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SUMMARY PAGE
THE PROBLEM

In the military cockpit, frequent small aud large gaze shifts are
required to visually scan and monitor a variety of flight instruments and
avionics systems,
head and eye movements is required to rapidly fixate on a new visual
target. Kelatively sophisticated transducers and related instrumentation
are often used to assess gaze-shift efficiency.
generally expensive and time consuming, this laboratory has imitiated
research to develop a relatively low=-cost, performance-based measure of
head/eye coordination during large gaze chifts that are important to in-
flight pilot performance. A previous report described the theoretical
basis for the gaze test and presented data for small and large unidirec-
tional head motions. 7This report describes further progress in the devel-
opment ot such a test,

FINDINGS

A performance-based test ot gaze capability has been developed using
low=cost light-emitting-diode (LED) displays operated under the sern i-
automated control of a desk top microcomputer. T1he test is based on the
ability of an individual to rapidly shift his gaze over a relatively large
angle and precisely ideutify digits presented in a numeric array for brief,
time-varied exposure times. The new test, iuvolving four widely spaced
displays, allows the derivation of performance scores for gaze shifts
involving head movements made in the left, right, up, and down directions.
The results of four experiments, inveolving Navy and Marine Corps flight
candidates as subjects, support the original report findings relative to
the heavy influence of exposure time on performance, and most importantly,
the wide range of performance capabilities reflected within the study
population. This latter point has the potential for operational signifi-
cance in that the test should distinguish pilots with exceptional gaze
capabilities from those with relatively poor gaze performance.

RECOMMENDATIONS

The present configuration of this test of gaze tunction produces
performance scores for four different exposure times for each airection ot
head movement. Although the test meets the basic objectives of this re-
search program relative to cost and ease of operation, the extent of the
intormation gained from the test probabiy exceeds that required ftor an
approximate measure of gaze tunction, To simplify the test and increase
its clinical potential, we recommend that the test be further retined ty
using a Bekesy-type determination of a threshold time for recoguition of a
fixed number of digits, This de-elopment would reduce the tiwme required to
conduct the test and would yleld a single performance score for each direc-
tion of head movement.
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INTRODUCTION

In the military cockpit, visual scanning and monitoring of different
flight instruments and avionics systems requires frequent gaze shifts, some
exceeding 100° (1). Such gaze shifts require close coordination between
head and eye movements in order to achieve rapid fixation on the new visual
target. Typically, head and eye velocities are summed, moment-by-moment,
to yleld remarkably constant g..~ velocity, even though neither the head
nor the eye velocity remains constant (2). For example, saccadic eye
velocity generally slows and then reverses direction when the head con-~
tinues to turn after the eye has acquired a target. Yet, gaze velocity
temains constant during the saccade and stops after the saccade is com-
pleted.

A number of mechauisms are involved in this coordination. Oune widely
accepted hypothesis is that the vestibulo-ocular-reflex (VOR) modifies eye
velocity to automatically maintain the close eye-head coordination required
for the eye to acquire and hold a target during head movement (3,4,5). A
recent alternative hypothesis is that two different motor programs are
involved duving large gaze shifts; one to generate the large ocular saccade
and the other to perform the function often attributed to the VOR (6,7,8).
According to this viewpoint, the VOR "turns off" during large saccades but
is operative during smaller shifts in gaze,

Whatever the outcome of this interesting question concerning mecha=-
nisms of eye-head cvordination, efficient gaze-shift control is an impor-
tant element of piiot perfurmance in modern military aircraft. In this
light, our actlivity has initiated research (2) directed at developing a
low-cost, performance-baosed test of gaze capability. The inltial data from
this research indirated a substantial range of performance on a task re-
quiring rapid acquisition of visual information following large gaze
shifts. The range of performance differences observed would potentially
provide some pilots with a functional advantage over others in an opera-
tiona: environment. This aspect of visual performance can be degraded,
even more, by peripheral or central nervous system disorders. However, it
is well established that adaptive mechanisms cau be quite effective in
overcoming limitations in eye-head coordination (4)., A long-term objective
of the pertormance-based testing program 1is to provide insight as to
whether such adaptive mechanisms can compensate disorders and reestablish
requisite performance.

In the previous study (2), the procedure consisted of a presentation
of a series of individual fixation lectters on a CRT, followed by brief,
time-varied presentations of digit arrays on a second CKT display located a
known angular displacement from the first display. Serial letter identiri-
cation was used to maintain initial gaze position, ana performance was
scored as the number of digits correctly icentified in proper sequence
following presentation of visual and auditory signals to initiate gaze
shift from the tixation display to the cigit array display. Only part of
the study involved head and eye movements, and these head-eye gaze shifts
involved wotion in the horizontal plane in only oue direction. The present
study extends this initial research effort by providing performance data
for both left- and right-directed shifts in gaze made in the horizontal
plane as well as up- and down-directed shifts made in the vertical plane.




In addition, light-emitting diode (LED) displays were substituted for the
higher cost CRT displays used in the first study.

The paper presents the results of four distinct, but related, experi-
ments, The first experiment evaluated the performance of subjects making
60° head movements iu the horizontal plane using an LED disnlay with rela~
tively small alphanumeric characters. The second experiment used larger
Lt displays separated by 90° In the third experiment, performance was
measured tor head movements made in the vertical as well as horizontal head
planes using the large displays. The last experiment involved the repeat
testing ot a small group ot subjects to investigate the extent of learning
or practice effects associated with the test.

The long-term cbjective of this resecarch remains to develop a simple,
inexpensive performance-based screening procedure to facilitate comparison
of initial abilities with subsequent operational performance and to assess
changes in this component as a result of practice, age, operational experi-
ence, and/or recovery from disorders affecting gaze shift control.

EXPERIMENTAL EQUIPMENT AND PROCEDURES

The equipment, stimulus conditions, and test protocol for the current
test closely follow those used in the original study (2). Minor differ-
¢uces exist relative to the number of digits used in the numeric stimulus
array, the fixation letter on-off display times, character size and spac-
ing, aud display intensity,

EQUIPMENT

Exper:ment 1

The device used tou display the visual stimulus was a small-scale
combination input/output KS-232 terminal (Burr Brown Research Corporation
Model TM71 Microterminal)., 7The display component of the device was a lo-
character light-emitting diode (LED) with character generation deriving
frouw a lt-segment font. The character height was approximately 2.84 mm
(0.112 in), and the center-to-center distance between characters was ap-
proxtmately «.44 nm (U.175 iu), With the tont segments used to generate
the numeric chaivacters, the characters were approximately l.4 mm (0.055 in)
wide resulting in an inter-digit spacing of approximately 3.04 mm (O.12 in)
between the end of one digit and the begiuning of the next digit. At a l-m
viewing distance, these dimensions result in viewing angles for character
height, character width, and inter-digit spacing of approximately 9.8, 4.8,
and 10,5 min, respectively.

The luminance of the display characters was measured with a commercial
photometer (Photo Research SPECTRA Prichard Photometer, Model 1980A) using
two diiferent measurement techniques, In the first technique, the instru-
ment was set up to measure the luminance of a single segmen. of the display
font. The setup of the photometer was as follows: the face of the display
device was positioned 4,12 cm (1,625 in) from the face of a Micro-Spectra
FL-19 supplementary lens. With the filter turret open and a z-min angular
measurement field positioned to be within the width of a single vertical
Lih line segment, the luminance was measured as 144 cd/mz. The second
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procedure involved measuring the average luminance of the alphanumeric
characters using a SL-4U lenu placed 76,2 c¢m (37 in) from the display. A
20-min angular measuring field was positioned so that its diameter equaled
the height of the characters and completely circied a single character,
The luminance of each of the 22 alpha characters was then measured with the
filter turret open and an over-all mean calculated indicating an average
luminance of 8.2 cd/mz. The same technique applied to the eight numeric
characters indicated a mean luminance of approximately 7.4 cd/m“. Immedi-
ately after presenting the eight-digit stimulus array for a given exposure
period, the digits were masked with eight zeros, each of which had a
measured luminance of 8,6 cd/m%,

Experiments 2, 3, and 4

In these experiments, visual stimuli were presented by a larger dis-
play module (Burr Brown Kesearch Corporation Model TM27 Microterminal).
This LED display had aun eight-character display capability based upon a
hexidecimal format with character generation deriving from a seven-segment
font, The characters generated with this font had the following approximate
dimensions: height- 7.62 mm (0.30 in), width- 5.2 mm (0.2 in), and an
inter-digit spacing of about 5.0 mm (0.2 in) between the end of one char-
acter and the beginning of the next character. At a l-m viewing distance,
these dimensions result in viewing angles for character height, width, andg
inter-digit spacing of approximately 26,2, 17.8, and 17,1 min, respective-
ly. The ratio of stroke width (width of ¢ single LEL line segment) to
character height was approximately 1:8.

The luminance of the display characters was measured with the saume
equipment and measurement techniques used for txperiment 1. The setup of
the photometer to measure the luminance of a single segment ot the display
was as follows: the face of the display device was positioned 4,12 cm
(1,625 in) from the face of a Micro-Spectra FL-1Y supplemeutary lens. With
the filter turret open and a 2 min angular measurement field positiomned to
be within the width of a siugle vertical LED line segment, the luminance
was measured as 17,4 cd/mz. The average luminance of the alphanumeric
characters was measured usiag a SL-40 lens placed 68 cm (27 in) from the
face of the display. A 1,0° angular measuring fiel. was positioned so that
its diameter equaled the height of the characters and completely circled a
single character, The luminance of each of the three alpha characters was
then measured with the filter turret open and an over-all mean calculated
indicating an average luminance of 1,36 cd/mz. The same technique applied
to tne eight numeric characters indicated a mean luminaunce of the same
value. The luminance of each of the eight zeroes used to mask the numeric
display was measured as L,58 cd/m“.

The TMZ7 display module was powered from a separate DU power supply
that was adjusted for a 7.6~volt output prior to wmaking the luminance
measurements. Photometer measurements made at ditterent operating voltages
indicated a linear relationship between luminance aud voltage. For ex=
ample, the luminance of the "8" character varied linearly trom 1.57 cd/m
at 7,6 volts to 3.28 cd/m2 at 10.0 volts.
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STIMULI GENERATION

Experiments 1, 2, 3,and &4

A desk top computer (Hewlett Packard Model 9845C) was used to generate
and store the test stimuli and to control the LED d.splays during a testing
session. The letters A, C, and E served as fixation characters in all
experiments, In the process used to randomize presentation of the fixation
characters, sequences that iuvolved two identical consecutive characters
were eliminated. The number of single fixation characters sequentially
presented was also randomized over the range of two to four characteis
where the display of each character was marked by a 200 ms "on" period
followed by a 400 ms "off" (blank screen) period. Immediately after presen-
tation of the last fixation character on the first display, an acoustic
tone signaled the subject tu begin head movement toward the secound display.
At the same instant, the eight-digit stimulus array was presented on the
secoud display for a preselected exposure time.

Wita the eight-character numeric display, only digits two through nine
were included in the stimulus array. In the randomization process, se-~
quences that involved two adjacent digits of the same value were elimin-
ated. In addition, components of the stiimulus array that involved three
sequential digits that produced a single-step run in either the up (e.g.,
digits 4,5,6) or down (e.g., digits 8,7,6) direction were eliminated. Four
different exposure times were used to display the numeric array where time
was measured from the instant the audio tone was completed to the instant
the numeric display was turned off by the visual mask.

Siguitficant exposure time errors can be introduced as a result ot
computer software delays. To determine the extent of these errors, the
actual exposure times werc measured using a photocell and timing oscillo-
scope. The time ditference between the observed and desired exposure times
was then used as a time correction factor in the setup of the computer
clock,

Exposure time sequences were randomized with each exposure time pre-
sented the same number of times for each direction of head movement. In
addition, the number ot fixatiou letters preceding presentation ot the
numeric array was adjusted so that each exposure time received the same
anumber of two, three, and four letter fixation sequences, Upon coumpletion
of the randomization process, the entire test configuration was stored on
disk so that subjects could be tested under identical stimulus conditions.

TEST PROTOCOL

Experiment 1

The subject was seated in a dimly illuminated testing room containing
the two display modules, One module was located at eye level 30° to the
left of the subject; the other was 30° to the right. The 30° angular
displacements were measured from the visual dead ahead position to the
leftmost digit presented on a given display. Before beginning the test,
written and verbal descriptions of the testing procedure were presented to
the subject in detail. In essence, the subject was instructed to directly
face the visual display module that contained a dash character “n the




leftmost character position and signified that the test was about to begin.
The randomized, single-character, fixation letters were then sequentially
presented followed by a brief audio tone. At this instant, the randomizec
eight-digit numeric stimulus was presented on the second display for pre-
selected exposure times of 500, 750, 1000, and 1250 ms., At the end of the
exposure time interval, the numeric stimulus was masked by eight zeros dis-
played for 500 ms., The mask was then followed by the display of a single
dash character, which signified that the next test trial would start with
the presentation of the fixation letters on this display.

The subject's task was to call out each of the fixation characters as
they appsared. At the sound of the audio tone, the subject rapidly rotated
his head toward the second display and called out as many of the displayed
digits he recognized in proper left-to~-right sequence, The subject was in-
structed to call out the Aigits individually (e.g., if the subject could
correctly identify four digits such as 3564, he was to call out '"three,
five, six, four" not three thousand five hundred and sixty-four or some
equivalent variation). Performance was scored as the number of digits
correctly identified in proper sequeunce with the exception that a score of
zero would be given if the alpha fixation characters were not coriectly
icertified., Each score was entered manually into the computer by the
operator. The test resumed by use of alerting dash characters followed by
fixation characters on the second display followed in turn by numeric
stimuli on the first display. Thics procedure was continued until the
entire trial set was completed.

To tamiliarize the subject with the presentatlion of the visual stim-
uli, each testing session was initiated by a 24-trial demonstration. This
run was automatically paced without operator intervention using exposure
times of 750, 1000, 1250, and 1500 ms. During this run, the operator
emphasized tne need for the subject to always directly tace the display
where the fixation letters would be presented, to rapidly rotate his head
toward the eight-digit numeric stimulus display, and to call out as many ot
the digits that he found possible, This run was then tollowed by a 48-
trial test run using the same exposure times with each exposure time pre-
sented 6 times for each direction (left-to-right and right-to-left) of head
movemnent. All trials were scored by the test operator, However, for the
six trials associated with each test condition, the lowest two scores were
discarded in the final data analysis to minimize the eftects of subject
errors resulting from inadvertent mispronounciations, brief lapses of
attention, et cetera. Thus the data presented ir this paper for each
exposure time are based on the mean of the best four subject responses.

Experiment 2

With two exceptions, this experiment was identical to Experiment L.
The first difference was that the two LED displays were located 45° to
either side ot the dead-ahead position. Thus, head movements ot 90°,
instead of 60°, were required to move from the fixation display to the
numeric stimulus display.

The secona difference was the addition of a static test immediately
after completion of the 48-trial test run sequence. This static test
required the subject to face a single TM27 display located in the visual
dead-ahead pyusition., The fixation characters and numcric stimulus array




were presented sequentially on this single display following the same
experimental procedures used for the previous tests with the exception that
no head movements were required to perform the task. Four exposure times
(250, 500, 750, and lOUU ms) were used; each exposure time was presented

6 times, resulting in a total of 24 trials. As before, only the best four
scores assoclated with a given exposure time were used to calculate the
mean number of digits correctly identified.

Experiment 3

This experimeut, with a tew exceptions, was similar to Experiment I,
The tirst exception was that a total of four displays were used, Two
displays were located 452 to the lett and right of the visual dead-ahead
position thus requiring 90° head movements in the horizontal plane. Two
additional displays were located 45° above and below the visual dead-ahead
position thus requiring Y0° head movements in the vertical plane.

The secoud exception involved the use of a counter-balanced design to
present the horizontal and vertical stimuli, The first phase of the test
involved a 24~-trial demoustration, a 24-trial practice session, and a 48-
trial test run iuvolving head motiuns made in only one plane (either hori-
contal or vertical). Following a 2-min rest period, the second phase of
the test was inititiated, This phase involved a 24-trial practice session
andg a 48=-trial test run requirtug head movements iu the other orthogonal
plane (either vertical or horizontal).

The experimental design was as tollows: The two test phases involved
two different stimuli sets identified as A and B. During the first phase
ot the test, halt ot the sabjects wade head movements iu the horizontal
plane while the other half made movements in the vertical plane; the second
phasue always iuvolved head movements made in the other plane., Half of the
subjects received stimulus set A during the first phase while the other
hait received set B; the second phase always involved presentation of the
other stimulus set, A further condition involved selection of the display
that would receive the tirst tixation sequence presented in either stimulus
set A or B, For example, If the first fixation sequence in set A was
presented on the lett uisplay, a left-to~right head movement would be
required to identity the first numeric stimulus. If the tirst fixation
seyuence was presented va the right display, a right-to-left head movement
would be required to identify the same first numeric stimulus. According-
ly, halt ot the subjects received their tirst fixation character on the
left display Lor horizontal head wuvements while the test began on the
right display tor the other halt. Correspondingly, for vertical head
movements, halt the subjects received their tirst fixation character on the
upper display while the test began ou the lower display for the other hall.

Experiment 4

This experiment used the test protocol outlined for kxperiment 2 with
the exceptiun that each subject was tested on four successive days. The
demonstration run was given only oun the ftirst testing day.




SUBJECTS

The subjects were volunteers, males, student naval aviators or student
naval flight officers, who had recently passed their flight physicals with
no known visual or vestibular deficits. A total of 8l individuals volun-
teered for participation in the study; 25 were assigned to kxperiment 1, 25
to Experiment Z, 16 to Experiment 3, and 15 to Expecriment 4.

RESULTS AND DISCUSSION

The results of Experiment 1, using the small TM71 display with 60°
horizontal head movements, are presented in Table 1, The grand mean,
standard deviation of the observuations, standard error of the meaun, minimum
value, and maximum value of the performance scores obtained by the subject
group are listed for each uf the four exposure times, In this table, and
in all following tables, the performance scores derive from the number of
stimulus array digits correctly identified during a single trial. The mean
datum calculated for each subject, for each direction of head movement, aund
for each exposure time, represents the average ot the four best scores
obtained in six trials. 1In effect, each grand mean in Table 1 derives from
a total of 200 observations (100 for each direction of head movemec¢nt) col-
lected from the study population (N = 25), The grand mean scores represent
the simple average of the performé;ce scores obtained with the lett- and
cight-directed head movements,

A one-way, repeated measures ANUVA of the grand mean data sliowed a
significant difference (F(3,24) = 257, p < .0U1) for the exposure time
treatment, A Duncan multiple-range comparison of the grand meau data, as
depicted in Table 1, indicated that the pertormance scores obtained at each
ot the four exposure times aere all signiticantly different (p < .UL) from
each other.

Table 1. Experimeut 1 Horizontal Gaze Shift Pertormance bData for 60° tlead
Movements for Four Exposure Times Using the Small Character TM71

Displays.

Performance I Exposure Time (ms)
Statistics 500 750 1000 1250
Grand Mean .83 a 2,67 b 3.56 ¢ 4.23 d
Sb 0.80 0,065 0.40 0.51
SE V.16 0.13 0.08 0.11
Minimum 0.00 1.25 3.00 3.50
Maximum 3.0V 4.13 4,50 5.38

Means within the same row with the same letter suffix are not significantly
different according to Duncan's multiple range test (£ < .01),

The graud meau data ot kxperiment 1, plotted in Fig, 1, show that
improvements in performance with iIncreased exposure time are more or less
linear over the 750 to 1250 ms stimuli intervals., However, a more rapid
drop in perfturmance occurs as the exposure time decreases below 750U ms.
The minimum and maximum value data presented in Table 1 also re‘lect




considerable ditferences in individual performance at each of the four
exposure times as was reported in the original study (2). The results of a
one-way, repeated measures ANUVA and a Duncan multiple-range comparison of
the grand mean data were in essential agreement with those found for the
TM71 displays; significant differences were found for the exposure time
treatnent (F(3,24) = 345, p < .0001), and all four grand mean performance
scores differed significantly (p < .0l) from each other.

T PERFORMANCE AS A FUNCTION OF DIFFERENT
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Figure 1, Mean horizontal gaze performance scores as measured by

Experiment 1, Experiment 2, and Percival and Guedry (2).

During Experiment 1, sample test data were also collected using a
variety of civilian and military subjects who were not associated with the
unaval flight training program. Several older subjects (50 to 60 years old)
complained of having visual acuity difficulties with the TM71 small char-
acter LED display., No such ditficulties were reported by the tlight stu-
dents who participated in Experiment l. During this period a 37-year-old
Navy helicopter pilot undergoing treatment for hypertension was tested,
and he reported extreme difficulty tocusing on the stimulus characters.
Since this test was developed tu identity deficiencies in gaze pertormance
rather than visual acuity, the decision was made to abandon the TM71 small-
charucter display after Experimeut 1 and substitute the IM27 large-charac-
ter display on the following experimeunts.

The results ot Experiment 2, which used the TM27 large-character dis-
play and involved 90° head movements, are summarized in Table 2 using a
format identical to that of Table 1. The grand mean data of Table 2 are
also plotted in Fig. I, These data indicate a considerable improvement in
pertormance using this larger display. Again, performance dropped rather
quickly below 750 ms. The minimum and maximum value data of Table 2 also
show the same wide range in individual performance scores with this display
as was observed with the TM71 display.




Table 2. Experiment 2 Horizontal Gaze Shift Performance Data for 90° Head
Movements for Four Exposure Times Using the large Character TM27

Displays.

Performance Exposure Time (ms) .
Statistics 500 750 1000 1250
Grand Mean 1.61 a 3.27 b 4,18 ¢ 5.17 d
SD 0.76 0.58 0.54 0.87
SE 0.15 0,11 0.11 0.17
Minimum 0.50 2.63 3.50 3.75
Maximum 3.50 5,00 5.63 7.38

Meane within the same row with the same letter suffix are not signfffzhntly
different according to Duncan's multiple range test (p < .0l).

The mean and standard deviation of the performance scores associated
with the left- and right-directed horizontal gaze shifts used in Experiment
2 are listed at the top in Table 3 for each of the four exposure times and
for each direction of head movement. The results of a two-way, repeated
measures ANOVA indicated no statistically significant differences in the
left/right directional treatment for the grouped data., However, signif-
ficant differences were present for the exposure time treatment (F(3,72) =
344, p < ,0001), as would be expected, and for the treatment interactions
(¥(3,72) = 118, p < W0UL), A post hoc means comparison was then performed
to determine if any significant differences existed between left ana right
gaze pertormance at each of the four exposure times. This analysis used
the standard error of the grouped dats as derived by Winer (10) to calcu-
late the t statistic according to the Bouterroni (11) method. As indicated
in Teble 3, significant left/right ditference occurred at 500 ms8 where per-
formance was best for head movements to the right and at 1250 ms where
performance was best to the left.

The Pearson correlatiun r coefficients that relate the pertormance
scores for the two directions of head movements at a given exposure time
are aiso listed in Table 3. These data indicate relatively stroug, statis-
tically significant interrelationships between the two directions of head
movement for each of the four exposure times.

Figure 1 also contalns data obtained from the initial studies of
Percival and Guedry (2). These data, extracted from their Fig. 60 plot,
were produced by 85° head movements to the right using CRT displays that
could generate alphanumeric characters based upon a l6 x 24 point font.
Their stimulus characters had a horizontal viewing angle of 14.2 min, a
vertical viewing angle of 21.1 min, an inter-digit spacing of 1l4.2 min, and
a stroke width to character height ratio of 1:24, The data plotted in Fig.
1 indicate that though the overall performance scores varied according to
the characteristics of each visual display, the performance curve, as a
function of exposure time, remained essentially of the same form for all
displays.




TABLE 3. Experiment 2 Horizontal Gaze Shift Performance Data for Left and
Right Head Movements of 90° tor Four Exposure Times Usiug the
Large Character TM27 Displays.

Performance Exposure Time (ms) and Direction of Head Movement
Score 500 750 1000 1250

Statistics Right ©Left Right Left Right Left Right Left
Mean 1.89 1.33 3.24 3.29 4,15 4,21 4,98 5.36
Sh 0.80 0.95 0.56 0.65 V.45 0.68 0.82 1.00
L-correlation 0.52%* 0.80%%% O, 77%%% 0, 82%x*
dt 23 3 23 23
-E-means 6-“5* -0;59 "0.71 -1‘051*
dt 12 72 72 72

The pertormance scores of the Experiment 2 subject group on the static
test (a sing'le display in the visual dead-ahead position, which did not
require any torm of head movement) are presented in Table 4, A one-way,
repedted measures ANOVA again indicated significant difterences for the
exposure time factor (F(3,24) = 210, p < ,000L). Similarly, the Duncan
multiple-range comparison test again showed that all fornur grand means were
significantly different (B.< .01) from each other. These data, and equiva=-
lent data collected by Percival and Guedry (2) for the same kind of static
testing condition, are plotted in Fig. 2. (The Percival and Guedry data
were extracted frow their Fig., 2). The resulting plots show an excellent
correspondence between the data collected with the two different display
systems. ‘lhe plots also indicate that, numerically, the differences be~
tween the two sets of performance scores at a given exposure time do not
exceed 0.25 digits over the comnon stimulus range.

TABLE 4. Experiment 2 Performance Data for Four Exposure Times Using a
Single Small Character Model TMZ27 Display Placed Dead=-Ahead of
the Subject (No Head Motions Were Required).

bPerformance Exposure Time (ms) .
Statistics 250 500 750 1000
T T  Nean Score  2.73 a  3.8Lb T 4,78 ¢ T TTTTSUSE 4
S 0.461 U.45 0.506 U.88
S V.05 U.09 U, 11 U.17
Miulmum 2,00 3.00 3.50 4,75
Max imum 4,00 4,75 6. 00 8.00

. — — T S S 5 T 55 Y S S bt - ————

Means within the same row with the same letter suttix are not signiticantly
ditferent according to > Duncan's multiple range test (p < 01),

In kxperiment 3, the performance of each subject was measured while

pertorming 90° head movements made in the horizontal plane followed by 90°
head muvements made in the vertical plane (or vice versa). The resulting
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Figure 2, Mean performance scores achieved in Experiment 2, and by
Percival aud Guedry (2), with a single display positioned
directly in front of the subject at eye level,

data are listed in Table 5 and plotted in Fig. 3. A two-way, repeated
measures ANOVA showed significant differences only for the exposure time
factor (£(3,45) = 484, p < .0001). Since there was no statistically sig-
nificant difference for either the direction treatment or the interactions
between treatments, a meauns comparison test was not performed. In effect,
the ANOVA results do not indicate any real differences between horizontal
and vertical gaze shift performance even though the horizontal scores
between 500 and lUUU ms were numerically greater than the vertical scores,
The correlation data of Table 5 s >w that low to moderate, statistically
signiticant correlations exist be cween the two directions ot head movement
at all exposure times except 500 ms.

lable 5., Lxperiment 3 llorizontal and Vertical Gaze Shift Pertormance Data
tor Head Movements of 90Y for Four Difterent Exposure Times Usiug
the Large Character TM27 bisplays.

e - . G e i o o o ot S . e B g e e B 48 P LA sy S €O Bt S S S T T S G Ao S A e ke T WA W M . . a6

Performance Exposure Time (ms) and Direction of llead Movement
Score 500 - 750 1000 1250
Statistics Horiz Vert Horiz Vert Horiz Vert Horiz Vert
Grand Mean 1.67 1.28 3.49 3.30 4.41 4,19 5.16 5.17
SDh 0.48 0.77 0.55 0.41 0.43 O.44 0.71 0.68
E-correlatlon 0.36 0.49% 0.53% Ue O8W**
df 14 14 14 14

*=B<'05’ **=R<'01
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Figure 3. Ekxperiment 3 data comparing grand mear performance scores
derived from Y90” bidirectional gaze shifts made in the
horizontal plane with those made in the vertical plane,

Table 6 involves the verticel plane data of Experiment 3 and compares
the performance scores obtained with downward~directed head movements with
those obtained with upward nmotions. A two-way, repeated measures ANOVA on
these data did not show any statistically significant differences for
either the direction treatment or the treatment interactions, This would
imply that there were no significant differences in gaze performance for
either direction of heud wmovement., Ouly the exposure time treatment was
significantly different (F(3,45) = 301, p < .0001) as would be expected.
Significunt correlations between the two directions of vertical gaze shift
were present at all exposure times except 750 ms.

TABLE 6., Experiment 3 Vertical Gaze Shift Performance Data for Upward and
Downward Head Movemeuts of 90° for Four Exposure Times Using the
Large Character TM27 DLisplays,

- an mwem - —— - - - ——— — -

Performance Exposure Time (ms) and Direction of Head Movement
Score 300 750 1000 1250
Statistics Down Up Down Up Down Up Down Up
Mean 1.19 1,37 3.34 3.25 4,23 4,14 5.16 5.19
sD 0.73 0.95 0.45 0.56 0.49 0.50 0.84 0.67
r-correlation 0,60%% 0.28 O, 63 %% Oa65%*
df 14 14 14 14
*% p < ,01
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Table 7 i3 a similar tabulation of performance scores associated with
left- and right-directed head motions made in the horicontal plane by tlis
subject group. A two-way, repeated measures ANOVA of the grouped data
indicated the presence of significant differences for the direction treat-
ment (F(1,15) = 10,1, p < .0l) and the exposure time factor (F(3,45) = 295,
p < .0001), Using the Bonferroni method outlined previously, it was found
that statistically significant differences in horizontal gaze shift per-
formance occurred at only 500 ms where performance to the right was best.
This is in essential agreement with the horizontal gaze shift data of
Experiment 2 with the exception that no significant difference occurred at
1250 ms. The correlations between the two directions of horizontal head
motion were not as great as those calculated for the equivalent cdata
prescnted in Table 3.

TABLE 7, Experiment 3 Horizontal Gaze Shift Performance Data tor Left
and Right Head Movements of 22? for Four Exposure Times Usiang the
Large Character TM27 Displays.

- ——— - ——— kv

Performance Exposure Time (ms) and Direction of Head Movement
Score 500 750 1000 1250
Statistics Right Left Right Left Right Leftc Right Left
Mean 1.92 1,41 3.51 3.45 4,48 4,32 5.18 5.12
SD V.39 0.73 0.65 0,63 0.57 0.45 0.99 0.56
I-correlation V.38 U.40* U, 43% 0.66%*
df 14 14 14 14
Lt-means 4,38% 0.53 1.32 0.53
df 45 45 45 45

*-£<.05, **=2<.01

In Experiment 4, the horizontal gaze shift performance of 15 subjects
was measured on 4 successive days to investigate the extent of the learning
or practice effects assoclated with repeated exponsure to the test., The
mean pr ormance scores and the related standard deviations are listed in
Table & for each of the four expusure times and for each of the testing
days; the means and standard errors of the mean of the same data are
plotted in Fig. 4. As would be expected, the mean performance scores
iwproved as a function of time., Application of Luncan's Multiple Range
Test to these data indicated that for all four exposure times, pertormance
on Day 2 was signif{icantly better (p < .05) than that achieved on Day L.
For the 500-ms expusure time, significaunt changes in performance did not
occur between Days 2 and 3 or Days 3 and 4; the same apnlies to the 1000-ms
stimulus; for 750 and 1250 ms, significant differences did not occur after
Day 2. Although learning effects are present, it should be noted that the
improvement achieved on Day 4 relative to the Day | performance scores
amounted to only 0,83, 0,82, 0,72, and 0,67 digits for the 500, 750, 1000,
and 1250 ms exposure times, respectively. Relative to studies that require
that test performance be stabilized before entering an experimental regi-
men, it could be projected from these data that minimal changes in perform=-
ance would occur after 3 testing days.
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TABLE 8, Experiment 4 Horizontal Gaze Shift Performance Data lLerived
From a Subject Group Tested on Four Successive Days.,

Performance Exposure Time (ms) .
Statistics 500 750 1000 1250
DAY 1

Grand Mean 1.7 a 3.38 a 4,58 a 5.60 a

SDh 0.80 0.48 0.55 0.95
LAY 2

Grand llean 2.32 b 3.98 b 4.93 b 6.29 b

sh 0.71 0.66 0.80 1,08
VDAY 3

Grand Mean 2.48 be 4.13 b 5.05 be 6.15 b

Sb 0.80 0.56 0.67 0.93
DAY 4

Grand Mean 2.70 ¢ 4.20 b 5.30 ¢ 6,27 b

Sb 0.87 0.58 0.88 0.84

Means within the same column with the same letter suffix are not sig-
nificantly different according to Duncan's mu’tiple range test (p < .05).
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Figure 4, Experiment 4 horizontal gaze shitft performance data
from a study group tested on four successive days.
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SUMMARY

The bidirectional gaze shift data of the present report closely sup-
port the unidirectional data of the original study (2) even though the test
procedures were not identical and different forms of stimulus displays were
used. Most importantly, as with the original study, wide variations in
individual performance were observed, particularly at the shorter exposure
times, This finding lends considerable support to the concept that such a
performance~based test may identify individuals with gaze disorders as well
&8 distinguish pilots with exceptional capabilities in this aspect of
visual performance from those with poor gaze-shift capabilities.

RECOMMENDATIONS

The present test configuration involves an eight-digit stimulus array
and utilizes four different exposure times. The resulting data allows oue
to express performance scores (the number of digits correctly ideantified)
as a function of exposure time., The resulting data, though important from
a research viewpoint, probably exceed the requirements for either a clin=-
ical or aviation selection test of gaze capability. To simplify the test-
ing procedure without compromising its effectiveness, it is recommended
that the test be further refined to allow for the determination of a single
threshold exposure time for the full identification of a four-digit stim-
ulus array for each direction of head movement, This datum could be de-
rived by using an ascending/descending presentation of exposure times above
and below an individual's threshold as originally devaloped by Bekesy (9).
Test artifacts that might arise as a result of individual variations in
memory recall with an eight-digit stimulus array would be minimized with
the shorter four-digit array, In addition, test performance would be
described by a single threshold exposure time., Development of such a test
is nearing completion.
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