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INTRODUCTION

During the Spring of 1978 the United States Coast Guard, with the
cooperation of the United States Navy, performed an operational evaluation
of three very different classes of vessel; a 378' WHEC (Coast Guard High
Endurance Cutter); a 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 profile, but react quite differently with
respect to pitch, roll, heave, surge and sway frequency and acceleration

in equivalent sea states, The Coast Guard and Navy are particularly

interested in the effects of those vessel motions, characteristic to each

class of vessel, upon crew performance, physiological and affective state.

Due to aone‘confltct within the literature regarding the influence of
vessel motlon upon human performance and physiology, a preliminary study was
performed using the 95' WPB, a small monohull vessel, to examine both the
feasibility of the proposed experimental protocol prior to conducting
research with the three vessels and the sensitivity of the proposed performance,
physiological and affective state measures to vessel motion.

This report presents and discusses the findings obtained from this
preliminary study and makes recommendations regarding the experimental

designs for two subsequent multi-vessel studies.
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BACKGROUND

MOTION SICKNESS

Very low frequency whole body motion below 1 Hz has significant influ-
ences upon a varlety of physiological and psychological functions of humans.
The most dramatic and well known reaction to such movement i{s that of motion
slckness (kinetosis).

The extent of motion sickness incidence related to various modes of
transportation is determined in part by the frequency and acceleration
response of the vehicle to its environment, the susceptibility of the indi-~-
vidual, and the amount of recent exposure of the passenger or crew to a
similar motion environment (Money, 1970). Studies involving small marine
craft have found the incidence of frank motion sickness (emesis) to range
between 11 and 70X of the crew depending upon the severity of the sea state
(Holling, McArdle, and Trotter, 1944; Tyler and Bard, 1949; and Llano, 1955).
Emesis was experienced by 15 to 60Z of the passengers aboard ships making
winter crossings of the Atlantic Ocean during the first few dafs of the
crossing (Chinn, 1956; Chinn, 1963).

From these studies, and others in which the susceptibility of various
animals has been investigated (Chinn and Smith, 1955; Desnoes, 1926; De Wit,
1957; McEachern, Morton, and Lehman, 1942; Pozerski, 1921; Tyler and Bard,
1949), it would appear that motion sickness is inevitable for unadapted
individuals who possess an intact and functional vestibular system given an
appropriate force environment and sufficient exposure (Money, 1970).

Although the above hypothesis is difficult to substantiate, results
obtained from motion sickness history questionnaires indicate that the malady
is widely experienced; approximately 90Z of the populations sampled had

previously suffered illness in motion environments (Reason, 1967).

0 g S RS BV
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The symptomatology of motion sickness has been recently reviewed (Reason

e =

and Brand, 1975; Money, 1970). From these reviews and independent investi-
gations by many physicians, physiologists and psychologists, it appears that
the onset of motion sickness is often associated with the development of

facial pallor, cold sweating, nausea and emesis (Clark and Graybiel, 1961;
Crampton, 1955; Desnoes, 1926; De Wit, 1953; Flelds, 1942; Flack, 1931;

Gibson, Manning and Cohen, 1943; Gillingham, 1966; Graybiel, Kennedy, Knoblock,
Guedry, Hertz, McCleod, Colehour, Miller and Fregly, 1965; Hemingway, 1944;
Maitland, 1931; McEachern, Morton and Lehman, 1942; Money, 1959; Schwab,

1954; Taylor, Johnson and Sellers, 1960; Tyler and Bard, 1949; Whiteside,

1965).
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In addition to the reliability of the above signs and symptoms, a

sequent Lal pattern of onset has been observed (Hemingway, 1944; Crampton,

1955); cold sweating and pallor generally precede nausea which in turn is
followed by emesis. However, there are exceptions. Some individuals, upon

exposure to highly provocative force environments, reach the stage of emesis

so rapidly that nausea is not encountered (Maitland, 1931; Loftus, 1963).

There are also individuals who either are unable to vomit, although they

suffer acute nausea, or who fail to exhibit the nausea syndrome and associ-

ated emesis altogether (Reason and Brand, 1975).

For these reasons, and because other pathological conditions are apt to ‘_E
manifest the same or similar symptoms, sole reliance upon these "cardinal"

signs and symptoms in diagnosing the onset and severity of motion sickness is

insufficient., Fortunately additional indicants are available to substantiate
the onset and severity of the illness. These "other" indicants, although : |
possessing greater individual variability, serve not only to substantiate the E |

diagnosis of motion sickness but offer more precision in scaling the degree

|
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|
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of sickness within a given Lndividual (Wiker, Kennedy, McCauley and Pepper,
1979; Kennedy, Tolhdrst and Graybiel, 1965; Miller and Graybiel, 1970; Wood,
1970). These "lesser" indicants range from changes in affective state (e.g.
anxiety, depression and apathy) to development of gastrointestinal symptoms
(e.g. epigastric awareness, burping and increased desire to move bowels) and
to changes 1n neurological state (e.g. headache, dizziness, vertigo). For a
complete list of all signs and symptoms which have been found useful in
motion sickness severity assessment see Appendix (F).

Navy scientists have successfully developed a motion sickness symptoma-
tology questionnaire and scaling system in an effort to find an experimental
end point which provides a reliable measure to be employed in vestibular

research while concurrently sparing test subjects from the rigors of emesis

(Graybiel, Wood, Miller and Cramer, 1968). This methodology encountered

success for a number of reasons. First, the questionnaire allowed the
subject to make simple self assessments as to the existence and relative
severity of an array of symptoms he was experiencing. Second, although there
is individual variability with respect to onset and severity of symptoms, the
development and remission of symptoms within an individual appeared to be

characteristic and reliable. Finally, symptoms could be appropriately

weiéhted and transformed into numerical scores which facilitated parametric
statistical analyses of within subject experimental data (Graybiel et al.,
1968; kennedy, Moroney, Bale, Gregoire, and Smith, 1972; Wiker et al., 1979).
The symptom severity scaling methodology has proven its usefulness in
the evaluation of motion sickness symptomatology experienced by normal and
labyrinthine defective subjects aboard ship (Kennedy, et al., 1972)., A
similar approach has been used to assess the rate of change in symptomatology
associated with onset and remission of sickness developed in the Slow Rotation

Room at Pensacola (Reason and Graybiel, 1970).

>
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Although man has confronted motion sickness since his earliest days of
passive transport, its etiology continues to spur controversy., It is clear
that a functional vestibular system is necessary for the development of
nausea and emesis (Irwin, 1881; James, 1882; Kennedy, Graybiel, McDonough and
Beckwith, 1965); however, the characteristics of the provocative stimuli
which trigger sickness in a complex motion environment remain 1ill-defined
(Guignard and McCauley, 1977).

Early studies suggestéed that incidence of motion sickness was related to
the frequency of the vertical motions imposed upon subjects in laboratory
motion generators (Alexander, Cotzin, Hill, Ricciuti, and Wendt, 1945;
Alexander, Cotzin, and Klee, 1947; Johnson and Wendt, 1964). More recent and
extensive analyses have demonstrated a definitive relationship between
various frequency and acceleration levels of Qettlcal sinusoidal motion and
the incidence of emesis (0'Hanlon and McCauley, 1974; McCauley, Royal, Wilie,
O'Hanlon and Mackie, 1976).

Further motion generator research found that pitch and roll, when added
to vertical sinusoidal motion, did little to increase the frequency of
vomiting (McCauley et al., 1976); hence, variations in heave characteristics
were considered to be the primary contributing factor with regard to motion
sickness incidence (MSI). It should be noted, however, that the heads of
subjects participating in this study were restricted in movement by a sup-
porting device to permit accurate assessments of head and body movement,
Restriction of head movement in prior swing and alrcraft studies has served
to significantly reduce the incidence of motion sickness (Johnson, Stubbs,
Kelk and Franks, 1951; Johnson and Taylor, 1961; Johnson and Mayne, 1953);
thus, the incidence of motlion sickness in the McCauley et al. study may have

been underestimated.
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From the evidence provided after nearly four decades of laboratory
motion generator research, it is reasonable to suggest that the onset and
severity of motion sickness is predicated upon the frequency and acceleration
characteristics of the human head in the dynamic environment. That being the
case, different motion environments produced by different classes of marine
vehicles, via the vessel's response to external forces (e.g. wave action,
swell direction, wind, etc.) dictated by inherent physical design character-
istics, would be expected to provoke varying degrees and durations of motion
sickness, '

If the frequency and acceleration profiles responsible for motion
sickness can be thoroughly identified, naval architects could then avoid
vessel designs which elicit provocative motion stimuli. Additionally, ship
operators may be able to monitor the motfon characteristics of their vessel
and effectively select vessel speeds or encounter directions to the seaway
which minimize or eliminate the incidence of motion sickness among crew and
passengers, thereby reducing the need to seek effective pharmacological
therapy.

Significant strides have been made in the laboratory to this end using
ship motion simulators which produce relatively simple motions in one to
three dimensions or degrees of freedom (0'Hanlon and McCauley, 1974; McCauley
et al., 1976; Guignard and McCauley, 1977). Whether these findings are valid
and reliable under real world conditions, which involve six degrees of
freedom and more complex variations in motion, has yet to be satisfactorily

examined.

MOTION SICKNESS AND HUMAN PERFORMANCE
Investigations with vertical motion generators have produced no signi-

ficant postexposure decrements in performance tasks such as running through




sand, rununlng a 60-yard dash, dart throwing, speed and accuracy rifle shoot-
ing, code substitution and mirror drawings after a twenty minute exposure
periode Omly a tracking task, the Mashburn Complex Coordinator, showed a
significant postexposure decrement attributable to the motlon environment
(Alexander et al., 1945; Alexander et al, 1947; Johnson and Wendt, 1964),

Similar results were obtained in Slow Rotation Room (SRR) studies Ln
which subjects were exposed to rotational environments between 1.7 and 10
rpms constantly for various numbers of days (Clark and Graybiel, 1961;
Guedry, Kennedy, Harris, and Graybiel, 1964; Graybiel, et al., 1965). The
results indicated that motion sickness, except during the act of emesis,
failed to degrade performance in grip strength, combination lock opening,
arithmetic computation, dial setting, Whipple Steadiness Test performance,
card sorting, dart throwing and ball tossing. Nonsignificant fluctuations in
performance scores were attributed primarily to the changing levels of
motlvatlion possessed by the test subjects.

Abrams, Earl, Baker, and Buckner (1971) reported the effects of simu-
lated sea motion upon the performance of experienced sailors in a sea motion
simulator. Subject's task performance, affective state and motlon sickness
severity were monitored during simulated sea states (SS) 0, 3, 4, 4%, and 5.
Although vomiting was not observed until SS 4%, motion sickness incidence was
greatest during SS 5. However, no performance decrements occurred in tasks
such as target classification, turn count tests, sonar -target detection,
Doppler Tests, Revised Minnesota Paper Formboard Tests, memory tests and
reading comprehension exams. The authors reported that performance on these
tasks continued to improve, probably as a result of the practice provided by
the repeated testing.

In an effort to establish habitability design criteria for a 2000 ton

surface effect ship, Jex, O'Hanlon and Ewing (1976) assessed crewmember




performance using a 3 degree of freedom linear motlon generator, The fre-
quencies and acceleratlions investigated (0,2-2 Hz @ 0,5-1.0 g), predominantly
; in the vertlcal axis were found to (nterfere with motor performance tasks
such as plotting, lock opening, writing and critlcal tracking capability, 1In
a postexperiment questionnaire, the subjects reported that task {aterference
was due mostly to the physical or blodynamic effects upon the ability to
write, position the plotting apparatus, etc., rather than due to indlrect
motlon effects such as nausea and vomiting. No significant effects were
observed in sensorimotor tasks such as auditory vigilance, short term memory
or tests of critical flicker fusion (Clement and Shanahan, 1974), f

In contrast to most laboratory findings, field studies which have
assessed the effects of more complex whole body motions upon performance,
have shown that performance is significantly degraded by motion sickness, In
an analysis of the effects of an antimotion sickness preparation upon the
computational capability of men aboard a life raft, Brand et al, (1967)
tested subjects on land and then In a floating life raft, The placebo-
control subjects completed significantly fewer additions than the subjects
using antimotion drugs.

A Russlan study 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 physical efficiency, mental efficiency and
professional efficiency,

Physical efficiency was measured through the use of aeroblc measures and
static muscle strength tests while mental efficlency was evaluated through
the use of mental arithmetic tasks, Landolts' Ring test, rearrangement of
numbers encountered in tangled llne;. tracking tasks and simple visual

reaction times. Professional efficiency was measured by comparing the speed




of performance on tasks assoclated with professional speclalities under
experimental conditions with that of established “norms".

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; and a final three weeks at

sea Immediately following the second stage. Significant decrements occurred

in physical, mental and professional performance during the second stage of
data collection while a general improvement was seen in both the mental and
professional performance during the third stage. These lmprovements, however,
generally remained below control levels established in calm waters.

Physical efficiency continued to decline throughout stages two and
three. This continual reduction in physical efficiency was attributed to the
chronic stress and fatigue assoclated with postural demands made by the
constant rolling actlon of the ship.

The primary reduction in mental and professional efficiency was attri-
buted not to a reduction i{n the rate of task completion (quantity of work)
but to large increases in error rates (reductilon in quality of work).

The results of the Russian study, using actual vessel motions, appear to
confllct with the fallure to find performance decrements in motion simulator
studies, The reason for this apparent conflict is unclear at this point,
While laboratory motlon generators produce less complex motions than those
encountered at sea, 1t is possible that the laboratory experiments have been

investigating radically different force environments than those encountered

in the aforementioned field studies. The geverity of the motion was probably

greater in the simulator studies, but the complexity and duration were
greater at sea. Unfortunately no recordings of the force environments were

made aboard the field study vessels; hence, any quantitative comparison is

impossible.
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Some manual performance tasks appear to suffer from direct blodynamic
interference brought about by vessel motion. Whether cognition and percep-
tion are significantly degraded with vessel motion, or resultant motion
sickness, appears to be in dispute when laboratory and field studies are
compared

Obviously a controversy will continue concerning the efficacy of labora-
tory simulation until a field study is conducted, with test vessels fully
instrumented to record all motions, and then replicated using a laboratory

motion generator programmed to simulate the recorded vessel motions.

PHYSIOLOGICAL CORRELATES OF MOTION SICKNESS

Physiological stress associated with vessel motions can be attributed to
both the physical or postural demands placed upon the body due to accelera-
tions in six degrees of freedom and to the disruption in physiological
homeostasis brought about by motion sickness.

Most physiological indices that have been employed in laboratory stress
research have been unsatisfactory predictors of the onset or severity of
motion sickness. Cardiovascular changes such as pulse rate and blood pres-
sure, when monitored during Swing Pole experiments, were found to rise or
fall depending upon the subject and to some extent the stage of motion
sickness (Hemingway, 1945). Similar findings were obtained in Slow Rotation
Room studies that found additionally no significant alterations in electro-
cardiogram recordings (Graybiel et al., 1965).

Electroencephalogram (EEG) studies generally have failed to detect the
onset of motion sickness (Cipriani and Morton, 1942; Lindsley and Wendt,
1944), Attempts at developing diagnostic EEG tests of motion sickness

susceptibility for selection criterla proved to be unsuccessful (Tyler and
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Bard, 1949), Chinn et al., 1950, however, did report an actlvation of the
alpha state with a reductlon in the dominant wave frequency during motlon
sickness,

Some physlologlcal measures, aside from those generally conslidered
symptomatic of the disorder, have been consistently encountered during both
laboratory and fileld induced motlon sickness circumstances. Oliguria (reduced
urine production) has been repeatedly observed during periods of motlon
slckness (Grayblel et al., 1965; DeZouche, 1894; Oriel, 1927; Knoblock, 1965;
and Taylor, Hunter, and Johnson, 1957). Taylor et al., 1957, found that
urine output was lowest In subjects who suffered most from laboratory induced
motlon sickness; over 70X of the subject population experienced a 65% or
greater reductlon in urine production from control levels.

It has been argued that exposure to unusual motion environments could
produce fluctuations in blood pressure which in turn would elicit a vaso-
pressin response to stabllize blood pressure through reduced glomerular
filtration rates (Share, 1969; Segar and Moore, 1968). Oliguria encountered
during opticokinetically induced motion sickness, which involves no body
movement, however, tends to discount such a hypothesis (Dichgans and Braundt,
1973). Furthermore, urine chloride levels do not change in thelr rate of
excretion but are shown only to i{ncrease in concentration with motion sick
individuals (Taylor et al., 1957). This evidence further supports the
hypothesis that reductions in urine output, and a concomitant increase in
urine specific gravities associated with motion sickness, are due to increased
release of antidiuretic hormone (ADH) from the neurohypophysis. Recent
experimentation in the laboratory has directly demonstrated rapid increases
in serum ADH levels with the onset of motion sickness (Evansmann, Gotteman,
Uhluh, Ulbrecht, von Werder, and Scriba, 1978).

Some (nvestigators (Taylor et al., 1957), have suggested that within-

subject serum ADH levels, urine production rates or urlne specific gravities
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would be useful objectlve predictors of the onset and severity of motion |
sickness in actual vessel motlon environments. To date, no studies have been

conducted which attempt to relate ratings of motlon sickness severity in

kinetotic enviromments compared to objective measures such as urine productlon

or specific gravity.

Regardless of the mechanism involved in the increase of clrculaflng ADH
during motlon sickness, the actlons of this hormone upon the body are widely
known (Verney, 1947; Share, 1961; Orloff and Handler, 1967; Grantham and
Burg, 1966; Schwartz and Schwartz, 1967). ADH acts to inhibit water diureslis
and elicits peripheral vasconstriction of arterioles and capillaries, as well
as major thoracic arteries, which serves to Increase or stabilize blood
pressure via increase in the effective vascular volume. Additionally,
cerebral and renal blood vessels dialate iln response to the subsequent rise
in systemic blood pressure.

Other hormonal changes have been observed with the onset of motion
sickness., Laboratory studies using motlon generators have found increases in
excretion rates of both catecholamines (Graybiel et al., 1965; Colehour,

1965) and 17-hydroxycorticosteroids (17-0HCS) (Graybiel et al., 1965} Evansmann
et al., 1978) in subjects who suffered from motion sickness. Air sickness

has also been demonstrated to elevate serum 17-0OHCS levels aboard alrcraft
(Dahl et al., 1963).

The most convincing evidence for motion sickness induced elevations of
stress hormones comes from a comparison of catecholamine excretion rates

between labyrinthine defective (LD) and normal subjects in the same kinetotic

environment. The LD subjects, who experienced no significiant motion sick=-

ness, failed to produce significant elevations in catecholamines, but the

normal subjects experiencing kinetosis did (Colehour, 1965).
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It should be noted that the above findings were obtained in largely
angular motlon environments (e.g. slowly rotating rooms, spinning chairs and
aerobatic alrcraft) which primarily stimulate the semi-circular canals.

Experiments (n which subjects were exposed primarily to linear acceleratlons

VAP R U 4 T Y i

{n the vertical plane, which stimulate the otoliths, falled to produce any
significant elevations {(n epinephrine excretion rates (Jex, et al., 1976).

The use of both urinary catecholamine and 17-0OHCS excretion rates as
relative gauges of both physical and emotional stress has been widely accepted
for use {n within subject experimental designs (von Euler, 1965a; von Euler,
1965b; Mason, 1968). Catecholamines which are synthesized in the braln,

E sympathetic nerve endings, the medullary portion of the adrenal gland and

| other sites of chromaffin tissue, have been found to increase In response to
extraordinary stresses such as thermal burns, cold, hypoxia, childbirth,
matriculation exams, periods of strong emotional reactions such as fear and
during moderate exercise (Goodall, Stone and Haynes, 1957; LeBlanc, 1961;
Levi, 1965; Sundin, 1958; Pekkarinen et al., 1961).

Elevations in catecholamine secretion rates permit muscular activity to
be sustained through increased cardiac output, increased pulmonary ventilation,
elevation in blood glucose, and redistribution of the body's blood supply
from nonessentlal areas such as the skin, mucous membranes and viscera during
periods of stress to tissues of greater survival importance (e.g. skeletal
musculature and brain).

Redistribution of the blood supply to skeletal muscles increases the
amount of metabolic substrates necessary for {ncreased muscular activity
while concurrently removing metabolic waste products such as carbon dioxide
and lactic acid which promote muscular fatigue. Furthermore, to insure
adequate substrate levels in the blood, catecholamines inhidit insulin

secretion, potentiate glycogenesis in skeletal muacle and stimulate the

oo P SRS T




Lu o oo B enten O

TR v T

breakdown of adipose tissue to release free fatty aclds (Bueding and Bulbring,
1964; Celander, 1954; Korner, Chalmers, and White, 1967; Kosterlitz, 1968;
Porte and Williams, 1966).

In addition to the promotion of physiologic endurance as described
above, learning behavior and mental efficlency have been found to improve
after epinephrine secretion was increased with nicotine administration
(Frankenhaeuser, Myrsten and Post, 1970; Bovet-Nitti{, 1965). These improve-
ments, which may be due to increased vascular supply to the brain and acti-
vation of the reticular formation, were correlated with elevations in cate-
cholamine secretion. However, other studies have reported no significant
correlations between vigilance performance and epinephrine and norepinephrine
release (0'Hanlon and Horvath, 1973; Bloch and Brackenridge, 1972).

Increased urinary excretion of 17~0HCS also has been related to a
varlety of stressful conditions (e.g. tissue injury, inflammation, acute
hypoglycemia, electroconvulst;e shock and acute anxiety). Stressors which
elevate.glucocOtticold levels appear to act upon the adenohypophysis and
possibly the hypothalamus, to increase the release of adrenocorticotropic
hormone (ACTH). ACTH produces or initiates the release of the glucocorti-
colds from the cortex of the adrenal gland (Bréun and Hechter, 1970; Kendall,
1971).

Glucocorticoids have been found to be essential for the maintenance of
life under stressful conditions for a wide variety of animals. Release of
these steroilds serves to elevate and maintain blood glucose levels through
gluconeogenesis (formation of glucose from amino acids and free fatty acids
produced from mobilization of adipose tissue and protein catabolism) and
deposition of hepatic glycogen. In addition to their effects upon carbo-
hydrate metabolism, glucocorticoids increase blood pressure by producing

fluid shifts from body cells to intravascular spaces and by prolonging the




actlons of catecholamines. Glucocorticolds antagonize the enzymatic degrada-
tion of catecholamines; thereby permissively enhancing the actions of cate-
cholamines upon the peripheral vasculature (Deane and Rubin, 1964).
Catecholamines and glucocorticolds react to a wide variety of physiolo-
gical and psychological stimuli which aré generally considered to be stress—
ful, Whether the reactions of these biochemical agents are directly bene-
ficial in the defense from or adaptation to noxious environments requires
further study; however, the utility of such measures as indices of stress is

well accepted.

PERFORMANCE TESTING
In the present study, a battery of psychological tests was administered
to assess the effects of motion on such psychological processes as short-term
memory, pattern recognition, sentence comprehension, and mathematical reason-
ing., These are objective measures which are related to successful perform—-
ance in many important shipboard jobs, especially with regard to bridge
watch-standing, surveillance, and search and rescue. Seven tasks were
selected which were considered both relevant to the performance areas of
concern and of sufficient reliability, validity, and sensitivity to detect
changes in perfcrmance produced by stress. The candidate measures ranged in
character from simple to complex, from operational to abstragt and from
machine-paced to subject-paced tasks.
The battery of selected tasks met the following criteria:
l. Tapped a variety of cognitive and psychomotor skills.
2., Had operational relevance, i.e. had similar components to those
occupational duties normally performed aboard ship.
3. Possessed sufficiently good statistical reliability so that
repeated testing was possible (see Kennedy and Bittner, 1977;

Rose, 1974),
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4, Possessed sufficient sensitivity so that they would
be capable of manifesting stress induced performance decrements,

Tasks were selected according to an analysis of prior studies, and based
on ongoing work by Rose (1978) and Kennedy and Bittner (1978)., The seven
tasks employed in this study were: :

1. Navigation-Plotting

2. Tracking

3. Letter Search

4, Spoke Test

Se Complex Counting

6. Code Substitution

7. Grammatical Reasoning

Navigation Plotting

The primary requirement of any ship, military or nonmilitary, is to
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, radar, sextant, etc.), mathematical reasoning and
operational manipulation of plotting equipment such as triangles and divi-
ders in the attalnment of geometric and trigonometri¢ solutions to naviga-
tional problems.

Navigation and position plotting performance is not only important in
the satisfaction of strategic operational missions, but it provides informa-
tion to bridge personnef regarding relative movement of other vessels or
navigational hazards which is necessary for collision avoidance, target
pursuit and interception 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 ship handling.
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To assess the effects of vessel motlon upon these skills, a navigational

plotting task was developed using standard plotting equipment and procedures i

& _'“‘ﬂ i

H typlcally employed aboard all Coast Guard and Navy ships., The task was
subject-paced and required subjects to plot the relative movement of a : 3
target vessel using a pair of triangles, a compass and a standard maneuvering

board., In addition to plotting the relative movement, subjects were required

@ to employ arithmetic and geometric reasoning, as well as nomogram interpre-

tation, to compute the relative course, speed and closest point of approach

of successive target vessel movements, ‘
Although the present task did not involve the more complex types of %
plotting problems, it did employ all of the basic skills required to solve §
more advanced problems. The task was easily mastered with practice, yet it g
involved sufficient complexity to be considered demanding. i
The navigation plotting task is composed of a variety of perceptual, {
cognitive and motor components, including numerical computation, spatial

reasoning, and dexterity. 5 2

Tracking Task

s 8 e

With the need for accurate and timely navigation, nearly every aspect of
shipboasrd performance requires some form of manual operation of a control
system (e.g. navigation, gunnery, communications, engineering, etc). Degrada- gy
tion of performance in any of these areas can have a significant negative

impact on overall shipboard 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,

Pty = A

integrates the sensory information within the central nervous system and

produces an output in the form of a motor response. Reevaluations of the

17




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

due to the delay in time between the input an§ output processes, this servo-
mechanism (operatorj is considered to be intermittent or discontinuous in
nature. Tracking 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 systems, central processing capability, and neuromuscular capacities

to provide an accurate motor response., Tracking performance is frequently
employed as a measure of the human operator's transfer function, or effective
time delay between the incoming stimulus and the outgoing response (Rose,

1974).

If the dynamics of the target can be systematically controlled, it is

SR ) detar

possible to evaluate the effects of various environments upon the operator's
effective time delay., In addition to producing direct biodynamic inter-
ference 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 Critical Tracking Task
possesses several advantages over the other forms for this particular study.
First, the subject is required to compen.ate for, or null ﬁut. 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 information concerning changes in the operator's transfer function

18
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To assess the effects of vessel motion upon these skills, a navigatlonal

plotting task was developed using standard plotting equipment and procedures
typlcally employed aboard all Coast Guard and Navy ships. The task was

subject-paced and required subjects to plot the relatlve movement of a
target vessel using a pair of triangles, a compass and a standard maneuvering
board. In addition to plotting the relative movement, subjects were required

to employ arithmetic and geometric reasoning, as well as nomogram Interpre-
tation, to compute the relative course, speed and closest point of approach
of successive target vessel movements,

Although the present task did not i{nvolve the more complex types of
plotting problems, it did employ all of the basic skills required to solve

more advanced problems. The task was easlly mastered with practice, vet (t

{nvolved suffilcient complexity to be considered demanding.
The navigation plotting task is composed of a varlety of perceptual,

cognitive and motor components, {ncluding numerical computation, spatial

reasoning, and dexterity,.

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, guanery, communications, engineering, etc). Degrada-
tion of performance in any of these areas can have a significant negative
impact on overall shipboard performance.

To assess such performance, it {a useful to consider the human operator
as a biological servo-mechanism which recelves input from the sensory system,
integrates the sensory i{nformation within the central nervous system and

produces an output in the form of a motor response. Reevaluations of the
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as well as the dynamic limits of control operation In the form of an oscil-

lation bandwidth limit for the particular subject and the conditions existlng

during his performance,

Letter Search

The Nelsser Letter Search Task was selected to evaluate the Influence of
vessel motlon or motlon sickness upon one's abllity to locate a specific
target pattern within a complex visual stlmulus background.

Letter Search, which requires location of a target letter within a
string of alpha characters, has previously been employed in investigations of
visual search behavior (Nelsser, 1963; Neisser, 1967). These studiles found
that search times for strings of alpha characters, which did not contain a
prespecified target were considerably greater than search times obtained for
strings which contained a target. This finding implied that there was some
form of search hlerarchy involved which required complete satisfactlioén prior
to allowing a subject to conclude that the target did not exist within a
glven string. Furthermore, the hierarchy was believed to be dynamic in that
search tlmes were equivalent between rounded and angular or llnear target
patterns (e.g. Q and 2).

Although the form of the search hierarchy remains to be determined,
initial search times were found to be proportional to the number of letter
targets sought within a given alpha string. After extensive practice,
however, the proportionality was lost and subjects were able to search for up
to ten target letters at the same rate as a single target (Kaplan and Carvellas,
1965; Neisser 1967).

These results lead to the beli{ef that the phenomenon of visual search

could be accounted for in terms of two levels of Information processing,

serial and parallel processing. The more primary serial processing mode




requires a subject to evaluate a visual stimulus using his search hierarchy

(a rank-ordered visual feature analysis). With extensive practice, however,

both short and long term memory processes come Into play and the subject is

R o e

able to exercise a specific search hierarchy for each target silmultaneously,
hence the term parallel processing.

Deterforation in Letter Search performance in well practiced subjects
can be attributed to Interference in a subject's memory processes requiring a
3 shift from the more expedient parallel form of visual search to the serial
: form of processing. There also may be a disruption in the subject's ability

to execute the search hilerarchy itself in the cognitive areas of the brain,

thus requliring parallel or serial processing at reduced rates, Finally,
performance can be degraded in this task by a disruption in the quality of
the sensory input which may alter previously established hierarchies and
thereby require use of alternate and less practiced search strategies.
Reduct lon in the performance of this visual search task might be related
to a decline in the ability of shipboard personnel to visually detect alds to
navigation in complex visual backgrounds such as coast lines. Lookouts and
bridge personnel would have difficulty in distinguishing between and within
vessel silouettes at sea and visual acquisition of persons or rescue vehicles

Iin stormy seas may additionally be less reliable.

Spoke Test

Linked with the importance of target recognition Is the ability of
personnel to make accurate and timely judgments concerning the dynamics of a
target. Spatlal judgments are associated with functlons located in, or
strongly mediated by, the right cerebral hemisphere of the brailn. Numerous
E | investigations have been made throughout the years concerning not only types

of performance specific to a parttcular'cerebral hemisphere but the degree of
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performance impalrment assoclated with specific degrees of organic brain

damage to each hemisphere,

One such study was performed using an Army intelligence test, the Trall
Making Test (Manual: Army Individual Tests, War Dept.; The Adjutant General's
Office, 1944), to investigate the degree of organic brain damage in neurolo-
gical 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
(Reitan, 1958; Fitzhugh, Fitzhugh and Reitan, 1961).

The Trail Making Test was later modified to include a motor component to

o5

distinguish between visual and proprioceptive as well as cerebral contribu-
tions to the overall quality of performance (Graybiel et al., 1965); the E N
modified version of the test was renamed the Spoke Test,

The Spoke Test requires subjects to move a pencil from a central clircle
to a peripheral circle which contains a number and return again to the
central circle. This process 1s repeated for each of the thirty-two equi-
distant 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 number 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 processing time required by the right hemi-
sphere to successfully complete the usual search and numeric comparisons.

The difference score is less contaminated with variations in proprioception
and neuromuscular capabilities between subjects and, therefore, is thought to

be a more reliable indicant of disruption in central processing of spacilal

forms of information.




If vessel motion or motion sickness produces significant increases in

the difference scores obtained with the Spoke Test, then spatial judgment
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 rooms, 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 utilization of
short term memory are generally required of radarmen, sonarmen, lookouts and
radiomen. To evaluate ch;nges in these parameters under steaming conditions,
an auditory complex counting task was selected (Kennedy and Brums, 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
(Jerison, 1956; 1959). Although these experiments found decrements in counting
performance, other subsequent studies found no decrement in noise environments;
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 audi-
tory 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 degree of turbulence encountered; the greater

the turbulence the larger the error rate.




T B s Tl s

s o

i S e

g

S -

e

T R T LS W & AT 4 -

NS

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).

Any reduction in the abllity 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

Code Substitution Is a paper-pencil test developed 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
intel ligence test developed.

The form employed in the present study is an adaptation of the Otis
(1939) digit to letter substitution task. Wechsler (1939) employed this task
in WISC because he felt that Lt tapped elements of perceptual-speed and

accuracy, am important dimension discovered in his prior factor-analytic work

of human abilities.

The Code Substitution test was selected because of its historic use,
face-validity, and the need to employ a test which is based upon perceptual-
motor abilities. Additlonally, it has similarities to several jobs related

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

signal ling,

Grammatical Reasoning Test

It has recently been shown that the time required to understand a

sentence is largely dictated by {ts syntactical structure. Transformations

23
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of the basic sentence structure (positive vs negative, true vs false, passive
vs actlve) provide an intellectually demanding task which has good relia-
bility, is sensitive to a variety of stressors and correlates reasonably well

with intelligence tests (Baddeley, 1968).

AFFECTIVE STATE

The Mood Adjective Check List (MACL) and the Pensacola Motion Sickness
Questionnaire (NAVSCOLAVNMED 6500/24C) were employed in the present study to
assess changes in affective state precipitated by the stress and arousal
resulting from exposure to high levels of ship motion. The Mood and Motion
Questionnalre has been employed in numerous studies of the effects of mood
shifts, Because of the interdependency of emotional arousal and physiological
response, the assessment of emotions are an important element in understanding
the state of the organism when subjected to harsh environmental conditions;
particularly when precipitious vomiting is likely to occur.

The mood portion of the questionnaire was designed to measure ten dimen-
sions of mood. For each dimension, three adjectives were selected which have
been shown previously to be sensitive indicators of affect (Nowlis, 1965),
Table 1 lists the dimensions and the adjectives used to measure them. ‘The

subject’s task was to check the degree to which he experienced each affective

state described by the adjectives.
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TABLE 1.

é.gtenaion

Angry
Def iant
Rebel lious

Concentratlion

Concentrating
Engaged in Thought
Intent

Egotism

Boastful
Egotistic
Self-Centered

Anxiety

Clutched up
Fearful
Jittery

Fatigue

Drowsy
Sluggish
Tired

Vigor

Active
Energetic
Vigorous

Surgency

Carefree
Playful
Witty

Saduess
Regretful

Sad
Sorry

Affective Dimensions and Their Assoclated Adjectives

Elation

Elated
Overjoyed
Pleased

Skepticism

Dubious
Skeptical
Suspicious
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METHODS AND APPARATUS

SUBJECTS

Six subjects were selected among the existing crew aboard the 95' Coast
Guard Patrol Boat employed in this study. All subjects were males (24:7,2
yrs; 1.77:,06 m; 74.09:10.01 Kg). In a pre-experimental questionnaire, all
reported average susceptibility to motion sickness. All subjects were in
good health, were not taking medication, had no chronic smoking or drinking
habits and reported normal concern over their performance aboard ship, on
school exams and in sporting activities,

No compensation was provided to the subjects except that regular duties
were suspended for the period of one week té allow their participation in the

study.

APPARATUS

The mess deck compartment aboard the WPB 95' is located approximately
amidships and served as the testing environment for both dockside (control)
and at-sea data collection periods<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>