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FOREWORD

This report documents a study conducted in 1980 at the Naval Weapons
Center, China Lake, Calif. The work was carried out under a target
acquisition program supported by the Naval Air Systems Command under
AIRTASK A03A3400/008B/7F55-525-000, and under the direction of Commander
P. K. Curran, Naval Air Development Center, Warminster, Penn.

The Naval Weapons Center is conducting analysis and experimentation
on several aspects of target acquisition, including detection and
identification of targets by airborne sensors as well as by direct
vision. This report describes a laboratory experiment of ship identifi-
cation on a raster-type display.
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INTRODUCTION

BACKGROUND

The ultimate success of a man-in-the-loop target acquisition system
will depend on the capabilities and limitations of the human operator.
Most imaging systems will require that the operator identify the target
before conversion to attack.

Erickson has analyzed the flight dynamics of one such possible
airborne imaging system, alon g with human performance data, to develop
mission scenarios and system design alternatives.1 His analysis suggested
that an operator in a multiple-target scenario may not have sufficient time
to view five widely separated objects in order to designate the desired
target.

Whitehurst and Grossman conducted a study of ship identification
performance under various conditions of exposure time and image size.

2

In that study, a "target" ship appeared once in every set of five ship
images. Operators designated the target after all images in a set (viewed
one after another) had been inspected. The operator could also respond,
voluntarily, at the time the pre-briefed target ship was displayed
(regardless of its order in the sequence). For each set, then, there
was a forced-choice response, and for some sets a voluntary response.
One result of that study indicated that observers did not perform better
by waiting to view all five ships before responding. That is, voluntary

4 performance was equal to forced-choice performance.

The implications of that result on Erickson's analysis suggest
that considerable time can be saved, increasing the probability of a
successful attack, if the observer can respond immediately to the target
rather than delaying until he has seen all of the ships. However, in
the Whitehurst/Grossman study observers only responded "immediately" to

Naval Weapons Center. Anti-Ship Missile Study; Man-in-the-Loop
operation, by R. A. Erickson. China Lake, Calif., NWC, November 1979.
(NWC TP 6112, publication UNCLASSIFIED.)

2 Naval Weapons Center. Effects of Tmage f7rposure Time and Size
on Ship Jdentification on TeZevision, by H. 0. Whitehurst and J. D.
Grossman. China Lake, Calif., NWC, February 1980. (NWC TP 6169,
publication UNCLASSIFIED.)

3
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the target's presence voluntarily, while the "delayed" response was a
forced choice. Consequently, the question of voluntary versus forced-
choice was confounded with the question of immediate versus delayed
response.

OVERVIEW

The present study specifically addressed the question of response
mode. The purpose was to determine how response mode (immediate versus
delayed response) affected identification performance. As in the
previous study, observers identified a target ship from among several
alternatives under differing conditions of exposure time and image size.
A television display was used to simulate infrared imagery. In this
study, however, one group of observers responded after all five ships
in a set were presented (as in the previous study), while a second group
was required to respond when the target ship was presented.

METHOD

DESIGN

The experimental design, shown in Figure 1, was a variation of the
split-plot design called a type SPF-p.qr.1 There is one between-block
treatment (A--response rode) and two within-block treatments (B--image
size and C--exposure time). The independent variables were (1) length of
time the ship image was present on the display (exposure time), (2) the

number of scan lines on the raster that carried information about the
image (image size), and (3) the response modes (immediate versus delayed).
The dependent variable was the percentage of correct identifications of

the ship that had been pre-briefed as the target.

APPARATUS

The videotapes employed in this experiment were those used for the
previous experiment. The apparatus and procedures were reported by
Whttehurst and Grossman.

2

3 R. E. Kirk. Experimental Design: Procedures for the BehavioraZ
:.,'irtoer. Belmont, Calif., Brooks Cole Publishing Co., 1969. Pp. 298-99.

N1
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B1 B2  B3

A 1  Oil O12 013 014 0 0s 16

A 2 021 022 023 024 025 026

FIGURE 1. Experimental Design. A = response

mode groups (immediate and delayed); B = image
size (7, 10, and 13 lines); C = exposure time
(2 and 4 seconds); 0 = observers.

A Sony Video Cassette recorder was used to play back videotapes to
the observers. The observers' display was an SC Electronics, Inc. 9-inch,
525-line television monitor (Model 1OM915). Table 1 shows the length and

visual angle of the smallest and largest ship image for each level of
image size.

TABLE 1. Ship Image Dimensions as Seen
on the Display.

Image size, Image length, Visual angle,a

No. of TV lines across ship in. min.

7 0.16-0.24 25-37.5
10 0.22-0.34 34-53
13 0.28-0.44 44-69

a Based on viewing distance of 22 inches.

An Esterline Angus series "S" Event Graph recorded responses. A
Gamma Scientific, Inc. Telephotometer (Model IC 2000) was used to assure
control of the luminances of the ship and background images when dis-
played on the TV monitor. The luminance of the ship images (Lt) was
16.2 ft-L, and that of the background (Lb) was 13.5 ft-L. The target/

background contrast was 20 percent.*

* Lt -1L

% Contrast t x 100

5
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Observers were seated in a simulated aircraft cockpit during the
experiment. The cockpit was equipped with the television monitor, a
flight control stick grip (type B-8-A) connected to the response recorder,
a knee-board box with five switches connected to the response recorder,
a headphone, and a reference card with photographs of the 11 ships (see
Figures 2 and 3). The videotape-recorder, response recorder, and another
TV monitor for use by the experimenter were located in an adjoining area.

HEADPHONES
/ FLIGHT
CONTROL
STICK RESPONSE

RECORDER

, WITCH
Box

RECORDER

FIGURE 2. Testing Setup.

OBSERVERS

Eleven of the 12 naval aviators who participated in the
Whitehurst/Grossman experiment also served as observers in the present
study. All observers had at least 20/20 visual acuity at the time of
their last annual Navy flight physical examination.

PROCEDURE

Videotape Recording

For a complete description of how the videotape recording was
conducted, see Whitehurst and Grossman.2 The following is a summary
of the taping procedure:

67
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1. Ten trials (each consisting of five ship image presentations)
were recorded at each of the exposure time (2 and 4 seconds) x image
size (7, 10, and 13 TV lines) conditions.

2. Each set of five ships consisted of two combatants, two
merchants, and the target.

3. The exposure times were videotaped in blocks. Randomized
within each block were 10 trials at each level of image size (30 trials
in all within a block).

4. The numbers one through five, corresponding to the image sequence
during a trial, were recorded on the audio channel of the tape.

5. Practice trials were recorded with image sizes of 10, 20, and
30 TV lines and exposure times of 2 and 5 seconds. The word "target"
was recorded on the tape at the time the target ship was on the display
for the first 20 practice trials; the sequence number of the target was
recorded after each set of five images. The final 20 practice trials
were recorded without audio feedback.

Assignment of Observers to Groups

In order to match the two groups, observers were assigned to the
groups on the basis of their scores from the previous experiment. Each
observer was ranked according to the percentage of correct identifications
he made. He was then paired with an observer who was ranked similarly.
The pairing scheme is shown in Table 2.

TABLE 2. Pairing Scheme To Balance Immediate-
Response and Delayed-Response Groups Based on

Rankings From the Whitehurst/Grossman Experiment.

"Immediate" group "Delayed" group

3a 2

4 5
7 8

10 9
11 12
Ab 6

th a The numbers in the table represent the
i highest scorer from the previous experiment.
The observer with the highest prior score was
unavailable for this study; his replacement (A)
was paired with an average scorer from the first
experiment.

b Did not participate in Whitehurst/Grossman

experiment.

8
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Experimental Trials

Each observer was seated in the simulated cockpit and played recorded
instructions (see Appendix A). The observers who were to respond im-
mediately were shown the button on the control stick with which to respond.
The observers who delayed responses were given the switch box to be strapped
to a leg, and asked to ignore the control. stick. After questions were
answered, the 60 practice trials commenced. For the first 20 practice
trials, the observers watched the ship images being presented on the TV
display without responding. Each time the target ship appeared, the
observers would hear the word "target" announced through the headphones.
For the second 20 practice trials the observers responded as they would
for the test trials. On these trials, the sequence number of the target
was announced over the headphones a few seconds after the last ship in
each set had been presented. The final 20 practice trials were identical
to the data trials; no feedback was given.

A break of about 15 minutes occurred between the practice trials
and the test trials. During this interval the ship and background
luminances on the TV display were adjusted to a 20% contrast. Both
blocks (two different exposure times) of test trials were split into
three sections (set 1-10, 11-20, and 21-30), and their order of presenta-
tion was counterbalanced among observers.

RESULTS

DATA REDUCTION

The data consisted of 720 independent target identification responses
(12 observers x 60 presentations to each observer). The percentages of
correct identifications were computed for each observer under each of
the six image size x exposure time conditions. Croup totals were also
calculated.

Response Mode

Figure 4 shows the percentage of correct identifications, for both
response modes, as a function of image size across exposure time. Figure 5
shows the percentage of correct identifications for the two response modes
as a function of exposure time, combining image sizes.

There was virtually no difference in overall target identification
performance between the two response modes. The percentage of correct
identifications, across image size and exposure time, for the immediate
and delayed modes were 78% and 77%, respectively. For both groups, there

9i
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FIGURE 4. Percent Correct Identifications, "Immediate"

and "Delayed" Groups, as a Function of Image Size.
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were slightly more correct identifications at 4 seconds than at 2 seconds
of exposure time at the 10- and 13-line image sizes. For the 7-line
condition, there were slightlv fewer correct identifications at 4 seconds
than at 2 seconds. The difference is small (43% versus 41%) for the
delayed-response group, but in the immediate-response proup correct
identifications drop from 60% to 41%.

Exposure Time

Figure 6 gives the percentage of correct identifications, across
response modes, as a function of exposure time. Image sizes were combined.
The effect of exposure time was minimal. The comparative' 'Aigh percentage
of correct identifications by the "immediate" group in the /-line/2-second
condition was enough to make the overall 2-second percentage greater than
the overall 4-second percentage, but the difference is not significant.

100
Z
2 90 -

78 7
80 -877

70-
ZU
z0 o 6

o 50-w

(r 40-
0

30-
Z
W 20

W 10
0 

I
2 4

EXPOSURE TIME.

FIGURE 6. Percent Correct Identifications,
Immediate- and Delayed-Groups Combined, as
a Function of Exposure Time.

Image Size

In Figure 7, the percentage of correct identifications is plotted
as a function of image size, combining response modes and exposure times.
There was a pronounced improvement in performance with 10-line images
over 7-line images, for both groups. Performance in the "immediate"
group showed a small increase from 10 to 13 lines, while the "delayed"
group's percentage was the same at 10 and 13 lines (see Figure 4).

i1
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FIGURE 7. Percent Correct Identifications,

"Immediate" and "Delayed" Groups Combined,
as a Function of Image Size.

Presentation Sequence

Table 3 presents the frequency with which the target actually

occurred in each position (1-5) of the sequence. Figure 8 displays the

percentage of total errors (designations of ships that were not the

pre-briefed target) as a function of the sequence number in which they

occur. The "expected" percentages in Figure 8 reflect what would have

occurred if the errors were evenly distributed.

TABLE 3. Frequency With Which Target

Appeared in Each Position.

A B C

Ship sequence Number of times Percent of

number target appeared total appearances

1 9 15

2 15 25
3 13 22

4 12 20

5 11 18

4 12 11
A1
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100

..IMMEDIATE" GROUP

60 F--"l EXPECTED PERCENTAGE*

"DELAYED" GROUP

40
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0-- 27.2 ::.ii
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4 0
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0 L
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FIGURE 8. Percentage of Total Errors as a
Function of Ship Sequence Number.

It was anticipated that a preponderance of errors would occur on the
fifth ship for the immediate response mode. If the observer did not
respond to any of the first four image presentations, he was then
forced to designate the fifth presentation. This effect is suggested
by Figure 8. Approximately 35% of the incorrect image designations
by the "immediate" group occurred in the fifth position. For the
"delayed" group, in which observers could designate any of the five
ships after all had been viewed, incorrect designations occurred in
the fifth position only 23% of the time. The expected percentage of
false alarms in the fifth position was 2n.4".

( B1)- B
* Expected percentage =--5( __ - where B is the B column

from Table 3.

13
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Both groups had low error rates for the first presentations; and
correspondingly the "hit" (correct designation) rate for the first
presentations, in both groups, is relatively high. When performance is
measured as a ratio of hits to misses, the first (7:1) and fourth (9:1)
positions show tile highest ratio while the fifth position (1.5:1) exhibits
the lowest.

_Ninety-Percent ile Curves

For acceptable system performance the operators must be able to do
the job most of the time. Therefore, it is helpful to know what sort of
identification performance is characteristic of a large proportion of
observers. Figure 9 presents the identification performance, as a
function of image size, for nine out of ten observers.

100
Z
o 90-

< 80-

70
I

Z
- 60

i- 50-
UJ

": 40-

0
- 30 "IMMEDIATE" GROUP

Z 20 - DELAYED- GROUPJ

Co)

UJ 10
0~S0 . I I

7 10 13

IMAGE SIZE, TV LINES

FIGURE 9. Percent Correct Identifications for 90th
Percentile of Observers, as a Function of Image Size.

Confusion Matrix

Table 4 is a confusion matrix for each response mode condition as
well as both conditions combined. The table shows the number of times

each ship was designated as the target under each condition in the
experiment.

Ship E (a combatant) was the one most often confused with the
target ship (A) by both groups. Observers rarely mistook a merchant
ship,for the target. This occurred only three times out of 360 presen-
tations to the "delayed" group. The "immediate" group designated a

14
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merchant as the target 18 times out of 360. However, many of these
mistakes occurred at the fifth presentation In the sequence. An
observer who had not made a designation prior to that was forced to do
so even if the ship was clearly not the target.

ANALYSIS OF VARIANCE

Table 5 presents a summary of an analysis of variance on the
experimental data.

TABLE 5. Summary, Analysis of Variance.

Source of vaine SS ~DF MS F P<_ T2

Observers (0) 1,773.62 5 354.72 3.49
Response condition (R) 12.50 1 12.50 .03 NS(, .02

R x 0 2,562.50 5 512.50 5.04

Exposure time (E) 14.11 1 34.73 .35 NS .07
E x 0 773.62 5 154.72 1.52
E x R 168.04 1 168.04 1.71 NS .33

Image size (1) 34,O19.44 2 17,009.72 57.93 .001 66.97
I x 0 1 1,830.56 10 183.05 3.60
I x R 608.33 2 304.16 1.04 NS 1.20
I x E 686.10 2 343.05 1.79 NS 1.35

R x F x 1 252.78 2 126.39 .66 NS .50
R x E x 0 206.94 5 41.38 .40
R x I x 0 4,041.66 10 404.16 7.95

1: x t x 2 2,430.55 10 243.05 4.78
E x I x 0 x R 1,397.22 10 139.72 2.75

Not significant (P -. IO).

"rhis analysis indicates that the response mode had no effect upon
the ability of observers to Identify targets. Response mode accounted
for only .02% of the variance in the data. Image size, as expected,
accounted for by far the greatest proportion of variance (66.97%).
Exposure time had virtually no impact on performance, accounting for
only .07% of the variance in the data. None of the interactions between
conditions in the experiment were statistically significant.

1
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DATA COMPARISONS

Figure 10 compares the percentages of correct identifications, as
a function of image size, from the present experiment and from the
Whitehurst/Grossman experiment.

too

U2
Z 90 J

70 - ~~ 80

U

LL 70

60 -

0

Z 20 - PRESENT EXPERIMENT

w

U--- WH|TEHURST /GROSSMAN0 10 EXPERIMENT

7 10 13

IMAGE SIZE. TV LINES

FIGURE 10. Percent Correct Identifications as
a Function of Image Size. Curves compare present
experiment to the Whitehurst/Grossman experiment.

The comparison indicates that target identification performance
was very consistent between the two experiments. The observers in the
present study correctly identified 777 of the targets, compared to
75% in the Whitehurst/Grossman study. Table 6 summarizes identification
performance for each response mode in both exneriments.

TABLE 6. Percent Correct Identifications for
Forced-Choice and Voluntary Responses In the
Whitehurst/Grossman Study and for "Immediate"

and "Delayed Groups" in Present Study.

_ hitehurst/Grossman experiment Present experiment

Forced-choice response Voluntary response Delayed group Immediate group

75% 77% 762 772

17
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Surprisingly, virtually identical performance was obtained for the
voltintarv response mode in tile Whitehurst/Crossman tudy (77%) and the
"immediate" group (where responses were forced) in the present study

(77%). Apparently, forcing observers to respond when they are uncertain
does not affect accuracy.

Several differences between the experiments that could have

influenced performance should be noted: (1) The first experiment in-
cuided a 6-second exposure-time condition, the second did not. (2)
Only in the second study did the observers have previous experience in
the experimental task. (3) The testing environment differed slightly
(testing room versus simulated cockpit). (4) The line-of-sight distance
between observer and TV monitor was approximately 14 inches in the
previous study versus approximately 22 inches in the present study.
(') The two response modes in the first experiment were voluntary and
forced choice; in the second experiment they were "immediate" and
"delaved" forced choices.

Itit restilts tit these experiments must be viewed in their proper
tontext . The data was collected in tile laboratory, not in the field.
Stich factors as aircrat t motion, levels of observer attention, and

motivation could significantly affect target identification performance.

DISCUSSION

The primary tocuts of this study was to determine whether or not
slhip ident if icat iou/des ignat ion performance varied as a function of
response mode. The response modes (at the time of viewing the image
versus after viewing the entire set) caused no differences in the
percent of correct target identifications. Observers who designated
targets as soon as they saw them were as likely to make a correct identi-
ticat ion as those who waited until they viewed the entire set before
designat ing.

'his resu lt can be used in algorithms designed to determine
strike capabilities of imaging systems. The assumption concerning the

iverage' search time requirement can be significantly reduced. Assuming
that a target is equaliv likely to appear in any position of the sequence,
ai group (if f ive ships that includes one target would present a probability
oif .0' that the target would appear at any position of the sequence. If
the target appeared as the first in the sequence, an immediate designation
would save 807 of the t ime required to view all of the ships before
deAignatiion. If the target appeared second, 60% of the time would be
tavvd, and st, on. Combining sequence probabilities with time savings,

the. immediate response mode saves on the average, 40% of the time required
,Ior tu du'laved mode.

I 18
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Image size (simulated range) had a significant effect on performance.
At 7 lines, identification performance was much worse than at 10 and 13
lines. This further confirms the findings of several investigators,

4

including Whitehurst and Grossman, who have shown that approximately
10 scan lines across an image are a minimum requirement for target
identification on television.

Allowing an observer 4 seconds, rather than 2 seconds, to inspect

a ship image did not improve identification in the present study.
Whitehurst and Grossman found that 4 seconds was significantly better
than 2 seconds if the identification response was voluntary (and non-
responses were included). The mode of an identification response
(voluntary or forced-choice) may be dictated by the purpose of a
particular mission; however, it seems unlikely that many missions would
include voluntary target designation as a viable choice. It is more
probable that groups of ships would be prioritized, and the missile
operator would attempt to designate the ship with the highest priority
within existing time constraints. In this situation the designation
would be forced-choice. The results presented here suggest that a
2-second-per-ship inspection time would be sufficient.

' As summarized in: R. Erickson. "Line Criteria in Target

Acquisition with Television," Huwan Factors, Vol. 20, No. 5, 1978,
pp. 573-88.

19
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Appendix A

INSTRUCTIONS TO OBSERVERS

IMMEDIATE-RESPONSE MODE

This experiment is being conducted to estimate an observer's
ability to correctly identify a target ship from among several

alternatives.

Note that there are II ship images on the board in front of you.
The ship in the center is the target, the one which you will be asked
to identify.

During this experiment you are to watch the monitor and try to
identify the target ship when it appears by pressing the trigger on
the joy stick. The target ship will appear once in every set of five
image presentations. You may pull the trigger either while the target
ship is on the display or in the short blank period which immediately
follows each presentation. You must identify one, and only one, ship

during each set of five.

During this phase of the experiment you will be given an opportun-
ity to practice. For the first few trials you will not have to respond
in any way. The target will be identified as it is presented. During
the second part of the practice session, you should pull the trigger
if \ou believe a ship to be the target. You will be given the actual
target sequence number before the first ship in the next set of five is
presented. The third phase of the practice session will be exactly like
the experimental trials. No feedback will be given during these trials.

Do wou have any quest ions?

DELAYED-R ES PONS L' MODE

This experiment is being conducted to estimate an observer's
ability to correctly identify a target ship from among several alternatives.

Note that there are 11 ship images on the board in front of you. The
ship in the center is the target, the one which you will be asked to
Identify.

During this experiment, as you watch the monitor, sets of five ship
images will be presented. The target ship will appear once in every
set, and your task will be to designate the target during the blank
Interval following each set. You will do this by pressing the button on

Ithe box which corresponds to the sequence number of the ship which you
believe to be the target.
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During this phase of the experiment you will be given an opportun-
ity to practice. For the first few trials you will not have to respond
in any way. The target will be identified as it is presented. During
the second part of the practice session, you should push one of the five
buttons after the last ship in each set has been presented. You will be
given the actual target sequence number before the first ship in the
next set of five is presented. The third phase of the practice session
will be exactly like the experimental trials. No feedback will be given
during these trials.

Do you have any questions?

I-
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