r SR EAAITIREIE T e e T SR AT T AN OYC AT O T e T TR TSI T M e TR Ciaiadiacd = i WO TR it e i Takdncii e U A Rt g Bt
N

AD/A-005 318

VISUAL SAMPLING ON A SIMULATED DIMUS- v
TYPE DISPLAY '

Richard L. Mason '
L]

Naval Underwater Systems Center |
New London, Connecticut

27 January 1975

——

T

P

DISTRIBUTED BY: :

National Technical Information Service
U. S. DEPARTMENT OF CCMMERCE




AL AR

_JCCESSION for

KT8
bo¢
URARNOUNCED

JUSTIFICATION v et e ssrnenee

Wilte MMQ
wtt s @ )

O

L} S

DISTUISUTIS/AYAILAMLITY 0083
Bt T AAIL wd/o WERIAL

ap o T T T e T TS R T N

b

PREFACE

This research was sponsored by NUSC Project No. A-750-04,

"Display-Operator Studies, ' Principal Investigator, D. H. Aldrich
(Code TD112), and Navy Subproject and Task No. SF 111 21 704-
08703, Program Manager, J. Jenkins (NAVSEA Code 06H1-3).
This research was also sponsored by NUSC Project No, A-750-02,
an Independent Exploratory Development program, Principal In-
vestigator, Dr. R. L. Mason (Code TD112), and Navy Subproject
No. ZF 61 112 001, Program Manager, Dr. J. H. Huth (CNM Code
MAT-0314).

The Technical Reviewer for this report was Dr. J. Kinney,
Medical Research Unit, U. S. Navy Submarine Base.

REVIEWED AND-APPROVED: 27 January 1975

LAVt

W. A. Von Winkle
Diicctor, Science & Technology

The author of this report is located at the New London
Laboratory, Naval Underwater Systems Center,
New London, Connecticut 06320,

1

o




UNCLASSIFIED
SECURITY JUASSIFICATION OF THIS PAGE (When Dats Enteted)
READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T REPOAT NUMBER Z GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
TR 4861 AD/A -005 3%
4 TITLE .and Subutler s. TyPt JF REPORT & PERIOD COVERED

VISUAL SAMPLING ON A SIMULATED DIMUS-
TYPE DISPLAY

6 PERFORMING ORG. REPORT NUMBER

7 AUTHORes} 8. CONTRACT OR GRANT NUMBER(s)

Richard L. Mason

9 PERFORMING CRGANIZATION NAME AND ADDRESS 10 PROGRAM ELEMENT, PROJECT, TASK
Naval Underwater Systems Center AREA 8 WORK UNIT NUMBERS
New London Laboratory A-750-04
New London, Connecticut 06320 S 11 21 704-08703
1Y COMTYROLLUING QFFICE NAME AND ADDRESS 12, REPORT DATE
Naval Sea System Command (Code 06H1-3) 27 January 1975
Washington, D. C. 20360 13 NUMBER OF PAGES
DL
14 MONITORING AGENCY NAME & ADDRESS(I ditferent {rom Controlling Ollice) 15. SECURITY CL ASS. (of this report)
UNCLASSIFIED
15a, DECL ASSIFICATION/OOWNGRADNG
SCHED!
16 DISTRIBUTION STATEMENT fof this Report)
Approved for public release; distribution unlimited,
17 DISTRIBUTION STATEMENT (of the abstract entered In Block 20, il diflerent from Report) E; D C

TRETEIRR

Do
L b
L j el s B o W S o o

18 SUPPLEMENTARY NOTES

- % T ) srit vildJd
Repr d,004 by

NATIONAL TECHNICAL 3 a,.wm :: U E‘.

'NF%}'&,{‘I}W&?ESX ICE PRICES SUBJECT TO i

Sprraheld, VA 22151

sl b

L..

19. XZ¥ WORDS 7Continue on teverse slde Il necessary and Idenitify by block number)

DIMUS Display foveal Vision
Operator Scarch of Display Nonfoveal Vision
Visual Search of Display Visual Target Detection on Displays

Eye Fixations of Sonar Operators

20 ABSTRACT (Continue on reverse clde I neceasary and Identily by dlock number)

Experienced sonar operators were used to study the visual search on a simulated
DIMUS display. The clectro-oculargram was used-to estimate the location and amount
of time spent in each eye fixation on the display made while the uperators searched for -
targets. The data obtained were analyzed-to determine (1) the eye movement parameters,
{2) the visual coverage of the display, and (3) the relation between operabor attention
to arcas on the display and the display data in those areas.

FORM -
DD , . 7s 1473 :Dmon OF 1 NOV 65 1S ossot.s'r:: UNC LASSIFIED
/N 016250745 6601
1 / SECURITY CLASSIFICATION OF THIS RAGE (When Daia Entered)




L e s e

TRITEY

T EPTTITIT AT R e g T o FTTT YT TTTT i

UNCLASSIFIED

P

YN LR R et b i b Ayt Whiee Diata Entesn B

" T T T & ™ miial adiak o = FEST TR RER

200 (Cont’d).

It was found that the operator scarch of the display is not oaly nonuniform, but it
is also incomplete. The operator viewing time was not uniformly distributed across
the display, mund, on most presentations, some: areas of the display were nol even

fixated. Thus, the probability of target detection depends on the target location on
the display,

Average mark dersity over several columns was the predominant parameter that
attracted operator attention. The average mark density was highly corcelated with
viewing time in the columns, although a turget appeared in only one column.

Nonfoveal as well as foveal visiun is used in searching the display; so il must be
designed so that it can be seen effectiy ely through hoth Kinds of vision.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(Whan Data Frlored)

- oy N o e e G A i

haddzos o

= 1

PR




IRV

TABLE OF CONTENTS

LIST OFILLUSTRATIONS . . . . . « « « o .+ .+ . .
LIST OF TABLES

INTRCDUCTION
Background . . . . . e e e e e e e e e
Arcas of Visual Concentr dflOﬂ e
Determining Eye Fixations . .

THE EXPERIMENT AND DETERMINATION OI* FIXATION POINTS.

Subjects .o
Procedure . . . . v 0 e e e e e e e e e e e e e
The Display . . . . . . + . . .
Estimating Eye Fixation Points

RESULTS AND DISCUSSION. . . . . . . . . . .« .
Eye Movement Paramecters . e
Operator Coverage of the Display Au,a e e e e e e e
Operator Visual Coverage as a Function of Display Marking
General Discussion . . . . . . . . . . . .

CONCLUSIONS AND IMPLICATIONS
Conclusions . e e e e e e e e e e e e
Implications. . . . . . « + « « o v v e 0 0 . .
REFERENCES . . . . . . .
APPENDIX A — OPERATOR INSTRUCTIONS . . .
APPENDIX B — VISUAL COVERAGE OF EACH PRESENTATION
APPENDIX C — MISSED DOMAINS . . . . . .+« + « .« .
APPENDIX D — DISPLAY STATISTICS BY FILES

.

TR 4361

Page
ii

iii

[T QI S

(SRR VL Y

O3

[33]

O DN
oo O =3 3

9%
(1]

35

iy




i Ll Y PRAIIN IR R R W e T AN L U TSRy e, v A s el S A AT A T T R B A R SR RN R ST A T T AR T NIRRT
»

TR 4861

LIST OF ILLUSTRATIONS

P
bt e 2 L M e L 2 e Rt e e S A il £ %

Figure Page
. 1 DIMUS Display Presentation . . . . . . . . . . . . . 4
] 2 Block Diagram of A/D Conversion System . . . . . . . . 6
3 Block Diagram of Data Reduction System . . . . . . . . . 6 ;
" 4 Histogram of Fixation Times . . . . . . . . . . . . . 8 é
5 Apportionment of Viewing ‘Pime in Tixations, Three 3
Operators Combined. . . . . . . . . . . . . . . . 10 i
6 Histogram of Eye Movemeni Magnitudes . . . . . . . . . 11 ‘
. 7 Example of the Magnitude and Angle of Each Change in ,
Fixation on On¢ Presentation. . . . . . . . . . . . . 12
. " & Visual Coverage of a Presentation . . . . . . . . . . . 16 ;
3 9 Computer-Regenerated Display Data . . . . . . . . . . 17
: 10 Distribution of Viewing Time for Each File en a Display . . . 19
11 Linear Correlation Between Time Viewing Columns and the 4"
Relative Number of Marks in the Columins  , . . ., . . . 32
12 Visuai Angle Subtended by Groups of Columns . . . . . . . 32 ~
13 Perecent of Total Time Spent at Each Ranking . . . . . . . 33 ‘
14 Distribution of Viewing Timec for Each File on the Display j
Using 5. 6-deg Angle of Visual Coverage . . . . . . . . 36 :
B-1 Domiains Fixated by Operator1 . . . . . . . . . « . . 44 "
: B-2 Domains Fixated-by Opervator2 . . . . . . . . . .« . . 45
B-3 Domains Fixated-by Operator3 . . . . . ., « . . . .« 4¢€

ii 3




X T
. X . S ——— e T e - LA Y e v
Rl s e e R N - . e B et e T > pathe

E TR 4861

¢

E’E

)

k

! LIST OF TABLES

3 Table Page

s

3 1 Dircetion and Magnitude of Eye Movements for Three

E Operators. . . . . . . . . e . . . . 13

B 2 Number of Domains Missed in Each File . e .. 21

3 Correlation Between Number of Missed Domains in a File and

Distance from Center . . . . . . . A |

E

L 4 Relative Viewing Time in Each File. . . . . . e e .. 21

f 5  Correlation Between Number of Missed Domains and Viewing

3 TiMme. o . o v v e e e e e e e e e e e e e e e .. 22

‘ 6 Number of Actual Targetsin Each File . . . . . . . . . . 23

i 7 Correlation Between Number of Actual Targets and the Relative

: Viewing Times and Missed Domains in Bands . . . . . . . 23

[

- 8  Correlation Between Number of Selected Targets and the

3 Relative Viewing Times and Missed Domains in Bands . . . . 24

&

3 9 Number of Selected Targets in Each File. . . . . . . . . . 24

3 10 Total Number of Domains Missed Within BachBand . . . . . 25

3 11 Correlation Between the Order of Appearance of Bands and the

{ Number of Missed Domains . ] ¢

3

[ C-1 Number of Presentations in Which Each Domain of the Display

E‘ Was Not Fixated (Three Subjects Combined) . . . . . . . . 48

3

3 D-1  Number of Occurrences of Greatest Viewing Time in Each

- Tocation . . . + + + . 4« 4 e o 4 e e 4 e e v o« . B0
D-2  Number of Occurrcnces of GMRKF in Each Location . . . . . &0
D-3  Number of Occurrences of GMRL in Each Location . . . . . . 50
D-4  Number of Occurrences of GBRL in Each Location . . . . . . &0

iii/iv
REVERSE BLANK




— v ol . S ICAD i SRRt I LA A S,
. vy o ew e e —— L8 s T LT et s - e ML AR s 2 " o 3
TR R AT T T - ‘
v = F,
F“ J — R 2
'
¥

b TR 4861 f;

VISUAL SAMPLING ON A SIMULATE™M
DIMUS-TYPE DISPLAY

INTRODUCTION

TR

It has been shown that a sonar operator does not sample a display
uniformly. 1, 2 His attention will be concentrated in some areas of the display,
but other areas are not sampled at all. Since the operator does not sample
uniformly, we must know what sampling pattern he does usc in order tv deter-
mine his visual search characteristics,

P T

This report discusses the visual search of three experienced sonar
operators observing a DIMUS display. The specific goals are to

¢ determine the visual coverage of the display,

T T P O

e cvaluate the visual coverage, and

P

e relate the visual sampling to data on the display.

BACKGROUND

The areas a sonar operator samples on a display can be determined from
] his eye fixations. He obtains visual data while his eyes arc fixated and not
during the rapid eyec movements (saccades) between fixations, Visual acuity
decreases in‘areas away from the fixation point, with the maximum occurring
inside of a visual angle of approximately # 1 deg. In this report, data within
this angle (the angle of foveal vision) will be considered to have been sampled.
Thus, a record of a sonar operator's eye fixations, obtained from his electro~
oculargram (EQG), can be used to determine the foveal sampling on the dis-
4 play.

1 A record of visual sampling by operators can be used to determine the

3 visual coverage of a display. TFor this study, areas of a display covered by the
] foveal vision are considered sampled; arcas not covered are considered

: missed., Thexrefore, a plot of the display area ~howing the fixations can.be used
to determine visually sampled and visually misscd areas.

. i
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The method Wdiscussed in this report was used successfully to study ex-
perienced sonar operators' visual coverage in searching a PPI display. 1 7Tar-
gets were indicated on the display by a high-intensity mark at a single location,
instead of by a target track as on the DIMUS display. ‘The noise background
was a uniform noise field over the display area having no attention-attracting
features. It was found that the operators did nut sample the PPI display uni-
formly and that their respective visual coverage varied greatly, There is a
relation between these variations and targct detection capability.

AREAS OF VISUAL CONCENTRATION

The current perception theory assumes that visual information is ob-
fained sequentially, On a complex display, arcas are fixated successively by
the viewer, and the heaviest concentration of fixations is on the most important
elements of the display. This was shown by YarbusS in his study of eye fixa-
tions on paintings, He found that attention to areas of a painting depended on
what the viewer was asked to consider. When told to look at a painting with no
questions in mind, most observers directed their attention to faces. However,
when asked about the economic conditions of the subjects in the painting, much
attention was direzted to the room furnishings and clowhing in the picture. In
each case, when latceor questioned about the painting, the observer's knowledge
was limited in those areas he had not fixated heavily.

On the basis of the current perception theory and the findings of Yarbus,
the eye fixations of a sonar operatcr should be concentrated on the most im-
portant areas of the display. (The amount of viewing time spent in a particular
area of the display is considered the measure of its importance.) Since the
operator is trying to detect a target, he should concentrate on areas where a
taxget is most likely to appear. If he is told a target can appear anywhere, he
should cover the display uniformly, because targets appearing in neglected areas
ar: more likely to be missed than those in areas of concentration.

DETERMINING EYE FIXATIONS

Eye fixations are obtained from the operator's EOG. This procedure,
which is hased on measuring the electric field around the eyes, was described
in the PPI st:udy1 and will be described only briefly here, As the eye rotates
in its socket, the electric field around it varies in proportion to the angle of
movement, The field can be measured by placing electrodes on the skin around
the eyes, ‘Then, by properly calibrating the measurement system and ensuring
that the operator's head remains in a fixed position, the fixation point of his
eyes on the display can be determined,
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Errors resulting from the use of the EOG measurements are caused
mainly by clectrode drift and, to a lesscr extent, by head movements, Drift
can be canceled by determining the error when the operator looks at a known
point and subtracting the error from the EOG, Errors can also be reduced by
making a suitable estimate of other fixation points. The procedure to estimate
fixations is to record the EOG on magnetic tape, digitize it, and analyze it on a
general-purpose digital computer, as described in the following section.

THE EXPLRIMENT AND DETERMINATION OF FIXATION POINTS
SUBJECTS

The three subjects used in this study were ail experienced sonar opera-
tors, who were either currently assigned to a Flcet Ballistic Missile (FPM)
submarine or had just completed such an assignment, Each had recently comn-
pleted a patrol ix an FBM as a sonar operator,

PROCEDURE

Each of the three experiment sessions lasted approximately 1 to 1-1/2
L The first 10 min of each sezsion was used to apply electrodes to the skin
arount each subject's eyes. Approximately 10 to 15 min was required for the
electrode = to stabilize. While waiting, the operator was told how his eye
movements were to he measured, he was read the instructions (appendix A),
and was sk »wn a typical presentation on the display. Approximately 1 hr was
required for the 20 presentations, each-of a maximum duration of 78 sec.

A typical presentation would start afier the operator had settled his head
into the head rest. A dot would then appear at the center of the display for
him to fixate. While he fixated, the system was zeroed sc that zero corre~
sponded to the center of the DIMUS displayd—;— the display data presentation
would then begin, When the operator decided there was a target, he called,
"Stop." The display data were removed-and a-dot was again presented at the
center of the display for him to fixate. Then the same display data were re~
turned so that he could identify the target, The experimenter-would adjust a
cursor over the target column indicated-hy the operator, Sccond- and third-
choice targets were indicated in a similar mamner. The display would then be
made blank and the operator allowed to relax approsimately 29 sec before the
next presentation was begun,

I o mi‘n—a____-—aj
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THE DISPLAY

The marks on the DIMUS display were generated from a pseudorandom
noise generator so that those in any columan were generated on the hasis of a
binomial process, providing a 0,50 probability that a mark would appear. A
typical display presentation is shown in figure 1. There are 48 columns, and
as many as 85 rows can be displayed, The rows appear sequentially from the
top beginning with row 1, When row 2 appears, row 1 moves down one space;
when row 3 appears, rows 1 and 2 move down; and so on., This procedure con-
tinued during the -experiment until either the operator called a target and the
display was stopped or until all 85 rows appeared. A full presentation required
approximately 78 sec; 73 sec to generate the 85 rows followed by 5 scc of

static presentation, A target column was defined as the one having the most
marks when the display was stopped,

The DIMUS presentation covered a maximum area of 16.5 by 13.8 cm on

the display oscilloscope and:the operator's eyes were 33 cm from the face of the
dispiay. These dimensions correspond to ahorizontal visual angle of 38 deg and
a maximwn vertical visual angle of 24 deg.
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Figure 1. DIMUS Display Presentation
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ESTIMATING EYE FIXATION POINTS

All calcul .tions made to estimate the eye {ixations of an operator used
the visual angle to locate fixation points, Since all distances were constant and
changes in fixations were made by eye rotations, the visual angle contains the
information required to locate the fixation, Also, since the foveal vision sub-
tends approximately 2 deg of solid angle, this method of determining foveal
coverage of the display is the most convenient,

The first processing step was to digitize the recorded EOG data, (A
block diagram of the analog~to-digital {A/D) conversion is shown in figure 2.)
Only the data recorded while the display was on for target detection were dig-
itized. No conversion or apalysis was done for data recorded while the display
was on for the operator to indicate selected targets. The digitized data were
stored 2n magnetic tape so the remaining steps of the analysis could be accom-
plished using a general-purpose Univac 1108 digital computer.

Next, errors inthe EOG were corrected using the system shown in fig-
ure 3. The error is the difference between the value of-the fixation point cal-
culated from the EOG data and the correct value for a known fixation point.
Correction was made by subtracting the error from cach sample; a straight-
line approximation was used for correcetion hetween the known fixation points,

This process provides a reasonably error-free signal from which the estimate
of the fixation angle can be made.

Finally, the fixation angle was estimated from the corrected EOG accord-
ing to the amount of change in the electrical signal, The first digital sample
was considered to be the first estimate of the angle, and -then the difference
between the estimate and the second sample was considered. If the difference
was less than 1 deg, the second sample was averaged with the estimate, and
the difference between the third sample and the average was considered, This
process was continued until a sample point was found that differed from the
estimate by more than 1 deg. When this occurred, a new cstimate was begun
using the uew point as the first estimate., Thus, each estimate of the visual
angle consists of the average-of all the sample points that differ from the aver-
age by 1 deg or less, and all changes in fixation points are greater than 1 deg.
This estimating procedure acts like a lowpass filter, since it removes-high

frequency components; however, the rapid change of fixation points, charac-
teristic of eye movements, is retained,

odiaatta tns s B
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FILTER: -3 dB ot 22.5 Hz
=96 dB/oct above
A/D CONVERS| ON::
64 SAMPLES/sec
VERTICAL
: ANGLE DATA A/D
3 1 FILTER P CONVERTER
IL"
‘ ANALOG | — DIGITAL
MAGNETIC MAGNETIC
1 TAPE A/D TAPE
. L» FILTER ]
i HORIZONTAL CONVERTER
ANGLE DATA

Figure 2. Block Disgram of A/D -Conversion System

é DRIFT ~ ANGLE .

E DIGITAL FILTER  [re=to CORRECTION =3 ESTIMATION » \DIG!TAL
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) MAGNETIC MAGNETIC
] TAPE TAPE
F:
ERRORS AT CORRECTION
d KNOWN TIMES CALCULATION

TFigure 3. Block Diagram of Data Reduction System
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The above procedure, using 1 deg as the maximum difference in the
estimate, was chosen for several reasons: TFirst, the foveal vision covers
approximately 2 deg of visual angle; so +1-deg changes arc within the foveal
angle. Second, we are only interested in the foveal fixation point on the dis-
play, but the eye makes continual small moves around the fixation point; so
these small movements are averaged out. Third, low-level, high frequency
noise is eliminated. Finally, the storage requirements in the computer are
reduced, since only the value of the estimate, the starting point, and-the final
point need bhe stored, and not all of the data points in between.

RESULTS AND DISCUSSION

Analysis of the experimental data was done by digital computer, The
analysis is based on the estimate of the location and length of fixation-and the

regeueration of the display data presented to the operator. The results of the
analysis were divided into three parts:

o Analysis of ecye movements; length of fixations and the magnitude and-
direction of the moves.

e Visual coverage of the display: a consideration of the areas not fixated
on.the display, their location and relation to order of appearance, and
time spent fixating regions of the display.

¢ Corrclation of fixation times with data on the display presented to the
operator,

All results were obtained from the same three operators,

EYE MOVEMENT PARAMETERS

The eye movement parameters considered ave the length of fixations, and
the magnitude and-direction of the eye movements. These parameters are con-

sidered to be independent of location on the display, the length of the run, and
the data presented on the display,
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{ Since saccades take a definite amount of time, the samples of the digital
: sampler contain points obtained duving the saccades. The average move for
the three operators combined was approximately 4.1 deg. According to
Yarbus, 3 the time {o make a 4 1-deg saccade is approximately 0. 035 sec.
Since the digital sampler makes 64 samples/sec, at least 2 samples would be
obtained during the time to make an average move. The estimating procedure

2 described above will include these values in the output of the estimates of fixa~
tion points as one-sample-long fixations. However, since these single samples
are not part of any fixations, but a result of the time to make the saccade, they
should not be considered as fixations, and not included in fixation times. The
single samples are excluded from figures 4, 5B, 6, and 7.

bk
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Fixation Times

Figure 4 is the histogram of the fixation times for the threc operators
combined. The figure shows that, in gencral, the number of fixations de-
creases with increasing fixation length, with about 7 percent of the total number
of fixations greater than 0.5 sec. The average fixation time for the threc op-
erators was 0. 233 sec {standard deviation 0. 356 scc).

Figure 5A shows the apportionment of time by the three operators. In
this figure, the time interval 0 to 0. 0156 sec represents samples taken during
saccades; so approximately 7 percent of the total time was spent in making
saccades. Since the operator cannot see the display while making a saccade, a
minimum of 7 percent of the total viewing time was lost in making eye movements,

The abscissa of figures 4 und 5A are drawn to the same scale so that
these figures can be compared. In the range from 0,0156 to 0, 3125 sec, the
relative amount of time spent in fixations of a given length increases with the
fixation length; however, the number of fixations in this inverval decreases
with increasing fixation length, In the time interval from 0, 25 to 0,5 sec, both
the relative amount of time and the number of fixations decrease with increas-
ing fixation length, A lavge percentage of time is spent in a few relatively long
fixations. Over 30 percent of the total time is spent viewing the display in

fixations 0, 5 sec and longer; yet these fixations represent less than 7 percent
of the total number of fixations.

Figure 5B gives the distribution of time spent in fixations on the display.
The 0- to 0.0156-sec saccades time is not included in this figure so that only
the fixation times arec considered. This figure shows that the most time (36
percent) is spent in fixations ranging from 0. 25 to 0,5 sec long. Howcver, con-
sideration of figure 5A shows that more time (43 percent) was actually spent 1n
fixations ranging from 0, 125 to 0, 375 sec long, Thus, fixations ranging from
0. 125 to 0,375 sec long are used most in the actual viewing of the display.

Magnitude and Direction of Movements

Figure 6 is a histogram of the magnitude of eye movements for the three
operators combined, The l-deg and smaller moves arc not shown in this figure
since they arc removed by the estimating procedure discussed above, The num-
ber of moves observed decreases exponentially with the length of the move, with
less than 5 percent of the moves greater than 15 deg, The moves indicated from
23 to 26 deg are probably the result of blinks, since blinks cause large deflections,

9
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Figure 6. Histogram of Eye Movement Magnitudes

Figure 7 gives an example of the magnitude and direction of an operator's
eve movements while looking at the display. The magnitude is the angle of eye-
ball rotation during the saccade, ‘< nd the angle in the figure is the direction of
the move (right is 0 deg, left is 150-deg, up is +90 deg, down is =90 deg). In
this figure, the onc-sample estimates have been removed, and the magnitudes
shown are included in the calculation of the histograms in figure 6.

The process typical for all the operators when making eye movements is
apparent in figure 7; large saccades are usually followed immediately by short
saccades. This process of making a large move followed by several short
moves is a characteristic of eye movements. 3

After their initial eye adjustments to look at the startingpresentation, the
operators made no vertical moves for a relatively long time. For example, in
figure 7, after the first move at t - 0 to start looking at the developing presenta-
tion, there were no vertical moves for the first 14 see. (Vertical moves are in-
dicated in this figure by an angle of - 90 deg for the movement. ) Duringthistime,
the display was building up from a height of one row to 16 rows subtending ap-
proximately 4. 5 deg. After about 20 sec, when 24 lines were on the display, ver-
tical moves appeared in significant numbers. Considering all presentations to
the three operators, vertical moves did not oceur until the display had grown
vertically to an average size of 3. 6 deg (standard deviation 1.1 deg).
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Most of the eve movements made by the operators observing the display
were either up and down (vertical) or left and right (horizontal), (No diagounl
moves are apparent in figure 7.) Table 1 shows that almost 95 percent of the
moves were vertical or horizontal; only 5.3 percent of the moves were made
diagonally across the display (off axis). However, the diagonal moves tended to

be larger; 5. 94 deg off axis versus 4, 04 deg on axis,

There is a relatively iarge difference in the up and down moves, The
downward moves tend {o be smaller than those made upward, but there are
many more moves made down than up. The moves made to the left and right
have about the same average magnitude, and there is a reiatively small dif-
ference in the number of moves (less than 1 percent),

Table 1. Direction and Magnitude of Eye Movements
for Three Operators

4 age Standard

3 Number | Pe-zent of Ave 1.1g ¢ Variance bLll")d'l.l(

: of Moves | Total Moves Magnitude (de gg) Deviation Movement
‘ e {deg) (deg)

3

3 2,743 21.9 4,63 22,04 4,69 Up, +90°

¢ 3, 914 31.3 3.29 11,22 3.5 Down, -90°
2,636 21,1 4,23 17.72 4,21 Left, 180°

1 2, 549 20,1 4.35 19.52 4,42 Right, 0°

4 11,842 91.7 4,04 14,96 4,12 On Axis

{ 662 5.3 5.94 21,60 4,65 Off Axis

3 12,504 100 4,14 17.21 4,15 Combined

b

Discussion

The analysis of the eye movements (fixation length, direction of moves,
etc.) bas been included for several reasons, Studies of eye fixations in visual
search usually give eye movement parameters, Many results in a stady of
visual search arc related to the display used, so the eye movement parameters
may be the best basis for comparison of different studies, A new process for
estimating the fixations is used in this report, so a comparison with other

studies should be made. Finally, the cye movements themselves are of in-
ferest.
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The 0. 23~scc average fixation time found here is smaller than values
reported in some other studies, Ford, White, and Lichtenstein® gave a mean
fixation time of 0.28 sec for free search, and White and Ford® found a mean
fixation time of 3,7 sec for a simulated radar scarch. The Dunlap and asso-
ciates study? of the visual search of sonar operators reports a mean fixation
time of 0.32 sec. It has been reported that the duration of fixations increases
with decreasing display size,” However, the above differences in fixation
times could have been caused by the use of different lowpass filters. The
lowest cutoff filter gives the most averaging and tends to average out the short
fixations., The 0.28-scc average was determined from data filtered at approxi-
mately 10 Hz. The 0.32-sec average was a result of data that had been passed
] through a lowpass filter with an even lower cutoff frequency. The 0.23-sec
average fixation given in this report is for data filtered at 22.5 Hz, Whether
3 there are differences caused by the various formats is impossible to tell from
these data,

—— T

Figure 5, the perceniage of total time by fixation lengths, indicates the
fixations used in viewing the display much better than the histogram of fixation
times. The actual time spent during a few long fixations is more than equal to
- the time spent in many short fixations. A consideration of the histogram of
fixation lengths would indicate that the short fixations are most important since
therc are so many of them., However, the {ixation times ranging from 0,1 to
0.4 sec are actually the most significant, since they represent the most time
used in observing the display.

e anar ma ) wul e S

: The direction and magnitude of the operator's changes in fixation points
indicates how the operator is looking at the display The equal size-and number
5 of left and rignt changes shows that the operators are not looking at the display
as they would a book. If they looked at the display as in reading, there would
be fewer moves to the left than to cthe right, and the moves to the left would be
longer than-the moves to the 1‘ight.3 However, there arc approximately the
same number of moves to che left as the right, and the sizes of the left and right
moves are nct significantly different., The vertical moves indicate the operator
is scanning columns from top to bottom. Fewer moves are up than down, and
the upward moves are much larger than the downward.

It has been reported that the lengths of saccades increase as the visual
angle subtended by the display increases,? The average eye movement here
for the three operators combined was approximately 4 deg (one-sample esti-
mates eliminated), Ford, White, and Lichtenstein® report a mean movement
of 8.6 deg on a display subtending 30 deg of visual angle. The Dunlap and

14
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associates study?2 of sonar operator visual search gives a mean of 2.4 deg for
a display subtending 19 deg of visual angle, Since the display used here sub-
tended 28 deg by 23 deg maximum, the average move and the display size ap~
pea> to be related, However, the differences may also he caused by different
interpretation of the data, since the 2,4~ and 4-deg mean cye movements were
determined from measurements obtained directly from ink records of the
filtered eye movements, and there is no way of knowing how smali eye move-
ments were included in the average.

The absence of vertical moves during the first part of the presentation
gives an indication of the visual angle the operator is using to view the display.
When the display subtended less than 4 deg vertically, the operator tended to
rnake horizontal moves only, If the operator were relying on the 2-deg foveal
vision for viewing, then vertical moves on the order of £ deg in magnitude
should have been occurring. Thus, the visual angle used by the operator riust
be approximately 4 deg, since he did not have to make vertical moves to view
the display when it was smaller than this value.

OPERATOR COVERAGE OF THE DISPLAY AREA

‘The eye fixations were analyzed to determine the distribution of viewing
time and the location of unfixated areas on the display. From this information,
the operator's assessment of the importance of particular areas on the display
for target detection was determined and his visual coverage evaluated.

The amount of time a particular arca is viewed is considered to be an
indication of the relative importance of that area for target detection. In this
study, areas fixated for the longest time are assumed to be the most important,
and those fixated for the shortest times, the least important,

Display data from the unfixated areas are not sampled through the foveal
vision and arc not as important to the operator for target detection as data
from fixated areas. The location of unfixated arcas is considered in the analy-

sis because a target appearing there is more likely to be missed than is a target
in a fixated area,

Visual Coverage

Figure 8 provides an example of an operator's visual coverrage of the
display during the presentation shown in figure 9. (The data in figure 7 are
also for this presentation,) The eye f{ixation points are at the center of the
circles shown in figure 8, These circles, which represent 2,5 deg of visual
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Figure 8. Visual Coverage of a Presentation

coverage on the displav, are larger than the 2-deg foveal coverage to allow for
error in determining the fixation points, Fisures 8 and 9 represent a 40-sec
presentation, in which 47 rows appeared on the display.

The nonuniform visual coverage of the display that is shown in figure 8
was typical for the operators involved in the experiment, As can be seen-in
the figure, some arcas were not included in the search through the foveal vision
and others were heavily fixated, Data in the upper right side of the display
were never viewed direetly, whereas the left side had many fixations,

Given the above results, it is important to determine whether some areas
of the display are consistently more likely to be unfixated than others and-to
determine the distribution of viewing time across the display, The following
results and discussion will attempt to answer these questions,

16
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Analysis of Display Coverage

In order to obtain quantitative results, the display area was divided into
equal parts (domains) and analyzed with respeci-to the amount of viewing time
in each part. The domains consist of an arca 6 columns wide and 12 rows high
(having visual angles of 3.5 and 3.3 deg, respectively), This size was chosen
o fit the display dimensions and still have approximately equal vertical and
horizontal visual angles, Only areas including whole domains were analyzed,
i.e., parts of domains were excluded, Figure 9 shows a presentation divided
into domains for analysis; the 1f=-row area at the top of the display was ex-
cluded from the analysis because it reprasents a group of partial domains,

Files and bands arc used in the analysis. A file consists of a vertical
column of complete domains; e.g,, there are 8 files shown in higure 9, each
consisting of 3 domains, Bands are horizontal groupings of 8 domains tha!
extend across the display; ¢.g., there are 3 bands shown in figure 9.

COLUMN MUMBER

&
us
(-]
z %
z E
< o
o) z
o« o
z
Y
[}
CDOrAIS FILE HUMBER
Figure 9. Computer-Regenerated Display Data
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The analysis in this section is based on the operators’' total viewing time
in each domain on the display, If the total viewing time in a domain was less
than 0.1 sec in a presentation, then the domain is considered to have been
missed on that presentation, A total of 57 presentations for the three opera-
tors are analyzed; the three exclusions represent two presentations with less
than 12 rows, and one presentation which was not recorded properly, Appendix
B shows which domains were viewed and which ones missed on cach presenta-
tion, The figures in appendix B are summarized in appendix C, which gives
the number of presentations in which cach domain was missed,

Nonparametric statistics was used to analyze all data so that few as-
sumgtions about the underlying distributions must be made.8 Since the corre-
lations are tased on ranking data rather than on the actual data values, large
changes in data values produce the same ranks as do small changes aud,
therefore, have no effect on the correlation. For instance, in figure 10 (which
shows the distribution of viewing time by files for the three operutors eom-~
bined), the four values on the left side change more rapidly than the four on the
right without affecting the calculated correlation,

Assuming that random data variations are averaged out by combining the
57 presentations, bias in the operator's coverage of the display can be deter-
mined, It will be shown that the operator-does not view the display uniformly.
The number of presentations in which a domain is missed depends on the order
of appearance and the location of the domain. The time spent viewing the dis-
play is not uniformly distributed across the disglav.

Horizontal Coverage

The analysis of horizontal coverage is based on the analysis of files (i.c.,
of columns of domains) and will consider (3) the number of missed domains in
each file, (2) the total viewing time in cach file during a presentation, and (3)

the correlation between the number of missed domains and the-total viewing
time in the files.
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Distribution of Missed Domains. Tablc 2 shows the number of domains
missed in each file by each operator, and the sum for the three. These data
can be used to calculate the Spearman rank correlationd between the number of
domains missed in a particular file and the distance of the file from the center
of the display. For this correlation, files IV and V (nearest the center) are
ranked 1, and files I and VIII (farthest from the center) are ranked 4, The
correlation between the number of missed domains in a file and its distance
from the center is shown in table 3, As table 3 shows, there is a high corre-
lation between the number of missed domains in a file and the distance of th :
file from the center of the display, That is, domains in files to the left and

right sides of the display are more likely to be missed than domains in files at
the center,

Distribution of Viewing Time, Table 4 shows the relative viewing time
of the files for cach operator, as well as the relative viewing time of tiic three
combined, The hypothesis that the relative viewing time in each file is a
sample from a uniform distribution was tested using the Kolmogorov-Smirnov
test.9 The hypothesis was rejected at the 0,05 level for each operator alone

and for the three combined — they did not distribute their time uniformly
across the display.

Figurc 10 shows the distribution of time by files for cach operator and
for the three combined, The figure shows that viewing time decreases for all
three operators as the distance of the files from the center of the display in-
creases. The correlation between relative viewing time and distance from the
center for the three operators combined is -1,0, which is significant at the
0.01 level.

Correlation Betweea Viewing Time and Missed Domains., The Spearman
rank correlation? between the number of missed domains and the viewing time
(fr.m tables 2 and 4, respectively) is shown in table 5. The number of missed
domair 5 and the viewing time in a file are related, as is indicated by the sig-
nificant negative corrclation hetween them for each operator and for the three
combiner, TFiles that had the most viewing time had the fewest missed domains
and those that had-ithe least amount of viewing time had the most.
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Table 2, Number of Domains Missed in Each File
File Number
Operator
I II III Iv \% VI VII VIII
1 24 9 5 2 5 5 12 24
2 32 25 13 14 12 21 20 34
3 42 25 20 23 26 28 28 45
Combined 28 59 38 39 43 54 60 103
Table 3, Correlation Between Number of Missed Domains in a
File and Distance from Center
Operator Correlation Significance
1 .97 .01
2 .80 .02
3 .87 .01
Combined .90 .01
Table 4. Relative Viewing Time in Each File
File Number
Operator
I II III Iv \Y VI VII VIII
1 .0907 .109 | .139 .162 | .,120 | .133 | .153 091
2 <133 1 .107 | .146 .154 }.139 | .100 | .132 .089
3 .091 | .138 | .157 .190 | ,130 | .141 | ,102 .051
Combined | .104 | .122 | ,149 J71 1,130 | .125 | .124 ,073
21
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Table 5. Correlation Between Number of Missed
Domains and Viewing Time
Operator Correlation Significance
1 -.72 7 .05
2 =74 .05
3 -.87 .01
Combined -.95 01

Effect of Target Location, The number of missed domains and the view-
ing times were not related to the actual locations of targets, Table 6 shows the
number of actual targets by files for each operator. The correlation between
target location and relative viewing time with the number of missed domains is
shown in table 7, None of these correlations is significant at the 0,05 level;
so it may be assumed that the actual locations of targets do not affect the pa-
rameters considered here for operator search.

The operators’ coverage was not related to selected targets cither, as
the correlations presented in table 8 show, (Table 8 results from correlating
the data in table 9 with those in tables 2 and 4,) Since nonc of the correlations
in tables 7 and 8 is significant at the 0,05 level, it may be assumed thatneither

the viewing time nor the number of missed domains is related to target loca-
tion,

Missed Domains and Ourder of Appearance

This analysis is based on the number of missed domains in bands across
the display. The presentations analyzed had from 1 to 7 bands, depending on
when the operator detected the target. The bands are numbered in order of
their appcarance on the display, and only complete bands are considered., The
presentation shown in figure 9 has three complete bands; band 1 appears first
and band 3 appears last., Thus, band 1 was on the display for the longest time

and band 3 for the shortest. The data appearing at the top of the display are
not included in the analysis.
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Table 6, Number of Actual Targets in Each File
File Number
Operator
1 II 1 Iv \% VI VII VIII

1 1 1 |1 3 ] 5 5 4 1

2 3 4 3 6 2 1 4 3

3 2 4 1 2 4 3 7 2
Combinea 6 9 7 9 11 9 15 6

Table 7, Correlation Between Number of Actual Targets and-the

Relative Viewing Times and Missed Dumains in Bands

Operator Viewing 'l‘ir'n'es and Missed Doma"msand
Number of Targets Number of Targets
! «32 -.36
2 .33 05
s -.23 .17
Combined .43 -.31
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Table 8, Correlation Between Number of Selected ‘Targevs and the
Relative Viewing Times and Missed Domains in Bands

Viewing Times and Missed Domains and
Operator Number of Targets Number of Targets
Selected Sclected
1 e 33 . 17
2 .22 -.01
3 -.46 .39
Combined -.45 .41

Table 9. Number of Selected Targets in Each File

File Number
Operator
I II I11 v \Y VI VIl vin
1 1 3 1 1 6 2 2 3
2 1 3 3 3 0 1 3 2
3 4 2 2 1 1 1 3 2
Combined 6 S 6 5 7 4 8 7
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Table 10 shows the number of domains missed in cach band by the three
operators combined. The data are grouped according to the total number of
bands on the display at the end of a presentation. The correlation between the
number of missed domains in cach band and the ovder of appearance of the hand
for each presentation length is shown in table 11. As table 11 shows, the
number of missed domains in a band is highly correlated with the order in
which the band appeared, Bands appearing first were on the display for the
longest time and had the fewest missed domains. (Band 1 appeared .+ st and was
always on the display for the longest time, )

Discussion

The results obtained during this study are primarily for search. The
parameters considered here are independent of the operator-selected target

locations, and only the viewing time in a single column was correlated with the
actual target colinm.

Table 10, ‘Total Number of Domains Missed Within Each Band

p——

o ety

Band Number of Bands Presented

Number 1 2 3 4 5 G 7
| 7 5 19 4 0 7 5
2 —_ 9 28 8 1 4 11
3 — —_ 61 10 4 12 11
4 _ —_ — 24 5 13 14
5 — —_ — —_ 12 14 | 33
6 —_— — —_— — — 20 G0
7 — — — —_ — — 93
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Table 11, Correlation Between the Order of Appearance of
Bands and the Number of Missed Domains

Bmi\:ll;n::)li;g f’ing Correlation Significance
2 1.0 .5
3 1.0 .17
4 1.0 .05
5 1.0 .01
6 . 943 .01
7 .991 .01

Since the PPI study1 indicates that operr.ors fixate targets, the lack of
correlation between viewing time and selected targets was a surprising result.
However, visual examinations of the records for the period after the operator
called "'Stop"” showed that the operators did a great deal of searching after they
stopped the presentation., In addition, during the experimental session, it was
often observed that the operator would delay selecting a target column with the
cursor or else change his mind after indicating a selection. In every case,
visual observation of the EOG record showed that the operators were actively
searching during the selection portion of the presentation, even though they had
indicated by their call that a target had been detected. The searching oc.urred
even when the operator found a strong target early in the presentation and
quickly selected his first choice column. An analysis of this viewing after the

display was stopped should show a correlation between viewing tine and the se-
lected target column.

The hesitancy to sclect the target column and the very intense searching
after stopping the presentation (which occurred during most presentations) in-
dicate that the operators called a target when they thought one was present but
had not actually decided where it was. Apparently, they were first detecting
and then localizing the targets.

26
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Visual Search Characteristics. The distribution of missed areas and
apportionment of time on the display were considered separately. Areas of
‘ the display were considered to have been observed if viewed for more than 0.1
sec, areas viewed for times ranging from U.1 sec to several seconds were con-
. sidered the same. ‘Thus, it is not necessary to assume a priori that the distri-
bution of viewing time over the display and the distribution of missed areas are
related. However, the percentage of time spent viewing an area and the num-
ber of misses in that area were significantly related.

Coverage of the display by the foveal vision of the three sonar operators
was not uniform. During most presentations, there were areas that were not
fixated (sce figure S and appendix B). Since there was adequate time to view
each area, reglect of certain arecas must be considered characteristic of the
visual coverage of the DIMUS display. The locations of the unfixated areas for
the three vperators shows a tendency to miss data in the same areas. The
- missed areas were found to correlate signiticantly with the following factors:

o The order of appearance — areas in which data appeared at the end
; of a presentation were more likely to have been missed than those in
which data appeared at the beginning,.

o The horizonial distance from the center of the display — areas al the
: left and right sides of the display were more likely to have been missed
3 than those at the center.
4 The relatively large number of missed avceas at thetop of thedisplay (i.e.,
z those that appeared at the end of the presentation) indicates thal the operators
were eliminating arcas from consideration carly in the presentations.  As an
example, consider the coverage shown in figure » and the unfixated area-at the
‘ upper right-hand side of the display. The lack of coverage indicates that the
3 operators concluded that the area did not contain a target; this decision (whether
3 voluntary nr involuntary) must have heen based on data appearing carly in the
LE presentation, The time spent viewing different areas of the display varied ex-
: tremely, During most presentations, some areas were fixated for relatively
) long periods of the available time and others for short periods or not at all,
i

3 The correlation between missed areas and distance from the center of the
E display cannot be attributed to the effect of target location. Table 2 shows that
; for the three individual vperators, therc were always at least two files with the
same number or fewer targets than in the left and right sides (files I and VIII).

Evern so, the correlation between missed files «nd distance from the center was
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high for each operator and for the three operators combined. The location of
the file with the most targets has no apparent effect either. Operator 3 had the
most targets appearing in file VII, yet the correlation is hetween that of opera-
tors 1 and 2 for whom the most targets appeared in a more centrally located
file.

The nonuniform distribution of viewing time is apparent from the per-
centage of time spent in the files ¢ the display. As shown in figure 10, the
amount of time the operators spent viewing centrally located areas was greater
than that spent on the left or right sides of the display. Viewing time tended to
decrease as the distance of the area from the center of the display increased.
This nonuniform coverage cannot be attributed to the display presentation;
there are no horizontal time variations on the display; all such variations oc-
curred in the presentation of vertical data.

The nonuniform coverage observed here resulted from the search charac-
teristics of the operators. Considering the large number of presentations that
were combined in the analysis, variations caused by differences in the display
data on individual presentations would have averaged out. Although the opera-
tors, individually and combined, visually covered the format in a nonuniform
manner, the format did not dictate the search methods they used. They could
easily have fixated all areas on the display and would still have been able to
spend the most time on the center; or they could have divided their time equally
across the display, without fixating areas at the top; or could have divided their
time uniformly across the display, missing areas randomly.

The nonuniform visual coverage of the DIMUS display is consistent with
the result of » study by Ford, White, and Lichtenstein,? who reported on sub-
jects assigned to find a single black point appearing in a white background.
White and Ford® observed nonuniform search on a simulated radar display, and
it haslalso been observed for sonar operators searching a simulated PPI dis-
play.

OPERATOR VISUAL COVERAGE AS A
FUNCTION OF DISPLAY MARKING

The relation between the amount of time spent viewing an area of the dis-
play and the information on the display in that area will be considered in this
section. As stated in the Introduction, the amount of time an operator views
an area is assumed to he related to the relative importence of that area for de-
tecting the target. The purpose of this section is to relate the visual search of
the sonar operators to characteristics of the data on the display.
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Effect of Selecled Parameters

Since a target column was defined to be the column with the most marks
in it, the visual search should be concentrated in areas of the display having
the most marks. However, a study of sonar operator detection performance on
the DIMUS display indicates that the mark frequency is not used exclusively for
target detection. 10 1n that study, it was found that the ta rget columns selected
by the operators were related to the following measures:

e Mark Frequency (MRKF) — The number of marks appearing in a col-
umn divided by the possible number of marks (the number of rows that
appeared).

e Mark Run Length (MRL) — The mean number of continuous marks that
appeared in a column.

e Blank Run Length (BRL) — The mean number of cuntinuous blanks that
appeared in a column.

To determine if these parameters affect the visual search in this study, each
parameter was tested for a significant correlation with the operator viewing
time. Appendix D gives the display statistics for each of these parameters by
files as they were used for the following analysis.

Mark Frequency. If the operator selected target columns on the basis of
mark frequency, then, on cach presentation, the most time should have bheen
spent in viewing areas of the display in whichthe column with the greatest mark
frequency (GMRKF) occurred. To test this, an analysis was made using the
same G-column-wide areas (liles) used previously, as shown in figure 9. To
make the analysis, two files were selected from cach presentation: the file with
the greatest viewing time, and the file with the greatest mark frequency
(GMRKTF). The Spearman rank corrclation was then caleulated for the number
of occurrences of the maximum viewing time in cach file (table D-1) and the
number of oceurrences of the GMRKF in the fife (table D-2). A correlation of
0. 659 (significant at the 0. 05 level) was found hetween the number of files with
GMRKF and the number of files with the greatest viewing time.

Mark Run Length. The Spearman rank correlation was then calculated as
above using the number of occurrences of maximum viewing time in a file (table
D-1) and the number of occurrences of the greatest mark run length (table D-3).
No such correlation was found.




e e T R R T R T T

PR TR PRy

Luadaat

Ty

R et =i e e L i e

TR 1861

Blank Run Length. Next, the blank run length was considered. A nega-
tive correlation was expected between the time spent in a file and the greatest
blank rn length (GBRL). The Spearman rank correlation was again calculated
as above using the nuniber of occurrences of maximum viewing time (table D-1)
and the number of occurrences of the greatest blank run length (table D-4).
Again, no correlation was founa.

Since the vperator can search Tor ulfferent clues during the course of a
presentation, the viewing time and display dawa were also considered for areas
smaller than a file. the b-column by 12-row areas (domains) used previously
(figure 9). The Spearman rank correlation between the relative amount of time
and the relative value of a parameter in cach domain was calculated for each
presentation. The time spent in viewing each of thesc domains of the display
was found to be significantly correlaled with three parameters of the data on the
display. However, the parameter-time correlation varied from presentation to
presentation, with no correlation on some presentations. The number of pres-
entations having significant Spearman rank correlations (0.05 significance
level) and the parameters are as follows:

e 12 presentations: amount of time viewing each domain and the wtal
number of marks in the domain.

e 17 presentations amount of time viewing each domain and the largest
number of marks for a column within the domain.

e 1u presentations, amount of time viewing cach domain and the largest
number of continuous marks for a column within the domain.

No significant correlation was found for 30 of the 57 presentations considered.

Effect of Multiple Columns

Since the foveal vision covers an angle of 2 deg, more than one column of
the display is actually viewed through the L;vea at each fixation. In addition, the
nonfoveal human visiun covers a very wide angle, but with decreasing resolution
away from the fixation point. Thus, the operator may cunsider several columns
as viewed in a single fixation.
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The maximum viewing time in an area was previously found to be related
to the MRKF in the area, and since [ixations cover more than one column, the
time spent viewing an area is likely to be related to the combined MRKF for
several columns. Therefore, it was assumed that the total time viewing a group
of 3 columns (for example) would be correlated with the number of marks in the
3 columns. To determine this correlation, the number of marks in each group
of three adjacent columns was determined for each presentation. The groups
L were then ranked on the basis of the number of marks that appeared on the dis-

L play; the group with fewest marks was ranked 1, next fewer marks, 2, etc. The
percentage of the total time in the presentation that was spent in viewing each
group was then determined. This was done for each presentation, and from
these data, the linear (Pearson product) correlation of the reiative amount oi
time with the relative number of marks was found.

———— T T

The linear correlation and its 95-percent confidence interval are given in

] figure 11 for the proportion of time spent viewing each group of adjacent columns
for groups ranging from 1 to 20, Significant correlation was found for all but
the 1-column grouping. The correlation increases with the number of columns
averaged until 7 columns have been combined. Groupings larger than 7 have

3 about the same correlation (0. %) until 19 columns arce included. At this group-
ing, the correlations start decreasing with larger combinations.

T

Lo

Comparison of figures 11 and 12 (visua! wagle versus number of columns)
indicates that the correlation in figure 11 increases until the number of columns
] averaged corresponds to a visual angle of approximately 4 deg. The correla-
tion then stays at about the same value until almost 9 deg is included. Aver-
aging over larger visual angles causes a decreasc in the correlation.

YT

Since the percentage of total time viewing a group of columns is highly cor-
related with the relative number of marks in the group, the lincar regression was
determined for cach grouping of columns, Figure 13 is an example using groups
of 8 columns (the same 8-column groups in figure 10) — it shows the regression
line along with the relative viewing time for cach ranking of the 8-column groups.
In this figure, the relative amount of viewing time in a group of columns in-
creases with the relative increase in mark density. This figure is representa-
tive of the regressions obtained for all the groupings shown in figure 10,

(T
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Figure 12. Visual Angle Subtended by Groups of Columns
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Figure 13. Percent of Total Time Spent at Each Ranking

Discussion

Correlation between the grcatest mark frequency and time spent viewing
an area shows that operator attention was concentrated on groups of columns on
the basis of mark frequency. During the display presentation, while the opera-
tor was searching to decide if a target was present, he was using the correct
measure, mark density. However, even though he had stopped the display, the
operator could continue his visual search before selecting the target column.

This visual search was not analyzed, and probably is related to factors other
than GMRKF.

Attempts to identify important parameters other than mark density on the
basis of viewing time as the display developed led to ambiguous results. Con-
sideration of the domains for each presentation was expected to identify param-
eters that drew the operators! visual attention to local area. Each of these
second-order parameters considered (as listed on page 29) was significantly
related to the viewing time on some but not all presentations. In addition, there
was overlap, since significant correlation was found for more than one clue on
the same run. The lack of correlation for any of the three clues on over half
the runs is probably caused by the operator's inconsistency in using these
clues, and possibly from the use of other clues not considered here. Thus, it
is concluded that the operator uses clues other than mark density, but these
clues are not used consistently, varying between runs and often durine runs,
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The most important factor determining the opcrator apportionment of his
viewing time is the average mark frequency over several columns. For each
operator, the time spent viewing a multiple-column area has a significant posi~
tive-correlation with the relative mark density in the area. Only for the case
of a single column was there no significant linear correlation between time
spent viewing the column-and the relative mark frequency in the column.

GENERAL DISCUSSION

Search Procedure on the DIMUS Display

On the basis of the information in the preceding sections, the operator
search procedure is appareat for the display used in this study. Whenthe pres-
entation starts and only a few lines are on the display, the operator looks back
and forth at all areas of the-display. After severai lines have appeared, and
while the presentation continues to develop, the cperatoris attention is drawn
more to areas in which relatively large numbers of marks appear. The opera-
tor also looks for other clues-that may hel) him to-decide on the target column
(such as a relatively large number of connected marks). Then, after some
areas-of the display are cliniinated from consideration, a few columns are looked
down to decide if a target is present. When the operator decides a target is
present, he stops the display presentation. Finally, unless the target is par-

ticularly clear, ‘he looks quickly at all thepossibletarget columns to select the
one:he will call.

Superimposed on the search pattern are certain tendencies of the opera-
tor in viewing the display. Some areas-of the display rzceive more visual-at-
tention than others. The operator tends to center his vision in-the horizontal

direction. The cperator keeps referring back to the oldest data and spends the
most time in looking at that data.

The data most likely to be missed:are those-at the sides, and those that
appear last in the presentation, Thus, the display should be designed so that

(1) the most likely or most important target areas are centered, and (2) the
most significant-data appear-first.

Visual Angle for-Search

The visual angle used:by the sonar operators:-for viewing the display is
between 4 and 5 deg. There:are three independent results that indicate the
value of angle used for search: (1) The-absence of vertical moves until the dis-
play had expanded to 4 deg inthe operator's vision indicates that they were-using
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this angle for viewing; (2) the correlation of time with average mark density for
multiple columns indicates the operator is viewing data at an angle grealer than
4 deg; and (3) the first eye movements in the PPI study did not occur untii ihe
circle had grown to subtend approximately 5 deg of visual angle. Thus, indi-
cation is strong that the viewing angle used by sonar operators for search is
from 4 to 5 deg.

An angle of viewing subtending more than 2 deg indicates that the opera=
tors are not relying on the foveal vision alone for searching the display. It may
be that the operator is keying the angle of view he uses to the resolution re-
quired for the display, but it is unlikely. The density of the data on the PPI
display! was quite different from that on the DIMUS display, yet the visual an-
gle used for search was approximately the same for both displays.

Since the visual coverage used-by the operator is greater than 4 deg, the
nonuniform viewing time shown in figure 10 should be reconsidered to see if the
results change. The time spent viewing areas for figure 10 was based on a fixation
point, not a fixation area. The viewing time was recalculated using an angle of
+2, 8 deg around:a fixation:point; 2, 8 deg corresponds to 9 grouped columns -in
figure 11 and was chosen because the correlation versus:number of columns is
almost constant, The same nonuniform coverage of figure 10 is also shown in
figure 14, In addition, recalculation of the correlation between the time and
missed areas (page 20) using this +2, 8-deg visual coverage gives the same
conclusions as using fixation points,

Since the visual angle used by trained sonar operators is greater than
4 deg, the search is made with both foveal and:nonfoveal vision, The nonfoveal
vision-has less resolution than the foveal vision and the color perception is dif-
ferent in the two-areas,with color confusion occurring in some locations. Vari-
ation in color perception between the-foveal and the nonfoveal vision-would have
an effect on a color-coded DIMUS-type display, indicatingthat for a-color-coded
display, the colors chosen should be matched-with the color detection charac-
teristics of both-the foveal and the nonfoveal vision. However, this would have
no effect on a DIMUS display using brightness only for intensity coding.

CONCLUSIONS AND IMPLICATIONS
CONCLUSIONS

The visual search used by sonar operators on a DIMUS display has the
following characteristics:
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. e The amount of time spent searching decreases with the horizontal dis-
tance from the center of the display.

o The time spent viewing an area is proportional to the time-the area has
display data.

e Nonfoveal vision is used in search — the visual angle used for search-
ing subtends from -1 to 5 deg.

e The-average fixation time is 0.23 sec (0. 36-sec standard deviation).

e The most time spent looking at the display is in fixations ranging from
0.2 to 0.4 sce long.

e The mean eye movement is 4.14 deg (4.15-deg standard deviation) for
a display subtending 23.5 by 28 deg.

e The length of-eye movements may be related to the visual angle sub-
tended by the-display.

Conclusions reached in evaluating the sonar operator's visual search-of
the-display are

e The operator's coverage is not-complete, since some areas of the dis-
play are not even fixated.

e The-time spent viewing the display is not uniformiy distributed hori-
zontally.

o Thetime spent viewing the display is not-uniformly distributed verti-
cally.

The visual sampling of the DIMUS-display is related:to the data presented
in the following ways:

e Operators arenot consistent in-the measure used:on the display data:
The time spent viewing an area of the-display may be correlated with-
the number of marks in the area, the line with-the most marks in the
area, or the line with the most-continuous marks-in the area.

e The-time spent viewing a group of columns is related to the combined
mark frequency in the-columns.
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IMPLICATIONS i :
:

Implications of this study for display design for sonar operators are

3
‘

e Nonfoveal as well as foveal vision is used in search; thus, the display
must be designed.so that it can be seen effectively with both-types of
vision.

e Concentration of operator attention to the-center of the display and on
the oldest data displayed indicate that target detection performance
will vary with target location on the display. When-possible, the dis-
play should be formated so that the most important data appear first
and are-centered on the display.

e Operator search on a display is governed by several properties of the
data displayed. The scarch is not determined solely by target-indi-
cating parameters on the display — visual attention may be drawn to-an
area by-data properties that do not actually aid in-target detection.
Thus, the most important parameters determing the visual search
should -be most highly correlated-with target detection. .

E
E Implications of this study for sonar operator-training are

e Operators should-be trained to concentrate search in the most likely
- target areas, or;if targets can appear anywhere with cqual probability,
3 to search the display uniformly.

e Operators should he trained to ignore characleristics of displayed data
that do-not help-to indicate targets.

3 e Possible improvement in:target detection by training in the-use of non-
foveal vision should he examined.

o Possible relation between-training and proficiency level with-visual
‘search angle should be examined.
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Appendix A

OPERATOR INSTRUCTIONS

In this experiment, you will be observing simulated sonar displays and
deciding whether or not a target is present in the display.

First, I will describe how a sonar display is generated. Imagine a sub-
marine with a series of listening devices called hydrophones spaced around it.
These hydrophones are like microphones in that they pick up mechanical ac-
tivity and transform it to clectrical impulses. Each line on the display repre-
sents one sweep of 18 hydrophones. Only those impulses above a certain
strength will show up-as a mark in the display; if below, no point will show up.
The presence or absence of a point indicates only chat the signal was above or
below a certain voltage level and does not indicate degree, that is, how much
above or below.

Every sccond we take another sweep of the -hydrophones. That is tc say,
we-listen from each of the hydrophones and read 1 line, i8-columnsdn length,
on:the display.

You must realize that the hydrophones are-picking up<both random noise
and-what would be the noise from a target and cannot discriminate between
them. The discrimination is your task. The only difference between-target

and:noise is that the probability of displaying a point is greater for-a-target.

‘This, however, does not imply that a target impulse must be present on every
bearing sweep, hut that the probability of a target poinl appearing is greater.

Generaily, we can say that if a target is present, itapach will beindicated
on:the display by a greater frequency of points in-one given column:=than those
columns in which only noise is present. To give you a better idea of what we
mean by this, we have a sample display.

(Show sample display..)
Sometimes a target is present — (show target) .
At other times it is not — (take target off).

For these conditions that you will be observing, your tash is to first de-
cide whether or not a-target is present and then, if-one is, to indicate its loca-
tion as I move the target path indicator across the columns — (demonstrate
cursory).

11
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There are certain specifications for the displays you will be observing:

1. The target, if present, will be there from the beginning of the display.

2. If a target is present, it will always appear in one column; that is, it
will not change hearing.

‘Responses: The first thing you do when you are quite sure you have a
target. is call out "Stop,! and I will stop the continuation of the display. I will
then slide the target path indicator or cursor over the columns. When the cur-
sor is-on the column in-which you saw the target, say "Stop' again. You may
choose up to 3 targets, indicating the strongest target you sce first, the next
strongest target second, and the weakest target last. If you have not yet de-
cided whether-a target is present or not after the completion of the display,
you will have approximately 30-sec more in which to decide. You may call out
"Stop!' at any time during those 30 sec, and, if you have -spctted-one or more
targets, 1 will move the-cursor-until it is over the target.or targets you have
chosen,

The electrodes we have placed around your -eyes are-connected to this
machine over here and=will tell-.us where you are looking as the display falls
down the screen. The noises you may hear from the setup over:there have
nothing to do with the connection between you and the machine; so-do not:be
distressed when you hear them. Thereis no shock involved at all.

In order:to calibrate the equipment, we will begin-the session by pre-
senting-a series of spots on the-screen. We would like you to look directly at
each spot as it appears-and for-as long as it is present on the screen. At the
beginning of each trial and immediately after, you call out ""Stop'" when you
have made your decision about-the presence or absence of a target, one spot
will again appear on the screen,and you will look directly at that spot when it is
present. In other words, whenever a spot is present on the screen, -look
directly at it for as long as it is there.

Questions ?

Please sit quictly and keep your movements to a minimum during -cach
presentation. When the spot that comes-on after you have made your decision

disappears, feel free to-relax and sit back in the chair until the next presenta-
tion begins.
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Appendix B

VISUAL COVERAGE OF EACH PRESENTATION

The shaded areas in figures B-1 through B-3 represent domains that were
fixated a total of 0.1 sec or more during 2 presentation.
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Figurc B-1. Domains Fixated by Operator 1
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Figure B-2. Domains Fixated by Operator 2
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Appendix C

MISSED DOMAINS

The following table gives the number of presentations in which each 6-
column by 12-row area on the display was not fixated by the three operators.
This table, in effect, gives the distribution of unfixated areas for the different
length presentations. Table C-1, part 1,gives the number of missed areas for
the 18 presentations that went 84 or 85 rows before being stopped. Part 2

gives the missed areas for the presentations that were stopped with 72 to-83
rows appearing on the display, etc.
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Table C-1. Number of Presentations in Which Each Domain of the
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Display Was Not Fixated (Three Subjects Combined)
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Appendix D

DISPLAY STATISTICS BY FILES

The following tables give the number of presentations for which-the maxi-
mum of a selected parameter occurred in each file on the display. Table D~1
shows the number of presentations in which an operator's greatest viewing time
occurred in each file (e.g., operator 1 had a maximum viewing time in file III
on two presentations). Tables D-2 through D-4 give display statistics; table D-2
shows the number of presentations for which the column with the greatest mark
frequency (GMRKF) occurred in each file. Table D-3 shows the number of pres-
entations for which the column with the greatest mark run length (GMRL) oc-
curred in each file. Table D-4 shows the number of presentations for which the
column with the greatest blank run length (GBRL) occurred in each file.

When ties occurred on a presentation, each file with a maximum was
counted. Thus, the total for any subject may be greater than-the actual number
of presentations.
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F Table D-1. Number of Occurrences of Greatest Viewing
Time in Each Location
’ File
Opcerator
{ I 1I 11 v v VI VII  VII
3
1
1 1 1 2 4 0 3 5 3
3 11 2 3 3 5 3 0 2 2
" 144 2 2 1 4 3 6 1 0
] Combined 5 6 6 13 6 9 8 5
é
Table D-2. Number of Occurrences of GMRKF in Each Location
F I 1 1 3 1 5 5 4 1
II 3 4 3 6 2 1 4 3
: oI 2 4 1 2 4 3 7 2
1 Totals 6 9 7 9 11 9 15 6
1 Table D=3, Number of Occurrences of GMRL in Each Location
3 1 0 1 3 1 2 4 3 5
3 11 1 3 4 5 2 1 4 2
] 11 2 2 1 1 4 1 7 3
g Totals 3 6 3 7 8 6 14 10
Table D-4, Number of Occurrences of GBRL in Each Location
I 3 1 2 2 3 4 1 3
i1 4 2 4 3 1 0 5 2
I1I 5 2 2 3 1 3 9 0
Totals 12 5 8 8 5 7 15 5
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