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Vitae

Robert Samuel Kennedy was born in Bronxville, New York, on 10 January
1936. He attended Evander Chiids High School, Bronx, New York, and was
graduated in June, 1853. He then aitended Iona College, New Rochelle, New
York, where he majored in English and minored in Philosophy and Psychology.
Upon graduation from Iona College in 1957 with a B, A, degree, he enrolled
that summer in an eight-credit undergraduate psychology course at Fordham
University, and began graduate study there in the fall of 1957. In January,
1959, he received the Master of Arts Degree in Experimental Pgychology.
The subject matter of his dissertation was visual adaptation and was super-
vised by Professor R, 1, Zegers, While still at Fordham University during
the 1958-59 academic year, he completed a clinical clerkship, for which the
practicum was conducted at St. Vincent's Hospital, New York, New York.

In September, 1359, Mr. Kennedy accepted a commission as‘an Ensign
in the United States Navy Medical Service Corps and was assigned to the Psy-
chology Department of the Naval Aerospace Medical Institute i Pensacola,
Florida. While there, his interests in sensory psychology broadened to in-
clude vestibular functions, and he conducted laboratory and field studies of
motion sickness, disorientation aud vertigo, and taught courses in aviation
psychology. He became a career Naval Officer and while still on active duty
was selected for sponsorship of graduate study by the U, S, Navy Bureau of
Medicine and Surgery. In June, 1965, he began attendance in the Psychology

Department at the University of Rochester.
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& His graduate studies at the University of Rochester emphasized vestibular
: functions, sensation and perception, and human engineering., During hig stay
g S "at the University of Rochester, Professor G, R. Wendt was his advisor and
e ;
i PO
i main teacher.

In 1967, he completed his coursework at the University of Rochester, and

returned to the Naval Aerospace Medical Institute, Pensacola, Florida, where

he began work on his dissertation out of residence. He was promoted to Lieu-
tenant Commander in 1968, During his tour in Pensacola he was Division
Officer in the Aerospace Psychology Division, and in addition to his disserta-
tion research, conducted studies in aviation psychology. He was awarded the
Navy Commendation Medal in 1970 for active participation in and studies of
motion sickness in various force environments.

Mr. Kennedy is an Associate Fellow of the Aerospace Medical Associa~

tion, a member c¢f Human Factors Society, N«w York Academy of Sciences,

U. S. Naval Institute, Unders.a Technology Society, American Asusociation
for Advancement of Science, and an Associate Member of the American Psy-

chological Association and Division 19.

He is the author of ahout sixty publications and presentations and is listed ‘
in American Men of Science, 1970, and Leaders in American Science, 1965,

In 1970, a medical emergency in his family occasioned his transfer from
Pensacola to the Naval Medical Research Institute, Bethesda, Maryland, wherc
he is presently working. -‘

LCDR Kennedy is married with four children.
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Abst ;act and Summary

A number of investigators have pointed out that the mental state of the

subject is an important variable in studies of habituation to vestibular

stimulation. : f

The present study is in three parts. In the first part the relationship be-
tween vigilance performance and nystagmus habituation was studied, and in
the secﬁnd part the relationships of péréénality gcores to vigilance and habjt-
uation were investigated. A third part was ¢mcerned with clarifying relations

between personality measures, and vigilance performance in tagks of different

SEEs

complexities,

T

Wl
(EN
i,

¢

In the first part of this investigation (Experiment I, Part 1), sinusoidal
oscillation through short arcs (75 degrees, 12 cycles per minute) served as
the vestibular stimulus for 100 student pilots. Half the subjects received no

experimental control of mental state, and half performed an auditory vigilance

task. The performance task controlled and permitted continuous assessment
of vigilance fcr each subject for the 50 minutes of his oscillation. A third §
group of 50 subjects performed the vigilance test in the absence of vestibular i

stimulation,

Nystagmus was scored on a 10 point scale for each oscillation cycle (five

seconds) for each subject. In this scoring procedure, a series of compensa-

tory slow phases followed by fast phases in the opposite direction were con-

sidered to be good nystagmus responses. Eye movements which bore no

et

systematic relationship to the stimulus or which had no fast phases were
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scored as vestibular habituation. The reliability of the habituation scoring

procedure was excellent (generally > .95). More habituation occurred in the

ST

group whose mental state was uncontrolled. No differences in vigilance scores

T A

were found between the two groups who were or were not oscillated.
- The average correlation between nystagmus and vigilance within a subject
i was very low, but significant (r = .27; P <.001). These findings are relevant

to studies of relations between habituation and vigilance. The appiication of

eye movements as a potential independent measure of alertness in moving en-

vironments and ¢lsewh~. e is discussed.

i ) ' ’
L‘ A In Experiment I, Part 1, two other findings are reported: ' y
ﬁ :

1. Voluntary eye movemenis after exposure to long term oscillation

,,ﬂv
e i K P

( > 30 minutes) bore essentially no relationship to the frequency of the oscil-

lation stimulus the subjects experienced nor to the magnitude of the habituation

or vigilance decrement shown by a subject.

L PR, ST TN =

U

2. The point at which the eyes change direction (Zero slow phase eye ve-

tocity) within an ogeillation cycle appeared to change, being initially in phase
with velocity, as is customary for this stimulus profile, but becoming progres-
sively earlier (i.e., leading the stimulus) over time and as arousal decreased.

In the second part of Experiment I, an effort was made to relate certain

< et e ST v

subject variables (e.g., personality scores, hours sleep) tn vestibular habit-
uation and to vigilance performance. Other investigators with different vigi-
lance tasks had obtained positive findings with the extravert phenotype, and

measures of extraversion as well as field independence were included in this
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study. In addition, a self report questionnaire which inquired about general
fitness was studied. Correlations between personaliiy and history, on the one

hand, and vigilance performance or nysta,;mus habituation, on the other, were

small and for the most part insignificant. However, correlations between
"ability"'on the vigilance task and the irigilance "decrement'' suggested that
certain individualldiffei‘ences and vigilance performance interact with iasic _
complexity in important ways.

_ In the third part of this study (Experiment IT), 200 subjects were tested;
half on a simpler and half on a more complicated vigilance task than was used
in the previous section., Separate scores of a subject s ability to do the work
and vigilance on the work were calculated. Performances.were related to the
same subject variables (history and personalit& test scores) as previously.

The results showed that "extravert' and "ability" scores were related

to vigilance scores in different ways as a function of task complexity. Vigi-

.= U0

lance of extraverts was relatively poorer on the simple (one-channel) test,

T

but relatively better on the complex test (P < .01). Also, a subject's score

ey

gy e

at that point in the three-channel vigilance session when the group performed
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i was not found in the one channel test. The fact that opposing predictions can ;
]

CISATENTE AT

i

best was correlated with his decrement (P <.05). An equivalent relationship

be made about individuals as a function of task complexit; can have important
practical implications. It was hypothesized that a trait exists differentially in
a population that is essentially homogeneous in what is usually meant by intel- o ;

ligence. It is felt that this trait permits certain persous to be able to- monitor
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many channels of information at once. Further, it is offered that pessession
of this trait is negatively correlated with an ability to monitor one channel o_f‘

information for a long time. The data are discussed from the standpoint that

y .persons with the capacity for high scores on a three-channel test tend not to
be vigilant persons. The suggestion is made that persons who are "multi- '
ok channel" can be contrasted with persons who.are '!_lbng term samplers'.

.. Subsidiary findings are report;ed. i‘u‘appen.dices to the main body of this
report. ”fhese latter studies are largely méthodological and deal -with diffi-
culties in electro—oculograpﬁic recording, norms, relia.bilﬁies and validities . 5
of persunality tests, reliasility of hystégmus écoring and attribﬁtes of the

vigilance task.
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with bilateral labyrinthine defects

20. A comparison of one and three-channel auditory monitoring
during normal and stressed conditions

21, Performance deterioration in aircraft on three-channel
auditory monitoring during four hurricane penetrations

of different severity

but with different predispositions toward the type of information
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General Statement

Strategy

|

'l ‘The general form of experiments in the behavioral sciences follows

[.' the stimulus-response paradigm, whereby careful control is exerted over
|

|

the gtimulus and the output of the organism is measured to ascertain orderly

relationships. Concern with the temporal and intensitive aspects of the
stimulus=-response relationships gives rise, for example, to studies of learn-

ing and psychophysicul scaling, respectively. The present study is concerned

with changes in responses which occur during a prolonged period of eyclic ves-
tibular stimulation,

Variabilities between and within organisms in reactivity make statistics
an important methodology in psychological data analyses. Many studies of
individual differences consider these differences to be error or error vari-
ance. The present plan is to study individual differences as potential corre- :
latog of other variables. | &
Exposition |

Evidence in the research literature suggested that behavioral indicants
of arousal (e.g., percent correct on a vigilance task) might covary with aspects
of habituation to vestibular stimulation (eye movement changes).

Furthermore, some independent variables, such as hours sieep and per-

et oo o

sonality scores might predict vigilance or habitnation differentially. :
Separate programs were undertaken simultaneously to gain wider experi- b

ence with a vigilance task, nystagmus habituation, personality tests, and other
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paper and pencil tests, as well as to study the methodological and procedural
variables attendant thereto. All the subjects were drawn from a Navy flight
student population which had been selected according to a number of set crite-

ria already established by the Navy. Therefore, it was a fairly homogeneous |

population. With the exception of the paper and pencil tests, each subject was

tested only once.

The reports of the experiments which follow are presented in the order

they were conceived, rather than the order in which they were conducted.
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g i . Experiment I, Part1

Relationship of Vigilance to Nystagmus Habitu&tion

Vestibular eye movements. Vestibular nystagmus is a term usually used
' for the involuntary eye movemen's which occur in connection with stimulation

of the semi-circular.'cahals (Wendt, 1936b). The form of the eye movement in-

e

: ‘ cludes a slow deviation, which is believed to have its genesis in the canicular
end orga'n (specifically, the hnir cells of the cupulé.), and which serves to main-

win the position of the eyes in.spﬁce when the head moves relative to earth

(Camis. 1930; Guedry, 1965; McCabhe, 1965; Wendt, 1936b, 1950). The second

movement, the fast phdse, is presumably of more central or1gin (Gernandt,

2 SRR
] T
N S

*g % 1969; McCabe, 1965 wOlfe, 1966) and serves to return the eyes to the normal

l' line of regard Ebsentially, the same anatomical pathWays are described by ,
' many - authors (Brodal 1966; Brodal Pompeiano & Walberg, 1962; Cohen, .
‘ : Suzuki, Shanzer &ABe'.'.der, 1964; Gernandt, 1959; Wolfe, 1966), According to

i ; Gernandt (1969), the best neurophysiological evidence indicates that the gener-
1 ator potential for the slow phase is in the hair cells of the ampullae of the sémi-

circular canals, and the pathway to the eye muscles most probably includes:

" Nerve VIII; the nuclei of Nerve VIII; the medial longitudinal fasciculus; the
nuclei of the oculomotor complex (Nerves III, IV, and VI); and the eye muscles.

In addition, collaterals go to, among other places, the cerebellum and reticular

formation. Sirce the fast phase is absent in humans with legions of the pontine
reticular formation (Daroff & Hoyt, 1971), this site is probably implicated in

the fast phase responses. Evidence that the slow phase response remains |
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essentially unchanged for long perjods of stimulation suggests the analogy of

Rl

the slow phase response to a mechanicul servo system (Gonshor & Jones, 1969

wolfe, 1966)

Vestibular eve movements and a sinusoldal stimulus. A very clear account '

of the various types of stimulus (angular acceleration) response (nystagmus)

s

} relationships is given by.'Guedry' (1965 pp.. 66-84) and Wendt‘(1936b 1951).

The dif?er’mcc between responding to angular acceleration in one direction

(Guedry, 1965) and to oscillation (Travis & Dodge, 1928) is disoussed by Wendt
‘ (1 936b). Also, the similarity of sine wave oscillation (within certain frequency

and amplitude ranges) to the customary movements of the head has been com-

mented upon by Camis (1930, p. 75), Guedry (1965), and Trnvis & Dodge (1928).

Prolonged coyclic oscillation was. selected fur the present study since it was felt

that a "natural® or physiological gtimulus vvould be more conducive to habituaticn,
and it was believed that findings from this type of stimulation would be more likely

to be generalizable to other conditions than results obtained from stimulations

" which were unusual and not frequently encountered except in the laboratory.

Phase reiationships of vestibular eye movements to a sinusoidal stimulus.

Niven, Hixson & Correia (1965) have studied several parameters of vestibular

eye movements as a function of various stimulus variables. Their series of

studies utilize sinusoidal oscillations as stimuli and report the responces of
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the eyes over Aa range of 'displocements, velocities and frequencies. They con-
clude, as do others (e.g., Robinson, 1969; Young, 1968), that the mechanical

characteristics of the end organ (viz., the cupula) are such that the velocity
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- of the eye movements which result from slnusoidal oscillation are in phase

,\.

with the velocity of the stimulus throughout the middle range of frequencies

(12-24 cycles/minute) tested dnd their reeults support and extend the earlier

findings of Wendt (1936b)(See also Appendix E) ln addition, Niven et al,. (1965)

describe the phase angle of the eyes rel tive to. the s'rimulus and name it a :

"phase shift’.' They measure the a.ngle between (a) the point at which the eyes f

i

reaoh zero velocity relative to - (b) the zero acceleranon of the stimulus. This '

"phase Shlft" is approxxmately 90 degrees for frequencies between 12 - 14 .

cyeles/minute for the. displa.cements they tested Steele (1965, p. 56) has sug~

gested that comparing the dszerenee between "the velocity oi the stimulus" and

. Mthe velooliy of the eyes" would result ina s1:mpler presentatxon, but Niven

, et al {1965) point out that acceleration is the appropriate stimulus and at lowei

frequencies’ (i.e., < 6 eycles/minute) adoptmg Stcele 8 suggestion. would pro-
duce 4 "phase advance" There are merits to both positions' however, the
termmology of Niven et al. (1966) will be used here because it will facilitate
oomparisons with their results elsewhere in‘ the present studies.

Onepurpose of part of the present investigation was to observe what
changes, if any, occurred to the ""phase shift' after long term oscillation. It
was hypothesized that the phase shift would be invariant over time for a given

set of sinusoidal oscillation parameters.

Theoretical implications of post effects froin long term cyclic oscillation,
Since at least the time of Helmholtz (1925), students of eye movement have been

bothered about whether a position sense for the eye exists. Helmholtz felt one
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did not exist, but Crawford (1960a, 1960b, 1960c, 1960d), in an elegant series
of studies in man, has shown that in the dark it is possible to position the cyes i
volitionally within ¥ two degrees of retinal anglé. ' Further,- Manni's group
(Azzena, Desole & Palmieri, 1970; Manni, Azzena, Casey & Dow, 1965;

Manni, Bortolami & Desole, 1968) has shown that evéked resbonses due to

stretch receptor stimulation have been recorded in the mesencephalon in the

area of the nuclei of Nerve V and in the cerebellum. With the exception of
these findings, it is generally agreed (see for example Bach y Rita & Collins,
1971) that if a position sense exists, it is gross, not particplarly useful and,
in general, not availahie to consciousness. Furthermore, when vestibular
stimulation is employed to elicit nystagmus in the dark, one's eye movements
are not perceived. Retrospective reports by subjects in vestibular studies
suggest that only extreme deviations of the eyes are feit (i. e., perceived),
and the latter are most probably felt through the lids and not the eye muscles
themselves., On the other hand, while it scems as thougli these involuntary
eye movements are not perceived, studies of the oculogyral illusion (Graybiel
& Hupp, 1946), point out the problem is not a simple one. It has been shown
that following repuris of tue oculogyral illusion witﬁ an external target, the
eyes themselves don't move (Byford, 1963;. Yessenow, 1969, especially pp.

56 - 60). Yet, the neural coding of this illusion is such that an almost perfect

correspondence exists between the perception of the magnitude of thie illusion

(in degrees per second) and what the vestibular eye movement would have been 4
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(in degrees per second) at that point in time, if the target had not been presented
(Yessenow, 1969). However, when afterimages are used, the eyes do move and
the velocity of the eyes and the oculogyral illugion again are highly correlated

(Yessenow, 1969)., The above suggests that the coding of the afferent signals

to the oculomotor nuclei (III, IV and VI) from the vestibular nuclei (VIII) is care-

fully preserved and relayed to an eye movement control center somewhere in the

central nervous system.

Whether afferent signals to the eye muscles could produce 2 "neura.l-trace",
and whether these messages could be recorded later in the form of voluntary
responses following an ertended period of vestibular stimulation, would be of
son;e interest. The design of the present study permitted this.analysis. Ii was
anticipated that the frequency of the ginusoidal oscillation would effect a change
in voluntary sweeping eye movements (recorded in the dark after a long period
of oscillation), and the obtained eye movements would bear a relation either to
aspects o1 the stimﬁ]us or amount of habituation evidenced in a subject during
oscillatipn.

Habituation, It has been known for some time that when vestibular stim-
ulation .is repeated, the response to the stimulus decrements (i.e., habituates).
Good reviews of the earlier vestibular studies appear in McNally & Stuart
(1942), a general review of habituation appears in Harris (1942), and a gen-
eral theory in Wendt (1936a). Wendt (1950, 1951) pointed out that care should
be taken in the control of the subject's mental state, since, if he be allowed

to daydream, habituatioi. appears more readily than if he is cautioned
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to attend to the stimulus. Psychologists (then at the Fort Knox Laboratoriés)
picked up this suggestion and have clearly shown that certain kinds of nystag-
mus can be retrieved in otherwise habituated subjects if a stimulus is presented
which alerts the subjectl. The finding thaf the fast phase of nystagmus is ab-
sent in persons with lesions in the pontine recticular formation (Daroff & Hoyt,
1971) and the similar result reported by Barany sometime ago (1907, cited by
Mé(,abe, 1965) suggests that the fast phase shouid be examined for the rela-
tinnsbips to arousal.

There is a great deal of inconsistency in the research literature concern-
ing the meaning of the term "habituation", and confusion has resulted. Reasons
for the confusion may be due to the fuct that the same word is used to describe
an effect (e.g., the dropping out of a response) brought about by different proc-
esses; but often a process is 1mplied2.

In the present study, characteristics of the fast phase will be examined
and their disappearance will be operationally defined as habituation. Because
nystagmus which is "habituated" can be retrieved by alerting the subject
(Gu?adry, 1965; Wendt, 1950, 1951), and because of the relationships described
by Daroff & Hoyt (1971), it was hypothesized that some characteristics of the

fast phase of nystagmus would be related to measures of mental work. The

LGuedry (1965) was able to reference 2 papers by this group (Guedry,
Collins & Crampion) for the period of 1961-1964.

The logical converse that the same process can have different effects
(i. e., outputs) can incrcase the confusion. Analogous difficulties exist in
descriptions of stress reactions and vigilance decrements where processes
are also implied from effects.
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study of the relaiionships of nystagmus hauituation to other measures of mental

i work will be the main purpose of this experiment.
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Apparatus and Procedure

Subjects. One hundred fifty student Naval Aviation personnel comprised
the experimental population. All subjects had passed stringent physical and
psychological examinations on which they would compare favorably with average

college students. All were recent college graduates and the sample was homo-

o T AT Y R TR A T S g S o e R L N
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genous (mean age in years = 23.1; 8D 1.1; range 20 - 26). The experimental

Ty

subjects werc drawn each week from a larger class (N = 50) of indoctirinees to

Naval Aviation training. The subjects were assigned to one of three experi-

k2

e
Fig
jang
b
‘?l

s

mental groups (I, II, and III). All selections were made on the basis of thé

B gl

initial letter's of the students' last names, Different letters were used for each

e

group, and each week the letters were systematically changed. The subjects
were informed of the purpose of this technique and instructed that they should
not attach any special importance to being selected; in other words, no decep-

tion was employed. Mean differences on soveral cognitive variables between

experimental groups and the entire population were small and insignificant,

except those described more fully in Appendix A. All subjects appesared to! 2
well motivated.

The three groups received different experimental treatments; Group I
was oscillated for 50 minutes while alertness was measured and partly con-

trolled by a complex auditory vigilance test; Group II was oscillated for 30 :

minutes, and the only controls for mental state were cautions to the subjects

against sleepi.ng and/or closing their eyes: Group Ill received the vigilance

test only.
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Agg_aratus. The major piece of experimental equipment was the Human

Disorientation Device (HDD), which is described in detail elsewhere (Hixson &

Niven, 1963), and appears in Figures 1, 2 and 3. The HDD is capable of rota~
tion and oscillation about two axes, but in the present study, subjects were
seated upright and oscillation about the vertica! (sbinal or Z) axis was utilized
only. Control over sinusoidal oscillation is sufficiently precise fo.r the purpose
of this study. A wide range of stimulus parameters is available with this de-
vice. The subject's compartment of the HDD is a large, light-tight cab within
"which a subject may be positioned so that his head is at the axis of rotation,

Response switches (including a "panic button') are placed at each arm rest, A

restraint harness and open microphones are additional safety features,

Electro-oculography. Eye movements were recorded by standard electro-

oculographic methods (cf. e.g., Ford & Leonard, 1968; Marg, 1951) using
silver electrodes mounted at the outer canthi of both eyes and an indifferent
lead on the forehead. AC recordings of eye movements were made on a
Beckman EEG reéorder. A 2, 6-second time constant was used; this was con-
sidered adequate for the purposes of the present study (Tursky & O'Connell,
1965).

Subjects were dark-adapted for 20 minutes to minimize changes due to
the effects of luminance on the corneoretinal potential, The results of three
studies of these effects appear in Appendix B, along with a bibliography of
electro-oculographic recordings, Calibrations were accomplished at specified

periods within the experiment by having a subject gaze back and forth between
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two pinpoint lights of low luminance, each of which were 20 degrees of retinal

angle from the normal line of regard. Efforts were made to adjust recording

amplification so that about one degree of eye movement could be resolved on

the recording paper.

Oscillation, The rationale for using oscillation as a stimulus to the ves-

tibular system was described earlier, and a pilot study was conducted to

explore the effects of different oscillation stimulus values.

i Thirty subjects were exposed to various combinations of the following
b }

: stimuli: (a) Frequencies (5 - 256 cycles per minute [cpm l); (b) angular dis-

placements (16 - 270 degrees); (c) oscillation session length (15 ~ 60 minutes).
In addition, because long sessions (e.g., 60 minutes) would result in very
lengthy records (about 10¢ yards) at the recording paper speed frequently em-

ployed in vestibular studies (viz., 26 mm/sec.), various recording paper

speeds were observed, ulsoa.

Because mental work might influence the time course of habituation, some
subjects were oscillated while monitoring auditory signals in the dark and ‘
others were oscillated in the dark, in quiet, after instructions of not to "sleep,

or even close the eyes more than necessary. "

Stimulus factors (frequency, displacement, session length), subject states

(with and without mental work), and paper speeds appeared to interact, and it

2.

~ “The reliability of sampling portions of a subject's record, reported in
Appendix E, was generally high, but was not known at this time. Because the

reliability of scoring full records was also not known, sampling did not appear
to be a reasonable alternative.
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was felt that a 12 cpm frequency with 75 degree displacement 47 deg‘r'ea/ second
peak velocity) at 10 mm/sec. paper speed for 50 minutes (with mental work)
and 30 minutes (without mental work) was the best combination for the present
study.

Two groups of 50 subjects were oscillated in the dark under the above

conditions for 30 and 50 minutes respectively., The former is not strictly a

control group, since their dark adaptation period (cf. Appendix B) was shorter ;
and they did not practice the vigilance tagsk., However, the main purpose of ,
using the group was to determine whether the abgence of controlled mental oc- ' |
cupation (viz., the vigilance task) facilitated nystagmus habituation. This
group's shorter overall experimental time by itself should, if anything, result
in less loss of arousal, and thus provide a more stringent test of the alerting

properties of the vigilance task.

Eye movement scoring. Nystagmus was scored by a modification of the

method of Wendt (1967). The simplest description of the method employed here

is that the '"goodness' of the fost pha.c.;es;4

occurring within each cycle (five sec-
onds) of sinusoidal oscillation was assigned one of ten scores from 10 - 100.

In addition, lower scores of five or one were used when ''doubtful" or absoluteiy

e S 2

no'' nystagmus was present, respectively. Samples of each scoring category
are shown in Appendix E, as well as a general discussion of nystagmus. The ' ?

reliabilities and validities of the method were generaily high (r = >, 95) and are

4wendt (1965) feels that other eye movement responses should also be
scored. In particular, abundant, frequent fast phases with large displacements
occur in habituated records when smaller arcs of oscillation (30°) were used.
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reported in detail in Appendix E., Numbers from 1 - 100 were used in order to

i
i
¥y
b
5
2,

deal with whole numbers and to be able to plot nystagmus and vigilance on sim-
ilar ordinates, Each subject's record was scored in its entirety. Thus, for

the 50-minute sessions, 600 determinations were made for each subject; and

360 for the 30-minute session. Average scores for each five-minute segment

were obtained in order to compare vigilance and nystagmus scores.

Particular'care was taken not to be influenced by amplitude in scoring the
nystagmus records of the subjects who did not dark adapt (without mental work

group) because of the probable drop in the corneoretinal potential. Rather,

changes in form were scored,

; ,‘- Nystagmus and vigilance records (described later) were scored by different

prople who were unaware of individual scores on other dimensions. The scor-

{

| |

i ing procedures reported in Appendix E were developed on records other than
}

|

those employed in this experiment. The reliability results were calcuiated for

records reported in this study, however.

R TR

Stimulus-response phase relations: Figure 4 presents an idealized drawing

e ERUTT ADIEA

of nystagmus during sinusoidal oscillation. The point of zero slope of the eye

SRR
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position tracing, marked by "transition point" in Figure 4, is the point of zero
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slow phase velocity, and it coincides with the zero velocity of the stimulus,
In a typical man, this phase relationghip (zero velocity of the eyes coincident

with zero velocity of the stimulus) could be expected to occus at frequencies

approximately from 12 - 24 cpm (Niven et al,, 1965; Wendt, 1936b) The pres~

i

S B Wt AR B oL e St S e i

ent study used a 12 cpm stimulus frequency. Figure 5 shows eye movements
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to diffgrent sinusoidal oscillation frequencies and frequency is i'eportqd in
cycles per second (cps). Stimulus markers indicate peak velocity for each
record, It may be seen that for 0.2 cps (i.e., 12 cpm) peak stimulus veloc’ity‘

coincides well with peak slow phase eye movement velocity and zero slow

phase velocity (i.e., zero slope)‘ occursAha‘lfway bghvgen the peak stirﬁulus '

velocity markers, or in other words, on the zero stimuluéi ve'lo'é'i'ty.
Recording paper spéed was set a_t 10 mm/sepona (there.fore,

there were 50 mm/oycle), and the phase anglé (X) was célculatéd by the equa-

tion below as values of Y became known,

X degrees = Ymm J)hése angle

860 degrees 50 mm

More simply, since 1 mm was equal to 7.2 degrees, the obtained phase angle
in mm was multiplied by 7.2 degrees to give phase angle in degrees. These
values were calculated from several cycles within each five minutes for each

subject's session of oscillation and averaged,

Voluntary eye movements: Electro-oculographic recordings were made of

the voluntar) lateral eye movements just before and just after the period of vs-

b

=

cillation. The subjects were instructed merely to ", ,.move your eyes back and _ A

T

forth"., These eye movements were scored by measuring the duration for a4 com- oy

LA e e

PRGN

plete cycle for several cycles and then averaged, A single complete sinusoidal

oscillation cycle in the present experiment had a five-second period, since the

Fopmm Nl

frequency was 12 cpm,
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vigilance task. All subjects who received the vigilance test heard the same

auditory signals for a 50 - 60 minute session. The signals were three tones
recorded on a magnetic tape. The apparatus which originally generated the
tones (and from which the tape was made) contained three cams ganged to a
one rpm motor (see Figure 6). - By tabs on each cam, a microswitch could be
depressed. Thig triggered the tone® through an oscillator for that cam, Cams
(channels) A, B,I and C, had 6, 6, and 8 tabs, respectively, resulting in aignal
frequencies of 5, 6, and 8 per minute, All spaces between tabs were equal for
Channels B and C, but for Channel A there was one double space (i.e., a miss-
ing tab)'. The combination of different signal pulse rates with one (slightly)
aperiodic channel, ‘ r'c-.asulted in a temporal distribution of tones which (iccording
to subject's reports) seemed rondom, but the distribution was actually as it
appears in Figure 7,

The auditory signals were presented to the subjects through standard Navy
earphones at a comfortable listening level (ca. 60 db.). Channels A, B, and
C had frequen- -~ of 1800 H,, 900 Hy, and 100 Hy, respectively. ’I‘hege were
clearly audible and distinguishable.

The subjects received a ten-minute practice session on the task, which
consisted of counting occurrences of low tones only. When the low tone had
sounded four times, they pus};ed a key and began counting (the same tone) to
four again; this process was repeated until the subjects were told to stop. Dur-

ing the experimental session, the subjects were also instructed to monitor the

-
OSpatially separate (oue inch) lights can also be presented.

. L. T S T R i <] ':'- PR
N A S R o AR ¢ 2 -

e

R Sarnaedd S U S i 2. Bt




#

RPAGTIETRIG

22

SNiVYHVddY (Vd-8) ALI719Y SSVd-QNVE 3IHL 4O AWVYHOVIG 320718 "9 3HN9id

AR DGR LR T s

1.2 ﬂ VW
Sd20081 ]

%4s A1 dwy 20019080
U [ sad006 y

—— 2 AN
Sdd 001 y

. o
T T

&
Y “‘ii—-ul

$3KI1MS S )
0 : Do

- . . 1
yas r ~ w ; w

£ r4a) 7

| - O.W ! A
Sl A =P 8
IR
/

R R AL

[ O S
O]

. {
t o swol pabuog

I 52 g e e Temmm e B et et RS s T e 2 s,
IREAREE R e e e e e A e R G S D L




A R T PR L ITA L

NI @3SN S3NOL 40 NOLLNEI¥LSIA TVHOdW3L 40 3TdRVS JLNNIN 3A1d "2 3HNOI

Z4 00l

Iy 006

Iy 008i

o R e

QiIC Ay

MSVL 3ONVIIOIA A¥OLlIGNv

S3LNNIN
S b € 2 I

| | | | |

|

_iﬁ_:______:_q____:—A_:____:__q__Mu —2

TTTTTTTITTT TTIT T I T IT T T T T 11

rrtr rtrirri R rrryr 1

.l
~ 3
(¢}

n
o

| | M
.u..ol.m
°© -
@ m
o

=
T'T *—&
o of

‘038 oI {

S3ANOL

TR TR L SRS e e eI R e T T e g

3
3
5

JRECIED S STEP I

EFA L Cavtithasee ddhd SxLARENL 1 G2

A3 AlAuk

A An T3kl

o




T RN RO i s i A VAR T i e T el el R A MU St

24

middle tone in the same fashion, but to ignore the high tone. After the ten-
minute practice session, they received a five-minute rest before being told to

resume the task for an unspecified period of time. Group I subjects (N = 50)

s received all their testing individually in the dark while seated in the HDD,

After practice, they performed on the tusk for 50 minutes while being oscillated

and while eye movements were recorded. The other half (N = 50) were tested

in an open lighted room, in groups of 8 -~ 12, for 60 minutes after their

practice.

Vigilance scoring, Vigilance performance was scored in percent correct

for cach five-minute period. Errors of omission and commission were tallied
separately, as were performances on middle and low channels., A previous

publication (K nnedy, 1971) describes more completely the method of scoring,

and also shows that the correlation of percent correct is linear (r = >, 95) with

"hits' and with "rights minus wrongs" (i.e., hits minus omission plus commis-

sion errors). The advantage of using proportion measures is that they permit

comparisons of performances where different chances (signal rates) are em-

P

ployed. Because of the high correspondence between percent correct and

absolute meuasures (i.e., hits), the usual shortcoming of u proportion measure

(i.e., suspected non-linearity) probably does not apply in this case, and thus

TS

parametric statistical tests may be used, Additional findings obtained on this

tagk appear in Appendix ¢ and in Experiment I,

Pre-experimentiation interview, A self-report questionnaire (Appendix D)

which inquired about fitness, number of hours sleep. drogs, ete., was filled
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out by all subjects prior to testing. Subjects with frank illnesses were not

tested, and few illnesses were discovered. The subjects were all tested on

their second or third afternoon (1330-1600) in the Navy. They reported an |
average of five hours sleep (SD less than two hours) and they responded with
small dispersion on other questions. The homogeneity of this population and
almost colony nature of their histories during the previous 24 hours (food,

drink, drugs) should be emphasized,

Summary of procedure. In summary, 50 subjects each were assigned to

one of three experimental conditions:

1. Individual persons were drawn from a classroom and transported to
another labotatory where they were os~illated in the dark in the HDD for 50
minutes while they responded to an auditory vigilance task, 'T'his was preceded
by 20 minutes of dark adaptation, during which there was ten minutes of prac-
tice on the vigilance test followed by a five-minute rest,

2. These subjects were also transported individually and were oscillated

in the dark in the HDD for 30 minutes without formal control of mental state.

This was preceded by about five minutes in the dark.

3. Groups of eight to ten men reported to an open classroom and responded

i

to an auditory vigilance task for 60 minutes after ten minutes practice inter- |

spaced with » {ive-rainute rest.

. -
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Resulis

Figure 8 shows the comparisons of vigilance performances for Groups I
and NI, who were tested with and without oscillation, '.respectively, as well as
the nystagmus scores for Groups I and II, who were cv.z‘scillated with and without
a vigilance task, respeclively, The différence in mean vigilance performance

between the groups with versus without oscillation was not statistically signifi-

cantly different, but the qualily of the nystagmus of the group without a vigilance
i task decayed more rapidly than did nystagmus in the group who did mental work,
& Figute 9 shows the performance of Group I, whose nystagmus was recorded
;:\ during vigilance testing., Vigilance and nystagmus scores for the first five min-
E~ utes were converted to 100%., and subsequent scores for each are proportions

of the first, This was done to point oul that both follow the same time course
(r =.93)., However, the relationship of these two effects to each other is

stronger than the relationship of either to time., Also, their relationship to

T Y P e SR T o
s i L S R R T

T

each other, with the effects of time partialed out, shows they still share 50%

R

common variance (r =, 708),

RS

In order to determine whether the vigilance performance of a particular

i
3 subject could he predicted from his nystagmus at any point in time, each sub-
i
‘ ject's vigilance and nystagmus scores were correlated within @ segsion, These
Pi correlations were then transtformed to Z scores and averaged, The average
it

of these correlations (r =,27) was significant (P, 001),

Another correlation was calculated for the 500 matched scores (50 subjects

RO RSNEIC N ST =22 T s

and ten five-minute time frames), This operation is open to question
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since each of the ten scores within subjects are unlikely to be independent,
However, the result can have a certain practical utility for an investigator
who may wish to know with what accuracy he can estimate the alertness of

‘ his subject while viewing only his subject's aystagmus, The obtained value
for the 6500 paired scores is r = ,44,

;' In two other treatments of the data, calculations were made of the mean
and of the slope of each subject's nystagmus for 50 minutes, and the mean and
@ slope of each subject's vigilance for 50 minutes., The scores were considered

summary scores for nystagmus and for vigilance. The paired mean scores

' were correlated over the 50 subjects (r = ,46, P <,001); the slopes were not.
‘ Figure 10 shows the phase relationship of zero slow phase eye velocity to
the stimulus in the two groups of subjects who were oscillated, The trend of
the group without mental work (Group II) is significantly different from zero
(P < .05) and from the group who responded to a watchkeeping test (Group I),
The "with vigilance" group (I) showed no statistically significant trend. The
phase angles in the group "without vigilunce" became progressively earlier in

time, The initial value of the phase angle was the average of the first five

minutes, and was not significantly different from the expected value of 90
degrees in both groups, being 89,64 and 87.48, respectively, for the "with"

and "without" vigilance groups. This phase angle eventually became approx-

imately 75 degrees (a 14 degree shift) using the measurement convention

adopted by Niven et al, (1965). This means, in effect, that the zero velocity

of the response advanced relative to the zero velocity of the stimulus by 0.2
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second.

Voluntary sweeping eye movements were recorded just before and just
\

after oscillation. The average period of these movements post-oscillacion

(4.1 seconds) was not gignificantly different from pre-oscillation (4.6 seconds),
and the period of those post-oscillations was less like the stimulus (5 second

{ - cycle) experienced during oscillation than thoae obtained priovr to stimulation.
Correlations were caloulated between pre and post eye movements and the
magnitude of a subject's habituation and his vigilance decrement. .None of

!
these correlations was significant. ‘
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Discussion and Conclusiog

The main 'purposé of this experiment was to determine whether habituation
of vestibular nystagmus couid occur during'“mental'\‘mrk or whether vigilance

was rela}.ed

Y

to some chara‘cteristics of vestibtvx'lar nystagmus habituation, and
if vigilance’ and habituation would in fact covary. |

The absence of fast phases was operationally defined as habitugtion, and
jhndef the e#pefimental conditions that we used, a general correspoﬁdence'
existed between the quality of the fast phase and a.ler_tness a8 measured by a
vigilance task. 'I.‘his c_orrespondepce supports wpat would be expected. from ‘
other considerations: Collins, Crampton & Posner (1961), and quliné & Pogﬁer.._ "
(1963) showed that nystagmus could be used as dn arousal measure, at least as

well as EEG's, and Daroff & Hoyt (1971) showed that fast phase nystagmus was

absent in patients with massive lesions in the pontine reticular. formation,

Further, Pompeiano (Morrison & Pompeiano, 1965; Pompeiano & Morrison,

1965) showed that rapid eye movement sleep is abolished by ablation of the
vestibular nuclei. In addition, the many studies cited by Guedry (i965) from
the Fort Knox Laboratory, and the suggestions of the origin of the fast phase
made by Gernandt (1959) and by McCabe (1965), and the overall control of the
vestibular system by the reticular formation (Yules, Krebs & Gault, 1966)
indicate that future studies should pursue further the generality of the
relationship.

Other experiments which have shown other relationships between certain

aspects of eye movements and the mental state of the subject are relevant to
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th'e,.'que_s'tion of eye movements a d arousal. These é'wdieS'.inélude (2) positive
relationships between eye mo:iiéments and visual imag_tna_tion and recollection
' Jacobson, 1930); (b) relationshiés between sensory deprivation, induced loss -

of arousal, and REM (Rossi, Furhman & Sélg'mon, i964); (c) relationship of '

EEG alpha and oculomotor activity with 'the'sugge'stfon that the latter:'causee'

IR

e’ S
AT I TR | S TR RN A

the former (Mulholland & Evans, 1965 1966), (d) changing pattern of fine eye

o

A S T

movements during {nattention (Gaardner, 1966) (e) relationships of eye move-

ments to slow and fast paired associate learning (Haltrecht & McCormack

1966);, (f) positive rela.tionghip of voluntary eye movements to suppression of

~ the 'visua»l evoked response (Gross, Vaughan & Valenstein, 1967); (g) velation-

ship of fluctuation in visual perception to EEG and eye movements (Kirkwood,
1967); (h) negative relationships between vestibular nystagmus and rapid eye

movement sleep (Reding & Fefnat;dez., 1967); (i) superiority of saccadic over

voluntary eye movements in adaptation to -tlte Mulle;‘—Lyer illusi'ott (Burnhém;
1968); (j) the réla.tionshi;) of rapid eye movement sleep (REM) to. EEG changes
(Antrobus & Antrobus, 196(); (k) relationship between eye movements and

brain stem reticular formaiion stimulation (Cohen, Feldian & Diamond, 1969);
(1)- relationships of electro-oculogram changes in anticipation of an operant

response (Wasman, Morehead, Lee & Rowland, 1970).

From these studies and the results reported from the present study, it is p
felt that perhaps the fast phase of vestibular nystagmus can be used as a quan- :
titative and independent index of arousal so that a person's performance in a :

job could be monitored without interfering with his work. IFurthermore, other
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forms of eye movements behave simjlarly and have a form similar to vestibular
nystagmus. These movements include optokinetic ny_stagmus (Goodsqn, 1969;
Pasik; Pasik & Bender, 1966; Wendt, 1965) and microsaccades (Riggs, ,‘1 958;

Robinson, 1964). Some suggestive evidence is é.vailable from the sdcpadic sup¥

pression studies (Duffy & Lombroso, 1968; Matin & Pearce, 1965; Michael &
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stark, 1967; Steinman, Cunitz & Timberlake, 1967; Volkman, Shick & Riggs,

T

1968j and from vestibular nystagmus sfudies (Zuber & Stark, 1966) where it

T

sl

has been shown that higher threshoids result just prior to the beginning of both

"o

1

forms of these eye movements (vestibular and inicrosaccades). Also, Guédry’s

i
oS

et e

o
Pt e
NS

sludies (1968) of poorer visual acuity during vestibular nystagmus bear on this

jssue. The most obvious expla.natiorxh of why' visual information processing is

legs good during eye movements is that the image of an object is '"smeared" on

the retina when the eye is in motion (Dodge, 1900, 1905). However, while it

is not posgsible to show in Guedry's studies in which part of the eye movement

visual acuity is poérest. in the "saccadic suppression" studies the threshold

T T R

Lot ohe i

is clearly elevated prior to the eye movement, This suggests if it does not

prove that the suppression is more central than retinal and that the command

signal for the quick flicks of the eyes in general (microsaccades and vestibular

B o

fast phases) inhibit the input before the eye goes in motion. A similar sugges-

tion about suppression during voluntary eye movements was offered by Holt

Ly g

(1903).
For these and other reasons, the characteristics of eye movements hold

promise for providing an independent measure of arousal. Some suggestions
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for future rcsea.'rch would be to replicate the present study wherein optokinetic,

microsaccades and voluntary ¢ye movements were elicited and measured., In

e e i e et e

‘such a étudy, characteristics of these eye movements (e.g,, frequency, ampli~

tude, - velocity of flicks) could be empirically validated (between and within sub-

jects) against a percent correct score on the auditory vigilance task, These

findings could also be integratled, along with other supposed indicants of arousal
(e.g., pupil size, heart rate, EMG, GSR, etc.). Multiple regression analysis
(Brictson, Burger & Kennedy, 1871; Cohen, 1968; Kennedy, 1970) could be em-
ployed using performance on a task (in percent correct) as the criterion to be

predicted. This approach, if successful, could then be generalized to other

tusks.

It should be mentioned that three of the four statistical tests of the cor-

crot)

v relation of nystagmus and vigilance used in this «xperiment provide a very

Y _
1Y .
ﬁ; conservative test of the relationship between nystagmus habituation and vigi~

i

lance decrement. The fourth method related the average amount of nvstagmus
habituation over subjects to the average percent correct over subjects for ten
five-minute time frames. This correspondence was very high (r = 93), and i

§

while the latter is an accepted method of aunalysis in other studies (Daniel,

1966; Johnson, 1970, Lubin, Johnson & Austin, 1969), the relationship within

a subject was also tested in three wavs, All three remaining approuaches were ;
statistically significant, which indicates that a better than chance statement ;
can be made about performance on a vigilance task in percent correct in an
individual subjeci by knowing nothing else about him than his ongoing
:
_*
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W
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vestibular nystagmus at that time, There are obvious sources of errors in

the three approaches listed above, which if removed, could improve the rela~
tionship: (a) Individual differences in nystagmus do exist and if account could
be taken of these, it is felt a better prediction could be m‘ade of arcusal from
a given person's nystagmuss; (b) percent correct has obvious shortcomings as
a measure of the magnitude of mental work, since persons with high ability to
do the task can obtain better scores than those with less ability who work just

as hard, The average functional relationship with time cour:e effects partialled

8 out (i.e., r=,708) tends to minimize these two sources of error,

Y The results of this experiment show that the vigilance performances de-
v
by
graded similarly for Group I subjecis who were oscillated individually in the

dark, and for Group III subjects who performed as a group in the light without

R BTN R S

EES

oscillation, while nystagmus habituation was more rapid when mental state was

FE RS TR

——.
IR

uncontrolled (Group II). The soporific effect of motion (particularly sinusoidal

motion) is well known, and may be the cause of the greater habituation of the

2t
s o

oscillated group in the first 30 minutes of their session, However, a large

2o

literature exists in vigilance (Buckner & McGrath, 1963; Davies & T'une, 1970;

S,

Mackworth, 1970), and the degraded performance is probably due also to the

I

g simple loss of arousal which occurs in connection with repeated stimulation. :
& |
i "
%.‘?5 Mackworth (1968, 1970) has attempted to assign a similar basic process to

explain both habituation to stimulation (Thompson & Spencer, 1966) and the

6Reviewing an entire nystagmus record before scoring cach cycle is
helpiul in this regard.
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vigilance decrement (Broadbent, 1964; Buckner & McGrath, 1963),

The difference in habituation of vestibular nystagmus when mental work

o,

R

wias controlled by the vigilance task, versus when it was uncontrolled, indicates

that the vigilunce task served in part to retard the nystagmug habituation.

Phase shilts of vestibular nystagmus during long term oscillation were

b siudied in an alerted and unalerted group. No statistically significant chunge

occurred in the group which attended to auditory signals, although the slope
was slightly nogative, Further, the vigilance performance and nystagmus of

that group did degrade (cf. Figures 8 and 9). In the group without control of

mental work, however, the phage angle changed significantly over time. Yet - é

the change was not in the direction that one might expect to occur in connection
with lowered alertness (viz. increased lateucy). Rather, a 14-degree phase
advance relative to the baseline resulted. This appears to be an unticipati_on
of the stimulus by the slow phase of nystagmus, an unusual finding when com-
pared with the knowledge that attempts to condition the slow phase have been
unsuccessful (Wondt, 1986b, 19561).

It is felt that this time X alertness relationship should be an imporiant

consideration in studies of the frequency response of the semicircular canals,

and Niven (et al,, 1965) take care in controlling mental state when they con-

duct their studies. However, the systematic negative correspondence betwecen

level of alertness and progressively carlier phase angle is not an easy result

to explain,  Support for the results of the present study appear in studies by

i,

§
Jones (1971) where a phase advance appears in cats as they recover from 3
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ether anesthesia, A similar result may also be observed in the records of
Wolfe (1967, Figure 2),

The finding in the present study of a phase advance during oscillation
without mental occupation recmains largely unexplained, although it is probably
not an artifact. Ior example, Barlow (1969) has also shown a similar result
for "eyes closed in the dark during sinusoidal oscillation' when compared to
"eyes open in the dark during sinusoidal oscillation". In the present study,
the subjects reportied that their eyes were open throughout as instructed, and
they appeared also to respond to small, dim stimuli (fixation lights) when the
latter were presented.

Since the presence of efferents (Sala, 1964, 1965) is well established for
the vestibular system, it is felt that a central explanation of the phase advance
effect might employ this pathway. Another explanation is peripheral and takes
the position that with time, and more specifically, decreased alertness, the
characteristics at the end organ or at the first synapse change (Young, 1969,

personal communication) so that & velocity transducer becomes more like un

angular accelerometer., This factor should be considered in the theoretical

models of semicircular canal functioning.
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Experiment I, Part 2
Individual Differences in Nystagmus Habituatior and Vigilance

Introduction

The second aspect of this investigation was to examine individual differ-
ences in habituation, as manifested by vigilance and nystagmus changes, in
relation to other measures such as personality and exposure history (e.g.,
hours sleep). These individual differences would be studied as correlates,
and not merely dispersion. There were two major dichotomous phenctypic
continua which appeared relevant and practical: (a) The introvert-extravert
of Eysenck (1952, 1953, 1957, 1964); and (b) the field dependent - field
independent of Witkin (1949; Witkin, Dyk, Faterson, Goodenough & Karp,
1962; Witkin, Lewis, Hertzman, Machover, Meissner & Wapner, 1954). A
very large literature exists for both und for the numerous correlates of these
phenotypes, the reader is referred to the works of Witkin and Eysenck.

The suggestion of the relationship between field dependence and lack of
nystagmus habituation comes from Wendt (1951). He cluims that in ... human

subjects properly instructed and stimuloted, ulertness can be maintained for

continuous ten-minute periods of recording. The trick is to maintain an environ-

ment directed orientation' (p. 1215; italics mine). The picture that Witkin pre-
sents of a field dependent subject is of a person who is suggestible and who fol-

lows instructions, and he is a person who cannot give up the field', even when it

A finding by DeFazio & Moroney (1969) suggests that "'the field" is most
likely a visual field and not all fields.
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is proven to be non~veridical (Witkin, 1949). The incidence of field dependence

is high in the very young (Witkin et al., 1962) and the very old (Karp, 1966},
the latter suggesting that perhaps flexibility or adaptability is involved. 'This
notion appears to be supported by the results of Haronian & Sugarman (1966),

which show that lield dependents are not resistant to Necker Cube reversal,

even when instructed to be resistant, plus lield dependents arc "fixed" versus

"mobile' on the "fixity vs. mobility" dimension of Werner (cited in Haronian

bt & Sugarman, in press). Poorer ability to adapt by {ield dependent persons :
4\ may also be reflected in the studies of Immergluck (1966a, 1966b) where lield ,
b dependents produce fewer figural aftereffects and less tigure-ground reversal,

i

TR

One may also interpret their poorer performance (less muture) in sensory

9 deprivation (Murphy, 1966) as being due to an inability to inhibit a response,
;?;f or to increased activation. It is felt, therefore, that if nystagmus habituation
? would be less in field dependent subjects, the persistence would be due (o the
:;‘{ basgic inability of theze subjects to give up a "field".

{
Paper and pencil measures of introversion have had much more popularity

than Witkin's (1949) individual situational testing, and a larger literawura oxists

P TR NS TR

for introversion3. Eysenck (1957, p. 28) lists 21 {mportant introversion cor- ‘

TEASET

relates and supports cach with literature citations. The correlates with intro-

SPNEORT L= 5

A e 2

version of interest for this discussion include (a) high perceptual rigidity;

8. . - .
It is this author's opinion that this ratio is changing, partly for reasons
discussed para passim in ‘his paper.
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i (b) smal? figural aftereffects”; (¢) high sedation throshold and (d) quick to ac-
quire a conditioned response, Lynn (1966) reports also that they extinguish
{
;' slowly and have a slow buildup on inhibition., In addition, Kottenhoff (1957,
|
{ 1958) has shown that introverts are more susceptible to motion sickness than
‘ extraverts, and that they adapt to prismatic distortion less well, One other
g \ result bears meuntion: Introverts tend to show less decrement in performance
H on a vigilance (1, e., watchkeeping) task, than normals and extraverts, nccord-
ing to Bakan (1963), Bakan, Belten & Toth (1963), Broadbent (1958) and
i ‘ Buckner (1963).
?3 The latter result with vigilance recquires additional exposition, ‘The
r) .. vigilunce paradigm generally requires that a subject monitor some display 1 ‘
E‘% which prosents low amplitude signals infrequently, ‘The typical result is that J
!

most persons perform less woll over time (i.e., they miss signals), and

extraverts arce relatively less vigilant, A pood review of thig literature ap-

pears in Buckner & MceGrath (1963), Davies & Tune (1970) and Mackworth

(1970), ‘The pogsibility exists, however, that since many real world jobs are
different from laboratory tests of vigilance, perhaps on a more complicated

vigilance task (e.g., the II channel test as described in Experiment 1), person-

ality scores may interact with task complexity.

In addition to the self report variables from the pre-experimentation ;

9’I‘he characteristics of introverts and field dependents suggest that these :
phenotypes should corrcelate high with each other., A literature review revealed
one study (Evans, 1969) where a slightly negative relationship was obtained,
and another (IFranks, 1956) where no relationship was found. Witkin (personal
communication, 1870) also predicts a negative relationship,
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jnterview (cited in Experiment I, Part 1, and shown in Appendix D), it was
decidaed to determine whether selected personality scores were correlated

with vigllance decrements and with nystagmus habituation,
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Apparatus and Procedure

The Eysenck Personality Inventory Form B (Eysenck & Eysenck, 1963)

was used i0 obtain extraversion and neuroticism scores. The Group Embedded

Figures Test cf-1 (Evans, 1967; French, Ekstrom, Leighton & Price, 1963;

Juckson, Messick & Myers, 1964) served as the measure of field independence;

the title page appears in Appendix D. Both are described in more detail and
norms are presented in Appendix A. These tests were administered by a proc
tor to entire classes of student aviation personnel nine weeks after some of
them served as subjects in Experiment I, Part 1. It is unlikely that subjects
would connect purticipation in both parts of the study.

The pre-experimentation interview was completed just prior to nystagmus
and vigilance testing. Means, standard deviation=~ (8D), and slopes (b) of vig-
ilance and nystagmus vver lime served as ‘he chief measures of performance.
Poarsor. product moment correlation coefficienis were calculated for the

variables,
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Results

General. Table 1 compares the means and SD's of the subject exposure
history variables, personality scores and performance variables for these
groups. It may be seen that the subjects considered themselves fit and
healthy, They had no drugs (including analgesics) in the past 24 hours, and
those who responded that they had had a drug were reporting a routine tuber-
cular skin test (PPD), They had virtually no cigarettes in the last four hours
and almost no one had alcohol lor 24 hours. This question was dropped in sub-
sequent analyses. The subjects' concern for their performance was moderate,
and most subjects ielt they would perform better than averagelo. Most of the
subjects did not consider that the number of hours they had slept wis adequate
(5. 20 hours). However, the correlation of hours slept with the subject's
estimate of the adequacy of his sleep (Tables 3 and 4, discussed later) were
significant, but very low. This type of inconsistency is pfobably {o be expected
in connection with young men's initial exposure {o barracks life,

The homogencity of the population and the low variability on the pre-
experimentation interview responsces cah be expected to reduce the chances
of prediction of other performances from these responses. However, it should
he emphasized that this low variability is also a testimony to the control for the

exposure history of thesce subjects.

10.rp¢ pre-experimentation interview was developed in connection with

motion sickness studies by the author. Although the intention was to develop
an all purpose questionnaire, some guestions may be more or less appropriuate
depending on the experimental treatments.
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The menn values of the personality test scores are compared with a ref-

erence population in Table 2; none are statistically different {rom those re-
ported in more detail on the larger sample in Appendix A. The group specific

nystagmus and vigilance performances were discussed in Part 1,

; Pre -experimentation interview and performance, Correln.tioﬁ matrices
for pre-experimentation interview responses, personality scores, and vigilance
and nystagmus variables were caleulated for Group I (nystagmus measured
during vigilance testing). These results (Table 3) generally showed relation-
ships in a predictable direction, but lor the most part the correlations woere
not significant, An exception was the correlation of u report of good heunlth
and good vigilance performance, A correlation matrix (Table 4) was construcied

for Group II (nystagmus/no vigilance) to see whether similar items were pre-

dictive of nystagmus habituation in the two groups who were oscillated, In this

attemp! at cross validation, no item was found to be significantly related to per-

formance in both groups, even when a liberal test wus applied (P <. 10; one tail),

Missing pre-experimentation interview data (ten forms) for Group III (vigiliace/

no nysiagmus) precluded including history data in Table 5, since the sample size

was reduced to a point where there would be half as many variables as subjects, i
Therefore, Table 5 only contuins the relationships of vigilance performance o A

personality scores,

Personality test scores und performance, Tables 3, 4 and 5 show also

the relationships between experimental variables and personality test scores, :

The interrelationships of personality test data alone are covered in Appendix A,
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The relationship of field independence and nystagmus habituation in Tables
3 and 4 (slope of nystagmus) was in the predicted direction on both occasions
(field independents habituate more), but neither was significant, Extraversion
was related to the mean of nystagmus in Tuble 3 (P . 05), but the sign of the
relationship changed in Table 4.
Cor-

Tables 8 and 5 can also be used to compare vigilance relationships.

relations of field independence scores were positive with mean vigilance, hut

i negative with slope (i. e., larger decrements jor field independent subjects),

" !

0 ' but none of the four relationships was significant, Extraversion was not cor-

Hk related with the slope (i.e., decrement) in Table 5, but in Table 3 there was

is;; o suggestion that cxtraverts had less decrement (negative slopes), but this

G

l>.‘:' N . Py

¢ relationship was insignificant,

L‘ In Tables 3 and 5, the slope variances are largely nccounted for by their

k‘f-j i

£ respective standard devia.tio_nsl]; this was not the case in Tuable 4. In Table

# 3 the vigilance and nystagmus session means were correlated (P 2. 01), but k

i ki

3 ;

oy the slopes were not, :
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Discussion and Conclusions

General. The pre-experimentation interview was administered to monitor
the exposure history (in the previous 24 hours) of the experimental subjects

and also to determine whether these subject variables were related to nystag-~

mus habituation or vigilance performance. Although there was a general

agreement between the hypothesized direction a response was to take (on the
pre-experimentation interview) and the nystagmus and vigilance data, these
relationships are of doubtful significance and small importance. On the other

hand, if the low variability as shown in the pre-experimentation interview is

valid (Hardacre & Kennedy, 1963, among others, have evidence these men

tend to be truthful), it is a useful finding in interpretation of data obtained

ey D
e e R A T T S S A L S

from this population because it represents control for the influence of history

o

variables on experimental treatments,

stated differently, it appears that sam-

g

R

IR

ples from this population may be considered vssentially equivalent, so that ror

many reseurch efforts; it is not necessary to use cach subject as his own con-

trol,

The practical implications for the conduct of repeated measures studics

T
bt

arc important, In such studies, subjects often miss sessions, with the result

that often the sample size shrinks each session to a level where eventually an

adequute test of the hypothesis cannot be made., A more complete deseription

of the shortcomings of the typical correlational experimental paradigm appears

in Cronbach (1957) and Owens (1968); Owens advocates an approuach similar to

et e e
o et e i i RO T GRS

what was accomplished in the present experiment to provide .. laws dwhich:

should be more meaningtul and the desceription of subjects to whom they apply
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more complete and definitive' (p. 784).

Individual difterences and vigilance, Field Independence: In the first

part of this study, it appeared that nystagmus habituation and vigilance decre-
ments covaried. In the second part, it was hypothesized that the nystagmus
of field independent persons wonld habituate relatively more quickly, It follows,

therefore, that their vigilance (slopes) should degrade more quickly, also. Al-

though neither test of this hypothesis was significant, both were in the predicted

direction, even though both mean scores und field independence were positive,
3‘\ but insignificant, This means that while persons with high field independent

:E:, _ scores tended to higher overall vigilance scores, their decrements tended to

i

be larger also. It is felt that these data suggest that future study of field inde-

pendence scores and sustained attention is warranted, particularly when con-

SRS

= oy

sidered with the nystagmus habituation relationships to be discussed later,

Extraversion: The vigilance data presented above failed to support the

i" findings reported by others regarding less decrements in performance of intro-
verts (Bukan, 1963; Bakuan, Belton & Toth, 1963, Broadbent, 1958, p. 145 ff;
Buckner, 1963). In fact, the correlation was in the opposite direction (extra-

verts tended {oward better vigilance slope scores), but was insignificant

R

(Tablr 3), This inability to replicate may be due to several factors:

1. Most previous findings were obtained by comparing extreme introverted
with extreme extraverted groups; the present study utilized all subjects,
2. As a group, the subjects in the present study were extraverted (mean

60th percentile) and the sample was also restricted in range.  Both of these
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factors have been reported (Buros, 1965, item 138) to have influenced findings

T

in previous experiments,

SRS L

| 3. In other vigilunce studies (cf. Buckner & McGrath, 1963) performance |
g for segments (often 30 minutes) in an experimental session (often 80 minutes) | \f
ﬁf{ are used to test for mean differences between groups, whereas in the present l
“[ experiment, a summary score each five minutes could be caleulated for each 1
;\; subject so that a slope score for each subject could be used to describe per-
5\ formance, This score wus then compared to subject's personality scores,
[ It is felt that this is a more informative test of a suspecied relationship than :
E}i testing mean differences in exireme groups., However, by using the entire
\ distribution, it also depends heavily on the reliability of both scoresm. The

4

‘ﬁ paper and pencil test of extraversion used in the present study is of question-

? able reliability (ef. Appendix A)., In addition, a slope score ignores the level

:\ al which a person can respond, except to the extent that slope is dependent

2 upon the initial level, Thus, when using slope as un index of performance,

z the "ability' to do the work is partialled out, and conceivably two subjects with

very ditferent mean scores can both degrade at the sume rate and obtain the

sume slope score, Conversely, the same mean can be obtained by persons

with different slopes, It is felt that slope is a better measure than the mean

ol the vigilance on a task because the slope indicates how well a person per-~

forms over time, whereas the mean is parily due to how well a person can do

1ZAppendi,\c A reports a correlation hetween extreme exiravert scores
and extreme field independence scores,
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the work (viz., ability) and how well it is done over time (vigilance). Which
measuz.'e should be used to assess vigilance performance in particular exper-
iments can be determined by the strategy of the experimenter's study. This
will not necessarily always be the same measure. For example, a "miss",

a "hit", or the "level of performance over time' may at different times be of
more or less relative interest. However, if vigilance as a trait, characteristic,
or life styleA,variable is of interest, it is suggested that the slope of perform-
ance or some other meésure of change over time (e.g., proportion of the

decrement) would be a more valid index of vigilance than is presently employed

in the vigilance studies in the literature,

1

4. Perhaps most important, the general paradigm of vigilance experi-
ments (Broudbent, 1964; Buckner & McGrath, 1963) involves presentation of

infrequent near-threshold signals for detection. The present study used fre-

quent supra-threshold tones in two channels, and required the subject to per=-

form more complicated mental work than merely detecting the presence of a

[}

1
signal” " and perhaps task complexity and personality interact, H
4
A behavioral theory of individual differences in vigilance. Broadbent's é
1
(1958) comments about the programming of a translating machine are relevant g
to the possible interactions between task complexity und an individual's style
J s W \
Indeed, the task in this study doesn't meet Broadbent's definition of o
vigilance task. However, it is felt also that tne kind of work in the present
study has more application to the kinds of work that persons do in the real
world, and that Broadbeni's definition is oo restrictive.
o
ORI oﬁnﬁgm.ﬁﬂ%‘uxﬁiﬂﬁlafﬁ




or personality of information processing. He suggests that a tvanslating
machine can be set up to print out (i.e., transcribe) when a letter, a word,
or a sentence is fed in. Depeunding on the work to be performed, there can
be an advantage to one or the other program. Thus, in the translation of a
code, where each letter has a different symbol in the same language, there
is no advantage to waiting for a complete sentence. If, on the other hand, the
translation is of English to Russian, for example, then it would be better for
the machine to hold entire sentences or even paragraphs before printing out,
since the syntax of the two languages is so different. The following is a mod-

ification and extension of Broadbent's notions:

H ' Perhaps some people are differentially able to sustain attention to simple

tasks for a long time. If such persons can be identified, it is felt that they

would be better able to pay attention for a long time on o simple watchkeeping

e task. Because all information is sampled in time or space, perhaps another
iy
E‘ class of persons exist who have a predisposition o process information deliv-
L
Et_. ered over the latter dimension (i. c., space). Furthermore, perhaps these 3
B
(';'
E troits are negatively correlated. Thus, the converse of a person who could y
¢ i
A sustain attention for a long time on a simple test would be a person whe could 3
’ 2
1
pay attention to many things at once, but he may not necessarily do well over 3
1
time, particularly if he assigned all his effort (channel capacity) to the time 1
dimension, If these traits exist and are in fact separate, i.e,, vou may be f
|
one kind of person or the other, and this irait is different from the construct i
)
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i , channel capacity”  or intelligence, then it might be possible to assess this

v i

1 trait experimentally by constructing tasks which test for sustained attention

versus multiple inputs at once. It may be illustrative to consider acuity in

: vision and audition. For example, in Figure 11 the 2ye is shown with superior

spatial acuity compared to the ear, and the ear with superior temporal acuity
: compared to the eye. Yet, the overall information processing ability (cf.

?’ channel capacity) of both ¢ould be the same (hypothetically shown here by

}; equal areas). An advantage would be observed for vision if spatial resolution
‘5: were tested, and for the ear if temporal acuity were lested; yet the tolul reso-
ii‘

lution capability over time and space together could be equal for the two systems,
If the overall information processing capability (e.g., channel capacity) is fixed
in some way, then the only way to improve gpatial acuity, for example, would

be at the expense of temporal acuity and the converse, If people develop or

were born with different information processing styles (personalities), then

conceivably they may also be predisposed 1o process one kind of displayved in-

formation at the expense of another. Perhups there are two traits in people: '

. . , 2
The ability to monitor few things (e.g., onc channel) for a long time, and the

ability to monitor many things (c.g., channel«) for a short time. Figure 12

shows two extreme persons and one mixed person, all with the same channel

rapacity. The person who presumable can monitor for a longer period of time :
)

is a person referred to as a long term sampler; it is expected that he would ;
A

Defined here s the aggregate number ot hits of information that cun K

be processed when presented over available channels per unit tinic, J’
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tend to be vigilant. The person who can monitor many things at once is called
a broad band pass ability person, and other things being equal, would tend not
to be vigilant to one thing for a long time.

The traits suggested above could he independent of channel capacity, and

it is felt that the homogeneity in intelligence of the population in this experi-

ment might control for the influence of this latter variable. The stability of

% this trait in an individual and the susceptibility of the trait to modification from
interest, motivation, and other variables will be discussed later.
E% The concept which should be tested is band pass ability, i.e., the ability

AP

to monitor well many things at once, as contrasted with the ability to be vigi-

lant. The data from the present experiment do not permit an adequate test of

AL

B
HE

this notion, since the two channel vigilance task may not be considered "many"

things. However, for purposes of hypothesis gathering, it was decided to ex-

T B AT o
SR T R RS T

amine this relationship in the preseat data, and if warranted, predict the out-

o e

come in another gtudy. To this end, two scores were calculated:

SR

1. Band pass ability: Operationally defined for the purpose ag that score

!‘E_Ef;‘f:b T

obtained by an individual on the five minutes of the two channel test early15 in

SGEER Rt

T

the session when the group's performance was best,

sieri i

2, Vigilance decrement: Operationally defined as the proportion of the

decrement and calculated by the cquation i’—ll——ldll:llyﬁ-e-, where early equals a ;

person's band puss ability score as above, and late equals a person's score

-
J 4 . . 'R e
"Early'" in the session was congidered the first half, and "late'" the '
sccond half, i
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, for the five minutes late in the session when the group's performance was

. poorest. This score wasg calculated instead of slope since slope could be ex-
pected to be negatively correlated with the initial value (it was), and since high
scores, if they change, tend to go down and low scores, if they change, tend to
go up ("initial values eifect')(Wilder, 1950, 1962)

Band pass ability and vigilance decrement scores were calculated for the

two groups of subjects who received the two channel monitoring task, and

{

s these two groups were combined, The obtained correlation between band pass
|

\

ability and vigilance decrement (r = ,185, N = 101) was not significant at a

j statistically acceptable level by two tailed test (e.g., P > .05) for hypothesis

e : tegting, However, the correlation was in the predicted direction and of suf-

ficient magnitude (P = ., 06) for hypothesis gathering to provide suggestive sup-

port for the band pass ability notion and to warrant further study. It was felt

ti.... a more complex task (e.g., one withunore channels) should be studied in

‘;}; order to determine whether the ability to do a complicated multi-channel test
would be correlated with proportion of the decrement on that task., Addition-
ally, a simple version of the task should also be studied for comparison. :

Individual differences and nystagmus habituation. The present study re- ‘:-

ported few individual differences of any consequence which predicted nystag-

mus habituation; however, a paper by Mangan & O'Gorman (1969) is relevant.

%‘

These authors studied individual differences in the amplitude (initial value) .
1

and habituation (time to zero response) of an orienting response (GSR tw a
L) - ' - N ” :{:‘
380 Hz tone, at 57 db). Using the Eysenck Personality Inventory (Form B), j
|

i
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S they preselected persons with scores on both extraversion and neuroticism

which were more than one standard deviation above or below the class meanl® '
gr‘.
- for the first part of their study.
L '

Their finding, interpreted largely in connection with the work of Sokolov

& Eysenck (cited in Mangan & O'Gorman, 1966), was that extraversion and

< il

neuroticism are related in different ways to amplitude and habituation of the

orienting response: (a) Extremo (high) neuroticism scores were predictive ».
ol large orienting responses and (b) a concordance within a person of either ;

high or low personalily (neuroticism and extraversion) scores would result in

last habituation and a disconcordance the converse,
4 . ' A N f ) . Vevy 1
1 These findings were partly replicated (Mapgan & O'Gorman, 1966) in a :

second part of their study, and it was assumed by the authors that ", ,.low-

anxious egstraverts [High E, Low N } and high-anxious introverts [ Low L,

i a

High N ] display greater dynamism of introversion than the other two groups ‘ i

[High N, High £ plus Low N, Tow E 1 " (p, 279); thus these persons habituate
more rapidly, as measured by the disappearance of the GSR (o a tone,
It is felt that vestibular nystagmus can be considered a modality specific

orienting response, und as such, the data from the present study could be cast

D A i 2 T sl ke’ 5 A Kl

in a form similar {o those of Mangan & O'Gorman (1966) in order tv determine

the generality of their findings to another stimulus condition, To this end,

e A E e e s aicadia

16 Their population values are: MegTRA = 12, 12; SDR = 3,91, and MNURO

=7,76; SDy = 4,44, The authors do not report their original population size,
but most likely mean differences exist between the reference sample in the “
nresent study (Table 2) and theirs,
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nystagmus scores early in avsubject's exposure were consideréc‘i equivezlent to
the amplitude of an orienting response, and thé proportion of the deéremenf
in nystagmus over the period of sinuscidal oscillation was considered nystag-
mus habituation for tl}e two groups who were oscillated. Concordaqce in our
sample‘was said to exist if both neuroticism and extraversion scoz;es were
above or below the mean for our sample. This differed from the pijocedures
of Mangan & O'Gorman in two‘f"Wa.ys: (@) Our mean extraversion and neuroticism
scores were higher and lower, respectively, than theirs, and (b) they ilsed only
subjects whose scores Were extreme (more than one standard deviation), Be-—.‘
cause both of the abbve restrict the range in our gample, 1t is felt that our
test of their results would tend to be a more conservative test of the hypotheses.
The initial amplitude and proportion of the decrement scores for each of
our ﬁwo nystagmus groups (groups I and [I, Experiment I) were converted to
standard scores, and the data from the two groups were combined and then
correlated with personalily scores in the following way: (1) Neuroticism vs,
amplitude of the orienting response, and (b) concordance of neuroticism and
extraversion v, habiluation of nystagmus,
The correlation between neuroticism and initial value (r =, 10) was not
significant (1* = . 32), but was in the predicted direction. The correlation he-

tween concordance ol extraversion and neuroticism with habituation (r = -, 25)
was significant (P =, 01), supporting the hypothesis of Mangan & O'Gorman

(1966) that habituation is slower in persons in whom extraversion and neurot-

icism scores are not correlated, vevsus those in whom scores are concordant
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{ | . (i.e., high N and high E, as well as low E and low N).
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cei = - —Experiment II
Individual Differences in Vigilance Tasks of Differing Complexity

Introduction

In Experimeni I, Parl 1, the two-channel version of our vigilance task

was administered to 100 subjects, half of whom were tested during vestibular
: - stimulation and while nystagmus was recorded and half were controls. In

this  study, habituatioh to vestibular stimulation and vigilance decrements

covaried (r = .93), cven when '"lime" effects were partialled out (r = . 708).
Mcan differences in vigilungc performance were not obtained between the
groups who did oir did nol receive vestibulur stimulation.

; In Experimént I, Part 2, personality and cxposure history‘scores were

| studied in relation to performance with the following results: (0) No clear cul
| relationships beerreen subjeet variables (c.g., hours slecp) and performance

were found, (b) the pusitive relationship between introversion scores and vig-

A

v Sy

ilance performance found by others (Bakan, 1963; Bakan & Toth, 1963, Broud-
bent, 19568; Buckner, 1963) was not obtiained, (¢) o person's "ubility" to por-
form this vigilance task (defined as his score on five minutes of the task carly

in the session und when the group's performance was highest) and the propor-
1

1o~

T where o= the ability scores above and

tion of his decremaent (defined as

| L = hig score lor live minutes late in the session when the groups' porform-

ance was lowest) tended to be negatively correlated (1 - -, 185), bhul were not

significant (P = .006) by two-tuiled (ests. This lntter result is in conflict with
iy the results obtained by Mackworth, who found that subjects who doetected more
g

signals carly in the segsion tended (0 produce less doerement lnter {eited in

At e
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Broadbent, 1958, p. 143).
The task in Experiment I differs from most other vigilance tasks where
individual correlates of performance have been found. In our task (e.g., two-

channel auditory monitoring), the subject monitored signals of two different

tonal qualities and he performed more complicated mental work than merely

detection of tnese signals. On the three-channel auditory version of our task
(Kennedy, 1971), almost no subject is able to obtain 100% correct for any fi.ve—»
" minute time period in a 60-minute session. (Channel as used here refers to
separate discriminable tones rather than different sensory input systems ' : ‘ 1
(e.g., vision,. audition, etc.), When one serves as a subject wn our three-
channel task, Be‘ ﬁa.s the impression he has three separate bins or registers
which are continually changing in state, and which are continually cleared or

emptied and then filled again, Most persons feel overloaded as they do this

"

work. Performance on three~channel visual (lig.ht) monitoring is about equal
to two-channel auditory performahce (Kennedy, 1971), It was hypothesized that ' . i
the complexity of our test might be the reason for the difference between our
results and those of Mackworth, and it was felt that our three-channel test )
would increase this difference, while the one-channel performances might be

more like those of Mackworth, Turther, perhaps study of a simpler version

and a more complicated version of our task would produce an interaction be-

A e Ciiald

tween introversion scores uand performance. Specifically, it was felt that
introverts would perform better on the simpler task and less well on the com-

plex task.

i
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To test these hypotheses, to extend our experience with this vigilance

tusk, and to examine subject and other personality variables, it was decided

lo expose a large population to the one and three-chanunel auditory version

‘of this task,
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Apparatus and Procedure

All subjects in this experiment heard the sume auditory signals for u 60~
minute session, The signals were three tones recorvded on a magnetic tape as
described in Experiment I,

'l‘hg subjocts for the present experiment (N = 206) were student officer,
Naval aviation personnel druwn 1‘1;'01'1'1’ the same population as deseribed in Eﬁpmm
iment I, ‘l'esting was accomplished during their first week in'vtho Navy l.)cx:uu;w
this would obviute communicution about the test‘ between persons who had ul-
roady t;.x,ken it und those who had not, Additionally, past experience suggested
that at this time in their training, these mon are highly motivatoed Lo 13(3 coop=
orutive in experiments,

The task for ull subjects was essentially similar: The subjects Wero
saiated in o lesting room in groups of 8 - 12, All were given 1'(.\spunm"k.(\\"s
and instructed to listen for a high, o middle, and o low tone, Their task duving
this ten-minute practice session was to count the low tone's occurrences and
when it had sounded four times, they were to ... push u key and begin count-
ing fo four aguing repeat until told to stop', They were told to ignore the high
and middle tone,  After the practice scssion” the subjeets were randomly
assigned 1o one of two groups, The experimental conditions for the two dif-

ferent groups woere:

One-chunnel task: These subjeets (N = 124y were instructed that they were

The previous study (Kennedy, 1971) suggested that a ten=minute prac-
tice session was sufficient to remove the main effects of learning from sub-
soequent sessions,
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{o monitor the low {one as they did in practice (count to four repeatedly, etc.)
for a longer (than they did in.‘practice), but unspecified period of time.

Three-channel task: These subjects (N = 82) were instructed to monitor
the low tone as in practice and also to simullaneously, hut ihdtépendently, mon-
itor the middle and high tones in the same way.

Prior to the pructice session, all subjects filled out the pre-experimentation
interview L'Qx'm (Appendix D), In addition, scores of ext aversion, neuroticism
and field independence were obtnined (Appendix A.).

Percent correct scores were obtained for encn gubject for each .ol‘ 12 five-
minutc segments in his 60-minute éession. Percent c:ofrcct wis used hecause
it permitted o divect compiarison ol performances of the one and three-chunnel
tusks, and percent correct had heen shown to have the highest intercorrelation
of sovu"fnl'nppm'ontly v lid methods ol"“scoring (Kennody, 1971),

In our study, vigilunce performuance was measured hy (-onn_)uting' slope
("b" in the formula Y = a 4 b X) and using Ht ag 0 score, The "proportion of

the docrement! wus caleulnted also by Bt t)

Y
V)

where I performance carly in
the session, and L = performance late in the session,  Barly performince

v . 14 . , .
was defined us 0 - 5 or § - 10 minule  segment scores,  Late performance

wus defined as the 56-60 minuie segment, It was felt that early performance

would provide an index of the personts ability on this tusk, but that the propor-

tion of the decrement would indicate sustained vigilanee on this task, Pearson

18
Whichever was higher for the group.
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product-moment correlation coefficients were used to describe the relation~
ships between individual differences in vigilance performance and the various.

subject variables,
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Results

Figure 13 shows the mean percent ccrrect performance in different time

e Y TR

\ segments in the 60-minute session for the two experimental groups. The two-
Iy : ]
') channel data (50-minute sessions) from Experiment I, where vestibular stin:. }
? ulation was used, are included for comparison, As expected, one-channel
{ monitoring is superior to th1'ee-channe1 performance, an advantage that was 4
' significant (P < .01). The absolute decrement is also gignificantly greater in |
O . 5
the one-channel group (P « ,01), The relative decrements® are about the
; same for one, two, and three-channel monitoring, about 16~20%. . |
; R " A correlation matrix is presented in Table (> and contains relationships j:q
| between the vigilance task, personality, and questionnaire variables, Per-

sonulity and history mean scores were not significantly different froni those j
reported in Table 1, and are not reported, §
‘ It appears fhat early (or ability) sceres on the one-channel test (variable i
E 1-VB-1) are correlated with field independence (VB-5) number qi‘ kours |
sleep (VB-10), and the subject's estimate of whether the number of hours
g was sufficiont (VB-11), The segsion mean is also related to sleep, Other ;
'\ than these relationships, performance on the vigilance test does not appear i
to be predicted by interview or personality, i
; Of the relationships of the performance test measures ulone, ability i‘

(VB-1) is correlated with mean performance (BV~2) and with slope (VB=-3)

i
194, e. , if regression projections are made for 50-60 minuie performances ;

in the case of two-channel testing orif all decrements are culculated at 40-50
minutes where data is available for all four groups.
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. B

the latter probably the result of the initial vélues effect (Willder, 1950, 1962).‘
While ability is not related tb decrement (VB-'4), the mean is, The two indi-
cants}: of vigilance (VB-3 and 4) are correlated with each other. Table 7 con-
tains the same variables as Tublé 6, but for the ‘three—dmnncl monitoring
t;zsk. Field independence (VB=-5) is again fcel:lted to mean perforhumce (VB-2)
and is in the same direction for the other ability méusure (VB~1) as in Table
6, 'whcre significance was obtained. EStilna.ted fitness (Vl§;9) is related to

3 decrement (VB-4), but other personality and questionnaire scores were not

related to vigiluncé. It should be noted that ability (VB-1) on this complex

vigilance task wus related to decrement (VB-4), whereuas it had not been for

‘ :

one~channel monitoring (Tuble 6), This relationship, along with the result
.\ from Experiment II, is summarized in Table 8, The interrelutionships of the y
‘ o ‘ 1
other vigilance variables arce essentinlly the same as for one~chinnel moni- ]

toring,

.

Cataat i

The percent ol the subjeets claiming that they were [it, had no drugs,

e

¢le., was essentially the same us reported in Experiment 11; generally over

909 responded in the sume way, This low variability suggests that the obtained
correlations hetween vigilance performiance and questionnaire items (lables 6

and 7) should he interpreted with caution,  They are reported here beeause

20 .
they were caleulnted? , and beeause the snmple sizes were somewhat larger

il
The deseriptive statistics [or Experiment I and II were all ealeulated '

at about the same time and so the correlation matrices were aviilable when
the low mean variability in pre~experimentiation interview response wius i

found to exist.
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than those in Experiment' L.

Support for the finding (Ba.ka.ri, 1963; Bakan & Toth, 1963; Broadbent,

1958; Buckner, 1963) that introverts are more vigilant thah extraverts was:
not obtained, é.lthough the correlation between: vigilance a‘nd extraversion ob-

' tained in one-channel monitoriﬁg was in fhe predicted “directiony (r= .‘14) and )
was significantly different (P < .01) from that obtaiﬁéd for three—'cha.hnél ~

(r = -.10) monitoring.
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Discussion and “Conclusions | T o B ¥ ST

It was ‘shown that it is posmble to obtam a. tlme-course scere for a given
1ndiv1du11 and to relate this score (slope or proportion of decrement) to cer-
tain subject variablee whlch loglcally should determine \rlgxlance behavnor

(e.g., sleep and fitness), and to some extent to personality, vxz., held mde-‘

p‘endenee and extraversion.

The 1arge number of signals presented in our vigilance tests allow us to | o 3

calculate a number of scores for each perso‘n, and therefore a fine-grained.

o

| analysis of pe‘rfo‘rmanc , over time ( an ho caleuln ted, I most other .§?{gilaxlee‘ o | o
studies (e. g. , see Buckner & McGrath, 196.3), 80 few sxgnals are uscd that -
group compamsonb must usually be made in order to study thc cffects of viar-
‘ious ‘e.xperin‘iental treatments, and the mvesngatwn of ‘indiv‘ivdu‘al difi‘ei*“en'ees‘”
is oply possible py uging extreme groups.‘ |

While the significant subject varmbles that were Jouud in owr study require‘
cross validation, the present study reports on a vigilance task which cun be
scored in ways which avoid some of the shortcomings of‘vig'ilzmce tasks with

. o ‘ few signuls, For example, the original ‘st‘udies’o'f vigilance were designed (o o :

investigite performanee during long term 0;;<p()buro to infrequent, weak signals

(Broadbent, 1964), Many of these studies merely compuare the number of de-

tections during the Lust half hour of a watch with the first half hour, However,
when there are fewer than ten signals (chances) in an .ntire (e, g., 90 minutes)

watch, it is difficult to plot a person's "vigilance' over the watch, thercfore

pooling is usually done over large portions of the watch and often over subjccts, i
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~as well,

©
b

gy
e e e B

b It is felt that proportion of the decrement and slope over ti.me are better
¥ ‘ ‘

. :

: detimtxons ot the construct "v1g11ance'i zmd they are Iess mfluenced by an

ablhty to pert‘orm a pa rticular kmd of work, than is the average number of

e R At T st et

hlts in the last third of a watch, .

L T T

It should be noted that the similarities and differences in the correlations

betwcen pcrformdnces on the one and threc-channcl mbks suggest that while

kT

' thero are ‘common elements in vigilance, therc are also probably task- spwmc

- mcto‘rs. Two of the results mentioned above are 1mportant in this regard: (d) A ]

good «lblllty score on three-chdnnel auditory monitoring was positively corre-

lated with a subsequent decerement, threas in Experiment I, Part 2, on two-

channel monitoring, this relation was barely insignificant, and again in the
.present study on one-charnnel monitoring, ability was less related to the dec-

1'emenl£2_1, and (b) significantly different “relutionships between high scores on

an extraversion test and performance on three-channel vs, one-channel mon- A

itor"in_g were obtained (P < .01), although neither 1'elntiouship alone was signif-

icantly different from zero.
These two results appear to conflict with findings on the individual differ-

ences in vigilance performance reported elsewhere (Bakan, 1963; Bakan et al,

21The. inability to replicate Mackworth's (cited in Broadbent, 1958) finding ;
on our one~channel test may mean that an even simpler version of our test might .
be required to obtain the result that a high proportion of detections early in a '
session is predictive of better vigilance. Unpublished observations indicate
this to be so when the subject monitors two-channel signals, but presses for
each occurrence, rather than counting (P <« .001) (sce Appendix C). E

, \
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' 1963; Broadbent, 1958; Buckner, 1963), and a rationale is offered herewith

in ‘z‘m e‘ffo‘rt to incorporate both results. It vis felt tha‘t thésel in‘vd.ividual dif-—
ferénées represent méa,surable factor; m individual Styles of informatioh.
processing; | | | | |

It i‘s‘ sﬁggested that there are Vtwo main kinds of‘ people or st;vl‘es with

respect to information processing. Some people are multi-channel or broad

“hand-pass people, and others have niarrow band-pass filters, . ‘When channel

capacity (a.é defined previO‘us‘ly)v is constanﬁ, the latter make up for their lalc‘k
of ability to attend éimixltzmeously to nizmy thing.s“ by being able to‘sus‘t'a.‘ip“at—
teﬁtion to one class 01‘”‘0\;‘ents‘ for a long time, and ‘u.fl'e ca:liéd long-t‘,emnlmoh-
itors, A long—térm m‘onitor‘ing ability would bé positively correlated witﬁ

narrow band-pass dbility, Also, broad band-pass ability would be correlated

with short term monitoring. Therefore, it is felt that persous with high -

hroud band-pass abilities tend not to be vigilant. . (One would expect that they
would also be more cxt raverted, althouph no significant relationship was found
in Tuble 7 (r . 10),

While the data in the present paper only suggest the notion described above

22 . " ,
~and should be c¢ross-validated™, the framework offered here provides 1 num-

ber of interesting and potentially uscful lines of investigation, along with
testuble hypotheses. TFor example, does a person's band-pass ahility (broad

or nurrow) us determined by this test correlate across sensory inputls ?

227 form of cross-validation with positive results is reported in
Appendix C,
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Tasks? Is it a unitary trait? Can a broad band-pass person function well in

a long term monitoring situation with training, motivation, ete, ? Whit is the

influence of interest? ‘Stress? What is the incidence of broad baxxd~pzzss/

short term monitoring ability (vs. the converse) in the population? Can jobs'

. be classified and people better allocated to ill thehl on the basis of the nbove

relationships ?  Specifically, many occupations require long term monitoring

with relatively single channel work early in a person's career, but later in a

career the work hecomes more multi-channel, often with shorter term mon-.

itoring required (e.g., air traffic conirolling). Assuming the traits "broad

band-pass' and "long term monitoring" are identifiable and negatively corre-

lated, are they modifiable? Does the ratio of the former to the latter increase

with age?
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Introduction
The literature reporting a comparison of fleld independence (Witkin, 1949; |
Witkin, Dyk, Faterson, Goodencugh & Karp, 1962) and extraversion (E&senck, ,

| - 1952, 1963, ‘1‘957' 1963, 1964) is sparse. In one study (Evans, 1‘967‘). a neg-

1 : ative rélationship‘be‘tween field independence and extraversion waé‘repor‘ted

i for a small (N = 59) sample. One reason for the meager literature m‘a‘y‘be o B

S ~ that while paper and pencil tests of extraversion are a.vailable,'fievld‘igdépé‘m-

o dence (Witkih. 1949, 1950) is frequently measured individually by "si‘tué'tibn;';“‘,x
[ o } ‘ ' : . v o -

tests (Witkin, Lewis, Hertzman, Machover, Meissner & Wagner, 1954, p.

A g et .

! E ~ xxi). The recent (Frénch, Ekstrom & Leighton, 1963; Jackéon, Messick &

R TR T e FL R T e

‘ “Meyers, 1964) devélopment of a group administered paper and pencil‘te“g;t of

e sl

field indépendence has afforded the opportuhity to (a) establish norms and re-
L“" o o liabilities for a large popuiation of Naval personnel for such tests, and (b).
compare the relationships of personality scores on these tests. In addition,

3 : while some persphality variables would appear to be related to better pei‘form-

e L TEITEaAT 2 T TN e D R ATl R T
il

ance in aviation trainingl, most studies of this relationship have not been par-

et

ticularly successful (Fleischman, Ambler, Peterson & Lane, 1966; Peterson,

Lane & Kennedy, 1965; Shoenberger, 1963; Voas, Bair & Ambler, 1957). One

excepiion to this generality is a study by Green (1963), where a small group of

persons (N = 33) who voluntarily withdrew from training, produced higher mean

neuroticism scores than did those (N = 47) still in training one hear hence.

'The secondary purpose of the present study was to replicate the study of

1 For example, Cullen, Harper & Kidera (1969) have shown commercial air-
line pilots to be relatively more field independent than flight engineers,

i

e oAb D et o




s e e — o

-
,‘ ,98 Y‘ - e
Green (1963) in a larger popuiation and to extend the investigation to iroiude
other kinds of failure (e g, academic and flying), as well as other kinds of E
. aviation training (€. 8., navigator) It was hypothesized that high scores on
 tests of field independence and ext aversion and low scores on neuroticism
| would be related to success in aviation training. , |
i
| "
i
f |
1
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* Method

{
i - ‘i A The Gr’oup Embedded Figure’a Test\(GEFT) (French et al., 196‘3;.Jackson
l\ et al,, 1964)and the Eysenck Personahty Inventory - Form B (EPI-B)

- (Eysenck & Eysenck, 1963) were administered to over 4,000 subjects. TWo-

: | ‘ thirds of the subjects also received the Eysenck Personality Inventory - Form

T e A T T

A (EPI-A) (Eysenc‘k & Eysenck, 1963), and one~third also received the Maudsloy
Personahty Inventory (MP1Y (Eysenck 1959)." The subjec’te were all =tudent‘

i | ‘ Naval aviation personnel about two-thirds of whoin were student pilots, oalled

Naval Aviation Officer Candidates (AOC's); the rest were non-pilot Naval Flight |
Oi‘ficer Candidates (NFO's) (e.g., radar intercept operators, navigators, ete, )

A high score on the GEFT secved as the measure of field mdependence. Extra-

i' SRR , versiqn/neuroticism was assessed ‘by‘scores on the MPI, EPI-A, and EPI-B. ‘ "

The EPI's'a'lso have a "lie" “ecore adapted from the MMPI lie scale (Buros,

S S Sy

: 1965, item 93). o o , - o -

' The students were tested early in their training; the GEFT and one extra-

version/neuroticism test (either EPI-A or the MPI) were administered during
" the students' first week in the Nuvy, and the EPI-B was given in the ninth week.
Viriually 100% of the student input tu aviation training between October, 1967,

and October, 1968, was tested. The MPI and EPI-A were both interdigitoted

throughout the year.
All experimental variables were entered into a correlation matrix, along
with the existing Aviation Selection Tests (Ambler, 1968). The latter are
* paper and pencil instruments, and include a test of numerical and verbal

ability (Aviation Qualification Test - AQT), mechanical aptitude (Mechanical

X ! : . i : 4 B R R T AT P T R T 17
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:,Comprehensioh”'i"est - MCT), spatial orientetionv('spatial .‘Apperlcep‘tion Test—

SAT), and a demographic questionn.air,e.‘ (Biographieal In-vehtory). ».Scor,es. on

these tests are used primarily to select (screen) applicants,for Neve.l aviation
| _’trainihg. In sdclition, certai'nl'combinations of higher scores on“thesetests ere’ -
also indicative of hiéher likelihoods of success, once'a person is.vin training
o (Ambler, 1968. Berkshire, Wherry & Shoenberger, 1965) For the momt part

;j', ‘ C L these tests were standardiaed and validated on an AOC (vice NFO) population

.f,,

ek

' 'rhe Aviation Selection Test scores and those of the personality tests were '

~""i compared with the dichotomous criterion of pass/separate. A person who

"passed" was one ‘who graduated, and received his wings; "separate" was

used for persona who did not comi)lete,.traihing for any ‘resson. The training o o ‘:
proéram req‘uires het\eeen. 1é"-7 18 rnonths, depending on the type of training o 1
: (pilot, navigator, etc ). | R - : a ) h | o o |
3 ‘ ~ The Wherry-Doolittle method of multiple regression wag employed to deter-— ' A - ‘

P mine whether scores on the personality tests were predictive of success in
traming, and aleo the extent to which these tests added unique variance not
presently predicted by the Aviation Selection Tests (Ambler, 1968;_ Berkshire

et al., 1966; Fleiscliman et al,, 1966; Peterson & Lane, 1966). -

- The population (N => 4,000) was divided evenly into an empirical evalua- |

tion groub, and a cross validstion group. ' Each of these groups was subdivided

into ah AOC group and an NFO group.
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respectively. It may be seen thdt higher scores (more field independent) are

obtained by student pilots (AOC's) than by non—pllot personnel (NFO's) (P < 05)
: published norms on nll three torms of thesc tests (Eysenck 1909 Eysenck &

the osth percentile. The latter differenees between AOC's and NFO's was sig—

. ‘Selection Test. variables, dnd it should be recalled that tl\esc tests were origin-—

. . . .o . . - A e e PR RN FYRAIIY: 7 LTI Ok | LA r g 0 o0
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Results " . _‘ e S . : ‘ s
i N ~‘ “ !'., v I 'i. ‘,. .'f‘.' M ‘.,." .
" Tables 9 and 10 contain descriptive statistics for the A()C s “and NFO's,

n

ot

Extraversxon scores for both groups of subjects (AOC and NFO) are higher than N

h

Eysenck 1964), AOC's seormg at about the 60th perccntile, and NI‘O's about '

nificant (P < 05) Neurotieism mean scoreswere lower thun published norms

for both groupq ‘with AOC's (ZOth percentile) bemg significantly (P < .05) lower.

than NFO's (zsth percentile) 'I‘he lie soores tor both groups were at about the

59th petcentile, but sigmfieantlyl lower scores were obt,tined by NF O's (T’ < Oa) |
There were mean difl‘erenees between AOC's and NI‘O‘ s on the Aviation

ally constructed a8 te’sts for student pi,lots (Ambler,, 1,968).

Table 11 contains mtercorrelations ot personality tests for the two groups

of aviation personnel (AOC and NFO) who receivcd the LPI—A and the two who

received the MPI, In pilots (AOC 8), field independonee is negatively correlstcd

with extraversion, but this reletionship was not found for the NFO groups. _ All

other relationships were essentially similar in the two groups ) namcly (a) r'xtra~ | “..i‘
version was sigmficantly negatively‘cc_«rrelated with_neuroticisni‘,'--,(b) relisbilities _ | ;
on two tests ee.eh of neumticism,and extra_versibn were'only'nioderate (r -:-.-: 88y, | “
(c) reliabilities of lie scores on two tests were low (ra-: + 33), (tli-l‘ielcl indepenf | K ‘g;
dence geores were cgsentially uncorrelated with other variubles,' and’ (e) lie “ o “

‘ &

SFPERRE Y




-y g g T T T W Sy T A ey T DT e T LR T TET L T e s e T

b ms

Y bt

|
!
|
{
!
|
i

It
PRVS——
ot

ANy,

L
P

<102

NG

U

i

ctan=2d 4 200 RS

e I -0 8y . €9T < 2691 0 = 9jexedsg/1 = ssed "SI
s . .6 -%. gl - e9 g99T © : gvd vl
S - R ) S 90°31 - 06°T¥ - 899FT - g el
S S H : 88°G "S6°13 L99T : . 1vs -g1
4 o - 6872 . 69765 L99T : ‘ CLOW 1T
R © - gII-6b.. 89°0T. - - 28°#8 8991 E 1dV -0t

L -0 WI S <25 R -7 S ‘ 21008 ar1 € Idd 6
8T -0 .. 0S°8 : 16°¢ - g821 ‘ wsoyoineN d Iad  °8
o 2 -v. .- 8¢ . gL9t 68321 - - uoiszeAenxy € Idd -
P .8 -0 C9LT - gh'e R A , 21008 91 VIdd °
Y ‘ gy ¢ 99°g ” LSY - wsoyoImeN V Idd
oo e -g&. . II°% 0T°81 S . uolsIsaenxy Idd
s - v -0 . I8 92°21 0611 © wsoRoIndN IdW
sl o 8 -3 8074 68 "08 0611 ‘ uorszaAenXd I °
R AEPRE T < . L0°9 45 2T 0%91 aouapuadepu] pfold LAAD °T E

22
f

© o
&~ ®
)
0 -

»

3o andupds

i

SIS A

EAN] .

\gu
i

-

G-

N ™

. o ‘ uoneIA’(Q
paepueis

s

uedy N ‘ ‘ o BIqEIIBA

tia v ibat e

FRISRERST it
RO~

NITIEAR T AT
\

(s,00V) s1o11d Juopms 10} SSIqELIEA TEIUOWIIRdXY I0] ‘moumvﬁw 2AndiIdsadg

Lo s s dTEvL . |

/
et

.
seit U wal 0

t
i

i s ; Soi ERPR o : g - i g R L » " O U G A o B . "




T NPT T R T AL ancariie e
I L N F A

v

'[\’I‘F.""“"v'_‘.T AR L

e G

bETy

103

9 -0

08 -%
5L -82
{1y - 28
8 -0
0z -0
62 -

02 -0
82 -2

&% -0

W -4

.2 -0

oduey

3L0 2L - 0 = ajexedas/1 = ssed "SI

g 01L avas Pl
96 ‘3¢ 01 g eI
9L°61 112 1S 21
LL°9G 1L LOIW °1IT
09°c8. I12 1OV 01
EG°1 109 81098 91 9 IdI 8§
¥£°9 199 wsionoanaN g Id3 '8

- 60°9T - 109 uoisxoaenixg g 1Id4d  °L
c9°g 691 21008 AT VIdT °9
€9 691 urs1onoInaN v idd  °S§
0€°21 691 uolsaaarnXyd vI1dd ‘¢
99°¢1 926 wsonoanaN Idiw g
8862 93¢ uoIsIBABLXH IdN °Z2
29°e1 ¥89 aouapuadopu] pRld LIAFD 1
uesly - N Sa[qRBIIBA

(s,04N) SI201J0 Y3111 TeARN JUSPMS I0] SIJqBIIBA [ejuswlIadxy o] sousnels sandiaossq
01 I IdVL

uonyeras(d
: m.nawaﬁm

. " .
PRPCAVEURG AW E COPUPLTIELY,

SYDel L e Ll

i ol i




G - T T 3 R T 0 .
I it Sacs H B N .

L AT Y YRR

104

[N S—. — e = =

"100°> d 107 X yo sanjea aoueoyIUSIS PaTIE}-OMLy .
‘ : : "PRUITISpUN 318 SJUIIIIFO0D AI[IqRI[aH- "9J0N 3
L op1-=0T"x - H o ‘ 3
991°=90"1 161z -=10"1 16,3100 1 ;o5 1| - 980 "= 0T"2 £107 50" 1207101 197-2100 " :19¢_ oaoqm
S o ‘ g7} 21098 317
S60° 818"~ (N) wsIonoInaN
o892~ . 918T- 670 - £6T1°- (&) UOISIIABIIXH
0818 " 890°- 800° | 9%e°  ZIT - 820" (1D 31095 oI
S60°- 839" 660°-| 091°- 8L2°- 899" 8PI°- | 1gg°- (N WSION0INaN
$2z°-  168°- BE9- | 020°- 88Z°- 880°- 88%°~ ¥19° |s8g0"- gcz°- (=) uolsrosBIIXY
LL0°- 160" L1S0° | 8TI°- 2¥0°~ 390° |80~ L00° S60°- |6T0°- S10°- ©0I°- (1d) ooudpusdepur oLy
T . ~ N "4 T N ~—a T N T3 T N q
CV-Idd g-1dd v-1dd a€-1dd
| ‘ 180°=0T 1 ‘
9609071 1177 <10 1 77 -_T00 1 sgpp g 850°=0T"1 1690 <%0 " 1060 =10 "x 1,617 =100 "1 515 oz0ym
o : ‘ - ‘ : (N) WSTON0INBN
- 953 - 202~ @) UOISIdARIIXY
012~ 180" 203"~ 20°- (D 31008 811
099° 91z°-{ 052"~ . 09° 912°- |182°- ) WSI1ON0INaN _.
SST°- S09° | 050"~ 2Zcoi°- 981"~ 815" |¥60°- 61z°- @) UoISISABRIIXY w
030" 020" [SO0° TO0" 190" £50°~ ¥S0°- |220°- 819°- 110°- (1) 9douepuadopuy prorg E
N_ H T _ ~N & N 4 T "N o ECEE 4
IdW g-1d3 ‘ IdIN g-1dq
{8.004N) STOTId-NON {S.D0VN) s1O0Tid

 S)USPMIS UOBEIAY jo SodAL oM, ur
9ouspuadapy] pIa1d IIim WSIONOINON /U0ISI2ABNIXY J0 5159, Surredwo) seorayepy UONB[2II0D

I ATdVL




gt r A A e AR

105

scores were negatively correlated with neuroticism and to some extent nega-

1, Y
.\‘l 7 \

tively correlsted with extraversion (the latter relationship, while generally

negative, was significant [p<. 05] in only three out of 12 comparisons)

The results of the multiple regression analyses showed that AQT field

independence, and low neuroticism scores were positively related to success

. in training for the NFQ group (P <,01, N = 590). Mechanical comprehensiOn

(MCT), field independence, and low neuroticism scores were related to sic-

* cess for the AOC's (P <.01, N = 1199)‘. In the cross-valida.tion groups (N =

5‘73‘ snd 1265; respectively), the same varié.bles were slso significantly related
to success (P <.01). | | |
Table 12 contains the means and standard deviations for the cross-valida-
tion groups for the Awation Selection Test variables, as well as I‘orm B of
the EPI. These groups do not di ffer in any important way from the two de-
scribed in Tables 9 and 10, Tables 13 and 14 show the correlations of the
personality test scores with the Avistion Selection Tests. In both groups, ‘
correlations between fielcl independence and tes’ts of mechanical (MCT) and ‘
general intelligence (AQT) were significant., Further, the Biographical In-
ventory was positively related to extraversion and negatively related to
neuroticism. In the NFFO group (Table 14), extraversion was negatively re-
lated to field independence, 'unlike what was reported in Table 11 for a sim-

ilar Nx'O group. Other interrelationships may be seen.
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Discugsion
e | | The results of this study provid‘e normative data 2‘01" extra.veréion, néurop— \
S " leism aﬁd t‘ield ‘independet}ce s‘c‘qres for two groups of studgnt Naval a'viatioh E

‘personnel, Although statistically sig'nificant diiferences between groups were

obtained for these variables, and for the Aviation Seiectiot; Test scores, the
‘ o practical significance of the'di‘fference‘s depends in large part‘o“n thé"‘_gse to be
made of these ‘data. For e¢xample, in secondary s"elgction using multiple re-

gression techniques ‘(where‘sé‘ores on many variabiés for many subjects are

6ompared against a criterion of pass/not pass) prediction statements which

are cven slightly better than chance can provide suvings in training costs and

- be advisory for the students, as well,

vOn the other hand, mean differences of less than five percentile points as .
obtained here a‘re'pro‘babl‘y of small impor;ance in mpsf other ‘circufnstances
(e.g., in describing differences between these ‘gr.oups). ‘ \ o | : i
s | The relatively higher mean scores for cxtraversion obtained by this popu- | 1
| lation support the popular view that aviators are extraverted individuals. How~

ever, extraversion scores vn these tests were not predictive of training success;

thus, the high scores on the extraversion dimension seem to be associated mainly

with volunteering for aviation training. However, the possibility that the relation- o
ship between training success and the extravert continuum is non-linear should be l ]

studied. For example, in the present study, the relationships of extraversion to
field independence was usually negative and significant (Tables 11, 13, and 14),
but in two different groups of NFO's (Table 11) the relationship was positive

(four correlations). These latter correlations, while not significantly

RV IDURLT Y I PP

IR T L S SUNINEID L LSRR RS S Ver e



110

different from zero, wé;-e significantly different (P <.01) from the obtained

| values in the AOC groups. To check further on this relationghip, a scatterplot
was made of field independence and extraversion scores? and the scatterplot
appeared to show that extreme scores (high and low) on field independence b

were accompanied by extreme scores (high or low) on extraversion. Sixty

persons who obtained a field ?independence score more than a,‘standa.rd devia-
tion above or below the mean of their group (N = 250) were preselected (on
P - that variable only) for further study. The field independence scores, as well - ‘;4

“as the extraversion scores of these subjects were then converted to deviations

Somky e e mi iz

frém the group's moan, and the sign of the deviation was ignored, The ob- ' . ”
tained correlation between these converted scores Was r=‘. 74, indic‘uting
that relatively more éxtreme field independence scores‘ (high and low) tend | ‘ |
to be “acﬂc‘:bmpanied by extreme extraversion scores also, 'zmd the latter are |
as likely to be high as low. (P <.01) | | ' ;
~ In view of the findings by Green (1963) it wus not surprising thz;‘t high [
neuroticism scores w‘ere predicﬁve of lack of success, even though the ‘com‘-
parison made by Gireen was between voluntary withdrawal and whether a per-
son was still within the training program one year latera, whereas in the

present study, separation (for any reason) was compared with actual com-

pletion. In the present study, wuccess in training was also compared with | i

TR WL LS Y T T e TTo .t

type of separation, and this analysis showed that high neuroticism scores

2This group (N = 250) is distinct from all groups previously described.
They represent a population on whom the disposition of training success was
notl yet known, since they were only recently tested., i

3Almost all separations occur within the first 12 months.
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were more likely related to "feilnt-e" d.e., aeedemic and'flyiné failure) than
to”voluntarp withdraw‘al o |

Regarding field mdependence scores, it was hypothesized that an ability to

eeparute fig'ure from ground (and additionally be able to alternate figure and

‘ | ground) and ignore seat-of-the-pants cues when appropriate, are important . |

gkills fon “flying‘ airornft. For example, in flight there are a number of docu- -

mented incompatible control/display relationsbips ‘which 5 ptlot monitors
sinultaneously (viz., gyro horizon and VOR indicator), as well as other at—u
tendent problems from disorientation, vertigo and motion: swkness (Graybiel
1951, 1956). Field independent persons appear to be less compelled to attend
to inappropriate fields (Witkin et al., 1954, 1962), and it was felt that this
capability would afford some advantage fon aviation training success. The
sig'nificant resnlts obtained from tiie GEFT are enc}ouraéink, and future\re-
| search appears warra.nted. For example, the correlation between intelleo- o
tual abilities scores (AQT and MCT) and field independence, point out that
common factors related to flight training sneoess exist. Alsv, the Group Em-
bedded Figures Test is truly a cognitive test, ae opposed to a potentially fake-
able personality inventory. However, it is also a group-administened test,
a.nd as such, possesses the economical advantage of mass testing, It is felt
that future research should study the flight training predictive utility of a
longer (presently 20 minutes) test. Although it is assumed that field indepen~
dence and neuroticism scores are valid measures of these traits, it is inter-
esting that both variables are apparently related in the same ways to flight

training success for two different kinds of aviation training {pilot and non-pilot),

IS SR SR-DU ST
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- “even though the other cognitive scores (e g ) verbal and arithmetic [AQT]

A o : versus mechanical [MCT] mtelligence) have differential predictive ability,
v o ‘ depending‘on the type of training program. ‘ Future study~ of this similarity
might prOVe fruittul in- identifying some general training success construct
: ‘ - ’(e g., the "wirmer" notion of Bale, 1971 personal communication) In ad-
. , | dition, other avialtion specialties, where' field independence might be 4 use-

- ful t‘ra‘it (e.g., air traffic controller, sonar men), should be investigated.

The negative relationship between extraversion and field independence
| - 'supports the finding repc)rted eisewhere (Evans, 1967), although the rela-

- tionship was lower than was obtained by Evang, and in two groups of NFO'sl

(four correlations in Table 11) was positive. The correlation between ex-
treme scores on teate of extraversion and field independence (reported
above) ‘sugge‘sts the relationships between these traits as mensured by thc;se

tests, is not a simple one.

The present popuiation is extremely homogenous in age, 'IQ, sex, cdu-

cation, intereste, etc., as well as their ¢xposure history (cf. Experiment

I, Part II). Because of this, it is felt that the relationships reported here

are more likely to be conservative than if the sample were more heterogenous.

Thus, the significant relationship between extraversion and neuroticism is
probably real, and those congtructs may not be exactly orthogonal. However,v
others (Buros, 1965, item 138) have suggested that in restricted samples, oc-
casionally scores on these traits are found to be negatively correlated.

The reliabilities obtained between forms of these tests (EPI and MPI) werc

lower for both traits than is reported by others (Buros, 1965, item 138), and
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may also be due to the homogeneity of-the présenf populatjon,
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Summar
q——-ra—-l

The personality types of Field Independence and Extraversion appear to

share common attributes. Norms for a group-administered version of the
former are not available. In addition; some ‘of t'he attributes of both traits

appear to be what folklore suggests are characteristies of- aviators (c g. "

outgoing, independent ﬁexwie dnd not situation~bound autonomous) Thas; :
i! it seemed reasonable to study whether scores on tests of these personality

| dimensions might be related to success in avmtxon training. S L

The Group Embedded Figures Test (GEF’I‘) was used to provide 'field indef-

served as the main measure of extraversion/neuroticism, Two other tests

pendence scores and the Eysenok Personality Inventory, Form B (EPI-1J), ! | i
. : ' !
)
{
i

‘ - of extraversion/neuroticism were also employed (EPI-A and Maudsley Per-

sonality‘ inventory).

i ‘ ‘The population (N = >4, 000) wa‘s divided. into two‘grlou‘ps in order to be

| ‘ | : able to cross validate the findings. Two-thirds of bo'th groups were student :
.piiots (Naval Aviation Officer Candidates - AO("s), and one-third were Naval ) 5
' Flying Officers (NFO's) (navigators, radar intercept opemtors) . YV . | A

‘ The results showed that field independence, but not extraversion scores,
b i ' B

were related to success in aviation traimng (P <.01), In addition, low neurot-

P
Lo
g

.

icism scores were also predictive (P <, 01) of success for both AOC and N¥FO

groups. These findings were replicated in the cross vaiidation samples (P < .01).
Regression analyses indicated that these variables would add unique variance to
a multivariable prediction equation already in use. The lmplementation of both ' ' i

variables would nppreciabiy (P <,01) improve the existing formula for predicting

- . e &; G e e \J
NI D oo . i, . P e e ki
by e st b i AR e s D e M S 10 e e Daia sl Yo sl




. : ‘ p
separation (secondary sélection) from aviation training, .~ =~ =~ . " _

"‘"C‘o.x:relation’s_ betwéen_ q:étra?éréion “L'md field i;nde,‘pend(encg, tended to bé

négati\'e, but this relationslxip'Wam not clear cut. The‘pophlations'. ‘extra-

version and neuroticism scores were signifigantly highqr and lower, re-

spectively, than published norms. Test/‘retest‘ réliabil_ities"‘of -vEPI and MPI | .

Y .

- were low. The implication of thgsé'findings are digcussed, 'Further, norms

. and reliabilities. for these tests are pregeﬁte_d and the differences in person-

T ality.,profi‘lesk“be‘tween AOC's angi’NFO's are reported,
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Introduction
Electrb-oc‘ulograbhy. electro-nystagmography, electro retinogram corneo~
retinal potential and their acronyms (EOG, ENG, ERG and CRP) refer to methods -

of recording electric potentials from the eye, ‘but some confusion exists in their

| use. EOG, ENG, and CRP are very similar. ‘The EOG]a.nc‘\l ENG are record-

ings of changes in po‘sit'idh of the dipole fdzfmed by the potential differences in

charge between the cornea and the retina (CRP). Electro retinograms are

recordings of electric potentials which originate in the retina in response io

light. A good review of the ERG literature may be found in Riggs (1958, 1967),

A number of authors have surveyed the important st‘udies‘ of FOG and CRP

recording (Miles, 1939b; Marg, 1951; Rashbass, 1960),

The term corneoretinal potential CRP) was used by Miles in a series of

| ]
studies (Miles, 1929, 1938, 1939a, 1939b, 1939¢c, 1939d, 1940), and otolarn-
gologists and others interested in Qestibular functions have used this term and o ;

eiectro.nystagnography‘(ENG)I to refer to thé téchnique they employ to measure
eye movements., Electr'o-oculography, as a descriptive term, has been pre-
ferred by ophthalmologists and other students of visual science. Index Medicus
uses the latter as a key word, and very few corneoretinal potential studies are

referenced therein.

The origin of a large part of the potential differences recorded by EOG/CRP

techniques is probably the pigment epithelium (lamazumi, 1964, 1966; Steinberg,

1970a, 1970b). This potential is very likely produced by the "steady state

"Richter, 1964, calls it PONG,
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transport processes across the pigmgnt epithelium" (Steinberg, 1972, pers‘onal

communication). However, from inti'acellular recordings in cat, the origin of

the ¢ wavé of the ERG has also been shown to be the pigment epithélmm (Stein~

- berg, Schmidt & Brown, 1970). The similarities in site of origin of these two

| ‘i'eéofding methods suggest that confusion can result in their use, and perhaps.

CRP would be a better term than EOG or ENG.

" The literature which deals with fluctuations in the corneoretinal potential

~ (by that name) as a function of the adaptive state of the retina is meager (Miles,

1929, 1938, 1939a, ;939b, 19390, 1939d, 1940), but a number of studies have
appea‘,‘red which describe EQG changes with luminance (most of the references
reportegd in the bibliography listed Mere).

Because a frequently employed experimental procedure in vestibular studies
involves taking an experime.htnlﬁ subject from a iighted laboratory and placing
him in the dark, it w‘a.s felt thut a study which addressed itself to fhis proced-
ural problem would fmvc some utility for vestibular research, in particular,
and eye movement studies, in general,

In addition to bringing together in one source the EOG, ENG and CRP
studies which deal with changes in the potentinl due to luminance, this report
iad n secondary purpose: To report on a serics of empirical studies which
inQestigutcd how much dark adaptation is required for acceptable stabilization

of an BEOG recording,
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Lo : ' ‘ Method and Results

f:' . Procedure I

‘:; : ! . ~ Standard EOG/CRP‘records were made on a Beckmaﬁ EEG recorder, wit‘h |

- - silver electrodes. The general method has been described best by Ford & 1 H
Leonard (1958), and also by others (e.g., Kris, 1958a, 1958b; Marg, 1951; ' ! “
Norris, ‘1967 ; Perlman, 1939), Only lateral e~ movemenfs were recorded |

: in this study. A 2.5-second time constant (AC) was used because of difficul- o

g e e

ties cited by Turksy & O'Connell (1966) with shorter time constants.

Data were obtained from one subject. After adapting to ambient room

N —— - T T

{llumination (about 100 foot candles) for one hour, the subject looked between
twb pinpoint lights of low luminance which were separated by a visual angle of
20°, The initial deflections obtained were taken to be the buseline, The room
lights were theh extinguished and a calibration was obtained cvery minute for
30 minutes. The room lights were then turned on and ¢ye movements again
were measured every minute for 30 minutes.

) Figure 14 shows amount of deviation plotted as a function of lighting condi-
tions. When the room lights were extinguished, the mm deviation decreased, i

but recovered within about 20 minutes, Turning the lights on resulted in an

increase in the amount of pen deflection per eye movement, but again recovery
to approximate base line occurred, Others (Jamazumi, 1964) have ohtained

ﬁ” similar data and Homer & Kolder (1966, 19671, 1967h, 1967¢) have used a

fourth order polymomial equation to describe the function of the relationship

of luminance to CRP over time,
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Procedure 11

It is not obvious if vestibular stimulation should”produce an effect on the

corneoretinal potential, However, vestibular stimulation is a well known

Rl e £ ARSI ARt
oo T "

soporific. "‘Perhaps drowsiness could alter pupil size and directly or indirectly |

influence the CRP. To solve the applied methodological problem of recording

nystagmus during long periods in the dark, it was decided to examine CRP

changes in severél subjects (N = 7) during whole body sinusoidal oscillation
for 30 minutes in the dark, | The oscillation parameters were 500 displacement
and 30 cpxﬁ (. b eps),

The subjcct's_eyo movements were calibrated with the lights on and that
average value was tuken as 1007, 'l‘ﬁc room lights were then oxtingﬁished and
six calibrations were made every {ive mivutes l‘dr each subject while oscilla~
tibn persisted, ]~‘igu1'<,; 15 shows that, as before, an initial d‘rop occurred and
a recovery appeared to he present after about 20 minutes., Figure 16 sh(;ws
that no systematic change oceurs within a ealibration period,

Procedure III

To check further on CRP changes with time in the dark, the 50 subjcts
described in Experiment I again were adapted for ambient room (laboratery)
luminance, and were then tested on three occasions: (1) After two to three
minutes in the dark, (b) after 20 minutes in the dark, and (c) after 70 minutes
in the dark. Between the second and third calibration period, the subjects
were oscillated for 50 minutes (750 displacement; 12 cpm),

Significant differences betwoeen the first and second calibration periods

) b i e A e M L e At A e
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were obtained (P <.01), and this is to be‘expected because of the drop in pd-
' tential which ocours when light is removed (the first being lower)., The ' 4

difference between the second and third calibration period was not signif-

-

icantly different from zero (P :.3). Calibrations were not obtained under

room illumination be cause of the other constraints of a longer experimental

|
“ l procedure of which this was a part, 3

L
; |

L
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Discussion and (‘onclusions

The. results of this study are in accord with the' ftndings in the hterature

(ef bibliography). After the cye has been adapted at a spcc.‘.fic luminance level,

. the corneo retmal potential will chdnge when luminance is changed If luminancé

. .\, .

is reduced the potential drops 1mmediately, but a rccovery essentxally to the-

initial level occurs m about 20 - 30 mmutes, e.vcn though no changc in zqmlncnt

vconditions are made. Under Procedure III, it is likely that the signiflc in d_xt-

ference between the firsti.and second calibra.tlon is due to the ettrly drop in
potential during the first calibration, Apparently after 20 minutes the‘cyc ‘

reached a relatively steady adaptive level which did not change nppreciz‘nlal.t( hy

70 minutes.

From a practical standpoint, part‘iculn.rly for vestihular intvesttgtittoiis, this
study showed that 20‘minutes‘ of dark adaptation shouldbc allowed to control for ' |
the ‘.‘fccts ‘of changes in CRP with time in thc da.rk, pztrticulu'rly whcnhystué-
mus amplitude is a variable of interest, "

Checks for systematic changes were made in Experiment II wtthin a caﬁlibrai— :
tion period., While none were found, this does not rule out the possibility that
some might occeur between calibration periods,

It is felt that since CRP appears to be sensitive to changes in the aduptive
level of the retina whether the changes are induced by light or by breathing dif-
ferent gns mixtures (Fenn, Gulambos, Otis & Rahn, 1949), perhaps this method
should be explored further for its use as an index of the adaptive level of the eye

under conditions where ERG is difficult to perform.
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Backg .rouﬁd | |
A reliable procedure for measuring nystagmus habituation is presented in
Appendix E. One way to detcrminé whether nystagmus ha,bitua tibn co‘-varies
with vigilagce or alertness would be'to obtain an independent ‘méasure of alert-
ness and correlate it with nyswgmus concomitantly elicited. Mackworth (1970)
‘has suggested this hs a profitable line of research, particﬁla.rly with regard to
individual dit‘fereﬁr:es.

The general vigilance tasks reported in the literature (see for example

Buckner & Mcqrath, 1963) are not adequate for the purpose of correlating | | x
nystagmus and vigilance, since nearly all tasks have wo few signals per ‘sub‘-
ject, per session (e.g., nine in 90 minutes), that a fine grain analysis of

performance correlated with ‘nyswgmus over time is not possible. Addition- |

ally, most vigilance tasks reported in the literature are vigual, and visual

stimuli inhibit nystagmus (Guedry, 1965; Wendt, 1961).

A ta.sk‘which could obviate these shortcomings und be modified for vésv
tibular studies is a little used counting task (Jerison, 1956, 1956). The
original idea for the test was suggested to Jerison by J. R, Steele und W, R,
Miles (Steele, personal communication, 1970), Miles noticed his inability to

keep track of a number of events with different states during his own exposure

et m 5 S A e it =

{0 u noisy environment!, Stecle, while working in a nephrology laboratory,

observed wide individual differences in several technicians' abilities with ' ’

Iprofessor Miles was nearly 70 when this observation was made, Dif-
ferences reported later in a young and middle aged group suggest age may
be an important variable in this type of work,
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regard to the number o‘fukidneys they were able to keép track of. Their task

was literally to count the number of drips from each kidney that they monitored
o , and technicians appeared to differ in their a‘bility to monitor adequately several
kidneys. Using these ideas, Jerison programmed three lights to flash at dif-

ferent frequencies (4.6, 9.6 and 6.5 times per minute in the 1955 study, and

6.3, 12,0 and 4.6 times per_minute in the i956 study) and‘ showed ‘thalt, ‘in gen=
eral, performa.nce degraded more under noise t‘}vzan‘ quiet (Jerison, 1956, 1956),
but tﬁé relationship was not simi)lo (see also Jerfson, 1959). |

Another study with this task has been conducted by Helper (1957),‘ who also - ‘:‘
compared performance in noise (110 db) and quiet, but while GSR, heart rate,
and muscle tenéion were recorded (his lights were presented 11,1, 6.7, and
’ . 4,6 times per minute). The results of that study (H‘elper, 1957) showed that
noise did not disrupt pexjt‘ormance, . and in general, mean heart rate was cor- |
, related (P . 065) with the total number of the subjects' correct responses for
] a one-hour session (N = 24), In addition, skin conductance tended to be higher
| during the noise conditions, and the author concludes that since performance |
did not differ in noise and quiet, perhaps performance was maintained in noise

at some higher cost physiologically.

Another report of this test (Kennedy, 1971) was largely methodological in

nature, Scoring methods, practice effects and visual versus auditory presenta-

tion were studied. In that study, four forms of the task (signal rates were 8,

o et eeames ieo _eememe

6, and 5 per minute) were administered over four scsalons in countev-balunced
order to 16 subjects. Three of the forms required auditory monitoring (one,

two, or all three toneg), and one required visual (three lights) monitoring

3
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(s'ir'n‘ilar to Jerison, 1955, 1956; I-ielper, 1957)." Visual performance was super-

jor to auditory performance; the auditory performance was a function of the num-

ber of channels monitored. A ten-minute practice session was given before

!\ ‘ | 'session‘I, and no learning effects appeared evident over the four sessions there-.

? ‘afiz.e.r. Among the six scoring methods ﬁsed, "'percent, correct' was considered

: beﬁst.‘v Decrements in performénce within sessions vmre clearcut ixi all but f,he

. three channel a.udifory test. Intbra‘—ltask corfélations over‘subj eets were high'

| | (r >.75), while inter-task correlations sﬂowed only 20‘ percent common variance.

:f | In ad‘diti(m‘ to the investigations of Jerison (1955, 1956), Helper (1957} and , | ?

% Kennedy (1971) and those ‘cohtained in the main body of the present paper 1

f (Expe‘riments I é,nd 1), several other studies have been conducted with this 1

i tést which have not yet been published. The presentation of these unpublished : E 1

" studies‘will‘t‘)e the purpose of this report. E
. k
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E Méfhod'zind Results
1, Performancé in !'per.cent‘correct?'i for three channei Qisﬁé.l and Ilfor“
three ch;nﬁel aﬁdit@ry monitorin“g was ‘ca‘llculated in Mo Ways for 16 subjects
(Kennedy, 1968): | |

) Z'{HI+HH}
L {Hy + Hyp + Cyp+Cp + O + Opp }

and

L{Hy +Hyp +Hyy + Cp+ Cpp + Cpyp + Oy + Opp + Oy |

where H= hits; C= commision errors; C = omission errors; and I, II, and
I = Ulow, middie and high tones (channels) respectively.

This analysis was performed in order to detérmine the reliability of scores
obtained by the tallies of zill i‘esponses of a: subject on 4ll three channels versus
scoring only the two perfectiy regulav channels (cf., Figure 7). The results
showed that an abbreviated scoring approach resulted in little loss in rclia‘bility‘
(r=,9 ond ,98 for three channel visual and auditory scorings, r‘espectively)‘.
This finding suggests that when three channel testing is“ to be studied, one can
avold recording the subject's responses to the third, slightly irregular, channel,
This reduces by about 30 percent the amount of scoring that must be done. In
addition, and more important, since the high channel is the ouly one that is not
perfectily regular (cf, Figure 7), it is the only one which necessitates a record
of the stimulus in order to be scored validly; the other two do not,

2. Experiment I (Figure 8) showed that two channel auditory vigilance per-
formance wag essentially the same whether subjects were tested in the dark

during protracted whole-body oscillation or whether tested in an op:n classroom
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‘ compared the performances of subjects who were tested in. shielded cubicles (N =

67) with the performance of those who were reported on in Expc.riment II tor ohe-

channcl monitoring (N = 124). In a.ddi,tion,i an attempt wa.'s made to influence ,
(.e., distract) the periormance of some of the subjects (N = 27) hy. permitting .

them to hear the reeponses ot another subJect who 1espondcd to a different task

 from their_s.; The reeults of the thrce groups. are shown in Figure 17 There

appeared to be no significant differences between the groups.

3. The cifects of practice with distributed ex  Jure over a longer (90 inin—
utes) session than usual was studied (Moroney & Kenncdy, in prepa ation, h)
The procedureurequired subjects to perform on the throe~chainnel uuditory test
for ten minutes followed by a five-minute rest period, successively for a total
of 90 minutes. These data (Figure 18, N = 30) show that a srnull improvement
occurs between the first undﬂlast ten-minute segments, but the difference ie
probably of small pra.cticel importance, and the remainder of the function up-
pears asymptotic.

4. Another study which presents practice effects (Graybiel et al., in prep-
aration) employed the visual version of this test during a 14-day exposure to
constant velocity (10 RPM) in a 15-foot-diameter windoWless room, The sub-
jects were four young men (23.5 years) who were recently graduated {rom the
Naval Academy, and four other persons with bilateral iabyrinthine defects
(deaf and no vegtibular function), who were also slightly more than ten years

older (35 years).
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‘The latter did not bedome 'mOtion sick, and the fdrmér did, initially;‘ but

recovered. The signal rates were 8, 10, and 12 per minute; the test was taken

for 10 minutes each day for the 14 days of rotation, as well as for é few days

before and after rot:av.tion2

. The. results appear in Figure 19. The overall
impression is of a learning curve which is not disrupted by rotation in either. M

group, and poorer performance appeared to be obtained by the labyrinthine

defective (and also older) men.

5. In another study (Kennedy & Coulter, 1971), the éffects of anticipatory
physical threat stress (shock) were studied in 54 suqugts. 29 of whom per;
formed the three-channel auditory test, and 35 the 6ne;channel test. The
subjects were instructed that at some uhspeéified period in their watch (the
duration of whioh was also unspécified), they would f;eQeive a shock, which
was empirically determined on the authors as being '"moderately painful''.
The subjects' performances were compdred with those of the one qu three-
channel auditory control groups already roported iﬂ Figure 8 and with both
gets of data appear as Figure 20. | |

It may be seen that one- and three-oﬁannel audiwr&,perforiﬁﬁncé‘éppea.fs
to benefit from the threat of stress (P <. 05). |

6. The three-channel auditory test again Was ﬁaved (Kennedy, Mdroney, ,
Bale, Gregoire, & Smith, in press) during hurricane penetrations (Hui‘rioane
Inga) in three different Navy aircraft. Wind velocities were as high as 115
knots; most of the flying in the hurricane area was performed at 500 feet,

2Because session length was short each day, this test was not assessing
vigilance, but rather an ability to do complex counting.
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N ‘ which occasioned heavy turbulence. In general most eubjects experienced |
slight to moderate malaise, and some were frankly motionswk in the rougher
.flights. |
Three-channel auditory performance measured early in a flight (. e. ,

while proceeding to the hurricane area) was used as a baseline for six sub-

J.ects who alternated thr:ough all three aircra.ft. 'l‘he pooled performance lor
. gix flighte appear as Fignre 21, and it may be seen that the mag'nitude of the

: decrement appearq to be related to the turbulence.
| 7. It th.s reported elsewhere (Expariment I and II) that individual differ-

. ences mteraeted with performance on the three- and one-channel auditory

monitoring taeks. The principle finding being that an ability to do tne msk

"

b - was correlated with the amount of decrement on the three-ohannel monitoring

but not thev'one~channel monitoring. In another ex‘periment ( Kennedy,‘ in
pre'paration)‘,‘ the s“ame oneecliannel (N = 85), two-channel (N = 97y, and
three-channel (N = 91) testing was eonducted'as before with one excepti'on:
The 'subjects were instrueted to respond w their aeeigned stimulus (one, two,
or three—channel‘s) by pressing at ¢very occurrence, instead of counting to

four before responding, as previously.

These results appear in Figure 22, along with the previous findings., As

l‘- expected, overall performance was better on the simpler tagk, In addition, : /

support was found for the notion described in Experiment III (Table 8) that an

ability to do the three~channeil task early in the scgsion was negatively corre-

lated (P <.01) with vigilance over the session (i, &,, more decroment with

high early scores). This same comparison was of opposite sign, but 'vas
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insignificant for one-channel performance (P >.3), and opposite and sig-
] S : nificant (P <.01) for two-channel monitoring (i. e., less decrement with

. ' - high early scores).

The slight superiority of mean three-channel performance versus two- |

3 channel monitoring is most likely a scoring artifact, which is dqscri"bed

more fully elsewhere (Kennedy, in prepara'tion).
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Summary and Conclusions

The available literature for a particular cognitive performance test has
been reviewed. The original form of the test émployed visual (lights) pre~
sehtation, but recent studies have itilized audjtory (tones) signals. The
present form of the aﬁditory version is ‘a magnntic fape which can he presented
on a standard tape recorder, (Filters can be used to initiaté lights or vibrotac—
tile signals if desired.) Laboratory norms on six different versions of this task
for about 100 college graduate males (for each version) are available, ag well
as relationships to personality and other subject variables (e.g., hours sleep)
for thesge persons. Some other attributes are: (a) practice effects appear small
on the three-channel auditory version and are known for the three-channel vis-
ual version, (b) the test can be group-administered, (c) it is relatively simple
and inexpensive to construct, (d) there are many possibilities for constructing
alternate forms, (e) task difficulty can he controlled largely by instructions, |
(f) latency of response within broad limits (viz, a second or two) is generally
not a factor and so the task can appropriately be used even when environmental
variables can interact physically with response speed (e. g., underwater), tg)
stimulus recording is binary and therefore mechanically simple, Further,
the regularity of the stimnli makes scHoring relatively easy and relatively inde-
pendent of where on the magnetic tape a session begins, (h) proportion measures
are essentially linear (r >.95) with absolute measures (viz, hits) and therefore
direct comparisons can be made over different tasks, (i) unlike many other vig-

ilance tasks, many signals and responnes oocur, and go individual time analyses
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are possible, (j)a suggestion is present that performance on forms of this

f ‘ task may be age-related.
' . ‘ .
|

In conclusion, it is felt that this test and its variants represent a useful

fly research tool for studying complex cognitive performance. P
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1.

SUBJECT'S PRE—EXPERIMENTA TION INTERVIEW

Bxperiment
Experimenter
Subject
Date
Have you been ill in the past week? Yes No . If yes, specify:
a) severity, b) time course, c) where localized, etc,
Iam -~ am not in iny usual state of fitness.
Drugs:

a. How much alcohol have you consumed during the pagt 24 hours?
- drinks

b, How many cigarettes in past 3 hours?___cigars___ pipefuls___

¢. Have you taken any drugs or medications of any kind in the past 24 hours?
Yos No If yes, were they

1. Bedative or tranguilizer
2, Analgesic (aspirin)

3. Anti-motion sickness remedy (antihistamine)
4, Other (specity)

How many hours sleep did you have last night? __Was this
sufficient? Insufficient?

e

How concerned are you regarding your performance on this test?
None Minimal Moderate Great _ Very great

Do vou expect lo perform betler less well same ag average person?
Food:
a. How many hours since your last meal?

b, Approximately how many cups of fluid have you had in the past 2 hours?

LR
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Nome

HIDDEN FTCURES TEST «— C{'-l

This is o test of your ability to tell which one of' five slmple ilgures
can be round in a more complex pattern, At the top of each page in this test
are five simple figures lettered A, B, C, D, and E. Beneath each row of
figures is o puge of patterns. Each pattern has a row of letters beneuth it.
Indlcate your answer by putting an X through the letter of the figure which
you find in the pattern. ‘ '

NOI': There is only ohe of these flgures in each pattern, and this
flgare will always be right side up and exactly the same size as one of the
fLive lettered f'igures.

Now try these 2 examples.

DD

KK :
S

A B CDE ‘ AB ¢ D E

The figures below show how the figures are included in ihe problems.
Figure A 1s in the firet problem and figure D in the second.

2 4

X B C D B AR CXE

Your score on this test will be the number marked correctly minus a
fraction of the number marked incorrectly. Therefore, it will not be to

your advantage to guess unless you arc able to eliminate one or more of the
answer choices as wrong.

You will have 10 minutes for each of the two parts of this test.
Bach part has 2 pages. When you have finished Part 1, STOP.
do not go on to Part 2 until you are asked to do so.

Please

DO NOT TURN THIS PAGE UNTIL ASKED TO DO 80,

Copyright @D 1962 by Educational Testing Service. All rights reserved,
Developed under NIMH Contract M-4186
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) : ‘ Introduction
= The form of the vestibular eye movement response in man has been de-

" scribed by Wendt (1936, 1950, 1965), When sinusoidal oscillation is the

" stimulus, the angular velocity of the eye is proportional to the stimulus, and

: ", .over the bandwidth 0.017 to 17 Hz [1.02 - 1020 cycles/minute ] the semi-

circular canals act like integrating accelerometers and the neural discharge

to the central nervous system is a frequency-coded analogue of head velocity"
% ‘ (Robinson, 1968, p. 1041). The general nystagmoid eye movements include a

slow compensatory eye deviation away from the direction of the acceleration,

atabaanaruih t: ‘..-‘-&‘ e

2 followed rapidly by a quick flick of the eye opposite in direction to the slow
movement, called slow and fast phase, ruspectively, Wendl (1936, p. 316-317),

i using 0. 33 cps as an oscillation stitnulus, has shown that the slow phase eye

movement ", .. is hardly distinguishable from the sine function” of the stimulus, ‘ !
s being ".1 later on the eye movement curve' where acceleration changes to de-

¢

celeration, and being within (plus or minus) . 07 second where the direction of :

stimulus movement changes. While the amplitude of the eye movement is about |

20Y% less than the stimulus, Niven, Hixson & Correia (1965) have reporied that }

over a range of sinusoidal oscillation frequencics (12 - 24 ¢cpm}) a transfer func-

tion between instantaneous eye velocity and angular acceleration exists. In '

D et

their study, they report'".,.that the natural frequency is in the range 0.2-0.4

cps [12-24 cpm]tor three of their six subjects™ (p. 48), und lower frequencies

(i.e., longer periods, e.g. ten seconds) of sinusoidal oscillation result in eye 5

movement velocities which are sornewhat in advance of the velocity of the

¢
i ’ el T s ol :ata il el szl O WS PP P LNV SRE T TR A T s s s i —‘LJ
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‘stimulus. These results égree with those. of Wendt (1936) and silow that within
~ this range (0.2 - 0.4 cps) for the accelerations and displacemenfs employed,
the peak velocity vl the eyes and zero velocity of fhe eyes coincide with the
peak and zero velocities of the stimulus, respectively. Young (1968) feels
that the torsion pendulum quel of Steinhausen (1931, cited in Young, 1968)

generally describes the action of the cupula, whereby in response to a sinus-

oidal forcing function the cupula deviation ig in bhase with acceleration at low

frequencies, in phase with velocity at the natural frequenci‘es (e.g., 12~24 cpm)

and can lag velocity by a.s' much as 90° at very high {requencies, E
Figure 23 is an example of an eye movement record obtained from a subject

who was oscillated 75° left and right 12 times per minute (i.e., 0.2 ¢ps). In

the upper portion of this figure, it may be seen that the slow pha.ée of the eye

movement's velocity coincides with ihe stimulus‘, with respect to thc‘poin‘ts

where bofh are zero and maximum, Presumably,l records like these are oi;— q

!

tained when the subject ig alert (Wendt, 1965). Under light barbiturate anes-

thesia, however, Wolfe (1966) and Melville Jones (1971) have shown that in
cat, certain characterigtics of the eye movement change, and Wendt (1965) ' |

has records in unalert humans which resemble those of anesthetized cats, A

gimilar record from the present study is shown in the lower portion of Figurc

23,

L One important aspect of the eye movements obtained in non-alert or anes-
thetized subjects appears to be an ubgence of fast phases, although character-

igstics of the slow phase still seem to remain, Some investigators (Collins,
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1964; Guedry, 19065; Guedry & Graybiel, 1961; Wendt, 1965) veport other

changes in cye movement during repeated vestibular stimulation which are

considered habituuti‘o'n. Wendt (1965), for example, shows (p. 137, Figures

T T T

8, 9 and 10) "habituated" records where with sinusoidal oscillation (300, .33

i ops) fast phases ure so frequent and so large that the eye movement response

-is almost the exact opposite of what is seen in the lowér portion of Figure 23.
Records like those of ‘Wen‘dt (1965) were not obtained in the present study, énd ' ’ J
the larger arcs (75°) employed here may be a reason for the failure to tind

these types bt‘ responses., Other types of eye movements (disconjugate, wan-

dering, or none) are also obtained,

TEETTE TR

Furthermore, in some vestibular studies where "habituation' occurs, it
appears that the form of the response which qualifies er the term "habitua- 3
: tion" may be peculiar to the stimulus profile. For example, qualitatively dif- ;
* h ferent responses are obtained following long term Coriolié stimulavon (Guedry ,
& Graybiel, 1961) where eye movement responses compensatory to those which
L,

occurred during the period of Coriolis stimulation occur in some persons who
!

X have adapted to the stimulus after the latter is stopped, This finding can be

[T S YN

contrasted with the results from responses to anccelerations (positive or neg-

iz

ative) which are not followed immediately by another acceleration (Brown, 1965;

i
|
|

Brown & Crampton, 1965; Guedry, 1966), where "habituation" is reflected in
the relative absence of eye movements, Yet all of the above have been termed
"halhtuation' (see for example Colling, 1964, p. 29 ff; Guedry, 1965, p. 100 ff;

Wendt, 1964, p. 1000 f1).
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It appears that the major changes in the form of the eye movement response
to be expected in connection Mth sinugoidal oscillation are disuppearance of
the fust phase, overabundance of fast phase, disconjugate, wandering or no
eyc moveiments.

_ For reasons stated in Experiment I, it was felt that certain characteristics
of vestibular eye movements might b1’ovide a useful measure of arousal, In
order to test this hypothesis in Experimént‘l, a reliable method for scOring

nystagmus eye movements was required. The purpose of the present study

was to develop by visual inspection a reliable method tur scoring nystagmus

eye movements which resulted from sustained sinusoidal oscillation.

TR 1 e it e e e el S il il Ml
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Method

Alter derk adapting for 20 minutes (Appendix B), 50 subjects were oscil-
lated for 80 - 50 minutes at 12 ¢pm (. 2 ¢ps) with a 75° digplacement at a
47°/sce peak velocity. | Several factorg dictated the use of these particular
stirnulus values (of page 15). 'I-Idwever, a range of oscillu,tion profiles
(.05 - .4 cps, 250—150‘O displzicenleﬁi) in several subj(acts also were employed
to provide the author (RK) with wider experiences in Lhc‘ tyi')es and ranges of
responses to be expected. No atltemptis were made to nssign values to any of
the responses until after a number of complete (30-50 minute) records, obtained
with different sinusoidal stimuli, in dilferent subjecté, were reviewed, 'l‘hen, !
three~point scale of the presence of nystu.g‘nms1 wis used (L00%, H50%, 0%) to
rate eye movements within cach sinusoidal cyele. It soon became apparent that
the rater (RK) preferred finer gradations. Records like lllo;sc shown in the upper
part of Figure 28 werce congidered 100 (i.c., 100%) and « t(m~ploint scale {100,
90, 80, 70, cle.) was then employed to refleet proportionately lesser amounts
of nystagmus. In addition, hecause of an obsevved difference between "com-
plete” snd almost "complele! absence of nystagmus, two additional Tower num-
bers (1 and 5, respectively) were employed,  Responsces like those in the boftom
of Iigure 23 were scorved "1,

Iigures 24, 25, 26, 27 and 28 provide examples of cach of the different
numerical values which weve nssigned.  The scores for each section (approx-

imitely one minute) of 1 subjeet's recovd shown in Figures 24 - 28 are the

e it

1N,y:q1:1.p,'.mu‘«; presence is the veciproeal of "habituation' in this study.
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SUBJECT| SCORE MINUTE~1
WITHIN
GESSION
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FIGURE 24. EXAMPLES OF NYSTAGMUS RATED 95-100
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FIGURE 25 EXAMPLES OF NYSTAGMUS RATED 80-95 !
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average for that section, although each cycle iyas rated separately when an
actual record was scored2 The chief criterta used in scoring were both the
quality and the quantity of the fast phases which were present. If an cntire
cycle (i. e., 100%) was occupied with brisk fast phases and strong, pronounced ”
changes in the appropriate dlreotion, then the response was rated 100 (see
Figures 24 and 25), Departures from this reoeived relatively lower ratmgs

(Figurea 26 27 and 28) A .template was fashioned of the sinusoidal stimulus |

to aid in checking on the appropriateness of the direction of eye movements.

This template fitted the stimulus velocity record, and when superposed on

eye movement records, permitted easy recognition of the expected direction,
the « ye should be moving at any point within a cycle. A quick flick of the eyes

which did not follow a slow phase and which went in an inappropriate direction

" was not classed as a fast phase,

A cycle was rated "1" if abgolutely no fast phases were present (and if the
slow phase was intact), and "5" if their absence was _almost certain‘ (and/or the
slow phase was not intact)a. If 50% of a cycle contained good nystagmus, it
was rated 50 (Figures 26 and 27). Efforts were made not to be inflyenced in

the scoring by occasional changes in amplitude or differences in gain between

subjects. An entire record was reviewed before scores per cycle were assigned.

Eunlargements of portions (one cycle) of Figures 24, 27 and 28 appear as
Figures 24a, 27a, and 28a, respectively,

9This would give slightly greater weight to systematic eye movements
without fast phases as compared to wandering eye movement periods which
also occurred, This was considered justified, since it was felt the former
indicated greater loss of arousal.
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For practice, some records were scored upside down and backwards, and

some ‘were seored at half the gain. .

Other factors usecl in scoring were: (a) Generally, the more beats preseut
(i. e. ) a., lfast phase followin‘g an appropriate sldw phase), the higher the rating;
(b) z,enerally, the greater the area of a cycle covered by nystagmus. t.he
h.gher the score, (c) the more brisk the fast phasc, the higher the mtmg,

(d) responses (fast or slow) which bore no systematic relationship to the

stimulus were not consrdered nystagmus .md received lower ratings (Figure 28).

The records wers scored directly by ..ssignmg a value to each tive-—second
cycle of nysta.gmus on separate paper. No marks other than tlme appeared on
the records, There were'12 scores (cycles)per minute, and the average score
per minute was used in a.nelyses. 'Most records were 50 minutes long.‘

Consensual validity. The only author who has atte'mpted to deal system-—

‘atically with scoring ulertness by habituation to sinusoidal oscillation (Wendt, -

1965) was consulted regarding scoring procedures. He (GRW) and his staff
independently scored nystagmus records.

Reliability between scores, After the present author (RK, settled on his

method of scoring, he trained one person (GA) for abcut 16 hours in his ap-
proach, The records scored by GA were compared to those scored by RK to
deicrmine the reliability of the criteria used by RK, and were also compared
to a record scored by GRW. After this, another rater (BL) was trained by
RK (also for about 16 hours), and their (RK vs. BL) scorings were then

-

4As determined by the template.
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compared for reliabihty 'l‘hen BL instructed DU, GI, and HBM The latter

was a team of three man who scored records by committee, although all three
aid not always remain present for a complete scoring of a particular record
" In summary, GRW trained RA, RK tramed GA and BL BL trained DU (zI
and HBM. All scorers (other than GRW and Rx{) were pnaive regarding ves-
-~ tibular functions and the oculomotor system.‘ They were military officers in
L . . flight training and, with the exception of GA (who was in the Marine Corps
E | | . and had majored in plant bxology), had majored in the natural acienc.es at the

U, S, Naval Academy,

E _ : Internal reliability. The scoring of a 50-minute record for a subject was

' a lengthy process since 12 determinations were made for each minute of

record (N = 600). To determine the agreement which could be obtained by

sampling only portions of a record versus scoring an entire record, one-
minute scores were obtained during the middle of each five-minute segment

of a 50~minute session, and were compared with the full five minutes. 'Thus,

mean scores for 2,5-3.5; 7.5-8.5; 12, 5-18,5 minutes etc.‘ , were compared

with mean scores for 0-5, 5-10, 10-15 minutes ctc., for several subjects’ ‘ l

records. | | ‘ | | | 1
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Results |

' Tablells shows C6rrélations HbétWeeh scores for ‘oné 18-m11jute record N | ;“
scored by GRW, BK, ‘g.nd GA. The comparisdn of GRW and RK is also shown
| ' ig ngure 29 Although the méthods gmployed in scoring‘are élightly difféfen‘t
l | (GRW usés.-number of ‘mm/minute without nystagmus, ‘rathe"r than a rating per .
I . cycle), cor‘relat‘ions this hig’ﬁ silégeét that essentially the same things are be- -

- ing evaluated, particularly since all three scorers utilized their hig‘h‘est‘ and

lowesf categories. In addition,.158’one—minute samples éonsidered difficult. B

to score by both raters (GRW and RK) were compared. These ‘sam‘ple,s were

separated frou. the rest of the record and, when scored cut of context and in ‘ i
the absehoe of calibration marks, ‘resulted in a correlation of . 922 between l
‘ }

GRW and RK.

Figure 30 shows a comparison of two scorings of a subject oscillated for
30 minutes who was alerted (by voice communication) on two occasions.

j " Figure 31 shows another subject who was exposed to sustained sinusoidal os-

! cillation on two ocoasions, once While monitoring a.‘uditory signals (with v‘ig-

| ilance), and once while no control of mental activity was applied. In both

| Figures 30 and 31, the scores hy both raters (RK and GA) were in general
agreement., While the absence of mental work appeared to enhance a drop in

the amount of nystagmus present, conversely, the direction of the subject's o

attention produced more nystagmus (cf Experiment I, Part 1),
Table 16 presents correlations of each of the raters (GA, BL, GI, DU and

HMB) with RK, All correlations were high (r >, 90), and when averaged (after
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| ‘Fisher 8 Transformation) provide a mean correlation of r =, 965. There we.s
M';“Va suggestion that the reliability of GI was. lower than the others .
Table 1'7 presents the correlations of the scores by the persons trained by
BL (DU, GI and HMB) with his owh scores. These correlations are generally
‘j‘high (.e., r >. 90) with one main exceptiom The latter a correlation of r=
b 428 by HMB with BL. The raw data for this comparison are pictorially pre-

(. .‘ - sented in Figure 32. It may be seen that very httlechange in nystagmus ratmge

S ; occurred“over‘time for this subject Although the largest difference in Scorcs

T

. between the two raters was 12 units, and usually far less, the low variability
‘of this subject over time may have occasioned the poor reliability between

. scorers, Moreover, slope scores or proportion of the decrement scores cal-

s st teds o2

hc‘ulated by either rate.r to determine how ”nystag‘mus changed over time (i.e.,

habituation) for this subj'ect would not be very different.

Figure 33 shows the correspondence between two methods of scoring: (a)

The method described previously and (b) average number of appropriate com-
pensatory fast phase beats per cycle, Although different scaled values were S
used (compare left and right ordinates), the relationship appears linear and

the concordance is good.

Correlations for ten records not used in any of the previous analyses were
calculated between a one-minute sample (each five minutes of oscillation) vs.
the full five minutes, for 50 minutes. These correlations ranged from r =, 931

to r = ,975, and averaged (after Fisher's Transformation) r = ,960. The

5I‘«‘ortuitously. rather than by design, GI scored very few records,
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| ‘record on whiph a low ‘reliability betiveen"ratérs" (v = .423, Table ‘3 and Figure
¢ ' ,
B ~ 33) was obtained was also tested for internal reliabmty wtthin a rater after the
¢ ‘ .
- low rellability between raters was found abr' ve. The correlations werer =, 801
C for BL and r=, 729 for HMB.
i :
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R . e o Discussion and Conclusions R | ‘

A method oi‘ scoring vestibular nystagmus eye movement responses during

e protraoted sinusoidal osoillation was described, . The wark of Wendt (1936

; 1965) suggested that aspects of these types of eye movements bear a relation—

% o ‘ B ship to the mental state of the subject. Eye movement records in this study |
E ” ‘ . were i‘irst scored by Wendt (GRW), and these scores were used to provide

| consensual validity Correlations between the author (RK) and GRW were
high To determine the ieasibility of communicating these criteria to others

not acquainted with vestibular functions per se, seven college graduates

| (physical soience majors and student pilots) were trained in.the use of these

| criteria. The scorings assigned by one cf these men (GA), trained by the

| author (RK) compared well with GRW and with RK. In addition, reliability,
- as well as face validitv were shown i‘or the method when two subjects were

scored by RK and GA under dii‘ferent condxtions of control of mental state,

The relationships of scores assigned by the two men trained by RK (i.e.,
GA and Bi.) were high when compared to those of RK. The scores of five men,
| three of whom worked as a team (DU GI, HMB), were concordant with those -

of BL and with those of RK no important advantage appeared to accrue those

: trained by RK or those trained by BL. Insofar as the assessments of RK agree

with those of GRW, it is felt that this method has been demonstrated to have

e

validity as well as substantial r-liability. Although reliabilities were gener-
ally high (r > . 90) there was one exception: This was obtained in a subject

whose nystagmus response did not change greatly over the period of oscillation.
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x - - - C e fe_lt‘that if assessments of eye movement'reooros like the"s‘e are ettex‘note'd‘ o

: in the future, it would be useful to review the ehtirerecordnrlor to scoring so

u that particular cautlon could be taken with records with low variabllity. The

E ‘ fdct remaine, however. that high reliabillttes will be difficult to obtain when

? , varlability is low, although the problem may be more statietlenl thanr real. R ; -
Furthermore, while the‘ effort to eample portions of a record, rather than | | j,
score it in entirety were largely successful, it‘would appeor thatv recor‘de | E
v.hich show low variability over time also attenuate the reliabllity of abbrev- j |

iated scoring prooeduree. -
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