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implementable interpretation procedures which, if found justified by

controlled experimentation, should pose no major feasibility problems.
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target indentification were .54 and .51,respectively. Average time per
test image was 45 seconds. The close correlation values between trained
and untrained interpreter performance suggests this might be an effective
way to reduce the work load of photo interpreters by using less skilled
personnel,

(1)

Another approach to predicting interpretability is to record
various data from an initial interpretation and from these compute probable
accuracy of the interpretation and probable utility of future search. This
Information could form the basis of a decision rule to indicate whether
or not the imagery should be check interpreted.

Pre-processing might also take the form of automatic enhancement

(7)

of image interpretability. One technique involves obtaining a video
signal from a transparency and adding to this signal its negative second
derivative. This so-called "differentation enhancement technigque"
appeared to improve performance principally by increasing the number of
caorrect responses, and, to a lesser extent, by decreasing the number of
incorrect responses. It has been found to be better suited for more
difficult imagery.

(5)

A Boeing study recommended that interpreters view alternately
flashing superimposed photographs of the same area taken at two different
times. This technique causes an apparent motion of elements in the
photography which changed during the time interval between exposures.

As noted in the study, the effectiveness of the technique is dependent

upon the amount and complexity of background image disparities.
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following formula:

Proficiency, = 1/3 (Accuracyi + Completeness, + Normalized Efficiencyi)

Where

Normalized Efficiency, = Efficiency, - min (Efficiencyi)
i

max (Efficiency.) - min (Efficiency. )
i 1 i 1

i=1,2,...,24

Image frame difficulty was determined according to:

Difficulty, = 1 - 1/2 (Mean Accuracy Frame + Mean Completeness Frame )
J dJd J

Jj =1,2,...,60

Experimental Design

The experimental design to test effects of different imagery sets
on interpreter performance is shown in Figure 1. Assigmment of imagery to
subjects was random, subject to the balance requirements that (l) each
subject interpret two different imagery sets, and (2) each imagery set

be Interpreted by eight subjects.

Experimental Procedures

Fach subject was given two imagery sets of ten image frames each.
A separate interpretation key, showing examples of each type of target,
was provided. The interpreter was required to circle or draw an arrow

to each target detected and label each with a number. The numbers were

27













TABLE I (continued)

—

Imagery Accuracy Completeness : Efficiency
Set E .956 .929 5.098
. 938 L7179 L.286
.952 779 L,.898
.973 .922 7.100
. 970 .8lily ' 6.341
1.000 8Ll 14,906
1.000 .909 6.829
1.000 .870 5.360
Set F .969 .539 ). 824
947 .934 L.897
.973 .934L 5,680
. 986 . 908 7.459
.933 137 L.148
. 962 671 3.778
. 956 .855 L.561
.98L .829 8.129
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TABLE IIT

RANKING CF IMAGE FRAMES WITHIN SETS IN ORDER OF DECREASING DIFFICULTY,
BASED ON PRELIMINARY EXPERIMENT DATA

' Frame Difficulty Rank

5 1 .030 10
g 2 .082 2
3 .039 8
4 055 7
i Set A 5 .225 1
i 6 .078 3
b 7 . 069 b
8 .031 9
i 9 .063 6
S 10 .065 5
3 .076

3 .103

} .162 .
L .112

; Set B .110

L141
.133
. 087
. 000
.031
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.050
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.000
Lok2

o Gitners, ot s e e
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TABLE VII

EXPERIMENT I
ANALYSIS OF VARIANCE

Source arf SS MS F
Performance Measure 2 125.823% 62.912
Assigmment Criterion 2 0.598 0.299 1.246
PM x AC L 0.856 0.214 0.892
Residual 63 15.103 0.240
?Qtal 71 142.380
Ll







TABLE VIII

INITIAL AND INCREMENTAL PERFORMANCE RATIOS

Mean Scores Accuracy Completeness Efficienc

Mean Low Initial .95h 822 4.855
Mean High Initial .969 .867 6.634
Mean Low - '

Initial .985 .ol8 732
Mean High ‘
Mean Low Increment .003 .05 - 2,665
Mean High Increment . 015 .085 - 1.299
Mean LoV Tp.rement .188 .505 667
Mean High
Mean Low Initial +
Mean High Increment .969 .907 3,969
Mean Low/Mean High .997 .995 .896

Mean High/Mean Low
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Preparation of 12 copies of each of 6 dif-
ferent imagery sets in 36 booklets, each
containing 2 different imagery sets

2l "Ss

lElimagery'booklets

imagery most proficient subjects and one subject from
difficulty |the set of 12 least proficient subjects
scores T

' v 2l ss assign@ to 12 teams

l
2l imagery booklets

VA

Preliminary Experiment Test Session

l
2L, interpreted booklets

Scoring of interpreted imagery; calculation of
subject proficiency and image frame difficulty

I

Ss proficiency scores

Assignment of subjects to teams, each team
consisting of one subject from the set of 12

Assignment of subjects to groups for Experiment II

6 teams; 6 booklets

(each low proficiency member
to interpret less difficult
half of booklet; each high
proficiency member to inter-
pret more difficult half of
booklet)

4

6 teams; 6 booklets

Experiment IT Test Session

Figure 5. Experiment II Flow Chart,
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TABLE IX -

ACCURACY, COMPLETENESS, AND EFFICIENCY SCORES FOR TEAMS

IN EXPERIMENT IT

Procedure Accuracy Completeness. Efficiency
.960 Rt 7.619
.980 .955 7.688
.960 L9441 7.526

Unsorted .965 .902 8.118
.993 .962 7.02%
.9k .882 6.022
.993 . 954 7292
.925 .222 7.229
. 965 .890 7.667

Pre-sorted 972 .890 7.211
.986 .903 6.829
.980 .961 7.840
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TABLE X-

EXPERIMENT II
ANALYSTS OF VARIANCE

Source af SS MS F
Performance Measure 2 333,880
Assigmment Criterion 1 0.028 0.028 0.237
PM x AC 2 0.031 0.016 0.136
Residual 30 3.542 0.118
Total 35 337.481
52
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Differences due to task assigmment criteria for accuracy, completeness,
and efficiency were not significant. Intersction between task assign-

ment criteria and measures of team performance was not significant.

Discussion and conclusions. Data on team performance using dif-

ferent task assigmnment criteria indicated that neither the Presorted
method nor the Unsorted method was to be preferred. If Presorting in-
volved additional cost, the Unsorted method would be preferred. Results
of this experiment suggested that developmen£ and subsequent procurement
of equipment to'pre—process.imagery by predicting image difficulty would

not be cost effective.
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Figure 6. Image Interpretation Flow Chart.
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Xo + Xpp + X0 = Xp

X1 ,%0, (x70% Xpp), (xp1+ x771) non-negative integer

P1sPosbrosBo1s r1s P22 = O
The (X1, + Xpo), (Xp7 + X77) non-negative integer constraint, rather than
X11,X1p,%p] ,Xpp nOn-negative, was necessary in order to permit the pos-
sibility of one checker serving both high and low proficiency initial
interpreters.

The problem can be written in terms of the x's only. Adding slack
variables to the inequality constraints,

P+ 51 = &g

Po + Sp = epxp

Pz + 53 = e11x1y

s + S5 = e1pxip

P + 56 = ex1x 21

fg + Sg = eppxpp
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