

0.24 ~ 0.47 ,002 0.28
1.17.82

1
542

Concentration

Egotism

1.5 ~ 1.06 0.00005

0.0005

0.0007

0.03
613.93

0.16
305.30

0.11
157.44

1
542

0.52 ~ 0.75 1
542

1
542

Elation

Fatigue

0.45~ 0.54

0.86 ~ 0.93

0.42~ 0.54

0.90~ 0.93 0.0004

0.02

— .—
0.005

0.01

0.008

Regression
Residual

Regression
Residual

0.21
470.26

1.27
78.11

0.67
139.57

2.40
215.19

1
542

1
542

, p-’-j

;>

0.19+ 0.38—Sadness

Skepticism

0.09 ~ 0.38

0.33 f 0.51

0.33 ~ 0.63

0,26 ~ 0.51 Regression
Residual

——
Regression
Residual

1
542

1
542

0.46 ~ 0.63Social Affection

Surgency 0.61 ~0,.73 0.74~ 0.7,3 Regression
Rcs.idual

2.40
286.54
——
0.40

460.22

1
542

Vigor 1.14+ 0.92 1.09~ 0.92 0.0009 Regression
Residual

1
542

ded
tely* p < .05

● * p < .01
Note: Moods were score as -- 0- Defini.telyNot 1 - UncleC

2 - Slightly 3 - Defl[
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Figure 21--Average report of aggression as a function. of vessel
class and testing condition.

Feelings of aggression were greater” aboard the WPB than the

other vessels, however, the average aggression score varied

between “definitely not” and “uncertain”. See Figure 22.

Reports of anxiety increased from docksi.-leto steaming

conditions aboard the WPB (p < .001) while no differences were.

found aboard either the SSP or WHEC. See Figure 23.

Although no significant differences were found in anxiety.

scores obtained between the vessels at dockside, there were

differences aboard

Reports of anxiety

all three vessels during the days at sea.

aboard the WPB at sea were greater than those

.
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Figure 22--Average repout of aggression aboard each
steaming days.

obtained aboard the SSP or WHEC (p z .01).
Anxiety

vessel during

reports
obtained aboard the SSP during steaming days were greater than

those aboard the WHEC. With the exception of early morning reports

aboard the WPB when motion sickness onset was abrupt, subject

anxiety remained fairly stable throughout the stear~:ingperiod

aboard all vessels. The spike seen in the WHEC plot of anxiety

reports resulted from a few subjects reporting near maximum

degrees of anxiety during the second to last steaming day. why

such a rapid increase and decline in their reports of anxiety

occurred could not be detemined from available data,
however,
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given the rapid return to report levels preceding the spike it

is believed those subjects may have mischecked their

questionnaires. See figure 24.

Subject responses to adjectives concerning concentration

did not change from dockside to steaming conditions aboard the

SSP or WHEC. A decline in the subjects’ report of concentration

was found at sea aboard the WPB when compared to dockside levels

(p < .001) . See figure 25.

No differences in

between vessels during

were found between all

reports of concentration were found
.

dockside periods, however, at sea difference

vessels. Exposure to the WPB at sea led

to lower reports of concentration than those obtained aboard

the SSP (p c 0.05). or the WHEC (p c .oc)l). Reports of concentra-

tion were lower aboard the SSP at sea than those aboard the

WHEC (p < .001).

As can be see in figure 2C, subjects reported highest

levels of concentration in the mornings which warmed”-slowly as

the day progressed.

No significant differences were found between dockside and

steaming day reports of egotism aboard any vessel. See figure 27.

Comparison of egotism scores obtained at sea aboard the

SSP and WHEC shows no significant differences between the vessels.

Reports obtained from the WPB during the steaming day were lower
.

than those aboard the other vessels (p < .05). The differences,

however, parallel in magnitude and direction the differences

found between vessels during the dockside data collection

period. See figure 28.

Exposure to the WPB at sea led to a reduction in reports of
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elation from dockside levels (p f .001).

——
No significant

differences wer~found between dockside-and steaming day reports

obtained aboard either the SSP or WHEC. See figure 29.

Elation scores generated from subject reports taken aboard

the WPB at sea were lower than those obtained aboard the SSP -

or WHEC (p c .001). Additionally, WHEC reports of elation at sea

were lower “ than those obtained aboard the S“SP (p < .01).

No differences were found between vessels during the dockside

periods. See figure 30.

The curves shown in figure 31 for the SSP and WHEC are

simiiar to those seen at dockside which on the average ranged

between feelings of “definitely not” and ‘funcertain~’levels Of

elation. Furthermore, most subjects, regardless of vessel,

reported increases in feelings related to elation nea-rthe

end of the eight hour testing period.

Reports of fatigue were unchanged from dackside and

steaming conditions aboard the SSP and WHEC. Exposure to the..

WPB at sea, however, produced an increase in fatigue scores

from “uncertain” at

See figure 31.

Examination of

data shows a general

the day progressed.

as well.

dockside to “slightly” at sea (p < .001).

fatigue scores generated from steaming day

increase in severity reports occured as

This trend was found in the dockside data

Though no significant differen-ces were found between

fatigue scores aboard the vessels at dockside, significant

differences in subject fatigue were found between all vessel

classes at sea. .
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The WPB produced fatigue scores substantially greater
,..

d’

(
‘,-/

{

“u

than those

Reports of

than those

obtained aboard either the SSP or WHEC at sea (p < .00I).

fatigue were also greater aboard the WHEC at sea

aboard the SSP (p < .Ol). See figure 32.

Subject reports of sadness did not change from dockside

tO steaming conditions aboard the SSP, however, increases in

reports at sea were found aboard both the WHEC (p

WPB (p < .()()1).See figure 33.

Though no significant differences were found
.

< .01) and

in dockside

levels of sadness between the WPB and SSP or between the SSP

and WHEC, sadness scores aboard the WHEC were lower than these

found aboard the WPB (p c .05) At sea comparisons showed no

significant differences between the WHEC and SSP,

scores aboard the WPB were greater than either of

vessels (p < .001).

Subject reports

dockside to steaming

See figure 35.

During dockside

while sadness

the other

See figure 34.

of skeptic~sm remained unchanged from

conditions aboard all three vessels.

periods

reports of skepticism aboard

of skepticism aboard the WPB

other vessels (p K .01).

no differences were found between

the SSP and WHEC. Dockside reports

were slightly greater than the

At sea no differences were found betwe,en the SSP and WHEC

in levels of reported skepticism while the WPB yielded higher

scores [p < .001). The range of the shifts, or differences,

in skepticism mean scores were small and varied between

score categories of “definitely not” and “uncertain”. See

figure 36.
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Reports concerning the mood dimension of social affection

were unchanged from dockside to steaming conditions aboard the

SSP and WPB. Social affection scores, as shown in figure 37,

increased at sea aboard the WHEC (p < .05) from dockside levels.

During dockside testing periods subjects reported lower “

degrees of sociall affection than when aboard the other vessels

(p < .Ol);,however, at sea there were no differences between

the vessels.

As shown in figure 38, social affection was generally
.

lowest in the morning aboard the WPB at sea but gradually

increased as the testing period progressed.

Surgency scores obtained dockside and at sea were unchanged

aboard the SSP. Steaming conditions aboard the WHEC were

(’ associated with a slight increase (p K .05) in feelings of

‘.-.’ surgency while exposure to the WPB steaming environment led

to declines from dockside levels (p z .001). T.C~ shifts

in r,oodwere relatively small and ranged on the average between

“definitely not” and “uncertain” levels. See figure 39.

Dockside reports concerning surgency were equivalent

across vessels. No differences were found between reports

aboard the SSP and WHEC at sea. Comparison of steaming day

surgency scores obtained aboard the WPB s}.owed the scores to

be lower than either the SSP or WHEC (p < .001). See figure 40..

A reduction in reported vigor was found aboard the

WPB at sea when compared to dockside levels (p z .001).

(
‘u’

No significant changes in vigor were reported between dockside

and steaming day testing conditions aboard either the SSP

or WHEC. See figure 41.

*
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No significant differences were found between vessels

..
with vigor score-sobtained during dockside testing periods.

Scores of vigor were equivalent at sea aboard the SSP and

WHEC . Scores obtained from subjects exposed to the WPB at sea

were lower those

AS shown in

about the degree

at sea; however,

obtained aboard the SSP and =C (p < .OOl).-

figure 41 subjects were generally uncertain
..

of vigor the felt aboard the SSP and WHEC-

when aboard the WPB at sea subjects felt they

definitely were not feeling “aCtivet$, “energetic or llvigOrOu~u
. .

.
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Vessel Class Differences. in Performance

Test subject task performance was examined for within

vessel class differences between dockside and at-sea conditions

and for between vessel class differences at sea using the

dichotomous variable regression analysis technique described
.-

earlier. The results of theses analyses are summarized in

Tables 13, 14, 15, and 16.

As shown in figure 43 the average
..

completed did not change significantly

number of code substitution:

between dockside and

steaming conditions aboard the SSP or WHEC. Steaming day

conditions aboard the WPB, however, led to a decline in the
-.

number of alpha-numeric substitutions completed (~= 15.1%,

p f .001) when compared to dockside performance levels.

The number of code substitutions made at sea were less

when subjects were aboard the WPB when compared to ..2ther

the SSP or WHEC (p c .001). Although the number of substitutions

completed generally declined throughout the day aboard all

vessels at sea, subjects when aboard the WPB performed on the

average 13.0% fewer substitutions than when aboard either the

SS2 or WdEC. There were no differences in code substitution

performance levels between the SSP and WHEC au sea. See figure

44.
..

Complex counting performance was scored using the

percentage of low tone quartets accurately counted. Previous

experiments in which all three tones were scored showed

equivalency in error rates across tones (Kennedy, 1979) and

given the sequence of tone presentation the low tones were the

most convenient to score.
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TABLE 13--Comparisonsbetween dockside and at-sea means for performance measures taken
aboard the SSP.

F

0.1

C!oef.
of De-
termi-
nation

.00

Measuro
Dockside
~+SE

At-Sea
ii~SE

85.1 ~ 15.6

Ss

31
64619

df

1
264

Rujression
Residual

Code-Substitute
(Attempts)

Complex Counting
(% Correct)

84,5 ~ 15.6

36.8 124.5 I38.6 +_24.5

4,9 ~ 2,4

.00

.—
.01

Regression
Residual

Regression
Residual

45
142259

9ii2

1
237

1
264

45
600.:

72
35

0.1

-
2.1Critical Tracking

(A” )
5.0 ~ 2.4

Navigation Plotting
(Attempts)

Navigation Plotti~;
(# Correct)

25.4 + 6.7 26.5 ~.6.7 .01 Regression
Residua~

1
258

75
45

1.7

19.0~5.5

29.7~ 4.0

105.4~18.8

19.5 : 5.5

30.4 ~ 4,0

101.1 f 18,1

.00

.01

●U1

R~Tression
Residual

Regression
Residual

Regression
Residual

15
7’808

4::4

1214
93946
——
1674

84197

0,009
1.657

1
250

7
264

15
30.6

37
16

——
1214
355.s

1674
318.!

0.00$
J.006$

0.5

2,3

3*4*

5,3*

1.3

Spoke Test Control
Time (See)

Spoke Test Experi-
mental Time (see)

1
264

1
264

T
240

,
Spoke Test Differ-
ence.Time (See)

Time Estimation
(12sec. interval)

75.7 f 17.9 ~

lo.ofo.l ~

I

70.7 ~ 17.9 .02

.01

Regression
Residual

Regression
Residual

10,1 ~().1

b
%7..
b

● p<.05.
** p < .01
*** p < .001

t

It$
\

-2



s,.,-. . ,
. . ,.

( -
,, ..4 ,,-,,. . . .

. ..
( 7,

-< . .UAI.
. .&-

TABLE 14--Comparisons between dockside and at-sea means for Performance measures taken
aboard the NPQ.

Measure mMS 3?df

7
257

coef.
of De-
termi-
nation

0.13

Dockside
i+SE

86.3 ~ 16.7

At-Sea
~+SE..

73.3 +.16.7

Ss

10991
71466

.,

W=*I I
ICode Substitution

(Attempts)

Complex Counting
(% Correct)

Re~ression
Residual

33.2 ~ 23.446,9~ 23.4

+----

0.07 R@greseion 110057
Residual 1277466

0.24 Regression 3000
Residual, 9648

0.13 Regression 1958
Residual 12791

23;

1
246

1
252

‘::::7120”1***1
Critical Tracking
().=)

4.9 ~ 2.5 4.1 ~ 2.5 308078.9**+
39

195838.6***
50.8

90925.9***
35

78330’.3***
25.8

. .—
4097 10,1***
404.8

1427 4*O*
255.6

0.0284.2*
0.007

Navigation Plotting
(Attempts)

26.1 ~ 7.1. 20.6~7.1

Navigation Plotting 0.09

t---

Regression 909
Residual 8820

0’.11 Regression 783
Residual 6638

1
252

1
257

●

Spoke Test Control
Time (See)

29.5 ~ 5.1 33.0~ 5.1
*
,
*Spoke Test Experi-

mental Time (See)
104,1 ~ 20.J 112,5 ~ 20.1 0.04

/k

Regression 4097
Residual 102811

0.02 Regression 1427
Residual 90333

O*O2 Regression 0.028
Residual 1.49

1
254

Spoke Test Differ-
ence Time (See]

75.1 ~ 18.8 79.2 + 18.8 1
254

1
223 b

,27
Time Estimate
(12 sec. period)

11.3 ~ .12 11,4 ~ .12

*p<.05
● * p < .01
*** p < .()()1

t
I

1
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TABLE 15--Comparisonsbetween dockside and at-sea means for performance measures taken
aboard the WIIEC.

At Sea
;+SE

!34.6~ 14.4

Coef.
of De-
termi-
nation

0.003

0.002

I
Ss I df

Dockside
~+SEMeasure

Code Substitution
(Attempts)

MS I F

Re~ressior
Residual

Regression
Residual

Regression
Residual

Regression
Residual

Regression
Residual

Regression
Residual

I?eqression
Residual

Regression
Residual

Regression
Residual

——

1

* 03,0 ~ 14.4 180 I 1
55109 265 1-

1.80 0.9
208.3

3519 0.5
6685

46,4~ 25.8Complex Counting
(% Correct)

Critical Tracking
(Ac)

Navigation Plotting
(Attempts) ,

Navigation Plotting
(# Correct)

43.9t 25.8

4.9~ 2.4

3519

t-

1
1564257 234

18 1
9016 265

4.8~ 2.4 0.002

R
18 0.5
34

432 10.9**’
39.3

299 10,5**i
28.5

26.9~ 6.3 0.04 432 I 1
10180 259

18.2~ 5.3 20.3~ 5,3

28.8~3.8

98.3~ 18.8

0.04

0.02

299

k

1
7379 259

77 1
3736 265

Spoke Test Control
l’ime(See)

-...—
Spoke Test Experi-
mental l’ime(See)

Spoke Test Differ-
mce Tim- (SEC)

!9.9+ 3.8 77 5.5*
14.1.

— —.
1868 5,3*
352

.04,1* 18,8 0.02 1860
I

1
133Q7 265

‘4.2~ 18,6 0.01 1185

F

1
12119 205

).036 “1
;.293 253

1185 3.4
348
. —
0.0364.0*
0.009

.

Pime Estimation-
(12 sec. period)

11,3 f .01 0.02

*pc.05
** p < .01
***”~ < cool t
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TADLE 16--Comparisons between vessel class means for performance task data collected at-sea.

——
Cnef

Ofi De.

termi-
nation

0.10

Ss

11771
103935

727157
23592514

4303
145io

3064
18205

1598
12206

_WPB
x~SE

wHEc
Z+SJ2Measure

{

df MS

1 5885.6
398 261.2

F

22.5***Code Substitu-
tion (Attempts)

73.3f 16.2 84.6 ~ 16.2 Regression
Residual

43.9~24.9 I
——-

1 363578
381 61922

Complex Counting
(% Correct)

33.2~ 24,9

4.1~2.4

0.03 Regression
Residual

Regression
Residual

a
Regression
Residual

5*9**

Critical Tracking
(A=)

Navigation Plot-
ting (Attempts)

Navigation Plot-
ting ,(HCorrect)

Spoke Test Con-
trol Time (See)

4.6 ~ 2,4 5,0 ~ 2.4 0.23 2
406

2
381k

2151.5
35.7

1532
47.8

799
32.1

20.7 ~ 6.9

15.6~ 5.7

33.0f 4.7

112.5~ 19.3

26.9 ~ 6.9 0.14

19.5 ~ 5.7

30.4~ 4.7

20.3 ~ 5.7 0.12 Regression
Residual

2
381

28.8 ~ 4.7 0.12 Regression
Residual

Regression
Residual

1188
8790

14005
14661’3

7614
129729

2
398

T
395

12
:395

594.0
22.1

7002.6
371.2

3807
328.4

26.9***

10.9***Spoke Test Exper-
mcntal Time (Sqc)

101.1~ 19,3 98.9 ~ 19.3 0.09

11.6***Spoke Test Dif-
ference Tiine (:
(See)

10.7 ~ 1801 79.7 ~ 18.1 70.0 ~ 18,1 0.06

0.05

Regression
Residual

12.1~o.1 Regression
Residual

Time Estimation
(12 sec period)

10.0~ 0.1 Li.3f 0.0 0.182
3.220 I2 0.091

370 0.009
10.5***

*pc.05
** p < .01
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Figure 43--Average number of code substitutions attempted as

a function of vessel class and testing con6.ition.
*
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Figure 44--Average code substitution performance aboard each
vessel during steaming days.
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Analysis of low tone count percent correct scores showed

performance remained unchaged between ‘d”ocksideand steaming

conditions aboard the SSP and WHEC. An average reduction of

29.2% (p < .001) in low tone counting accuracy occurred from

dockside to steaming day exposures aboard the WPB. See

figure 45.
--

No significant differences were found in complex counting

performance between vessels at dockside. When at sea comparisons

were made, however, WPB exposures led to less accurate performance

than that see aboard eithe~-the SSP or WHEC; 14.3% (p < .01)

lower than theSSP and 24.4% (p z .01) lower than WHEC scores

obtained at sea. No significant differences were found in

COmpleX counting performance between the SSP and WHEC at sea. - -

See figure 46.

Critical tracking task performance remained unchanged from.

dockside levels aboard the SSP and WHEC at sea. The median of

five runs each trial showed the compensatory tracking bandwidth

limit ( c) to be reduced for subjects when exposed to the WPB

during steaming days (~ =16.3%, p z .001). See figure 47.

Tracking performance when compared across vessels at sea

showed differences in performance levels between all vessels.

The best tr.~cki.lgperformance was found aboard the WHEC with

scores aboard the SSP only slightly poorer (~ = 8.0%, p K .05).
.,

The worst performance was found aboard the WPB which produced

tracking scores averaging 10.9% (p c .05) lower than those

generated aboard the SSP and 18.0% (p < .001)lower than WHEC

scores. See figure 48.
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While no significantdecrements were found in the number

of navigation plotting problems attemp”t-edbetween dockside
,

and steaming conditions aboard the SSP and WHEC, an average

reduction of 21.1% (p < .001) was found in the number of

navigation plotting problems completed aboard the WPB at sea.-

The WHEC scores showed an improvement in navigation plotting

performance from dockside to

p< .05). The SS? exhibited

statistical significance was

Comparing the number ~f

steaming condi~ions (~ = 10.7%,

improvements at sea as well, however,

not acheived. See figure 49.

navigation plotting problems

attempted across vessels at sea showed there were no significant

differences between the SSP and WHEC. The numbe~ of problems

attempted aboard the WPB were on the average over 20.0% (p t .001:

Less than scores obtained from either of the other vessels.

No significant differences were found between vessels during

dockside testing periods. See figure 50

The number of correct navigation plotting solutions provided

aboard the SSP were equivalent between dockside and steaming

conditions. Similar comparisons showed the number of correct

navigation plotting solutions provided increased at sea

aboard the WHEC (~ = 11.5%, p c .001) and decreased when subjects

were exposed to the WPB (~ = 19.6%, p “:.001).

It should be noted that the percent of correct navigation
.

plotting solutions provided did not change from dockside to

steaming conditions aboard any vessel.

Fewer correct navigation plotting solutions were

aboard the WPB at sea when compared to the equivalent

obtained

accuracy

scores obtained aboard the SSP (~ = 20.O%,p s .001) or WHEC

(z = 23.3%, p c .001).

,.
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Completion times for the Spoke Test (control) task remained

unchanged from dockside to steaming c~n-ditions aboard the SSP

and WHEC. The reaction and movement times associated with

the tapping

compared to

figure 53.

task were increased aboard the WPB at sea when

dockside values (x = 11.9%, p c .001). See

--

Spoke Test (control) completion times were longer aboard

the WPB at sea than either the SSP (z = 8.6%, p c .01} or

WHEC (if = 14.8%,p K .Ol)times. Furthermore, times to complete

the simple tapping task we~~ longer aboard the SSP at sea than

those found aboard the WHEC (~ = 5.6%, p c .01). See figure 54.

Time to complete both the tapping and visual search

components of the Spoke Test
.-

(experimental) decreased at sea

aboard both the SSP (~ = 4.1%, p < .05) and ~Ec ~ = 5.1%, ~ <.~5

Exposure to the WPB during steaming periods led to an increase

in task completion times from those recozded at dockside

(z= 8.1%, p < .001). See figure 55.

Completion times for the Spoke Test (experimental) trials

were longer aboard the WPB at sea than either the SSP (z = 11.3%,

P< .01) or the WHEC (~ = 13.9%, p c .01). No significant

differences were found between the SSP and WHEC -times

or between z.11vessels during doc!:side test periods.

See figure 56.
..

at sea

Subtraction of the simple tapping task (Spoke Test (control))

completion times from those of the Spoke Test (experimental)

data yielded a difference score which seperated the processing

time from the manual aspects of the task. The difference

scores, or processing times, decreased aboard the SSP from

.
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dockside levels by an average of 6.6% (p c .05). No significant

change was found in difference times a-b~ard the WHEC while

WPB exposures during steaming days led to increases in difference

times (~ = 6.3%, p < .0S). See figure 57.

Spoke Test (difference) times were not significantly

different between vessels at dockside or between the SSP and
--

WHEC at sea. WPE3difference scores at sea were greater than

those found aboard the SSP (~ = 12.7%,p c .001) and WHEC

(z =

time

13.9%, p < .001]. See figure 58.
.

Comparisons of test s~bject estimates of twelve-second

intervals between dockside and steaming environments

aboard the three vessels shows a reduction in the absolute

error in estimates occurred aboard the WPB at sea (p < .05)

whi?.e subjects aboard the WHEC at sea exhibited an increase

h e2TO~ from dGckside estimates (p < .05) NO Changes in

estimates were found between dockside and steaming periods

aboard the SSP. See figure 59.

Subjects’ estimates of the twelve-second interval were

different between all vessels at sea. Absolute errors were

greatest aboard the SSP which yielded the shortest estimates.

Interval estimates were longest aboard the WPB, with intermediate

estimates found aboard the WHEC. It should be notkd, however,

that during dockside periods exposures to the SSP and WHEC
..

produced shorter estimates than those obtained aboard the

WPB (p < .05).
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Vessel Motion or Motion Sickness Influences

As the WPB was the only vessel to experience performance
--

task decrements, substantial mood shifts, and for the most part

physiological changes from dockside to steaming condition’s

the

the

following analyses were restricted to data obtained aboard

-.
WPB .

To determine possible relationships between changes in

independent and dependent measures from dockside to steaming

conditions, a Pearson product moment correlation analysis

was conducted using individual daily means during dockside

and steaming days aboard the WP13.

because of differences in sampling

for statistical independence.

.

Daily means were employed

schedules and the r-’ed

. .

Given the large number of variables used in the correlation

analysis and the magnitude of statistically significant

correlations obtained, -a principal components factor analysis

was performed on a subset of correlations using an orthogonal

quartimax rotation t~’assist h the interpretatic~n of cor-

relation results. As the angular and heave motion records were. ..
made just outside the WPB testing compartment, and their

inclusion preven~ed successful inversion of the correlation

matrix, all angular and heave motion measures were excluded

from the factor analysis.

.
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DRAFT
Following the results obtained fzQm correlation and factor

analyses, multiple regression analyses were performed on hourly

data for descriptive rather than for predictive purposes.

Motion sickness symptomatology severity scores obtained~nc

evezy thirty minutes were regressed against vessel motion
.

measures and other independent variables such as test compart-

ment temperature, humidity, length of exposure and exposure

day in an effcrt to dete.mine quantitative and qualitative

contributions of each predictor to motion sickness genesis.

Upon establishing those independent variables which were
..

significant contributors to the motion sickness syndrome,

motion sickness itself was used as a predictor in”the outcome ..

of other dependent variables believed to be motion sickness

dependent. In other words, urine output data were regressed

against MSSS scores, and independent variables not found to

be significantly zelated to motion sickness, to determine

rektive contributions to observed urine output changes during

steaming days.

.

Correlation and Factor Analysis Results

Table Iq provides the results obtained from intercorrelation

analysis of p~l~siological mea&res taken aboard the WPB during

dockside and steaming days. Inspection of the correlations

obtained shows motion sickness was not associated with mean

heart rate or sweat rate changes. Reduction in urine output

.

. .
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TA13LlZ17--Corrclationmatrix of physiological measures taken aboard the NPB.

!JotionSickoes:
Syrnptomatolugy
Severity
Score (NSSS)

Urine
output

Urine
Specific
Gravity

Urinary
Catecholamine
Excretion
Rate ,

Urinary
17-OIICS
Excretion
Rate

}ieart
Rate

Sweat
Rate

Msss

1

-.63**

-.60**

●35*

.

,75**

-.12

-.04

Urine Urine Catccho- IIeart Sweatoutput S1>.Grav. l.amine 17 Ollcs [Wte Rate— ——

-.91**

-.23

-.35*

.06

——

-.09

I
1

,31 1

—. —

,4~** .18 1

-.09 -.12 -.23

I
I

.17 , I .12
I

-.10

*p ~ .05
**p < .o~ (n = 34)

I

I

-

----11
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and elevations in urine specific grav:~ies, urinary excretion

rates of 17-OHCS and catecholamines were significantly

correlated to increased motion sickness severity.

Reductions in urine output were associated with increased

urine specific gravity and increased excretion of 17-OHCS.
.

Although no significant correlation was found between

daily mean heart r~tes during each twenty-five minute testing

cycle and associated MSSS scores, examination of minute to

minute data reveals heart ;Stes were significantly affected

by the act of emesis. Figure.61 shows heart rates began to

rise on the average thz-ee minutes prior to the act of emesis,

remained elevated during the emesis period and subsided to -

basal.rates about six to seven minutes following the initiation

of the e.mesisepisode. Of the forty-four single emesis”

episodes analyzed (closeiy repeated episodes of emesis or

periods of retching were excluded from analysis to give a

clearer picture of pre and post emesis heart rate icha~ges)}the

average inc~ease in minute heart rate during emesis’was 19.7%

(p < .01). Though there Were considerable between subject

(n = 16j differences in heart rates, he general pattern
---—____.

described in figure 61 was found in all forty-four episodes

examined.

Correlations computed between docksid’e”and steaming day

individual means of physiological indices and WPB test compartment

translation motion measures are provided in Table 18. As

the number of correlatio~s in Table 18 are large

w

.

..... . . .. .. .
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only a cursory statement will be made regarding the observed

associations at this point. More indepth considerations are

provided with the factor analysis and multiple regression

(

results.

Examination

ships betiween the

of Table 18 indicates several general relation-

physiological data and th~_measures of test

compar+aent translational motion characteristics. First,

the magnitude of daily mean frequency changes between steaming

days show consistently lower correlations with physiological
--

changes than do acceleration characteristics. It must be

remembered that vessel frequencies were equivalent across

steaming

found in

Vertical

.

days while small but significant differences were .-

compartiient acceleration levels between days at sea.

and lateral acceleration measures show greater associa-

tions with observed

measures. Finally,

higher correlations

physiological changes than do longitudinal

rms acceleration measures provided slightl>=

with physiological changes than -did maximum

spectral amplitude measures.

Correlations were also computed between

measures and angular plus heave ship motions

physiological

recorded at the

14PB’scenter of gravity located within five feet of the test

compartment. Results provided in Table 19 indicate that roll

and heave accelerations were generally associated with

physiological changes whicle pitch acceleration and frequency

measures were not ~only one significant correlation was obtained

out of forty-two correlations with frequency). On the average,

use of rms acceleration measures did not offer higher correlations

than maximum spectral amplitude indices.

.
.,. . . . .
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.

As performance of psychomotor and cognitive tasks and

physiological state changes may have interacted, correlations

w~re computed between the indices using dockside and steaming

day individual daily means.

Correlations provided in Table 20 indicate that increases
.

in motion sickness severity were generally associated with
j;

observed decrements in task performance. Correlations obtained

7.“’,.

..,.,,-<
.

with physiological correlates to motion sickn-ess showed milder

correlations with performaase task decrements in the anticipated

d~rectionc 131evations in either stress hormone appear to -

have no relationship with subject task performance and task

performanc~ was not associated with heart or sweat rate changes.-

{’0-

,. -

1
-..-.-.

Correlations computed between physiological and affective

state dimension scores are provided in Table 21.- Inspection.

of the correlations obtained shows those mood dimensions which

were not significantly correlated to motion sickness severity

(i.e., aggression, egotism and skepticism) for the most part

failed to correlate significantly with any other physiological

measure. Reported elevations in anxiety, fatigue, sadness and

reductions in concentration, elation”, social affection,
..

&urgency and vigor were all associated with elevations in

motion sickness severity. Physiological correlates of motion
.

sickness severity (e.g., output, urine sp&&ific gravity and

urinary excretion of 17-OHCS) were for the most part signifi-

cantly correlated to the aforementioned mood shifts, however,

magnitudes of the correlations were generally smaller than those

seen with MSSS.scores.
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TA13LE21-Matrix
taken

.—..—

r!ood Dimension

Aggression

Anxiety

Concentration

Egotism

Elation

Fatigue

Sadness

Skepticism .

Social Affection

Suryency

Vigor

* p < .05
** P < .01

of correlations between
aboard the 17FIIJ.

NSSS

.01

-.59**

-.05

-*57h*

●81**
—.
.85**

.24

..,49**
——
-,75**

-.76**

Urine
output

.46
.—
-*54*+

,69**

-.08

.21

-.25

-.67A*
— .—

-.11

.18

,47**

●57**

(h = 34)

.

physiologcial and affective

.-,, . .,
.. .

state measures

Urine I Catecho- 117-O!ICS
I
IieartI Sweat

Spec. Grav. am.tnes IU3te Rate

-.44** -.01 -.09 -.15 -.19
..—

.49hi .26 .56** .09 .18
—— “ .—

-.65** -.11 -.29 .42* -.02

-.12 -.15 1 -.08 -.03 .15
.——

-.11 -.16 -.26 -.22 -.11
.——

.26 ,4(J* .7~** -.07 .09
—

‘.56** .26 .64** -.11 .14

-.02 ,13 .16 .21 .31

-.19 _,4~* -.19 -*51** -.02

-.30 -.25 -.43** -100
I

-.21
— .—

-,59** -.22 -,54hk :31 -.05
—.

1

1

(.. -1

1

.

.

,



Heart rate changes were mildly

~~p@~

/-

.

correlated to subject reports

of concentration and social affection - No significant correlatic

were obtained between mean heart rate or other mood dimensions

while sweat rates were not significantly correlated to any mood

dimension.

Correlations between changes in mood from dockside to

steaming conditions aboard the WPB are pres~~ted in Table 22.

With the exception of the dimension of aggression, which

sho~-edno significant relationship to any other mood examined,

there was a pattern in moo~-swing from dockside to steaming

conditions aboard the WPB. Increased report of negative mood

(e.g. anxiety, egotism, fatigue, sadness and skepticism) at

sea was correlated with decreased report of positive mood

(e.g. concentration, elation, social affection, surgency and

vigor) .

Corxe;ations between dziily individual means of mood reports

obtained aboard the WPB and test compartment accelerometer

summary statistics are provided in Table 23. Few significant

correlations were found between mood dimensions and cabin

acceleration frequency changes. The majority of significant

correlations between mmods and accelerometer records lie

in even distribution betwe~n vertica~, lateral and loi:gitudinal

rms and maximum spectral amplitude acceleration characteristics.
..

Correlations computed between individual daily nean perform-

ance task scores both dockside and at sea aboard the WPB are

provided in Table 24.

.
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Table 22-- Mntrix of correlations betxzen mood dimensions aboard IVPB.

1. Aggression

2. Anxiety

3. Concentration

4. Egotism

5. Elation

6. Fatigue ,

7. Sadness

8. Skepticism

9. Social Affection

10. Surgency

11. Vigor

1
—. —
.11 1

‘“ 3;.06
— —
-,06 -.11

**
-.24 -.62

.10 “.;;
. .—
-.25 .$2

-*O9 .25
. —
-.23 -.33

k
-.06 -.)1

.06 -.;[
.

*p <.05
4* p < .01

--i-

-.06

.28
—.
-.3!
-TJ-

—.-
.06

.05
~

~
.71

-=-l=-
--4=.09 -.53

.26 -.50

I— . .
.11 .2?

I——---TJ
-.24

I——
.31 X-

I

(n = 34)

11>
1

—.

-.32 1

-.18 .52 1
——~
.21 .18 1

—.
I
I

( -,

.

by.
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In general task performance declines at sea were highly
.-

intercorrelated.– Spoke Test (difference) times and time

estimation performance, however, were only mildly correlated

with a few performance measures.

While declines in code substitution, navigation plotting-

and Spoke Test (control) performance were not associated with
- .

elevated Spoke Test (difference] times, tasks which required

more concentration and processing of sensory input were

(e.g. complex counting, Spoke Test (experimental) and critical
.

tracking) . Time estimations of twelve-second intervals,

unrelated to most performance task scores, were mildly correlated

with Spoke Test {experimental) times.

Given the lack of significant changes in test compartment

acceleration frequency across the three days at sea ‘and at

dockside aboard the WPB, few significant correlations were

found between st.chmeasures ”and task performance. On the

other hand, small but significant increases in cabin acceleration

levels across steaming days were correlated with a n-umber of

performance task decrements at sea. As can be seen in Table 25

the majority of correlations found were distributed primarily

between the co~lpled accelerations of vertical and lateral

direction.

Correlations between dockside and ste,aming period performance

and subject reports of mood show , in general, a direct relation-

ship between performance decline an-dthe onset of negative

mood states. Observed mood shifts were, however, essentially

unrelated to changes in Spoke Test (difference) times and time

estimation performance. See Table 26.
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between24--Matrix of correlations performance test.-J

scores aboard the WPB.

Performance Measur{

-.

1

.1
1. Code Substitu-

tion(# Attempts)

2. Complex Count.
% Correct

3. Critical Track-
ing Task (AC)

4. Nav-Plot
# Attempted

I

,.

.,.
;

(n

-

1

=“34)

1

1

1

-.2; 1

-.7; .;5

-.27 .01

.19 -.07

5. Nav-Plct
# Correct

6. Spoke Control
Time

7. Spoke Experi-
mental Time

8. Spoke l)iffer-
ence Ttie

-.%

-%

-.09

-.56 1

.$;
-
-.31

‘L/

1

“.12

‘.45 -.4? -.27

1
9. Time Es~ima-

tion

* P < -05
** p < .01

..13 .14 -.01 .13

,. \

.

-,
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Table 25--Matrix of correlations between performance and vessel motion measures taken aboard WP13

‘4 -::;
%=&--F=
Lat. rmsg I -.65

w
Long, Max. Amp. lizI .26

Vcrt, Max.

I
-.;!Spectral Amp.

S5--+-+

Complex
Counting
(% corr.)

Ikk ‘::V::;;:)
.44 I ‘“6 I .36 I .37

==7-’=t=-=-l -032
.12 .14 .04 .05
*

-.6~
*

-.i4
** *$

-.82 -.68
*

-.7; -.ti
**

-.82 -.;;,

.10 I .04 I .27 I .12

-.20 -.20 -.37 -.24
—

.55 .5! .5? .5t

*p<. os
** p < .01

!,

(n = 17)1

Spoke
Control
Time

-.34
.—

.08

-.03
*

,56
——

.?;

.45

.04

.02

-.25

.5:

.5?

.39

Spoke Spoke Time
Expt. Diff. Esti-
Time Time mdtion
-—————t— k——————
-.33 I -.03 I .Zb

*7-I-=7”

-.03 I .12 ] ,26

---2mFr-T--

=+={

.11 .03 .1.2

.03 .06 -.16
——

-.31 .02 .30,

7--+
—.—k

.4+ -.15 -.ti

.?$ .31 -.2;

.4+
I

.19
I

-.5:
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Table 26--t.latrixof correlations between t:.ooddimension and performance measures aboard the WP13.

Spoke Spoke
Nav-Plot Nav-Plot ConErol Expt.
(H Attempted) (% corr.) Time Time

.—. —
-.03 -.03 .03 -.01

.——
-.;$ -.ti

k
.:5 .4?

spoke
Diff.
Time

Time
Esti-
mation

—-.
.13

*

,.

Aggression

Anxiety -.f)4
I

+
.43 I t-—z- -

●4; -.43 -.44

I

7-.25-.30

Concentration

Egotism

Elation

-.20
—-—
.4;

— —.
.05

—.
-.28
.—
-.10

–---l-.25

Fatigue -----1.17

-.14Sadness
—. I I

-.R ** *
-.53 .35 I ,34

.—
.21Skepticism

Social Affection

Surgency
—
vigor .

-.32

.22 .15
—-—
.01 -.03‘

.24 _x--..l
* p < .05 (n = 34)

** p < .01

...

5--f’
59I

-. .. . __— ..- ....———-------....—.. .
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TABLE 27--ouartinax-z otated factor structure nmtrix.

3
-
----
----
----
--.-
-----
.’31

----
----
--.--
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
-.70
----
----

4 5

----
----
----
----
----
----
----
----
----
----
----
----
----
-.8S
----
----
----
----
----
--.--
----
----
----
----
----
----
----
——
----
----
----
----
----
----

710

1
------
-.79
----
----
----
----
----
----
----
----
----
----
----
----
----
-----
----
----
----
----
----
----
----
----

8
I

9

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

1
I

2 .6

----
--—
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
----
.47

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

7

----
----
----
----
----
----
----
----
----
----
----
----
----
--..-
----
----
----
----
----
----
----
----
----
----
----
----
----

.93 ----
-.73 ----
.G9 ----

---- ----
.61 ----

---- ----
---- ----
-.a6 ----
-.34 ----
-.81 ----
---- ----
.85 ----
.73 ----

---- ----
-.83 ----
-.81 ----
---- ----
.79 ----

-.59 ----
---- .79
-.59 ----
.72 ----
.92 ----
.45 .78

-.56 ----
-.87 ----
-.58 .54

-.60 ----
.68 ----

---- -.66
---- ----
---- ----
.73 .49
.79 ----
.53 ----

---- ----
---- ----
----- ----
,69 ----
.74 ----

---- ----

>1sss
Urine Out?ut
Urine Sp. Grav.
Catecholaaines
17-OHCS
Heart Rate
Sweat Rsze
CTT
FJav-Plot .Attezlpts
Nav-?lot Correct
Time Est.
Spoke Control
Spoke Experimental
Spoke Difference
Code S-abstitution
Complex Counting
Agcjression
Anxiety
Concentration
Egotism
Elation
Fatigue
Sadness
Ske~ticism
Social Affection
Surgency
‘?igor

TCIIXI.
Huniti%ty
Vert. H:
Lat. Hz
Long. HZ
Vert. =Ams
Lat.rm.s
Lonu.~.s
Ver<. Xiix HZ
Lat. ?4ax Hz
Lonq - ml>: iiz
Vert. >lilx&z>.
Lzt. ‘LxxAmp.
Lonq. !.:~~~p.
—.
% of Variance
AccaunLed for by
Faccor

----
----
----
----
----
----
----
----
----
----
-.72
----
----
----
-=--
----
-.80
----
----
----
.57

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

I--------
---- ----
---- ----
---- ----
---- .82
---- ----

1---- ----
---- ----
---- ----
---- ----

I---- ----

I
------------------------

I---- ---.-
1---- ----
I---- ----

---- ----
-- --- -.---
---- ----
---- ----

I---- ----
I---- ----

----
----

----

--..-
----

----
“----

----

----
----
----
----
----
----
----
----
----
----
.67

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

2.7

.58
-.67
----
----
----
----
----
----
----
----
----
----
----
----

----
----
----
----
----
.59

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

----
----
----
----
----
----
----
-.69
----
----
----

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

----
.68----

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

.80 ----
----
----
----

----
----

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

----
---- .96 ----

----
----

.90 ----
--------

I
------------------------- 1----- ----

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

I

4-6.7 4.6. 4.5 3.5I36.9 15.C 9.1 8.4 6.9

I
NOTE: All factor structure scores less than .45 were arbitrary omitted for

the sake of clarity.

(.
‘k.’

.
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obtained correlatTo aid in the

‘ables 17-26, a

,ti of the ions
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.on

principal components factor analysis wain T

performed using twelve measu.res of WPB testing compartment

motions ? seven physiolog ical indices ~ eleven mood dimensions,

nine performance task scores and measures for therms 1 con,diti.ons

scores. Forty-one variables were reduced te ten factors which

for 98.3 percent of the total e. The

factors were then rotated orthog to obtain a quarti.max

Solution. The quart.imax rotated solution is summarized in

Table 13.

Examination of the factor socre matrix in Table 27

revea1s several relati.onships f or pa.tterns, between the dependent

and independent es. The first factor obtained ted

for the largest portion of the total variance and appear‘s to be

coneern,edwith

MSSS

motion sickness. Aside from the high posit ive

loading of scores the factor was correlated with reductionsf

in urine and eleva tions in urine
●

specific gravities and

excretion rates of . No signif icant relati ,on~hi ps were

found between the motion sickness factor and heart, swea or

catecho lamine excretion rates.

The motion sickness factor al .30poss essed high correlati.ons

with the majority of the performance task dec s and mood

shifts observed aboard the WPB at sea.
.

Independent vari,able loading s -on the first factor indicate

chang es in mean daily acceleration level s from docks ide to

steaming days were more close ly rela ted to motion sickness

than ristics. Caution must be with

th findirigfor accelerometer records made aboard the WPB



f---=
‘f- . “.. .%

. . ----- __

showed no signi.ficant differences in frequency response acres s

ste days while acceleration leve1s ed slightly.

The high load.ings of test compa.rtment temper ,ture and

relative humidi ty on the first factor were n-lostlikely

fortuitous. The test compartment was cooler and more humid

at sea than during the dockside testing .s.

The second factor obta,ined accounted for fifteen percent

the total varia.nce and is .-t more diffi.Clllt inter-

pret than the first factor -.
. The factor strueture score s obta ined

ind,icate tha t subject self-concern, skept,icism and vigor in-

creased as test compartment vert.ical frequent ies deer‘eased and

acc elerati level increased . Although it is possible that

chang‘es in the dyr,ami.Cs of the testing compartment were

responsible for the aforementioned shifts in mood it is more

likely that relationships are artificats of an experimental

design which was sensitive to basel.ine .fts in the data.

Examination of individual mood adjective check list

responses shows a progressive reduction in subject reports of

egoti.sm skepticism and vigor as the experimen tprogres sed . At

the same time as subjects were exposed in three separate daily

groups the WPE test compa .Wnent mo tions at sea. As

significa.ntdeclines in test compartment vertical frequencies

found from the first third day”at while verticalwere to the sea

accele rations concomi ,tantly inc reased, it is likely that

relat .ionships between such mood shifts and vertical motion

charsacteristics were due to coinc .(
‘w

.
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The third factor’s structure scores indicate elevations

in subject heart rates and reductions in feelings of social

affection were associated with elevations in testing compartment

temperatures and lowered humidities.

The fourth factor obtained accounted for 8.4% of the total

variance. Declines in time estimate intervats, or increased

error, were associated with reductions in aggression scores,

elevations in reports of elation and vertical rms acceleration

increases. Given the data-structure employed in the analysis,

the relationship of the aforementioned dependent variables to

an acceleration characteristic indicates the changes observed

occurred across steaming days; hence, increased error in time -

e~timation, decreased feelings of aggression and increased

elation occurred across as the steaming days progressed and

vertical rms accelerations increased slightly.

The fifth factor, which

shows declines in Spoke Test

accounted for 6.9% of the variance,

(difference) completion. times were

essentially unrealted to other

variables.

The sixth factor obtained

dependent and independent

shows increased reports of

fatigue were n~t only associated with motion sickness but were

inversely related to test compartment longitudinal rms accelera-

tion levels. As noted before, test compar”thent acceleration

levels increased slightly as the steaming days progressed. As

such, declines in daily reports of fatigue with the daily

progression of the experiment may have led to

relationship. The sixth factor accounted for

variance examined.

a coincidental

only 6.7% of the
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The seventh and eigth factors were-unrelated to dependent f

variables changes and as such are not discussed.

The last two factors obtained account for the least /

amount of the observed variance and are the most difficult to \

interpret as only two variables showed any significant loadings

(
in each factor. The factor structure scores-obtained for the ‘

ninth and tenth factors, however, indicate that sw-eatrate

changes were unrelated to urinary catecholamine excretion rates

and that changes in either ‘tiariablewere not associated with

changes in any other dependent variable examined.

Multiple Regression Analysis Results

Examination of intercorrelations between thirty minute

samples of vessel and test compartment motion data,r vealed

several very high correlations. See Table 28. To insure a

reasonable degree of orthogonality between the vessel motion

predictors in the following regression analyses two-courses

L.-’

.

of action were taken.

. .

I

I
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Table 28--Corr@~ati.on matrix of vessel motion measures aboard WPB.

It>ll II*
:: Pitch Mz

Ilr!lvc 112
;: Vcrt. 112
5. Lat. 113
6. L,.nj. IIZ

7. Ilcll tms q
n. l$it ClI rms q

1112.lVO Mxs y
l:: Vort.rm!i g

Il. Lll,tmsq
12. t.IVfJ. rms (J

Il. Iwll Max Amp. 112
Ic. rttr!ll ?Ilx. Amp. 142
Is. I14!!1W MI*. Amp. 112
16. f“Ort. )4.Ix. Aw, 1!2
Il. I.olt. M.IX.Amp.112
Ill. I.ott]. Vnx. Am!,. !14
19. 1101 I NIX ht..!;.
113. PIIcII titx.:tml).
?1. Ill?lvt? 14JX. hlql.
Z2. Ve:rt . Melx. Aw.
t3. LJI1. l.ltx. Anq),
14. Llmq. Max. Allql.
. . . . .. —-..-. -.-_—

————
i 2 ] 4 5’ 6 7 B 9 10 II 12 13 14 15 IL 17 13 19 20 2~—;;–—2)—

——-—-——

-— —.—_— —.—. — -—-------

1
.9R 1..-
.9Y .96 1
.99 .97 .99
.99 .97 .99 .;9
.99 .91 .9H .99 .;9 1
.lR-.10-.23-.19-.ld-.16
.75 .15 .72 .13 .75 .73

.12;1s-;03-~lj-;IS-li~-1..
.03 .10-.09-.03-.03 .01

.;6 1

.70-,10

.?1 .09
.02 .10-.04 .01 .02 ,04 .14.60 .82 1:89
.06 .22 .02 .i2s,‘3s.10 .46 .23.G4 ,63 .58 1
.07 .04 .08 .06 .07 .02 .0S .04.08-.04 .04
.17-.01 .19

-.12
.16 .]6 ,13-.40 .IO-,5E-.65-.40 -.60

.10-.21 -.09 -.12 -.10 -.15 -,41 -.19-.44 -.53 -.45

.01
-.54

-.11-.01-.03-.01-.06-.44-.03-..1S-.57-..44-.34
.25 .22 .27 ,21 .?4 .22-.13 .18-.16-.01-.10 -.17
.11-.32-.11-.12-.11-.14-.32-,10-.50-.52-.,10-.57
.01 .00-.06-.02-.21 .02 .87 .08.77 .74 .95 .55
.Ot-,11 .04 .03 .04-.02-.07 .23-.26-.28-.09 -.27
.07 . OG -.12-.07-.G7-.02 .74 .o13.89 .89 .78 .66
.06 .0;-.11-.06-.0;-.02 ,71 .04.79 ,94 .78 .49
.03 .GG-.09-.04-.01-.02 .62 ,06,66 ,74 .72 .59
.00 .14-,04-.02-,01-,01 .33 .19.53 .46 .40 ,87
.- ——. —. —.. ..——-. -— -——. ——----- ..--—, —--_ -__.._-..__.--,.,

I

b
9

1
.22 1.—.
.10 ,il
,21 ,50 ,:0
.32 .14 .te .;1 1
.13 .59 ,46 ,40 .01
.OG-.40 -.42 -.42 -.03 -.:8
,34 .58 .4i3 .47 (11 .67-.!I 1
.04-.60 -.IIG-.$14-:06 -.49 .74 -.26
-.01-.53 -.41 -.47 .05 - ,. .72 -.25 .;3 1
-.15-.34 -.43 -,39 -.10 -,’i;.73 -.29 ,65 ,71 1
-.0:!-.47 -.34 -.16 -.15“-,42,39 -.11 .57 .); ,42

UGlnq d Wo-tailrxl slqnlficnncc luul. t
. I

correlationst .33[P< .05) I
correlations~ .43(,J~ .01)

v‘%
$-C
‘b!..

}q

J“
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First, vessel center of gravity and test compartment

motion measures were separated into two populations. Second,.
each population of motion measures was &amined for large

intercorrelations -(r> .60). Those highly correlated variables

were grouped into subsets and a single measure was then

selscted to represent the particular subse~–in the following

regression analysis.
.. .

Selection of a particular vessel inotion variable to

represent a particular sub~t was based upon previous research

findings, the orthogonality of the czundidate representative

variable with other candidate representative measures and the

degree of pe~turbations, “if any, in the collection of the ..

particular measure. In short, selection preference was given

to vertical measures in the majoritiy of cases, despite ~enerally

higher correlations seen with lateral indices. See Tables 29

and 30.

Once obtaining two populations of acceptable vessel motion

predictors, MSSS scores were regressed against each population .

of motion predictors and othe”r independent measures such as

steaming day, time of day, and test compartment temperature

(humidity was dropped as a predictor because of its high

correlation to temperature) in a stepwise hierarchical manner.

The entrance hierarchy was de~endent upon.”the dependent

variable under consideration, previous research findings and

results obtained from the factor analysis. Hierarchies used

are discussed with each multiple regression analysis.

.
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TABLE 29 --Representative translational- test compartment motion
measures employed in multiple regression analyses.

Representative Predictor Predictors Represented

Average Vertical Hz Average Lateral Hz
Average Longitudinal Hz

Vertical Hz at Max. Amp. “ ---- _-

Lateral Hz at Max. Amp. I ----
Longitudinal Hz at Max. Amp. I ----
Longitudinal RMS Accelera-t~on I Vertical R&G Acceleration

Laterial RMS Acceleration

Vertical Max.,Amplitude I Lateral Max. Amplitude,

Longitudinal Max. Amp. I ----
I

TABLE 30--Representative roll, pitch, and heave motion measures
at the vessel’:s center o“fgravity employed in multi-
ple regression analyses.

Representative Predictor Predictors Represented
1

Average Heave Hz Average Roll Hz
Average Pitch Hz

Roll Hz at Max. Amp. ----

Pitch Hz at Max. fip. ----

Heave Hz at Max. Amy. ----

Roll RMS Acceleration ----
,.

Pitch RllSAcceleration ----

Heave R??ISAcceleration ----

Roll Max. lhmp. ----

Pitch Max. Amp. ----

Heave Max. m. ----

. .
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Translational and angular with heave motions were examined

separately in multiple regression analysis of motion sickness

severity. Combining the two populations of motion measures

severely reduced the number of predictors due to multico-

linearity problems. Furthermore, the coordinate systems

differed; all angular and heave measures were based upon a
-** .

geocentric coordinate system while test compartment translational

coordinates were rigid with the geometry of the test compart-

ment. -. .,..

Individual half-hour MSSS scores collected aboard the

WPB at sea were regressed against the following independent

variables in a stepwise manner using the following hierarchy: -

a) rms acceleration

b)

c)

d)

e)

vertical

vertical

~.rerti~al

vertical

~aterial

average frequency ..

maximum spectral amplitude

maximum spectral amplitude frequency

maximum spectral .amplitude freque~y

f) longitudinal masti,um spectral

g) longitudinal maximum spectral

h) time of day

i) test.compartment temperature

j) steaiiingday

amplitude

amplitude fre~ency

Preference in the entran~e hierarchy” {fasgiven to vertical

motion measures based upon the findings of McCauley et al. (1976),

despite slightly higher observed correlations with lateral

measures. Acceleration measures were entered before their

associated frequencies based upon the higher factor loadings

.- .

.——.
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obtained with acceleration measures in.the factor analysis.
.—

Time of day, or =xposure length, was entered into the regression

analysis before test compartment temperature as independent

studies had found temperature to be inconseq~ential in motion

sickness onset or severity (Johnson and Wendt, 1964b; McClure,

et al., 1971). Finally, test compartment t~perature was entered

before steaming day as it was believed that very low MSSS scores

might be susceptible to thermal sweating influences which would

out weigh differences in susceptibility between subject popu-

lations or habituation across steaming days.

After initially screening all variables for significance

in predicting MSSS scores, those

cant contributors were reentered

analysis along with their second

and first order cross products.

Thase predictor terms found

variables found to be signifi-

into a stepwise regression

and third order polynomials

to account

portions of the variance were then examined

consistency by randomly selected subsets of

for significant

for -

the data.

AdZitian.ally, the presence of autocolinearitity within the

Fata was rejected using a Dur’&n-Watson test. The final

regression model is presented in Figure 62;

test

more

The regression coefficient beta weights obtained indicate:

compar+aent average frequency characteristics were far

inportant than compartment acceleration levels in

accounting for the observed fluctuations in motion sickness

severity. Ad~itionally, the MSSS re=ponse to test compartment

average frequency characteristics shows motion sickness severity
>

. .. .
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increases in a nonlinear manner as frequency declines.

Elevations in t~st compartment maxim~ vertical or lateral

amplitude, ve~tical, lateral or longitudinal rms accelerations,

and longitudinal maximum spectral amplitude frequencies led to

linear increases in motion sickness severity.

A sanipleof three-dimensional response surfaces generated
- .,

from the regression equation in Figure 62 show motion sickness

severity was most severe when average test compartment

frequencies were low and acceleration levels high. Motion
.

sickness severity was least when frequencies were high and

acceleration levels low.

Given the second-order response of MSSS to average test

compartment frequency(s) , the second derivative with ~espect’

to average test compartment” frequency was computed to determine

the frequency at which a maximum or minimum MSSS score would
,

be ~xpccted. The sscond derivative obtained indicated that.

the function possessed a minimum at 1.57 Hz which was well

beyond the range of the data and, thus, unconfirma~le. The

function did not possess a maximum point.
-

Of the predictors investigated, vertical and lateral

maximum spectral amplitude frequencies, longitudinal maximum

~?ectr&~l amplitudes, time of daYt test compartment. temperature

or relative humidity and steaming day variables were not found

to play significant roles in the observed fluctuations in

MSSS scores.

.

,’

.

. . . . . .
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To compare the relative contributions of roll, pitch ~
. .

and heave vessel-center of gravity motion characteristics upon

motion sickness severity, individual half-hour MSSS scores were

regressed against the following independent variables using the

hierarchy specified below:

a) heave rms acceleration
- .

b) heave average frequency

d) heave maximum spectral amplitude frequency
.

e) roll rms acceleration

f) rollmaximum spectral ampli~ude

g) roll maximum spectzal anplitude frequency

h) pitch rms acceleration

i) pitch maximum spectral amplitude

j) pitch maximum spectral amplitude frequency

k) time of day

1) test compartment temperature

m) steaming day

The logic behind the above entrance hierarchy is equivalent

to that employed with the translational regression analysis

with &he exception that correlational results provided in

Table 10 were considered instead of factor anaiysis loadings.

Results obtained, followifig the analytical distillation

process described with the translational motion analysis, are

summarized in Figure 63. Of the thirteen first-order predictors

initially examined, only two predictors, average heave (roll or

pitch) frequen~y and heave rms accele~ation were found to

account for significant portions of MSSS variance at sea. As ,

;.



.

(
. .

6,7

7 -“

6 -

.

3 -

2-
/

1- ,~

0/
0,20 ~, 0,40

‘HFW

t
I

● MSSS = ‘8,02141Rp -f- 2,01V;Rp + 23,91 A,, -t-5,~1

(2419) (0.50) (5,06) (S,E.)
(-3,72] (3,551 (0,47) (flET’I\ WT.)

t .(11,

:;1;, ● (),//

I) E810
WlfERE:

,, -uHRp ‘,n~~fag8 hCaV@ (roll Of P;idl)

h = heave rms acceleration (g)

frequency

I
I

.

Figure 63--Motion sickness symptomalogy severity (14SSS)scores regressed against %
/’vessel center of gravity angular and heave frequency and acceleration

levels. I3
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with the translational motion analysis results, average vessel
..

centec of gravity frequency characteristics were found to account

for more of the observed variance in 31SSS than acceleration

measures. Furthermore, as with translational test compartment

motions, vessel center of gravity average frequencies were

related to MSSS scores in a nonlinear manner_while heave
.

acceleration changes exhibited a linear relationship..
The

first-order cross product failed to account for a significant

portion of the observed variance.
.

The response surface in Figure 63 reaffirms graphically

the provocativeness of lover frequency, higher acceleration

conditions despite the differences in coordinate systems used

between translational and angular with heave aacelerm t r

measures and the opportunity for errors in equating ‘vessel

center of gravity recordings to those actually experienced with-

in the test compzr+~ent itself (giver.the size of tlheWPB and

the fact that the center of gravity was within five feet of the

test compartment it is estimated that errors in equating tne

motions would be within a five percent margin) .

Although angular measures of vessel sway were not considered

in the analysis, it appe”ars that the ~ngular acc~lerations

studied, aridpossibly average.angular acceleration frequencies,

Pl~Y little, if any, part in m~tion sickness genesis or severity.

For the following

treated as independent

manipulation of motion

regression analysis MSSS scores were

variables. Given the anticipated

sickness severity associated with

octagonal course changes and the findings of previous studies
.

,..
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which indicate motion sickness itself, and not the motion
. .

environment per—se was responsible for changes in

hormone secretion rates, treatment of MSSS scores

data was deemed justified.

Individual two-hour total void urine volumes
.

ADH and other

as independent

were regressed

against the following predictors in a stepwise hierarchical
.

regression analysis:

a) MSSS

b) time

c) test

score

of day,

compartment

.

temperature

d) translational vessel motion characteristics not found
to contribute to motion sickness genesis or severity.

Given the results of pre’~ious labora~cry research which -

found relationships between motion sicknes:~ severity and ADH

blood levels, MSSS scores were initially-entered into the

regression equation. Time of day, or urine samples seqyence,

was entexed into the regression equation next as dockside plots

of uzine sample volumes showed consistent increases ‘as the

testing period and associated hydration procedure progressed.

As elevations in test-compartment temperature might have

increased subject sweat rates and insensible water loss, thus

rcd’ucing urine output volumes, their entry into the stepwise

regressim analysis followed the time of day variable and .
.

preceded test compartment translational motion characteristics
.

not associated with motion sickness genesis. The inclusion of test
.

ccnpartment motions not associated with motion sickness was

designed to address the possibility of dynamically induced

.

.. .
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changes in urine output (i.e., changes. -inglomerular filtrati~n
..

—
rates associated with circulatory changes) .

E:;ezination of polynomials and first-order cross products

of’those predictors initially found to account for significant
.-

chanaes in urine output volumes led to the regression result.
●

summarized in Figure 64- Of the predictors examined, only

MSSS scores and time of day measures were found to account for

>
signi=icar.tFcxtions of the variance in tmi~.e out data recorded

. -“.:
both dockside and at sea aboard the WPB. Temperature or relative

humidity changes within the test compartment, steaming day and

test c~~L~ar&~ent motions not related to motion sickness were

not associated with observed changes in urine output.

The regression equation obtained and a plot of two-hour
-.

( means of urine output volumes against average MSSS scores shows

motion sickness severity level to be th~ largest contributor

4 to urine output changes. Plotting a mid-day sample regression

line shows the nonlinear relationship .found between motion sick-
.,

ness severity and urine output. On the average urine output

reached a maximum when MSSS scores approached 1:18. As motion

sickness severity increased, or decreased, urine output was re-

duced at an increasing rate. The decrease in urine output asso-

ciated MSSS scores lower than 1.18 reflects early morning dockside

MSSS reports were symptomatology associated wirh the stress of

continuous performance testing was negligible. Early morning--

urine sample volumes were always smaller than samples later in

C.--

‘L. ‘

‘theday as the cumulative fluid intake was relatively small.

The regression equation in Figure 64 indicates urine output

volumes increased on the average by approximately 60 ml every
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two-hours as the hydration procedure progressed. In spite of-.
the adjustment m=de for time of day changes, “large individual

differences led to a rather large standard error of the

estimate. -

Individual two-hour urine sample specific gravities abo-ard

the KP3 were regressed against MSSS scores, time of ciay, test
..-

compartment temperature and test compar~ment motion character-

istics nat associated with motion sickness, using the same

hierarchical stepwise procsd~re employed withurine output data.

The resalts, which are summarized in Figure 65, show only motion

sickness severity and time of day, or urine sample collection

sequence, to be of significance in accounting for changes

observed in the specific gravity of urine. Examination of the

(

-( regression coefficient beta weights shows MSSS scores- to account
L“

for a significantly g~eater portion of the total variance than

die? tine of day. Elevations in motion sickness severity led\/

to inczeased urine specific gravities while samples collected

later in the day were more dilute.

Plotting a mid-day sample least-squares fit of the data

“)
shows urine specific gravity increased at a nonlinear rate as

MSSS scores increased from a value of 1.83. Changes in urine

specific gravity values didnot occur at a marked rate, however,

until MSSS scores are greater ●than or equal to 4.0.

Given the opportunity for subject induced error in providing

L,’

total void urine samples, it was anticipated that

gravity data would possess a cleaner relationship

scores than that of urine output data~ Comparing.

urine specific

with MSSS

the multiple

correlation coefficients obtained with urine output and specific

.’
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gravity regression equations fails to-support such a hypothesis.

Yet the relativ–e-magnitude of the standard error of the estimat”e

for urine specific gravity was smaller than that obtained with

urine output data.

.-
Levels of Z7-OHCS contained in individual two-hour urine

.
samples collected aboard the WPB were regressed against MSSS

sccres, time of day, test compartment temperature, and test

comFark~ent translational motion characteristics using the

hierarchical stepwise regression procedure described for urine

output and specific gravity.

Results obtained indicate only the first-order term for

ifiSSSscores accounted a significant portion of

variance in 17-OHCS excretion rates.
In spite

individual variability in excretion rates both

the observed

of considerable
.-

dockside and at

sea,changes in MSSS scores accounted for fifty-eight percent
,.

of the obse.ved variance in 17-OHCS excretion.
The linear

relationship found between urinary excretion rates of 17-OHCS

and mation sickmess severity is graphically presented in

Figure 66.
.

found the first-order MSSS term to be the only predictor to

account for a significant porkion of the observed variance.

Although the results, sum.mariz”edin Ficpre 67, show catecho-

lminc excretion rates were not significantly associated with
--

independent measures other than motion sickness severity, MSSS

scores acrued only slightly more than twelve percent of the

variance observ-ed.
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Similar regression analysis approaches taken with individual
—

twenty-five minute average heart rates andssweat rates sampled

every tlhirty-minutes showed no significant relationships with

11SSS scores, time of day, test compartment temperature or test
--

compartment motions not related to motion sickness genesis.

To examine the relative consequences of. independent variable

changes aboard the WPB at sea upon subject affective stateJ mocd

scores obtained from individual MACL data sheets were regressed

against

a)

b)

c)

d)

e)

f)

9)

the following variables in the hierarchy specified:

MSSS Score

Lateral maximum spectral amplitude frequency

Vertical maximum spectral amplitude

Longitudinal maximum spectral amplitude
--

Vertical maximum spectral amplitude frequency

Time of day

Testing compartment temperature

As motion sickness was believed to be the primary

mood shifts and not the test compartment accelerations

cause for

directly,

those acceleration characteristics found to account for signi-

ficant changes in motion sickness severity were dropped from the

regression analysis to allow successful inv.:rsion of the cor-

relation matrix. Those test compartment acceleration charac-

teristics unrelated to motion sickness were entered into analysis

for consideration of biodynamics influences upon mood.
Finally,

time of day influences and thermal environment

entered into the regression equation. Results

summarized in Table 31.

changes were

from the analyses

.

. .
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The magnitude-, direction and statistical significance of

the predictor varia=le beta weights indicated, with the exceptions

of subject fatigue and concentration, mood shifts at sea were due

to the onset and increasing severity of motion sickness or vessel

motions responsible for motion sickness onset. Those test -

compartment acceleration characteristics represented.. by the

measures in Table 31 which were unrelated to motion sickness

severity played no significant role in the mood shifts observed

at sea.

Subject reports of concentration or fatigue were not ‘. 1

significantly mediated at sea by either motion sickness or test

compartment acceleration measures unrelated to motion sickness;

however, test compartment temperature increases and progression

of the testing period accounted for significant declines in

c concentration and increases in fatigue.

Aside from the impact of motion sickness upon subject mood,L/’

L...6.

time of day and thermal

elation and surgency.

Regression of mood

changes mediated moods such as anxiety,

scores against MSSS scores shows moods

such as aggression, fatigue, egotism, sadness, skepticism, surgency

and vigor were greatest during periods where nausea was severe.

Tle aforementioned mood dimension scores decreased if motion
.

sickness severity decreased or increased to the point of emesis.

AIHi.ety scores did not exhibit a maxima or minima point within

the motion sickness score range, while mood dimensions such as

concentration and social affection exhibited minimum

MSSS scores near dockside levels. See figure 68.

levels for
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An identical analytical approach to that described above

((. . was taken for individual psychomotor performance task scores
-----

generated at sea aboard the WPB. Results,, summarized in Table 32,

show changes in code substitution, complex counting, critical “:

tracking, navigation plotting and Spoke Test (control).performance

were significantly related to changes in motion.sickness severity.

Aside from a significant decline in the number of code

substitutions completed as the testing period progressed no predictors
.

aside from MSSS scores were found to account for significant shifts.

in subject performance at sea.

With the exeption of Spoke Test (experimental), Spoke Test

(difference) and time estimation performance changes, which were .

not significantly associated with changes in any predictor variable

e

examined, motion sickness symptomatology severity score changes...

accounted for large portions of the variance observed in test
_

scores at sea.

To examine the relationship between task.performance and

motion sickness severity performance task scores ?en~ated durtng

dockside and steaming periods aboard the WPB were regressed against

MSSS scores. Results of the regression analyses are graphically

summarized in figure 69.

As can be seen in figure 69 the statistically generated

functions between task performance and MSSS score show near

linear declines in performance with increasing levels of sickness.

Spoke Test (control), Spoke Test (experimental) and code substitution

.-’

performance show improvements as MSSS reaches emesis levels. The

improvements may ‘bea result of temporary symptom reduction

following the emesis episode.

. . . . . . .
. . .
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T.able32--l3ctdweiuhts of regression coefficients from regression of performance task”scores
against indel~cndentvariables.

. *-

=
Code Substitution
(Attempts) aTemp. r2 of O*

—.——

0.01 0.44

1’ime

L)I?Day
..—

-o.3i

0.04

=7 ‘0015

_=I==Complex Counting
(t ccJKrect)

Critical Tracking
(A=)

0.04 0.08 -0.17

0.02 -0.09 “0.25

0.10 -0.11 -0.02

0.03I 0,62 I

——!-----1
0.42 0.35

0.05 0.86

0.03 “0.66

0.08 0.68

-0.29 .00

-0.33 .00

0.46 .00

-1.5!
I

-0.03 0.40

Navigation Plot-
ting (Completions)

Navigation Plot-
ting(llCorrect)

0.06

0.07
I

0.07
I

-O.10 0.23

Spoke Test: (con-
trol) Time9

Spoke Test (exper-
imental) Times

Spoke Test (dif-
ference) Times

l.ii “1 0.17 0.05

O*O70.83
I

-0.03

0.14 0.04 -0.20

*

0,19 :

Time Estimation
(12 sec.)

0.12 0.11 0.05 0,25

** ~ < .01 *Represents lateral maximum spectral Amplitude as well.
k
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T~~~ Score

Max. Min.
Code Substitution (CS) 110.0 0.0
Complex Counting (CC) 90.0
Critical Tracking (CTT) 5.4 ;::
Nav/Plot Attempts (NAVA) 30.0 0.0
Nav\Plot # Correct (NAVC) 30.0
Spoke Test (control) (SPC) 45.0 3:::
Spoke Test (experimental.) (SPE) 150.0 go.o
Spoke Test (difference) (SPD) 75.0 69e0
Time Estimation (TE) 13.5 10.5

ma>

min

o
●

1 2 3 4 5 6 7
‘~- Motion Sickness Symptomatology Severity Score

Figure 69--Psychomotor task performance as a function of
motion sickness severity.
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Subject Experiment Debriefing Questionnaire Responses ~

Responses from subject debriefing questionnaires (See
.

Appendix C) were collected and are presented in Table 33.

TABLE ; 3 --Test subject assessment of vessel motion influences
upon their well being and performance.

.

Factor*
I

Heave

Well Being

Most Detrimental 23%

Least Detrimen~al 6%

Performance

Most Detrimental I 28%

Least Detrimental
I

~~

Pitch

50%

22%

61%

33%

Roll

22%

72%

33%

72%

*Note: Some subjects were unable to judge any difference between
.

the effects of pitch and heave upon t:+~r performance or
well being. In those cases their respu...sewas counted
separately as both pitch and heave in the summary
statistic. .

Questionnaire responses receiv~d indicate the majority of sub- ~

jects to believed vessel pitching to be the most detrimental to

their well being with rolling action to be of least consequence.

l?itching action was also perceived to be

to their performance and rolling actions

produce the least problems.

the greatest detriment i
I

were again believed to !

‘u’
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DISCUSSION

From the analyses of test compartment accelerometer records

it is clear that test compartment dynamics were more severe

(....
“d

. .
)

aboard the 95’ WPB Coast Guard Patrol Boat at sea than either

the 89’ SSP Navy Semi-Submersible Platform or the much larger

378’ WHEC Coast Guard High E-ndurance Cutter. Given the very

mild sea state experienced during the steaming days test compart-

ment motions aboard the SSP and WH?J3Cwere relatively stable with

the SSP providing only Z.slightly more dynamic environment. .-

Measured physiological response to whole body motion stimuli

experienced aboard the Ssp and ~EC was min~l. No significant

changes occurred in motion si.ckn~”:sSymptomatology, urine output

rate, urine specific gravity, mean heart rate or forehead sweat

rates from dockside to steaming conditions. A moderate increase

in the excretion of catecholamines was found aboard the SSP

at sea (~ = ..58.8%, p < .01) and a small elevation in 17-hydroxy-

corticosteroids was obtained aboard the WHEC during steaming

periods (1 = 18.8%, p < .OJ.}.

The lack of motion sickness, the slight improvement in
.

thermal conditions at sea, the relative stability of the test

compartments, and the lack of any meaningful perturbations in

subject affective state or psychomotor performance

( explanation of “the observed hormone e~cretion rate

aboard the SSP ‘and WHEC difficult. Possibly there
‘u’ .

make

changes

was a novelty

— —.. . .
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or excitement associated with going to sea, particularly aboard
.

a vessel as unique looking and riding as the SSP. Furthermore,

a base line shift may have occurred in the physical or psycho-

logical burden asso~iated with continuous and repetitive

performance testing endured eight hours a day for six conse~tive

days. As the experimental paradigm rssulted.in tlhecollection

of a majority of the steaming exposure data “following dockside

3

sampling, the analysis used for dockside versus at sea hypothesis
--..”A..

testing was sensitive to gradual changes in variables as the
.

experiment progressed.

Altiough no definitive explanation can be provided for the

observed hormone excretion rate elevations found aboard the SSP

and WHEC at sea, it is evident such elevations were not due to

c.... motion sickness or whole body..

i Low frequency whole body

accelerations.

vibrations experienced aboard the “

WPB at sea were assc~ciateti with significant changes in many of
U

the physiological measures. All subjects experienced severe

motion sickness during their exposure to the WPB wit~h only oue

subject failing to vomit during the eight hour exposure. The
I

3
,.. MSSS scozes generated aboard the WPB at sea indicated subjects

generally suffered severe nausea throughout the day with severity

waxing and warming between emesis and moderate levels of nausea

as the W’PB steamed about the octagon. ..

Analysis of the relationships between changes in test

compar~ment linear acceleration characteristics and motion

) sickness severity, though hampered by several cases of multi--.:..

(:

-.
coiincarity between motion spectra summary statistics, showed

.

the most important contributing factor to motion sickness

● *
“u’

.
— -.:.
-.
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severity to be that of test compartment- average frequency of ‘

acceleration. Dfieto multicolinearity between vertical, ,

lateral and longitudinal frequency changes resulting from

octagonal steaming pattern course changes, it was not possible

to

in

-!
determine the relative importance between these frequenc~s’

the provocation of motion sickness.
..

Within the limits of the data, m.ation s“ickness became

increasingly severe as test com,partiientaverage frequencies 05

acceleration declined at any given acceleration level. This

finding agrees with results

field study which., although

found motion sickness to be

obtained from a previous aircraft

acceleration levels were unknown, ;

most severe aboard the aircraft

producing the lowest average vertical frequency (Kennedyr et al.,

1972), and with laboratory studies using simple vertical

oscillating platforms (Alexander, et al., 1945a,brc,d; .

Alexander, et al., 1947; 0’Hanion and McCauley, 1974!.

The response of both emesis and subemesis degrees of motion

sickness severity to test compartment

characteristics was for the most part

by the motion sickness incidence (MSI)

frequency and--acceleration

similar to that described

prediction model provided

by O’Hanlon and McCauley (1974). That is low frequency high

acceleration environments were more provocative than higher

frequency low acceleration conditions. Unfortunately, the

maximum turning point in motion sickness incidence predicted

at 0.17 Hz by the MSI model could mot be verified as the WPB

average vertical frequency of acceleration did not range below

0.20 Hz. Moreqver, the regression obtained between MSSS scores

and WPB test compartment average frequency of acceleration was

——— .:...-
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only a second order function which possessed a positive second’
. i

derivative; henc~, only a minimum MSSS response to compartment

freque~cy well beyond the data range could be obtained.

In addition to-test compartment average frequency of

acceleration influences, elevations in maximum spectral ampli~~

tudes of vertical/latez-al accelerations, rms (g) accelerations ‘
.

in longitudinal/vertical/lateral directions and longitudinal

maximum spectral amplitude frequency were respectively associated

with linear increases in motion sickness “severity. The changes “

in motion sickness severity-associated with the above parameters

weue, however, far less importan-c than those seen with compart-

ment

beta

average frequency as evidenced “by the regression coefficient

weights obtained.

Given the xmlticolinearity between compartment a-ccelerations

in the vertical, lateral and longitudinal directions, ii was ~

not possible to deta.rmine the relative importance of specific

acceleration directions upon motion sickness severity as had been

hoped. It LS noteworthy that of all linear acceleration -

characteristics or their representative predictors e~amined,

only longitudinal maximum spectral amplitude changes failed to

account for significant changes in motion sickness symptomatnl,ogy

severity. Moreover, it was the only test compartment linear i

acceleration measure used in the regression analysis which was

unrelated to vertical accelerations. .

. !.
The reported importance of vertical accelerations in ~

1 provoking motion sickness was supported by

( from regression” of MSSS scores agains&WPB

(.-
.

gravity heave, roll and pitch acceleration

b’

the results obtained

vessel center of ~

spectra

i
I
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characteristics. Geocentric accelerometer records made ‘at the

WPB’S center of gravity, located approximately five feet from

the center of the testing compartment, showed only heave/roll/

pitch average frequency(s) and heave .ms (g) accelerations to

account for significant changes in motion sickness symptomatology.

It is not possible to reject the importance Qf roll or pitch

average frequency (due to tlheirhigh correlations with heave

frequency) in motion sickness genesis, however,

acceleration parameter was found to account for
.

changes in MSSS scores.
.

As thfs analysis involved subemesis motion

no angular

significant

sickness s~ptom-

atology severity, as well as anesis incidence reports from

s~bjects whose hesds were not”secured while exposed to a variety

of simultaneous heave, roll and pitch accelerations,- the results

provide stronger support for the original assertion by McCauley, .

et :11., (1516), that heave, and not roll or pitch accelerations

are priinariiy responsible for motion sickness genesis aboard

contemporary seagoing vessels. .’:

When subjects were questioned about the importance of

vessel heave, roll and pitch motions upon their feeling of well

being the vast majority reported roll or pitching ac+ions to be

of least con~equence. Less agreement was obt,-..inedwhen subjects

chose vessel motion characteristics which were most detrimental

to t~eir well being. From subject responses and other comments

provided on experiment debriefing questionnaires, it appeared

subjects had difficulty in perceptually distinguishing between

heave and pitch accelerations. As pitching action changes were.

more easily acknowledged both visually and proprioceptively, than
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changes in heave acceleration, it may be that subjects attributed

increased motion sickness severity, as the WPB headed into the

seas and heave acceleration increased, with the more obvious

pitching motions. It is interesting that despite the lack of.

importance found with roil accelerations in motion sickness in

the regression analyses, approximately fi~$h of subject

responses indicated vessel roll to be most detrimental totheir

well being.

Though the relationships found between motion sickness
--

severity and WPB test compartment acceleration characteristics

support several of those found in the laboratory under ~mch

simpler acceleration environments, approximately half of the “
..

observed variance in,motion sickness s-ymptomatology severity

scores remained unaccounted for by the independent variables

measured. Several factors may be responsible for the amount .

of “noise” fouiidin the data. ..

E’irst, the low end of the MSSS scale employed was subject

to extraneous influences unrelated to motion sickness. As the

experiment was conducted.in a tropical climiate and subjects

were periodically assessed as they performed numerous

repetitive psychomotor and cr,gnitive tasks for an eight hour

period, reports of thermal sweating, headache, growing physical

and mental fatigue, normal bowel movements..and drowsiness

which were unrelated to motion sickness contributed to the

magnitude of obtained scores in varying degrees throughout the

day. The sensitivity of the MSSS scale to subject reports of

.

:

.
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minor symptoms which were unrelated to motion sickness is
-%

evidenced by low MSSS scores obtained aboard each vessel class

during dockside periods.

Aside from some imperfections in the MSSS score as an

index of motion sickness severity in this experimental paradigm,

exposure to complex whole body motion environments required the

use of summary statistics of accelerometer pwwer spectra. The

inability of a few power spectrum descriptors to adequately

represent the acceleration dosage received by subjects, ~fi~

characteristics other than &hose examined such as directional

acceleration phase relationships and harmonic characteristics may

have contributed to changes in motion sickness severity

(Guignard and McCauley, 1977).

Finally, the results of analyses conducted and their

interpretation must be tempered by the understanding that

accurate test compartment

information regarding the

stimuli actually received

orientation and movements

accelerometer records do not provide

veztibular, v~.sual or p=oprioceptor

by the subjects. Variatims in head

controlled by the subjects, trans-

rnissivity factors, associated visual field movements, pro-

prioceptor stimuli ad changing psychological demands placed

upon su-~jects perfor-ming a variety of &asks as the vessel steamed

about the octagon .may have significantly contributed to the

unexplained variance in MSSS scores. ..

Though several possible contributing factors to motion

sickness onset and severity could not be addressed in this

study , it is clear that many findings concerning motion sickness

incidence obtained in the laboratory under much less complex
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motion environments were replicable within the range of ----.

acceleration stiauli presented aboard the WPB.

Several other physiological responses found in laboratory

studies of motion sickness were replicable in this study.

Pronounced antidiuresis was found in subjects exposed to the -

WPB during steaming periods. Urine output declined on the .
- .

average by 60.0% (p < .001) while specific gravities increased

by 100.0% (p < .001) when compared to dockside levels. Though

episodes of emesis, profuse sweating associated with vomiting
.

incidents, the-rmal sweating and insensible water loss due to

changes in thermal and metabolic buriens at sea most likely

contrfnuted to some extent to the observed fluctuations in

urine output and specific gravity data,
the severity of subemesis

motion sickness experienced appears to be a significant .factox.

Results obtai”ned from regression of individual urine output

data against 24SSS scores,. test compartment ter,.Actratu~~,time of

day and vessel motion characteristics unrelated to motion

sickness genesis,. reject the significance of small changes in

thermal exposure or compartment accelerations unrelated to

motion sickness in the observed antidiuresis.
The lack of

s~.gnificant changes in sweat rates between dockside and steaming

periods, between vessels at sea and the lack cf correlt~tion

with observed flux in sweat rates and urine output or specific

. gravit:~ data argue for the lack of any significant or sustained

influence upon diuresis in this study.

Antidiuresis was greater in subjects who had experienced

emesis within a given two hour sample~eriod
*

had not; however, reductions in urine output

than those who

and concomitant

. .



i

C_-
(

3----....

.

c.....:...:
i

.1..,.

-

elevations in specific gravities remain-ed substantial in the

one subject who had experienced only subemesis levels of motion

sickness and in subjects who experienced emesis only later in

the day. -

The relationship between individual dockside and steaming

day means or IISSS scores and urine output rates was significant

(r = -.63, p K .001). The correlation improved after partialling

out the influence of the hydration procedure (which led to

significantly increasing urine outputs as the day

and all of the data collec~d during the dockside

peziods were examined (r’= -.68).

progressed)

and steaming

%xaminatior- of the mid-day regression line obtained between

MSSS scores and. urine output data as well as the variance in -

the urine outpu: data shows pronounced changes in urine output

did not occur until sulojects began to report moderate levels

of nausea, cold s-weating or drowsiness (i.e., MSSS scores greater

than 4.0).

Similqr findings were obtained with the urine specific

gravity data coliected aboard the WPB. Inditiidual daily means

of urine specific gravity obtained dockside and at sea were

significantly correlated to elevations in MSSS scores (r = .60,

P< .001). As wirh urine output data only MSSS scores and

urine sample sequence were fouhd to be associated with signifi-

cant changes in specific gravities. Parti~lling out the

influence of the hydration procedure upon urine osmolality and

examining individual two-hour samples revealed a slightly

.
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stronger correlation with notion sickness severity (r = .68).

Again the respon=e of urine specific gravity to

symptomatology severity was not prominant until

greater than 4.0 were generated.

moti’on sickness

MSSS scores

The magnitude and direction of urine output and specific

gravity changes and their associations with m,otion sickness

aboard the WP13 are in line with those found during a preliminary

3
experiment conducted aboard the WPB using a different subject

%:
population (Wikerand Pepper, 1978) and previms laboratory

(“

. . . . ..-
based studies by Taylor, et al.”, (1957) and Eversmann t

(1978).

The correlation between urine

gravities (r = -.91, p < .001} and

influences, beyond those provoking

output volumes and

et al.,

specific -

lack of vessel motion

motion sickness, sugcjest the

observed changes were in response to ADH release associated

with motion “sickness onset.

Given tineresults obtained with urine output and specific

gravity data, the utiility of

of motion sickness incidence

‘>
Taylor and his co-workers in

-those measures as objective indices

and severity, as suggested by

1957, appears encouraging. Aside,

from the demonstrated lability of these :’ieasuresin :esponse to

changing levels of motion sickness symptomatology sevesity,

substantial congruence was obtained betweeh iMSSS scores, urine

outp*dt and urine specific gravity in correlations obtained with
.

other physiological measures, psychomotor performance, affective

state indices and the independent variables. Of the twenty-two

significant correlations obtained betw-een MSSS scores and other

variables, seventeen were concurred with by urine output data

.
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and sixteen by urine specific gravity. - T“hosemeasures which !

possesseci signif~cant but very mild correlations with MSSS score:

produced congruent correlations with urine measures which failed

significance tests.. Although urine output and specific gravity

correlations with measures significantly related to MSSS scores

were generally lower in magnitude, five of the seventeen urine

output and three of the sixteen specific gravity correlations ~

exceeded MSSS correlations in magnitude. I

Other physiological measures examined were generally less
.

fruitful in signifying the onset and severity of motion sickness

or the additional stress of whole body accelerations experienced

aboard the WPB. Urinary excretion rates of 17-OHCS exceeded the

normal daily excretion range during dockside testing periods;

thus , indicating exposure to the testing paradim itself was
r..-.*..-a

demanding. Exposure to the WPB

ness led to an average increase

excretion from dockside levels.

at sea and associated motion sick

o: 160.0% (p < .001) in 17-OHCS

Changes in motion sickness

symptomatology severity scores from dockside to stezuiing per-iods

aboard the WPB were highly correlated with 17-OHCS excretion rate

(r = .75, p < .001).

The magnitude of the correlation must be viewed with some

reservation as an 1S.,8% (p c .01) increase in excretion of 17-OHC

was found aboard the WHEC at sea and significant differences
.

between the SSP and WHEC at sea were obtained where no signifi-

cant motion sickness was reported. Furthermore, factor analysis

results show the majority of negative mood shifts observed

aboard ‘de WPB -at sea wer,e largely associated with changes in

both motion sickness severity and 17-OHCS elevations in the urin~

— . . . . .._-
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The suggestion of psychological stress components inflating the

correlation betw=en MSSS scores and 17-C)HCS is supported by

results obtained in a preliminary study aboard the WPB.

Crew members from the Wl?B,who regularly endured motim

sickness, showed little change in affective state when subjected

to an experimental paradigm similar to that_~mployed in this

study. Although the MSSS scores generated were ’equivalent to

those seen-in this study, as were the magnitudes and direction

of the correlations obtained between MSSS scores, urine output.

and specific gravities, the correlation obtained between MSSS

scores and 17-OHCS excretion rate was less than half that found

in this experiment.

Finaliy, the degree of congruency found between MSSS and

<“ ,,17-013CS correlations with other variables measured vas not

promising. Of the twenty-two significant correlations obtained
‘e’

bctweeriMSSS scores and other variables, only ten conc~rring

.

‘---

correlations were obtained with 17-OHCS data while two other

significant 17-OHCS correlations disagreed in direction with

t.?.?eMSSS correlation.

Given the only independent variable found to account for

.
significant changes in 17-OHCS excretion in this experiment was

that of USSS scores, as well as the lack of significant cate-

cholamine excretion rate elevations, the findings are supportive

of previous suggestions that elevations in adrenal cortical

activity during

1965) and under

motion sickness

aircraft aerobatics (Dahl, et al., 1963; Colehour,

laboratory acceleration conditions provoking

(Colehour and Graybiel, 1966; Eversmann, et al.,

1978) are responsive to vestibular ifiput an~ not just

.
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psychophysiological stress alone. Though the magnitude ofc
elevations obtained aboard the WPB concur with those seen in

the laboratory and aircraft motion experiments, and the

correlation to motion sickness severity strong, the suscepti-

bility of the indite to influences unrelated to motion sickness

makes the use of the measure in motion sickness assessment

questionable. ,.

As mentioned above there were no significant changes3.----=“

found in urinary excretion rates of catecholamines from dockside
.

to steaming conditions aboard the WPB and no differences between

vessel “classes at sea. Significant but mild correlations were

found between nonsignificant elevations in catecholamines and

itSSS scores (r = .35), subject report of fatigue tr = .40) and

social affection (r = -.41), and WPB longitudinal maximum

i

,. (-’
(

spectral amplitude frequency (r = -.,57). With the exception
‘L-J I

1

of the vessel motion indite mentioned, factor ar.alj is results

suggest that the cozrel,ations obtained were fortuitous

Inspection of the longitudinal acceleration spectral--character-
.

istics over the thxee days at sea provide no insight to the

3.-:.---,.-...
‘A-

relationship found with catechola,mines excretion rate flux

aboard the M?B.

As with catecholamine excretion data no signif)-cant changes

were found from dockside to steaming conditions in forehead

sweat rates or twenty-five minute mean heart rates aboard the

WPB. The lack of change in sweat rates from dockside to

steaming exposure ‘to the WPB was unexpected

sweating in subjects just prior to an~ during

variability in sweat rate data and equivalent

. ..

(
)

!

given noticable

emesis. The

value betweenJ

-.—— -. -—.-——

- —_
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dockside and steming conditions aboard the vessels may be due
.

to a number

all vessels

than during

ventilation

than during

of f=ctors.

were cooler

the days at

in the test

First, the test compartments aboard

during steaming day collection pericds

dockside. Second, the amount of

compartments was greater when steaming

dockside periods. As the compartment tempe~atures

and relative humidities between vessels could only be “equalized”

by venting the compartments to the outside, shifting wind

velocities and steaming directions did change compartment venti-
.

lation characteristics. Ventilation was noticeably greater

aboard the WPB as she headed into the seas and motion sickness

severity worsened. Finally, thermal conditions in the test

compar+aents were warm ar.dhumid. As a result the cold sweat

response to motion sickness during all but the most severe ,, . ‘

periods of illness I&y have been shrouded by thermal sweating

as demonstrated by YlcClure and”Fre$ly (1972).

Nonsignificant changes found between dockside and steaming

conditions aboard the WPB in subject -heart rates averaged over

the first twenty-five minutes of each half-hour of testing was

not unexpected. Previous-investigations by Hemingway (1945)

and Craiipton (1955) which examined “:heeffects of motion sickness

and simple whole body acceleration exposures upon heart rate,

found no significant changes aside from brief periods of tachy-

cardia during the act of ~esis.

?4ild tachycardia was experienced by all subjects during

the act of emesis (1 19.7%, p < .01). Elevations in heart rates

.
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occ*urxed in all s*ubjects a few minutes prior to emesis and
.

subsided a few m~nutes following the initiation of vomiting.

The mechanics involved in the act of vomiting may have

contributed to the magnitude of the elevations seen in heart

rates but as initiation of the tachycardia episode occurred

three to four minutes prior to emesis, other processes are likely.

involved. The mechanisms involved with heart rate alterations

prior to and during vomiting remain unclear at this point,

however, given the proximity of the vasomotor center to the

.
vomiting center in the medulla oblongata the opportunity for

influencing vagal tone of the heart exists (Sonson and Wang,

1953) . Contributions of subject anxiety and respiratory rate

changes associated with the preparation for emesis cannot be -

ruled out as well. ,,

The mild seas experienced failed to produce substantial

postural challenges to the seated s~bjects aboard the WB. “

Though subject reports of physical fatigue were significantly

greater aboard the WB than either of the other two “vessels-at

sea, the cardiovascular burdens associafied
..

)
vibrations experienced aboard the WPB were.-...

fic:ent to raise cardiac output demands to

with whole body

apparently insui-

the point requiring

increased heart rzac, The small variations in heart rate seen,

according to factor analysis results,were associated more with
.

changing test compartment thermal conditions and declines in

subject feelings of social affection than either motion sickness

or compartment dynamics endured.

●
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The lack of meaningful change in physiological measures from

(i
dockside to steamifig conditions aboard the SSP and WHEC was

d

associated with stability in subject affective state as well. Of

the eleven mood dimensions examined aboard the two vessels

increased social affection (p < .05) and surgency (.p< .05)

aboard the WHEC at sea were the only changes found in mood between

dockside and steaming conditons. Subjects exposed to the motion

environment aboard the WPB, however, experienced shifts- from dockside

levels in the majority of mood dimensions examined, OnZy MACL ‘:-

reports concerning egotism, skepticism and social affection failed

to change with the ”introduction of vessel motion and associated .

motion sickness aboard the WPB.

Direct comparison of mood reports obtained aboard each

<“
vessel during the steaming periods showed no differences across

i

vessels with regard to the dimension of aggression. WPB subjects~.

reported small hut significant increases in feelings of aggression,

sadness and skepticism when compared to equivalent scores obtained
.!

from the SSP and ~EC. Similarly, equivalent MACL reports of con-

centration, egotism, elation, surgency and vigor obtained aboard

the SSP and WHEC were greater than those obtained from the WPB

during steaming periods. Only reports of fatigue, anxie+-y and

concentration di:?fered between all three vessels during the
.

steaming periods; fatigue was lowest aboard the SSP, anxiety

lowest and concentration highest aboard the WHEC.

It should be noted that although the shifts in mood from

baseline leve[s at dockside, or between vessels classes at SeQ)Were

c“
statistically significant, the magnitudes of the differences were

.,“
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genrally small with mean scores ranging between score categories of

“definitely not”

As shown in

found aboard the

—

and “undecided” or ‘undecided” and “slightly”.

Tables 10 and 12, the largest changes in mood ~

WPB or between the vessels at sea occurred respe&-
1

ively in the dimensions of fatigue, vigor, anxiety, sadness,

surgency and concentration. As the WPB was theonl~ vessel to pr~vok~
,

motion sickness in the subject population the “concomitant elevati~n
I

in negative and decline in positive mood state is attributed

primarily to the onset of motion sickness. t
i

The above assertion is supported by a number of factors, [

Firstr previous investigators have consistently found fat~gue,
!

depression and anxiety to be associated with the motion sickness

syndrome. (Hemingway, 1944; Clark and Graybiel, 1961; Whiteside,

1965; Money, 1970). Second, as shown in Table 21, mood dimensions .

which exhibited the largest changes at sea possessed strong.

correlations with MSSS scores while at the sme time exhibiting

few significant and consistent correlations wi’th test compartment :

acceleration characteristics (.SeeTable 23)9 Third, .Fesults from ‘

factor analysis show high factor loadings of the majority of mood ‘

dimensions upon the same factor which possessed the highest

I
MSSS score loading. Finally, regression of mbod scores obtained ~

from the WPQ during steaming days against motion sickness

symptomatology severity scores, test compartment acceleration measures

unrelated to motion sickness, testing compartment temperatures and’

time of ,day, shows the majority of mood changes at sea to be ~

associated with fluctuations in motion sickness severity.iTest

compartment acceleration parameters unrelated to motion sickness did

-. .
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not account for significant changes in any mood dimension

examined. Progres~ion of the testing period and associated

increases in test compartment temperatures accounted for significant

portions of the variance in some mood scores (e.g. anxiety,

concentration, and surgency) , however, exposure length and ambient

temperature changes did not possess relationships approaching

the magnitudes seen with motion sickness changes.

The lack of significance found between motion sickness

severity at sea and the mood dimensions concentration and

fatigue !is somewhat puzzling. It is clear, as shown in

figure 26 and 32,the influence of the

to be cumulative; hence, remission of

concentration, with reduction in MSSS

steaining environment tended

fatigue, or enhanced

scores dur~.ag Various.=

(“ octogonal pattern positions would be absent and correlations

would be reduced.
4

The results of mood score regression against MSSS scores

show for the most part negative mood shifts reached a maximum

during periods of severe nausea and decreased if motion sickness

decreased or increased to the point of emesis. The improvement

found .in affective state with emesis levels of motion sickness

ray reflect the tendency for temporary symptom remission following

the emesis episode. Fatigue and declines in social affection,

however, continued to increase with motion sickness severity.

Though the majority of mood shifts seqat sea can best

be explained by changes in motion sickness severity, it is evident

that factors aside”from those measured during the experiment were

involved. Of those predictors found to account for significant

.
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changes in moods at sea, less than half of the total variance

observed in mood scores could be accounted for by any given set

of predictors. Subject-subject or subject-experimenter interactions,

subject bias, possible baseline shifts in the subjects’ feelings

toward continued participation in the experiment, possible shifts

in the subjectst criteria for reportable mood changes as the

experiment progressed, and measurement error associated with the

MACL itself may have contributed to the unexplained variance.

The differences found in MACL reports between the SSP and
.

WHEC in mood dimensions of fatigue, anxiety and concentration at sea

are difficult to ekplain given the lack of rnotim sickness and

relatively stable test compartments during steaming periods.

Aside from the possible influences uFon mood scores noted above,

subjects may have been more anxious about the difference in ride

quality between the WHEC and much smaller SSP,and the possible

incidence of motion sickness. At the s?.metime subjects may have

considered the eight hour exposure to the SSP at sea a novel

experience and as a result exhibited a slight alteration in mood
$

state.

Although the directions of moods shifts found aboard the WPB at

sea were predictable, the number of dimensions affected was not.

Previous use

atory motion

fatigue and

of the identical MACL and scoring system in a labor-

generator study showed only feelings of increased

reduced vigor associated with exposures to SS 5 and

concomitant motion sickness (Abrams et al., 1971). Additionally,

a pilot study conducted with the WPB using a similar testing

paradigm found only fatigue scores to increase significantly at
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at sea from dockside levels (Wiker and pepper, 1978).

Examination of the pilot study data shows the shifts in

mood dimensions at sea from baseline levels were comparable to those

seen in this study; however, the sample size in this study was I
\

considerably larger than that used in the pilot study or by

Abrarns et al. (1971). As a result correlations-found in the

pilot study between fatigue and concentration scores and MSSS scores

were concurred with by the present study. In addition, significant

correlations were obtained in this study with MSSS and anxiety

(r = .87), elation (r = =.57), sadness (r = .85), social affection

(~ = -.49), surgency (r = -.75) and vigor (r = -.76) scores.

The lack of additional corroborative correlations between .

this and the pilot study may relfect differences in the subject

populations examined. Experienced WPB crewmen were tested during

the pilot study and asa result of physiological and perhaps

psychological habituation to the ride quality of the WPB

the mood reports in other dimensions were less responsive

changes in motion sickness severity.

to

As with the affective state reponse to the test compartment

acceleration environments aboard the SSP and WC, psychomotor

performance was relatively unperturbed at sea. No decrements were

found in any performance task examined aboard the SSP at sea.

Small but significant improvements in Spoke Test Cexperimental)

and Spoke Test (difference) times from dockside levels were found

aboard the SSP at sea. As the majority of performance task data

collected at sea followed dockside collection periods the

improvements are attributed to practice effects.

,
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Performance aboard the WHEC at sea remained unchanged from

(i

dockside levels in all tasks with the exceptions of slight

improvements in navigation plotting performance (p z .05)

attributable to learning effects and decreased error in time

estimation of a twelve-second interval (p < .oI)..

All tasks, with the exception of time estim_ationf suffered

decrements aboard the WPB during steaming periods. As shown in

Table 14 the largest decrements in performance aboard the ~B

were found respectively in complex counting, navigation plotting,
.

critical tracking, code substitution, Spoke Test (controll~ .Spoke

Test (experimental) and Spoke Test (difference).times.

Direct comparison of performance task scores between vessels

at sea shows, with the exception of the time estimation task,

subject performance levels aboard the WPB to he lower than either the

SSP or WHEC. The only differences found ,in performance task scores

between the SSP and WHEC at’”seawere in Spoke Test Lcontrol).times

(p < .05)and absolute errors in time estimation [p c .05]; both of
..

which were greater aboard the SSP than the WHEC,

Results obtained from multivsriate analyses show performance

task decrements between dockside and steaming periods, with the

exceptions of Spoke Test (difference) and time estimation

measures, to be associated with increases in motion sickness

severity severity scores, changes in physiolo@cal indices of

motion sickness, deterioration of subject mood and variations

in test compartment acceleration characteristics related to

motion sickness incidence. Increases in Spoke

times and reductions in time estimation errors

Test (difference)

were, however,

,/’\,,

/,
. -—. .—-. . . --.. . -.
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not consistently associated with changesin the vast majority

t
of independent varl-ables examinedc $

,
Performance scores of tasks which suffered at sea aboard ~

the WPB were found tobe correlated with motion sickness severity ~

and test compartment accelerations associated with motion sickne-ss~

As can be seen in Tables 20 and 25, many of the correlations found!

between task performance decrements and acceleration measures

(particularly lateral rms g) were greater than those seen with ~

MSSS, Whether performance was affected directly by the accelera- ~

!
tions endured within the test coxnpartmen~,,oras a result of

1

Imotion sicknessprovokedby the accelerations3cmnot be objectively

determinedgiven the degree of collinearitybetween MSSS scores ~

and cabin accelerations.

Althgnghthe directimpact of the compartments accelerations’

upon subjectperformancecannot be ignored, a number of factors

support the contention that motion sickness was @rimarily

responsible for the decrements observed.

Given the mild seas experienced, acceleration:..exposties:.:.:

aboazzdthe WPB were mild enough to allow seated subjects to

work without noticable efforts to maintain posture or work

position. F@thermore, when individual hourly test scores

were regressedagainstMSSS scores, accelerationmeas~-es

unrelatedto motion sicknessseverity,time of day and test

compartmenttemperatures,not one accelerationinditewas found

to account for significmt changesin-task performance. Aside

from the significanceof time of day with code substitution

scores,MSSS scores were the only variable found to account

. . -.. -. -. -.. . . . . ... ..
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for changes in task performance. See Table 32.

Those tasks y_hichwere most susceptible to direct dynamic

interference (e.g. CTT, navigation plotting and Spoke Test)

did not consistently show the largest decrements at sea. For

example, complex counting performance, which was not ~lnerable.

to direct acceleration influences, experienced considerable

decrement at sea.

finally, the quantity of performance was reduced while the

the quality was not. The percentage of errors in the navigation

plotting task remained unchanged from dockside to steaming

conditionsaboard the

task were essentihly

Assumingfor the
/-

WPB while errors in the code substitution

nonefistant.

momme~tmotion sicknesswas the prime

c’ factor in the decrementsobservedin perfmmance at sea-aboard

i the WPB, the question arises as to how motion sickness interfered

d with the majority of ‘pyschomotor perfmmance tasks examinedc

As the tasks which suffered at sea tapped a number of components

of hum= performances one might be tempted to attribute-declines

in test scores to perturbations in perceptual, cognitive or

motor capacities. A larger perspective of the data, however,

motivates a different interpretation.

A patternin the rank orde~ of performancetask decrement

at sea shoWs those tasks which required sustainedperiods of

performance,and which offered greateropportunityfor subjects

to self-pacetheir performance,sufferedthe most (e.g. complex

counting,navigationplotting).

(“

Tasks which required very

(
short periods of effort and which were less complexin nature

(e.g. Spoke Test, code substitution)sufferedleast.

d I

. ........ . ..--. _ ., ..-.-.4. .,-, . . . . . .
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Unfortunately time estimation performance results, which

would have providedmore direct insight regardingchangesin

perceptualaspectsof performance,cannotbe relied upon.

In the process of recording push button initiation and termination

of time estimates onto FM magnetic tape, it was later learned~

the time interval could containan error of 800 msec in magnitude.

As a result only the longest intervalswere examined (twelve

seconds) and the assumption was made that the errors would

be random given the large number of observations. Upon inspection
.

of the resultsit appears that the signal processinginduced

errorsmay not have been random. The differencesfound within

and betweenvesselsin time estimatesare very close to 800 msec

in magnitudeand since-noother rational‘explanationcan

presentedfor the outccmesin figures59 and 60 the test

data appear to have been compromised.

The profferedinterrelationshipbetween decrements

be

in the

remainingperformancetasks during steamingday exposuresto .

the WPB, motion sicknessand subjectmotivationfollowsa line

of thoughtestablishedby other investigators. Birren (1949)

argued human performancewould be relativelyinsensitiveto the

effectsof motion sicknessif the tasks were simple and short

in duration;however,he speculatedthat complextasks, or

tasks which requiredprolongedperiods of sustainedeffort,

would be vulnerable. Similarly,Graybiel et al..,(1965) found

performancein a variety of tasks could be maintainedif subjects

were highly motivated.
4

‘4

.,.. .-..
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Althoughmotivationis difficult

in the performance-demands placed upon

studies, as well as differences in the

of the tests administered, may explain

to quantify, differences

subjectsin previous

statisticalstability

the inconsistencies found

in psychomotorperformancefindingsbetween field and laboratory-

based investigationsof vessel motion. In general,laboratory

investigationswhich have concentratedupon simple or short term

tasks have found few decrementsin performance. When more complex
tasks were administereddecrementswere found (Jex et al., 1976)

if learningeffectswere not pronounced(Abramset al., 1971).

At the same time, subjectsin such studieswere able to

remove themselvesfrom the provocativeenvironmentsif they so

desired. As a result they may have been more willing to extend

the magnitude or duration of their efforts during periods of

motion sickness.

On the other hand field studiesprmide essentiallyno

opportunityfor subjectsto avoid the provocativeenvironment,

regardlessof the degreeof subsequentparticipationin ~he experi-

ment, and as such may promote more conservativeor paced efforts.

Moreover,the majorityof tasks examinedat sea have been

more operationallyspecificand as such have tapped several

dimensionsof human performancesimultaneously.

As importanta~ the motivationalset of subjectsmay be

in determiningthe magnitudeof motion sicknesseffectsupon

performance,so too is the statisitcalstabilityof the

performancetask investigated. As mentionedearlier significant

learning effectshave been reportedin a number of tasks studied
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under repeated measures experimental. designs (Abrams et al., 1971;

Jex et al., 1975; ~iker and Pepper, 19?8). Given the relatively ~

small decrements found in subject performance on the J 1~

more simple tasks examined in this study ( decrementsin code
t.. - /

substitutionand Spoke Tests were within 16%of docksideperformanc~e

levels),use of less stable tests in the past may be shrouded :

decrementsin simple or short tasks.”: . - I

In closingit shouldbe emphasizedthat the magnitude and ~

breadth of the performance decrements reported in this study ‘

are conservative. The subjectsemployedwere, for the most part, ~

experiencedCoast Guardsmenfamiliarwith both the rigors of

motion sicknessand vessel motion environments. Moreover,sea

state conditionsexperiencedh this study were very mild and ~

(:
as a result probablydid not contribute Signific=tly to the

●

magnitudeof decrementsfound. RLnally,if a subject failed to
._/

perform a given task(s),orwas removed from the test compartment, :

his performancescoreswere consideredto be missing data rather

than zero scores. If performancedata collectedfrom oriesubject

who withdrew from experimentparticipationafter a two hour

exposureto the WPB steamingenvironment,andanother who was

removed from thv test compartmentat the discretionof the I

I

Ie~erimenter after a horning of very severe motion sicknessand /
.

essentiallyno task performance,had been incorporatedinto the ~

analysesdecrementsin task performancewould have been substantially

greater.thanthose reported.

i
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CONCLUSION #
\
i!.;

Very low frequencywhole body accelerationsexperienced ~
i
Iaboard the 951 WPB Coast Guard Patrol Boat, as it steamed side- ~

by-side with a 8g~ SSP Navy Semi-Submersible Platform (SWATH) :

vessel and a 378? WHEC Coast Guard High EnduranceCutter through 1

slight seas, provoked severe motion sickness, stress, deterioration
1t

in subjectaffectivestate and reduced levels of performanceon ~
a varietyof psychomotorperformancetasks. The SSP, although ‘

comparable to the WPB in size, yielded a quality of ride similar

to that of the much larger WHEC. As a result no motion sickness$~

c“
significantlevels of stress, deteriorationof mocd or decrement

.
u in performancewere found aboard the SSP or WHEC.

As had been previouslyfound in the laboratory,notion ‘

sicknesswas most severewhen vessel average frequenciesof

. . accelerationwere lowest and accelerationlevels highest.

Either decreasingthe accelerationlevel at a given frequencyor ~

increasingthe accelerationfrequencyled to reductionsin

rnatio~ sickness severity; with frequency changes more important

than changesin accelerationlevels. Several cases of multi-

colinearitybetween test compartmentlinear accelerationdata

precludeddeterminationof the relativeimportanceof linear ‘

accelerationdirection;however, comparisonsof geocentric

verticaland angularaccelerationsof roll and pitch support a ,

previousassertionthat heave and not roll or pitch accelerations

.-.
I

. . .,.- - . . . . . . . . .1



I

‘F
account for motion sickness incidence aboard contemporary

4’ seagoing vessels (McCauley et al., 1976). I
The incidenceof motion sicknessand its severityw“ere

I
stronglycorrelatedwith antidiuresisand urinary excretion I

rates of 17-OHCS. I
Given the high negative correlationobtained ~

between urine outpdt reductions and urine specificgravity ~

ichanges$along with the evidenceprovidedby ?hersmannet al.$

(1978)5 it is believedthat the antidiuresisfound during periods~

of motion sicknessin this stu~y were

of antidiurectichormone.(ADH).

The congruencybetweenMSSS and

,
due primarilyto release +

I

eitherurine output or

(-...

specificgravitycorrelationstith other variablesof concern

indicateADH assays or use of indiectmeasures of ADH release

can be useful in objectiveassessmentof motion sickness

severityor individualsusceptibility.

Althoughuss of ~stalvoid urine volume or urine specific

gravity offer the advantagesof subject acceptability,ease of

collection and economy of analysis, they reqtired necess-arily -

long intervalsbetween collectionwithout the aid of

catheterizationwhen motion sicknessis sustainedfor periods of ~

,time. Furthermore,urine output and specificgravityresponse ~

to motion sicknessseverityha@?a tendency to lag if subjects :

are not sufficientlyhydratedas in the morning folIowinga I

nights rest and abstinenceof fluid intake. I
IDespite some short comingswith the use of urine production;

characteristicsin.the assessmentof motion sicknessseverity, ‘

the use of 17-OHCS or other indices of the general.adaptation ~

w

. I



c.— syndromeas objectiveindices of motion sicknessseverityare

not recommended. lkccretionrates of 17-OHCS$ though associated

./” with motion sicknessseverity,provide considerablypoorer

relationshipswith nonphysiologicalcorrelatesto motion sickness
1

than measuresof diuresis. At the same time large differences - ~

were seen inexcretion rates of 17-OHCS between the SSP and WHEC

at sea where no significantmotion sicknesswas “reportedand

biodynamicschallengeswere nearly equivalent. It is also possible

that significantnegativemood shifts seen with motion sickness I

incidencein this study may have considerableinflated the

magnitudeof the relationshipbetweenmotion sicknessand

adrenalcorticalresponse.

Despitethe opportunityof affectivestate influe&es in

c“’
.. 17-OHCS excretionaboard the WPB, the relationshipbetweenmotion

sicknessand the corticoidsappears far greater than that seen

with catecholamineexcretion.‘J No significantresponseswere

seen in urine catecholamine levels- during steaming day exposures

to the WPB resultingin severe motion sickness;hence, Qse of

catecholaine excretionas a w“ of motion sicknessseverity

is not recommendedin the future.

Heart rates, with the exceptionof mild tachycardia

signaling the emesis episode , and sweat rates wsre equally

ineffective’inprovidinginformationregardingmotion sickness

severityor the degreeeof dynamic stress endured. The use

of sweat rates should not be rejected-asan indite of motion

sicknessbased upon the experimentalfindingsof this study.

( The tropicalclimateand associatedthermal sweating as well as

I——--—....—.—. —e - . . .



compartmentventialtionrate changes at sea may have confounded
—

detectionof a cold sweat response.

Analysisof subjed+self reports of mood show small but

significantshifts occurredin the majority of mood dimensions

examined. The general deteriorationin mood is attributable,

for the most part, to motion sicknessonset and-severity. As

the levels of motion sicknesswere severe and Shifts in mood

small,it is not likely that experiencedcrewmen,who can

anticipateimpendingsubsidenceof the motion sicknessepisode,

will experiencelarge swings in mood with higher sea states.

The motion sicknessepisodeis unquestionablyunpleasant

and if frequentlyexperienceddue to inherentlypoor vessel

stability,orto frequentshort term exposuresto provocative

sea state conditions,desire for continuedor future sea duty

is likely to be diminished.

The incidenceof motion sicknessand acceleration

characteristicscloselyrelated to motion sicknessseverity

were found to be stronglyassociatedwith the small to moderate

decrementsfound in the majority of performancetasks examined.

Declinesin performancewere greatestin tasks which were complex

in nature,requiredperiods of sustainedperformmce and which

offeredthe greatestopportunityfor subjectsto control the.

pace of their efforts. These facts,alongwith the reduction

found in the quantityand not the quelity of performance,suggest

performance

as a result

performance

decrementswere due to reductionsin subject

of motion sicknessrather

capacityof the subjects.

than deterioration

-..

motivation

in the

. ... . . . . . . .. . . .
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The relative contributions between motion sickness and

dynamic interference cannot be objectively determined given

the high correlations found between the majority of acceleration

indices and motion sicknessseverityscores. However,given

the mild seas experienced,the lack of vistially’dejectable -

dyna.mic::challangesto subjectperformanceand the lack of

significantrelationshipsbetween acceleration i-ndices unrelated

to motion sicknessseverityand performancetask scores,it is

believedthat direct dynamicinterferencewith subjectperformance

was minimal,duringthis study. Had sea state

harsh it is likely that additionaldecrements

conditionsbeen

in performance

would have been found.

The resultsof this study suggest that’shipboardtasks

which are complex,require long periods of effort or sustained

attention,viewed as nonessentialand are subject to the discretion

of the crewman are likely to suffer during periods of moderate

to severe motion sickness.

Given these and previous findings by independent investigators

it is clear that motion sickness offers challenges to the

physiological,affectivestate and

at sea. With proper consideration

a vesseltsdesign the incidenceof

ramificationsupon crew well being

psychomotorintegrityof men

toward the ride quality of

motion sicknessand its

and performancecan be

avoided as shown by the experimentalSWATH vessel~~

small seas.

To date the ride quality design criteria avalable are

meager. Insuffiencentattention has been paid to sex and

—-— -— -. - - - -——--— —— -... . . - ... ..J... -.
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age differencesin motion sicknesssusceptibility.of potential—

crew“populations,the interactionsbetween vessel equipment

displaysystemsand vestibularstimulationcharacteristics

in motion sicknessprovocationand direct dynamicinterference _

with variousperceptualand motor tasks aboard ship.

Given the difficultiesassociatedwith attainingnaval

vessels for use in experimentation,the inabilityto systematically

manipulateor controlthe accelerationstimulipresentedto

subjectsand the tendencyfor many shipboardacceleration

indices to be coupled,the most prudent approachtoward establishing

reliableride quality desi~ critieriafor seagoingvessels

and other transportationmodes lies

degreesof freedomlaboratory-based

periodic field tests for validation

simulatorsmay produce less complex

with the use of multiple

motion generatorsand

purposes. Though the

motion environmentsthan those

seen aboard ships, the results obtainedin this study are

largely corroborativewith previous findingsobtainedin the

laboratory.

Until further research can be conducted to validate additional

acceleration and frequency regions, to refine and augment

the motion sick ~ess incidence prediction model reported by OfHanlon

and McCaule~ (1974) its interim use in providingheave acceleration

restrictionguidelinesfor new vessel design and stabilizationof

contemporaryvesselsis recommended. ~t the same time shi.phandl.ers

may, within the restrictionsof vessel safety and mission require-

ments, reduce the incidenceof motion sicknessaboard their vessels

by selectingsteamingcourses and vessel speeds which minimize

,
. .
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heave acceleration~d-”whichatioidheave frequenciesbetween

O.1~ and 0.25 ~Zo – ..
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APPENDIXA

PRESELECTIONQUESTIONNAIRE

.

INSTRUCTIONS

The enclosed questionnaire has been provided in order to obtain

some essentialinfar.ationco~csnmingcertainphysica,%characteristics

you may possess. This informationwill be used to help us

representativegroup of test subjectsfor participationin

discussedstudy.

select a

the previously

Crewmen selected as tent;t;ve candidates for participation in the

sea trials will be notified within one week. At that time a more

detaileddescriptionof performancemeasureswill be presented. Demon-

strations‘andpracticesessionswill be given

briefing as well.

Strict confidentiality <.11 apply to all

during the more detailed

Information acquired in

the questionnaire and only those associated tith the USCG Ship Motion

Research Tean vill have access to the information provided.’
“d
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--- Date:

—

CGD14 SEA TRIALS NUMAN FACTOP.S
SELECTION OUESTIONNAI=

Name:

RateiRank:

Unit:

1. Have you ever particlpateciin an experiment

Age: Sex:

Married: Single: -

Iieight: Wt:

..
before?

YES No — ‘e”?
2.

.
Number of months spentonboardyourpresent ship:

3. Total shipboard experience exf~uding your present ship:

Shi? type Time onboard in months

4. Have you ever been seasick? YES NO . If YES, would
you d~sc:ibe the experience.

——
Please describe weather conditicrns,

length of voyage, type of vessel, whether you recovered while at sea,
(and if you became sick again), and any other factors you consider
pertinent.

..

5. From your experience at sea would you

Alway6 get sick Frequently get

Rarely Never
●.

—-

Bay that you:

sick Sometimes -

6. Have you ever been rnoticnsick under any ‘conditionsother than
at sea?

7.

8.

T-Es No If so, underwhatconditions?

.

If yoa vomited while experiencing motion sickness, did you:

Feti better and temain so?

Feelbetter temporarily, then vomft again?

Feel no better, but not vomit again?

Feel no better and continued to vomit repeatedly?

ti general, how susceptible to motion sicknessare you?

Extrezsely Very Moderately Minimally “ Not at all

‘.--”
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Name:
---

—

9. In the past 8 weeks have you been nauseated.FOR ANY REASON?.— —

NO YES . If YES, explain:

10. tithe past Len you were nauseated for any reason, did you:

Vomit easily Vomit only with difficulty Retch and

finally vomit with great difficulty Could never vomit
when nauseated Never nauseated=ife .

11. Have you ever vomited in your sleep after heavy partying on the
previous night? YFS NO —.

12. What do you think your chances of getting sick would be”in

--

!.

(

an experiment where 50% of the subjects get sick?

I almost certainly would
I probably vould
I probably would not -
I almost certainly would not

13. Most pecple experience faintness (not as a resu,
times a year. During

More than zhis

The same’as this

Less than this

Never faint
.

t of mot:on) 2 or 3
the past year you have felt faint:

-.

14. Row wall do you understand your motives and reasons for doing things?

Very well

Bet;er than most

About average

Less than average

Not well at all . . .

15. Have you ever had an ear illness or injury which was accompanied
by dizziness andfor nausea?

16. Were you a controller of a

17. Xould you volunteer for an

.

vehicle when you were uotion sick?

experiment where you knew that:

85: of the people became seasick? YEs “ NO

50% of the people became aeastck? YEs NO

252 of the people became seasick? -- YES No

OZ of the people became seasick? YEs NO.—

.,
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Name:
.. .

18.

19.
3 to

20.

21.

22.
than

—
What was the highest level of education you have attained?

Eighth grade

High School

Tvo years in college

Four years tn college

Graduate school

Host people experience slight dizziness (not as a result of motion}

5 times a year. The past year you have been dizzy: “ “

.-

Hore than this

The same as

Less than

Never dizzy

Uhen you become motion
(Medical or otherwise)

sick whaz type of remedy do you use?

HOW concerned are you with your performance on:

School exams: Very great Great Moderate Little

Shipboard
Performance:

- .

Sporting
Activities:

. .

Do you normalXy expect to perform better . same.-m * or worse
the average person?

23. &Y

24. Do
lightly

25. DO

NO

you smoke daily , infrequently , or never ?:
.

you drink alcohol daily , heavily at infrequent times ,
at infrequent times , rarely , never .

you frequently take medications or dregs?

— yEs_ (If YES, do not specify at this time)

26. Have you been ill in the pasx yea?? t!O YEs . Lf YES.
specify:

——
severity, time course md le,:ality(on body).

.

27. I am am not in my us~alstateOf fitnes~.
-.

\ - -“
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TEST SUBJECT CONSEXT FORM

I, .“ having attained my 18th- -

birthday, and otherw~i<e havingl full capacity to consent, do hereby. ...-..........

volunteer to participate in an investigation entitled, ‘1CGD14

SEA TRIALS HUMAN FACTORS ANALYSIS” , under the direction of

LTjg Steven F. Wiker USCGR.

The implications of my voluntary participation; the n<atuxe,

duration, and purpose; the methods and means by which it is to be .

con~ucted; and the inconveni~ces and hazards to be expected

have been thoroughly explained to me by LTjg Wiker, and are set

forth in full on the reverse side of thi<”Agie’ernenti”-&h&~h I have---- ..... .. ---

%nitialed. 1 have been giveli an opportunity to ask questions

concerning this investigation -stutiv, and any such questions have------.----,-
been answered” to my full and complete satisfaction.

I understand that I may at any time during the course of

this Lnvestigat%on study revoke my consent and withdraw -from the

study without prejutiice, however, I may be required to und=rgo

certain further examinations ifs in the opinion of LTjg Wiker,

such examinat~ons are necessary for my healf.h r well being.

●

Signature DaCe

I v~s present during the- explanation referred to above,

as well as the Volunteer’s o~portunity for questions, and hereby

witness his signature.

(
‘..._-”

. .

.
Signature of Witness Date

--
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I understand that I will be performing an array of cognitive -

and perceptual-psychomotor tasks while at dockside and at sea for

a Period of one Week in aid April. - ..

. . During this study I will be giving urine samples

of stress hormones and specific gravities.

r understanti that I wi~l-have surface electrodes

for analysis

attached to

my chest during the study for monitoring my electrocardiogram (EKG).

I realize that there is a possibility that I nay become sea-

sick durf.ng the days in which we are steaming at sea.

I am aware that my ciiet and liberty hours will be strictly.

controlled and that during.dockside and at sea trials my liberty

will be curtailed.

I am avare that the purpose of this study is to gather impor-

tant data on the effects of vessel motion, in different sea states,

upon crew performance and well being.

●

..”



:’...

—.

.
.-

-.

.
. .

.

.-’

. .



APPENDIX c

Subject No.

:. ., .

:.

(

4

.

1.

2.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

POSTEXPE!lIllENTALDEBRIEFING QUESTIONNAIRE

Vere you assigned or did you volunteer to serve in this experiment?

Assigned Volunteered *Y? -—

h%ich ship motions (roll, pitch, or heave) affected your task performance nest
and least?

Most Least

Were you sick at any time du%~ng the experiment?

No Yes If yes: were the experimenters aware that you were sick——

every time you got sick? Yes No— . .

Did you report each sickness or note it in your log sheets? Yes No——

What was the most meaningful task?
..-

h%at. was the least meaningful task?

What vas the most difficult task?

What was the least difficult task?

What task did you like the b~st?

What task did you like least?

If given the chance,would you perve agafn 5Q this experiment? ‘No Yes——
my?

Why not?

What would you do to improve the experiment?

What physiolog:c:l sampling technique was most bothersome?

What physiological sampling technique Was least bothersome?
..-,

●
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1’6. Ecw would you improve upon the physiological sampling techniques?

---

>

17. Which adjectives on the check &ist were most difficult to make decisio& about?
(place in order of difficulty)

1 2 3 4

18. Which adjectives on the check list were least “difiicultto make decisions about? -
(Place in order of ease)

1 2- 3 4

19. Hw would you improve upor,the check list?

_/

20. Orrwhich vessel do you think you performed best? (Rank order) ,
.0.

. . .
A z 3

/
21. OrIwhich vessel did you feel best? (%nk order)

1 2 3

.

(
‘ ---

*
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APPENDIXD

Mi)O!lANDMOTIONSICYJESSSYNPTO!4ATOLOEYQUESTIONNAIRE

DATE SUBJECT

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

angry

clutched up

carefree

elated

ccncentrat;ag

drowsy

affectionate

regretful

dubious

. boastful

-“
WATC3

HOOD A!!DEOTIOXQUESTIONWA1RE

Mood Questionnaire -

Definitely Slightly Undecided

Definitely NOT Remarks .

Definitely Slightly Undeciaed

Def~nitely NOT Remarks

Definitely Slightly Undecided

Definitely NOT Rem :ks

Definitely slightly Undecided

Definitely NOT Remarks

Definitely Slightly Undecided-— —-

Definitely NOT Remarks

Definitely slightly Undecided—.

Definitely NOT Remarks — —.,

Definitely Sli~,htly Undecided

Definitely NOT Remarks

Definitely Slightly Undecided

Definitely NOT Remarks

Definitely Slightly Undecided

Definitely NOT Remarka

Definitely Slightly Undecided

Definitely NOT Remarks —.

11. acttve Definitely Slfghtly Undecided

Definitely XOT Remarkp
.

12. defiant Definitely Slightly Undecided

(
,-.’ !

. .
.-

Definiteiy NOT ILmarks

I

!

-.



.. ---

MOOD AND MOTIONQUESCIONWAISE

13. Eearful
?

lf4. playful

15. overjeyed

16. engagetiin thought

17. sluggish

18. kindly

19. sad

20. skeptical

(’” 21. egotistic

d
z?. energetic

23. rebellious

24. jittery

25. witty

26. pleased

27. intent

Definitelv Slightly Undecided.—

Definitely NOT Remarks

Definitely Slightly Undecided

Definitely NOT Remarks

Definitely slightly Undecided

Definitely NOT Remarks- ‘“

Definitely Slightly Undecided

DefinitelyNOT Remarks

Definitely slightly Undecided
.

DefinitelyNOT Remarka

Definitely Slightly Undecided

Definite”.yNOT Remarks

Definitely sli#&tly Undecided

DefinitelyNOT Remarh—-

Definitely Slightly ‘Undecided

Definitely NoT Remarks

Definitely Slightly Undecided

Definitely NOT Remarks

Definitely Slightly Undecided

Definitely NOT Remarb

Defini~ely slightly Undecided ‘-

Definitely NOT Remarks

Definitely Slightly Undecided

Definitely NOT Remarks

Definitely Slightly Undecided

Def:nltely NO? Remsrka-

Definttely Slightly Undecided

Definitely NOT Remnrka .
.

Definitely Slightly Undecided

Definitely NOT Remarka

. .

(.
‘-.-’

..
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HOOD AND .HOTIONOUESTIO.NNAIRE
—.

28.

29.

30.

31.

32.

33.

1.

2.

3.

4.

5.

6.

7*

8.

tired

warmhearted

sorry .

suspicious

self-ceritered

vigorous

general discomfort

fatigue
.,

boredom

mental depression

drowsiness

headache

“’fullnessof the head”

blurred vision

Definitely slightly Undecided

DefinitelyNOT Remarks

Definitely slightly Undecided

Definitely NOT
--

Remarks

Definitely slightly Undecided

Definitely NOT Remarks .

Definitely Slightly Undecided

Definitely= Remarks

Definitely Slightly Undecided

D~finitely NOT Remarks

Definitely Slightly Undecided

Definitely NOT Remarks

Motion Questionnaire

None slight M;derate Severe

Remak
.-

None slight Moderate Severe

Remarks

None Slight Moderate “ Severe

Remarks

None s slight Uoderate Severe

Remarks

None Slight .Moderate Severe

Remarks

None Slight Kodezate Severe

Remarks

None Slight Moderate Severe

Remarks
.

None Slight Moderate Severe

Remarks . .

(
-’

. .
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NOOD ANO H3TYON QUEST~OXNAIP&

9. a. dizzinesswith
eyes open

b. dizziness with
eyes closed

10. loss of direction

11. a. salivation
increased

b. salivation
decre~ed

12. sweating

13. faintness

14.

15.

16.

17.

18.

19.

20.

-are of breathing

stomach upset

nausea

burping

loss of appetite

Increased appetite

desire to move bowels

21. vomiting

None Slight Moderate Severe

Remarks

None Slight Moderate Severe

Remarks

None Slight Moderate Severe_—

Remarks

None Slight Moderate Severe

Remmrks

None Slight Moderate Severe

Rem%ks

None Slight Moderate Severe

Remarks

None Slight Moderate Severe

Remarks

None Slight Moderate Severe

Remarks

None Slight Moderate Severe—.

Remarks——

None slight Moderate Severe

Remarks

None” “ Slight Uoderate Severe

Remarks

None Slight Moderate Severe

Remarks

N~ne Slight Moderate Severe—-

Remarks .—

None Slight Moderate Severe

Remarks

None slight Moderate Severe

Renmrks . -
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FKX)DIND MOTION QUESTIONNAIRE

22.

23.

confusion

apathetic

24. quesy
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TESTJNG COMPARTMENT TEMPERATURE
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I Dockside At Sea

W.enc Tc.T,?. :*
I

.= Multiple
‘“-L ~~ z~s E R Ss df Ms F

[;PB t17..l : 1.6 83.3 :. 1.6 .76 Regression 264 1 264 69.5
Residual 361 95 3.7 ● **

52P 99.9: 3.7 85.0 ~3.7 .5s Regression 563 1 563 41,2
Residual, 1297 95 13.7 ● **

i!lIEC 64.5 ~a,q 8S.3 : 2.9 .13 Reqresaion 17 1 2.0
Residual 820 95 8:; .

● ** ~ < .o~~

. .
..



‘--’J

f

.

.
.

.

TESTJNG COMPARTMENT TEMPERATURE

96-O

g~.fJ

88.0

84.0

30.0

76.0
f

----

-----

—-
-

‘“\ ‘-
,1
,11

I

1000
1

1200
I 3

1400
1

1600 1800
TII$EOF Wly

W?B -ss~;:SZ -WliE~
X:SE Multiple

X~SE Y 55

d3.3 : 3.2 I
df Ms F

a5. o ~ ~.z B5.3 : 30Z .26 Regression 2
Residual 1:;

3.5*
94 1.;L

● p<. os.
,

. .



.

/-
(

((
‘+’

E-:

_—

TESTING COMPARTMENT RELATIVE HUMIDITY
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-.. .
100

~ 90-[

k!
> I

.

i ------ ------- ----- .._

L-—-———-—
--

4 L ——. .

DOCKSIDE AT SEA

--

Test O’mparmeoc DncksLde fitSea Multiple
J+umlalty ~+s~ X:SE. Y

Ss df us F
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5.3P . 60.6 : b.t 67.2 = &,” .32 Regression 1013 1 1013 10.8
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WCC 69.0 f~.~ 67.7 ~ Eta .10 Regression 39 39 0.97
Residual 3834 9: 40 /

I

(
‘..

“4’

“** P c .00L .

.-



u

TESTING COMPARTMENT RELATIVE HU~lDITY
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Residual 5290 142. :+
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f I 1 I 1

3115 62 1;5
! 1 t

250 500 /000 2:00 4000 6000
I

N VESSEi TEST NG COMPARTMENTSFRESSUR2 LEVELS

7=s?’= “ XF’ ‘U’:ip’e-. Ss df m F -~
711: 12.:1 74.8 : 9.135 72.9 ~ 14.37 t
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3624 26
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