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THE OBSCURATION OF VISION THROUGH DAYTIME TELESCOPES BY

EXTERNAL COATINGS: FIELD TEST RESULTS

INTRODUCTION

An aerosol spray for use as a non-lethal countermeasure against armored vehicles is under
development by the US Army Mobility Equipment Research and Development Command
(USAMERADCOM), Special Projects Office, Barriers Division. The spray will contain finely
divided “sticky’ particles which tend to adhere to, and collect on, externally exposed optical
surfaces. The particles will be hard to remove and will interfere with the normal functioning of
optical devices.

One application considered is against the main gunner’s telescopic sight on an armored
vehicle. The aerosol would be released within the proximity of the armored vehicle to coat the
exterior surface of the objective lens of the main gunner’s sight. Since the telescope is in an
awkward location to reach from within the vehicle, the coating would be difficult to remove
without vehicle downtime. USAMERADCOM is particularly interested in the use of silicone-base
materials because of their affinity for glass.

USAMERADCOM requested that the US Army Human Engineering Laboratory (HEL)
conduct experiments to determine the relationship between the probability of a round hitting a
target and aerosol coating parameters. The round would be fired by a gunner sighting through a
main gunner’s telescopic sight following application of the aerosol coating. In support of this
effort, HEL separated the work into a preliminary investigation phase to be followed by a field
test.

During the preliminary phase, HEL investigated the effects of various coating materials upon
the visibility of panel targets which had been emplaced on an outdocr range. The targets were viewed
by a single observer using the optics from a M20A3 periscope and coated glass slides. This early
phase of the study resulted in a computer model for obscured optics.' The model includes the
effects of sky irradiance, sun angle, atmospheric attenuation, target and background radiance,
scope coating and color differences upon the visibility of the target. USAMERADCOM requested
that HEL test the validity of the computer model.

The field test determined the effectiveness of four coating materials and three levels of area
coverage in obscuring vision through a main gunner’s sight. Subjects in the field test searched
through the sight for panel targets which had been emplaced on an outdoor range. Glass slides were
placed in front of the objective lens to obscure vision. The slides had been coated with one of four
materials in one of three predetermined random patterns.

1Smyth,C. C. Obscuration By External Coatings of Vision Through Daytime Telescopes: A
Preliminary Investigation. Technical Memorandum 27-76, US Army Human Engineering Labora-
tory, Aberdeen Proving Ground, MD, August 1976.




This report describes the method, apparatus, subjects, and procedures employed in the field
test. The test results are statistically analyzed and discussed. During the test, certain
measurements of test conditions were recorded. These include lighting conditions, target and
background spectra-refiectance valves, coating parameters and the visual acuities of the subjects.
This data along with the recording apparatus and procedures will be presented in a subsequent
report devoted to computer model verification.

METHOD

Subjects searched through a telescopic sight for three panel targets placed on an outdoor
range 500 meters long by 60 degrees wide. The sight was a main gunner’s articulated telescope
used in foreign armored vehicles, and was mounted in an expandable shop van located at the apex
of the range sector. Coated glass slides were placed in front of telescopic objective lens. The
number of targets detected and identified was recorded along with the detection times and
centering coordinates for each glass slide. The targets were relocated on the test range once every
test cycle. Each subject looked through only one slide during all test cycles. The tests were
conducted during late October and early November 1976.

The glass slides had been spray-coated with one of four different materials: (1) green dye,
(2) lampblack in oil, (3) aluminum particles, or (4) clear base. All materials were in a
silicone base. The slides obscured 100 percent, 80 percent, or 30 percent of the field of view. The
coating had been applied with an air-brush gun in equal amounts equivalent to a 30 percent
darklight tone for the lampblack. Masks cut in a random pattern were used to insure consistent
area coverage.

Twenty-two subjects were tested in fixed-factor format without repeated measures on the
slides. The test was separated into two consecutive phases. The first phase compared the four
materials at 100 percent area coverage in a four-level, single-factor experiment. Four subjects
were tested on three of the levels and two on the fourth. The second phase tested the two most
effective materials, as determined from the first phase, at the two additional levels of 30 percent
and 80 percent area coverage. Two subjects were tested per level in this 2x2 factorial experiment.
Subjects were assigned to a test level according to their Orthorater readings, so that the average
readings for all levels were approximately equal.

Measurements were made of pertinent test conditions. The app. ratus, measuring techniques
and recorded data will be listed in a subsequent report. (See Appendix B for the Orthorater
readings of the subjects.) The outdoor lighting conditions measured intermittently during the test
include measurements of the sun angles, cloud cover, sky irradiance, sky illuminance, horizontal
sky luminance and atmospheric attenuation. The internal van illuminance levels were also
recorded. The spectra reflectance values for the target and viewing background were recorded at
a later date. Finally, the spectra transmittance and scattering coefficients for the four materials
were measured later.




TEST RANGE

The test range was emplaced on an open grass field, 400 meters wide by 300 meters long,
located in the Wirsing Test Area (Swamp Quarter) on Aberdeen Proving Ground (APG), MD. The
grass field lies just beyond the safety zone of the south end of the 8000-foot runway (22-04)at
the USA Phillips Airfield. The field is bisected by a creek and a rarely used access road, and is
surrounded on three sides by a tree-line. (See Figure 1 for a sketch of the test site and range.)

The test range was in the form of a sector 500 meters long and 60 degrees wide. The apex of
the range was located in the eastern corner of the field and the centerline was erected in a
east-west direction (296 degrees) away from the airport. Thirty target positions were emplaced
on the test range. The range was separated into three consecutive sections. Each section extended
133.3 meters along the centerline, starting from the 100-meter mark. Ten target positions were
assigned to each section by random selection of both the range along the centerline and the
azimuth about it. Adjustments were made in the field during emplacement to insure that all
targets positions were clearly visible from the nominal eye-level at the range apex. Table 1A lists
the coordinates of each target position measured by the centerline distance from the apex and the
angular separation from the centerline.

APPARATUS

The apparatus described in this section are the equipment and materials used to test the
subjects.

1. Main Gunner’s Telescopic Sight—An articulated telescope, main gunner, Model
TSH-S-41(U) was used to test subjects. (See Table 1 for a partial list of characteristics for the
telescope.s The wiper blade for the objective lens was removed and a slide holder mounted in its
place in front of the objective lens. The front of the telescopic housing and the entire slide holder
was painted with flat black paint. The visual path between the objective lens and the slide holder
was further protected by a rubber sleeve inserted between the housing and the holder. These
precautions were taken to prevent ambient light from reflecting off the back of the glass slides
into the telescope.

The telescope was mounted on a support with free movement in both elevation and
azimuth. The telescope could be aligned on the target and left in position without effort by the
subject. The elevation and azimuth scales read in half-degree increments. The telescope has two
levels of magnification, 3.5 for search and 7.0 for target identification. A focus ring is used to
bring the reticle in focus with the target. Other accessories such as the internal reticle lighting
(used in twilight) and the neutral density filter (used when viewing bright areas such as
snowfields) were not employed during this test. The head rest was left in the right-eye viewing
position at all times to preclude disturbance of the scale-range centerline alignment during
testing.




AIRFIELD , 04 ,

Figure 1. Test site.
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TABLE 1
Characteristics of the Telescopic Sight

Magnification
Characteristic Low (3.5x) High m
Field of view (mils) 300 150
Entrance pupil diameter (..m) 19.3 193
Exist pupil diameter (mm) 5.5 2705
Light transmittance (%) 37. 35.
Resolution on axis (arc-secs) 13. 13.

The support with the telescope was mounted inside an expandable shop van which had
been parked on blocks at the apex of the target range. A wooden panel with a viewing port (1
foot high by 2 feet wide) was placed at the rear exit to control the ambient light within the van.
The telescope was directed down range through the viewport at the rear of the van. A black sheen
cloth, hung from the ceiling between the subject’s viewing position and the viewport, was taped
about the telescope at the support pivot point. The cloth blocked sky light from the viewport
and further insured control of the ambient light within the van.

A space was provided between the sheen drop cloth and the wooden panel for the
front of the telescope with the objective lens and the attached slide holder. The slide holder was
nearly flush (within 2 inches) with the viewport, and the outside wall of the panel was painted
with flat black paint to reduce stray light reflections.

The shop van was partitioned into a subject testing area containing the telescope
support, a subject holding area and an instrument work bench. The test area was physically
isolated from the other two by the partitioning panels. A barrier was erected along side the van to
prevent subjects from viewing down the range during outside rest breaks.

2. Panel Targets—Three wooden panel targets were used in this test. Each panel target
was constructed in one of three compact shapes: circular, square and equilateral triangle. Each
panel had a cross-sectional area of 9 square feet. The panels were painted with semigloss olive
drab (Federal Std 595, No. 34087). Stands were built to hold the panel targets at a height 2 feet
above the ground. The stands were painted in wavy stripes of olive drab and black paint to insure
inconspicuity. When emplaced, each target stood roughly 5 feet from the top to ground.

3. Coated Glass Slides—The coated glass slides, inserted into the slide holder to obscure
telescoptic vision, were prepared by spraying glass slides (1.92inches x 1.92 inches x .02 inches)
with material pigments mixed in asilicone base. The pigments were (1) green dye, (2) lampblack,
(3) aluminum flakes, or (4) clear base. The coating base was prepared from dimethyl silicone
fluid (General Electri Viscosil 500,000) mixed with the solvent xylene in a 1 to 10 ratio by
volume. The pigmented mixtures were prepared by adding aluminum flakés (Alcoa 1594,
non-leafing), lampblack pigments in oil (color ID), or a green dye to the base in a 1 to 11 ratio by
volume. The green dye was prepared by using equal proportions of green fluorescent paint,
Palmer Paint Products, Inc., and L-400 Clear Frost, Cryst-L-Craze, Fry Plastics International, Inc.




Each mixture was sprayed from an air brush gun (nomenclature: Wren Mode! A air
brush gun, Binks Manufacturing Co.) in a fine mist spray onto a glass slide. The spraying
parameters were held constant for each slide (fine spray, 3 inches between slide and gun head, 2
seconds per pass and 30 passes per slide). The coating for the lampblack mixture was judged
equivalent to a 30 percent light-dark tone. Masks were used to produce the 30 percent area
coverage and 80 percent coverage. Slides were provided with handling tabs to insure proper

orientation during insertion.

The coating masks were constructed from random number selections of the appropriate
number of grid segments of a 1/10-inch x 1/10-inch grid fittec to the 1%-inch diameter objective
lens. The 80 percent area mask is quasi-random since several grid points were interchanged to
provide continuity necessary for mask construction. Figure 2 shows the mask configurations used
on the 30 percerit area coverage and 80 percent area coverage.

(A) 80 % AREA COVERAGE

o

(B) 30% AREA COVERAGE

Figure 2. Masks used to prepare slides.




4. Orthorater—The distant visual acuity (both eyes and right eye) and color vision were
measured for each subject using a modified Orthorater (Cat. No. 71-21-31-02, Bausch and Lomb,
Inc., Rochester, NY 14062). Subjects who wore glasses for distant vision were measured and
tested wearing their glasses.

SUBJECTS

Twenty-two subjects were employed in this test. Eighteen subjects were US Army enlisted
personnel assigned to the Field Support Branch, Military Support Division, Material Test
Directorate (MTD), APG, MD, for test purposes. Four subjects were USMC enlisted personnel
assigned to the USA Ordnance School for training purposes. Nearly all subjects were young males
in their late teens and early twenties with good distant visual acuity (some corrected with glasses)
and color vision. Two subjects had stight color vision defects. Most had previous experience with
telescopic sights either as tank gunners or in MTD tests of this nature. (See Table 1B in Appendix
B for listing of subject information including age, rank, prior experience with telescopic sights,
Orthorater readings for both distant acuity and color vision, as well as the coated slide assigned
for testing. The table also includes information on four additional MTD subjects used in a pretest
phase.)

PROCEDURE

The subjects were first tested with the Orthorater to determine their distant visual acuity
(both eyes and right eye) and color vision. The results of the Orthorater test were used to assign
the coated glass slides to the subjects. Assignments were made so as to ensure equal average
distant visual acuity readings (right eye) for all slides.

Subjects were tested in groups of four. The morning session was spent in training. Subjects
used the articulated telescope with an uncoated glass slide inserted into the slide holder. They
were instructed to search for and identify each of the three panel targets emplaced on the range.
They had to position the telescope so that the reticle was on the center of the target image. This
procedure was repeated for all three targets in turn. Each subject completed three such training
cycles and located a total of nine target positions. The three targets were moved to different
range positions prior to each training cycle. Presumably, the training was stabilized within three
cycles (Taylor, 1964).

The afternoon session was spent testing the subjects using the articulated telescope and the
assigned coated slides. The test procedure was the same as the training procedure. Again, subjects
were instructed to search for, identify, and position the reticle over each of the three panel
targets in turn. However, each subject performed his visual task with the one slide assigned to
him. Each subject completed three such test cycles and was presented with a total of nine target
positions. As during training, the three targets were moved to different range positions prior to
each test cycle.




Subjects were tested one at a time during the testcycle. Each was brought from one holding
area and returned to another following completion of this test cycle. The subject was instructed
to first adjust the telescopic focus while the telescope was swung to one side off-range. The slide
assigned to the subject was then inserted into the slide holder and the telescope centered on a
starting position (100-meter post on the range centerline). The telescope was set at low
magnification and the time of day recorded. The subject was then instructed to locate and
identify one of the panel targets. The time to detect the target and the identification made were
recorded.

The telescope was then set to high magnification and the subject was instructed to verify his
identification and center the telescopic reticle over the target image. The elevation and azimuth
coordinates were recorded by the tester following centering. The tester then removed the slide to
verify the sighting. The subject was not told the results of this check nor was he allowed to view
the target without the slide in place.

The telescope was then reset to low magnification and the search, identification, and
centering task repeated for the next panel target using the last target as starting position. The
subject was allowed 60 seconds to search for the target. If he did not detect a target within this
time period, the testing was discontinued for that test cycle.

The test cycle was repeated for all four subjects to complete a test run. At the end of a test
run, the tester verified the location of each target by measuring the elevation and azimuth
without a coated slide in the slide holder. The panel targets were then reemplaced on the range
by test personnel in preparation for the next test run. Measurements of sky and atmospheric
conditions were taken between test runs.

The assignment of target panels to range sector and sector-post positions for each test run
was done in a random manner (i.e., random numbers) to ensure counterbalancing of extraneous
variables (McGuigan, 1968). This was true also of the assignment of subjects to testing order
within each test run. Each target panel was assigned to a range section in a random manner with
the restriction that no more than one panel be in each section. Each panel was then assigned to a
post position within the corresponding section, in a random manner with the restriction that no
two targets be closer than 60 seconds in arc.

This was to preclude possible neural reinforcement of target images (Krisofferson, 1958).
(See Table 2A in Appendix A for a list of target assignments to section and section-post position
as a function of the training and test runs.) »

All four subjects were given one test cycle in each test run. The testing order of the subjects
in each test run was selected by random arrangement of the assigned subject numbers. The
training and testing took a full day to complete and the subjects for each test day were assigned a
subject number from one to four by random draw. (See Table 3A for testing order assignments as
a function of training and test run.)

10
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RESULTS

The data reduction, statistical analysis, and results are listed in this section. The training
data was first analyzed to determine differences among the subjects assigned to the eight coated
slides. The visual acuity data was analyzed in a single factor analysis of variance experiment with
eight levels of coated slides. The detection times and centering errors were analyzed in separate
8x3 multifactor experiments with repeated measures on the three levels of training cycles. All
targets were detected and correctly identified by all subjects during the training cycles. The visual
acuity readings were assumed to be a valid measure of the subject’s ability to perform detection
and identification tasks under the more stringent test conditions.

The test phase data included measurements on the numbers of targets detected and the
numbers identified, the detection times, centering errors, and the numbers of detection and
identification errors. These were analyzed in separate analyses of variance. The data for the first
test phase, comparing the four materials at full coverage, were analyzed in a 4x2 multifactor
experiment with unequal cell frequencies and repeated measures on the training and test cycles.

The data for the second phase, comparing material and area, were analyzed in a 2x3x2
multifactor (unequal cell frequencies) with repeated measures on the training and test cycles. The
Phase | data for the two materials at full coverage was combined with Phase |l data for the two
materials at partial coverage. The combining of data from different test phases for analysis
purposes was assumed to be statistically correct in this case. Each subject was tested on only one
slide. The tests were therefore not repeated measures on material or coverage. Furthermore, all
subjects were tested by the same personnel with the same procedures during the same seasonal
timeframe.

A computer program listed in Appendix C was used in the analyses. The program
incorporates appropriate techniques (Winer, 599-603) for designs with unequal cell frequencies.
The interactions proved to be significant in most cases and the simple main effects were analyzed
separately (Winer, 529-532). The Newman-Kuels procedure was used to compare the mean value
of significantly different main effects (Winer, 191, 528). A trend analysis was performed in some
cases on such effects using orthogonal coefficients (Winger, 176). The Cockran’s test was used to
test the homogenity of variances where appropriate (Winer, 208, 527).

Data Reduction

The number of targets detected and the number correctly identified were reduced for each
subject from the experimental data. A target was recorded as detected when the subject
positioned the reticle pointer over the target image. A target was correctly identified when the
subject stated the target shape following detection.

The sum of target detection times was also reduced for each subject, as were the centering
errors and the numbers of detection and identification errors. A target detection time was
measured from the time a subject was told to search for a target to the time he detected a target.
A 61-second time period was recorded for those targets a subject failed to detect.

A centering error was defined as the square root of the sum of the squares of the difference
between the angular coordinates of the sight following centering by the subject and those
determined by the tester. Centering coordinates were only recorded for targets successfully
detected by the subject. A 63.24 degree centering error was issumed for those targets a subject
failed to detect, since this is the mean error for the telescopic . ‘eld of movement.

1




An error in detection occurred when the subject confused a natural object (i.e., bush or
tree) for a target. An identification error occurred when the subject stated the incorrect shape of
a target successfully detected.

Training Data

The subjects were drawn from the available subject population without restriction. The
tester had no control over the selection of the subjects, and in this sense the selection was a
random sample. The subjects were categorized by their distant visual acuity readings (right eye);
however, no subjects were rejected from the sample. The subjects were then assigned to the
coated slides in a matched manner. The mean value of the visual acuity for the subjects assigned
to each coated slide is approximately 10 as measured by the Orthorater. This valuc¢ is sguivalent
to 20/20 vision on the Snellen scale, and is the mean value of the user’s population.

An analysis of variance indicated no significant differences among the distant visual acuity
(right eye) of the subjects assigned to the coated slides. (See Table 2 for a summary of the
analysis of variance.) The Cochran’s test shows the variance to be homogeneous. The Cochran
test ratio of the largest variance to the sum of variance equals .3125 which does not exceed the
critical value of .602 at the .05 level (one and 14 degrees of freedom).

TABLE 2

Summary of Analysis of Variance of the Visual Acuity Data

Source of Variance SS df MS F
Assigned slides 0175 7 0025 1
Experimental error .3825 14 .0273 —
Total .40 21

An analysis of variance indicated no significant differences among the detection times for
the training cycles. (See Table 3 for a summary of analysis of variance.) The Cochran’s test
showed that the variances for the subjects within groups is homogeneous; however, the test value
for the variances of the cycles by subjects within groups, was slightly larger than the critical value
indicating lack of homogeneity. Similar remarks apply to the training centering errors. (See Table
4 for a summary of analysis of variance.) In conclusion, there was little difference between the
subjec; pools assigned to the coated slides in regard to visual acuity, detection times, and
centering errors.
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TABLE 3
Summary of Analysis of Variance for the Training Detection Times

Source of Variances SS df MS F
1. Between subjects
a. Assigned slides 1488.37 Y 212.62 241
Subjects within groups 1239.49 14 88.54
2. Within subjects
b. Training cycles 700.59 2 350.29 4.40
Interaction a x b 1043.03 14 74.50 0.94
b x subjects within groups 2224 .96 28 79.46

harmonic mean, n = 2.46

TABLE 4 e

Summary of Analysis of Variance for the Training Centering Errorf’//

s ?

Source of Variances SS df / MS F
o
1. Between subjects o
a. Assigned slides 22.69 7 10.38 47
Subjects within groups 306.13 14 21.87
2. Within subjects
b. Training cycles 52.62 2 26.31 1.09
Interaction a x b 179.66 14 12.83 53
b x subjects within groups 675.91 28 2414

harmonic mean, n = 2.46

13
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Phase |, Materials

The analysis of variance for the number of targets detected is summarized in Table 5. The
analysis shows significant differences among the materials, training, and testing phases, and the
interactions. The simple main effects were analyzed and are summarized in Table 6. The materials
are significantly different from each other during the test phase. but not during the training. The
test phase is significantly different from the training phase for the clear base, carbon black, and
green dye materials. However, there is no difference between the training and test phase for the
aluminum material implying that the material was no more effective than the uncoated slides
used in training.

" TABLE 5
Summary of Analysis of Variance for Phase | Number of Targets Detected

- Source of Variance SS df MS F
o 1. Between subjects

P a. Materials 71. 3. 23.67 37.87%

- Subjects within groups 6.25 10. 625
2. Within subjects
b. Train/Test 160. 1 160. 256.*%*

Interactiona x b 71. 3. 23.67 37.87*

b x subjects within groups 6.25 10. .625

harmonic mean, n=3.2
*F 99 (3,10) =13.1
**F 99(1,10) = 20.

14
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TABLE 6

Tests on Simple Main Effects for Phase | Number of Targets Detected

Simple Main Effects

1. Materials by

Test 129, 3. 43, 68.8*
L Error within all 12,5 20. 625 -
2. Train/Test by
a. Aluminum (A) 04 1. 0.4 0.64
b. Clear base (C) 16.9 1. 16.9 27.04**
? ¢. Carbon Black 84.1 1. 84.1 134.5%*
d. Green Dye (G) 129.6 1. 129.6 207.3**
Errors within subjects 6.25 10. .625 -

harmonic mean, n =3.2 (Table 5)
*F.99 (3, 20) =9.88
**F 99(1,10) = 20.

T

The means for the materials in the test phase were compared using the Newman-Keuls
procedure. The results in Table 7 show that all materials were significantly different from each
other. A trend analysis of the means for the materials in the test phase was conducted using
orthogonal coefficients. The cell frequencies are unequal and the harmonic mean was used in this
analysis. The orthogonal coefficients for the different trends do not satisfy the orthogonality
conditions in this case. However, the analysis suggests that the trend is primarily a linear function
for this choice of materials.

15




TABLE 7

Tests on Means for Materials by Test Effect Using Newman-Keuls
Procedure for Phase | Number of Targets Detected

Materials A C B G
Ordered Means 8.5 5.75 17.5 0.
A - 2.75*% 6.75* 8.5%
C - 4.0% 5.75%
B — 1.75%
G d

harmonic mean, n = 3.2 (Table 5)
MSy c.=0.625 (Table 6)

* 05 level of significance for studentized range statistic,
8.95(r,20) where r is the number of steps separating means.

Inspection shows that the variances for the between-subjects error and the within-subjects
error cannot be strictly homogeneous. Since no targets were detected with the green dye and all
targets were detected with the uncoated slides, these slides were insensitive to the test conditions.
The variances for these slides equal zero and the Hartley test or the Bartlett’s test cannot be
satisfied. However, the variances for the remaining slides are numerically small and the F-test is
robust in cases of mild non-homogeneity.

TABLE 8
Trend of Means for Materials by Test Effect Using Orthogonal i
Coefficients for Phase | Number of Targets Detected |

Material A C B G 2
Mean Value 8.5 5.75 1.75 0. C C D SS F
Linear -3 -1 1 3 20 944 64. 13924 222.78%
Quadratic 1 -1 -1 1 4 32 128 0.8 1.28
Cubic -1 3 -3 1 20 11.2 64, 1.96 3.14

harmonic mean, n = 3.2
MS,, . =0.625 (Table 6)

*F 99 (1,20) =16.2
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Similar remarks apply to the analysis of variance for the number of targets identified. The
analysis, summarized in Table 9, shows significant differences among the materials, training and
testing phases, and the interactions. An analysis of the simple main effects is summarized in Table
10. The means for the materials in the test phase are compared in Table 11. The results show that
the aluminum material is not significantly different from the uncoated slide used in training. All
materials are significantly different from each other in the test phase except the carbon black and
the green dye. A trend analysis using orthogonal coefficients is summarized in Table 12. The
analysis suggests that a quadratic function is appropriate for this selection of materials. Similar
comments apply to the homogeneity of error variances.

TABLE9

Summary of Analysis of Variance for Phase | Number of Targets Identified

Source of Variances SS df MS E

1. Between subjects

a. Materials 69.2 3. 23.07 46.13*
Subjects within groups 5. 10. 0.5
2. Within subjects
b. Train/Test 211.6 1. 211.6 423 2%*
Interaction a x ¢ 69.2 3. 23.07 46.13*
b x subjects within groups 5. 10. 5

harmonic mean, n=3.2
*F 99(3,10)=13.1
**F g9 (1,10) = 20.

17



TABLE 10

Tests on Simple Main Effects for Phase | Number of Targets Identified

Simple Main Effects SS df MS F

1. Materials by
Test 138.4 3. 46.13 92.3*
Error, within cell 10. 20. 0.5 -

2. Train/Test by
a. Aluminum (A) 04 1. 0.4 0.8
b. Clear Base (C) 48.4 1. 48.4 96.8%*
c. Carbon Black (B) 102.4 1. 102.4 204.8%*
d. Green Dye (G) 129.6 1. 129.6 259.2%*

Error within subjects 5. 10. 0.5 —

harmonic mean, n = 3.2 (Table 9)
*F-99 (3, 20) =10.36
**F.gg (1, 10) = 20.

TABLE 11

Tests on Means for Materials by Test Effects Using Newman-Keuls
Procedure for Phase | Number of Targets Identified

Materials A C B G
Ordered Means 8.5 35 1.0 0.
A - 5.0* 1.5* 8.5%
C - 2.5% 39
B — 1.0
G i

harmonic mean, n = 3.2 (Table 9) .
MSy, .= 0.5 (Table 10) ;

*.05 level of significances for studentized range statistic,
8 95 (r, 20) where r is the number of steps separating materials.
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TABLE 12

Trend of Means for Materials by Test Effect Using Orthogonal
Coefficients for Phase | Number of Targets Identified

Material A C B G 2

Mean Value 8.5 3.5 1.0 0. c C D SS F
Linear -3 -1 1 3 20 -89.6 64. 125.4 250.9*
Quadratic 1 -1 -1 1 4 12.8 12.8 12.8 25.6*
Cubic -1 3 -3 1 20 32 64. .16 32

harmonic mean, n = 3.2
MS,, . =0.5 (Table 10)

*F 99(1,20) = 16.2

The analyses of variance for the detection times is summarized in Table 13. The results show
that there was significant difference between the detection times for the training and testing
phases. The differences among the materials and the interactions are significant at the 0.10 level.

TABLE 13

Summary of Analysis of Variance for Phase | Detection Times

Sources of Variance SS df MS F
1. Between subjects
a. Materials 141389.4 3. 47129.8 6.01*
Subjects within groups 78448.6 10. 78449
2. Within subjects
b. Train/Test 477051.1 1. 477051.1 93.95**
| Interactions a x b 154180.3 3. 513934 10.12%
b x subjects within groups 50774.9 10. 5077.5

harmonic mean = ﬁ=3.2
*F 90 (3,10) =5.46
3 *‘F_99(1,10)=20.
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The analysis of variance for the centering errors is summarized in Table 14. The results show
that there are significant differences among the materials, the training and test phases, and the
interactions. Similar analyses for the detection errors and identification errors show no significant
differences and the results are not summarized.

TABLE 14

Summary of Analysis of Variance for Phase | Centering Errors

Sources of Variances SS df MS F

1. Between subjects

a. Materials 280807.9 3. 93602.6 33.6*
Subjects within groups 27052.6 10. 27853
2. Within subjects
b. Train/Test 615367.2 1. 615362.2 278.3%*
Interactionsa x b 282678.3 3. 94226.1 42.6*
b x subjects within groups  22109.59 10. 2210.9

harmonic mean, n=3.2
*F 99 (3,10)=13.1
**F 99(1,10) = 20.

In summary, the results show that significant differences occurred during the first phase of
testing and that the green dye and black carbon are the most effective materials of those tested.
This is true for obscuring targets from detection and identification.

Phase |l, Materials By Area

The analysis of variance for the number of targets detected is summarized in Table 15. The
analysis shows significant differences among the materials, areas of coverage, training and testing
phases and the interactions. The simple interaction effects were analyzed and are summarized in
Table 16. The materials by area interactions are significantly different during the test phase but
not during the training. Inspection of the data shows that there is no difference between the
uncoated slides used during training and the carbon-black and green dye at 0.3 area coverage, and
the carbon-black at 0.8 area coverage.

20




TABLE 15

Summary of Analysis of Variance for Phase 1| Number of Targets Detected

Sources of Variance SS df MS F
1. Between subjects
a. Materials 10.92 1. 10.92 36.78*
b. Area Coverage 73.66 2. 36.83 124.06**
Interactiona x b 10.39 2. 5.19 17.49%*
Subjects within groups 2.38 8. 0.29
2. Within subjects
c. Train/Test 90.01 1. 90.01 303.19*
Interaction a x ¢ 10.92 15 - 10.92 36.78*
Interaction b x ¢ 73.66 2. 36.83 124.06**
Interactiona x b x ¢ 10.39 2 5.19 17.49%*
¢ x subjects within groups 237 8. 0.29

harmonic mean, n=2.18
*F.99 (1 , 8) =226
! **F 99 (2,8) =173

21 ’




TABLE 16

Tests on Simple Interaction Effects of Phase 11 Number of Targets Detected

Simple Interaction Effects SS df MS F
1. Material and area by
Test 189.77 2. 94.89 319.58%
Error within cell 4.75 16. 0.29 -
2. Material and cycle by
a. Area 0.3 0. 1 0. 0.
b. Area 0.8 58.86 1. 58.86 198.25%*
c. Area 1.0 147.24 1. 147.24 495.92%*
Error within subjects 237 8. 0.29 -~
3. Area and cycle by
a. Carbon Black (B) 95.48 2. 47.74 160.79**
b. Green Dye (G) 173.31 2, 86.65 291.86**
Error within subjects 237 8. 0.29 -

harmonic mean, n =2.18
*F 99(2,16) = 12.46
**F 99(1,8) =226
**F 99(2,8)=17.3
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The means for the coated slides used in the test phase were compared using the
Newman-Keuls procedure. The results in Table 17 show that carbon black and green dye at unity
coverage, and the green dye at 0.8 coverage are significantly different from each other and the
cluster of remaining slides which are equivalent to the training in performance. A trend analysis
of the means for the material by area interactions was conducted using orthognal coefficients.
The cell frequencies are unequal and the harmonic mean was used in this analysis. The orthogonal
coefficients for the different trends do not satisfy the orthogonality condition in this case.
Although the correlation coefficient is small, the analysis suggests that the trend is described by a

linear by quadratic function.

TABLE 17

Tests on Means for Material-Area Interaction by Test Effect Using
Newman-Keuls Procedure for Phase || Number of Targets Detected

Material-Area G.3 G.8 B1. G1.

Ordered Means 9. 3. 1.75 0.
G.3 — 6.* 7.25% 9.*
G.8 — 1.25% 3.t
B1. — 1.75%
G1. —

harmonic mean, n = 2.18 (Table 15)
MS,, .. =0.29 (Table 15)

*.05 level of significance for studentized range statistic, q_95(r,16), where r is the number of

steps separating means.
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Inspection shows that the variances for the between subjects error and the within subjects
error cannot be strictly homogeneous. No targets were detected with the green dye at unity
coverage. All targets were detected with the uncoated slides used in training and the carbon-black
slides at 0.3 and 0.8 coverage and the green dye slide at 0.3 coverage. Consequently, these slides
were insensitive to test conditions. The variances for these slides equal zero and the Hartley test
or the Bartlett’s test cannot be satisfied. However, the variances for thg remaining slides are
numerically small and the F-test is robust in cases of mild nonhomogeneity.

Similar remarks apply to the analysis of variance for the number of targets identified. The
analysis summarized in Tabie 19 shows significant differences among the materials, areas, training
and testing phases and the interactions. An analysis of the simple interaction effects is
summarized in Table 20. The means for the material by area interactions in the test phase are
compared in Table 21. The results are similar to those for the number of targets detected except
that there is no difference between the carbon black and green dye at unity coverage. A trend
analysis using orthogonal coefficients is summarized in Table 22. The analysis suggests that a
linear by quadratic function is appropriate for this selection of materials and area. Similar
comments apply to the homongeneity of error variances.

TABLE 18

Trend of Means for Material-Area Interaction by Test Effect Using
Orthogonal Coefficients for Phase 1| Number of Targets Detected

Mean Values Orthogonal Analysis
area coefficients 2 5
o . a. Linear x linear c G, 1Chn SS A
material B 9. 9. 1.75 1 0 -1 4 -1.75 6.67 1.67 5.62
G 9. 3 0O -1 0 1
b. Linear x Quadratic
-1 2 -1 12 10.25 229. 19.09 64.3%

1 -2 1

harmonic mean, n=2.18
MS,, .. =0.29 (Table 16)

*F gg(1, 16) = 19.06




Summary of Analysis of Variance for Phase || Number of Targets ldentified

TABLE 19

Sources of Variance SS df MS F
1. Between subjects
a. Materials 8.91 1. 8.91 35.64*
b. Area Coverage 81.09 2, 40.54 162.18**
Interactiona x b 11.27 2. 5.64 22.54%**
Subjects within groups 2.0 8. 0.25
2. Within subjects
c. Train/Test 96.18 1. 96.18 384.73*
Interaction a x ¢ 8.91 T, 891 35.64*
Interaction b x ¢ 81.09 2. 40.54 162.18**
Interactiona x b x ¢ 11.27 2. 5.64 22.54**
¢ x subjects within groups 2. 8. 0.25

harmonic mean,n=2.18

*F 99(1,8) =22.6

**F 99(2,8) =17.3
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TABLE 20

SS MS F
/ Material and area by
/7 Yt 202.38 101.19 40475+
Error within all 4. 0.25 -
2. Material and cycle by
a. Area 0.3 0. i 0. 0.
b. Area 0.8 58.86 | 58.86 235.44%*
c. Area 1.0 158.59 | B 158.59 634 .38%*
Error within subjects 2.0 8. 0.25 -
3. Area and cycle by
a. Carbon Black (B) 116.27 = 58.13 235.53%+
b. Green Dye (G) 173.31 86.66 346.62%*
Error within subjects 2.0 0.25 -
harmonic mean, n=2.18
*F 99 (2,16) = 19.1
**F 99(1,8) =226
**F 99 (2,8)=17.3
TABLE 21
Tests on Means for Material-Area Interaction by Test Effect Using
Newman-Keuls Procedure for Phase il Number of Targets Identified
Material-Area G.3 B1. Gl.
Ordered Means 9. 1. 0.
G.3 - 8.* 9.
G.8 2% 3
B1. - il
G1. =

harmonic mean, n = 2.18 (Table 19)
MS,, . =0.25 (Table 20)

*.05 level of significance for studentized range statistic, q.95(r,16), where r is the number of
steps separating means.




TABLE 22

Trend of Means for Material-Area Interaction by Test Effect Using
Orthogonal Coefficients for Phase || Number of Targets Identified

Mean Values Orthogonal Analysis
area coefficients 2
Ao a. Linear x linear c2 £ C*a S EF
B9 9 T, 1 0 -1 4 -1 2.18 54 2.18
e oG, P e

b. Linear x quadratic
-1 2 -1 12 11. 263.78 2198 87.93*
1 =2 1

harmonic mean, n = 2.18
MS,, .. =0.25 (Table 20)

*F 99 (1,16) = 19.06

The analysis of variance for the detection times is summarized in Table 23. The results show
that there are significant differences among the area coverage, training and testing phases, and
their interactions. The differences among the materials and their interaction with the training and
testing are significant at the 0.10 level.

The analysis of variance for the centering errors is summarized in Table 24. The results show
that there are significant differences among the materials, area coverage, training and test phases,
and most of the interactions. Similar analysis for the detection errors and identification errors
show no significant differences and the results are not summarized.

In summary, the results show that significant differences occurred during the second phase
of testing and that the carbon-black material required more than 0.8 coverage to be effective and

the geen dye at least 0.8 coverage. This is true for obscuring targets from detection and
identification.

The use of a parametric test to determine statistical significance may be questioned for two
reasons. Only a few subjects were used in some test cells, and some of the test cells are insensitive
to the test conditions. Originally, four subjects were scheduled for each test cell . but a scarcity of
available subjects midway through the test forced the use of two subjects per cell. A suitable
nonparmetric test is the Friedman two-way analyses of variance (Hoel, 1971; Siegel, 1956). The
test uses matched subjects; however, the subject pool is not readily matched by visual acuity.
Consequently, the statistical significance is not readily checked by the nonparametric test.
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TABLE 23

Summary of Analysis of Variance for Phase Il Detection Times

r Sources of Variance SS df MS F
r 1. Between subjects
a. Materials 45354.6 1. 45354.6 9.58+

; b. Area Coverage 186604.64 2 93302.32 19.71%+
Interactiona x b 42512.94 2 21256.47 4.49
Subjects within groups 37874.29 8. 4734.28

2. Within subjects

! c. Train/Test 358224.24 1. 358224.24 111.0%
Interaction a x ¢ 58586.64 I 58586.64 18.15¢
Interaction b x ¢ 154248.30 2 77124 .15 23.9%%
Interactiona x b x ¢ 41705.54 2. 20852.77 6. 46
¢ x subjects within groups 25817.89 8. 3227.24

T ———

harmonic mean, n =2.18
‘ tF 90 (1,8) = 6.92

*F 99 (1,8) =226
**F 99(2,8)=17.3




f TABLE 24

Summary of Analysis of Variance for Phase 1| Centering Errors

e e =t e—————————————————— ——
——————_————————

Sources of Variance SS df MS

F

1. Between subjects

, a. Materials 42014.54 1. 4201454 - 29.17*
f b. Area Coverage 299234.86 2. 149617.43 103.86**
' Interaction a x b 41812.76 p 5 20906.5 14.51
Subjects within groups 11524.03 8. 1440.5
2. Within subjects
) c. Train/Test 351616.51 1. 351616.51 367.26*
Interaction a x ¢ 44834.39 1. 44834 39 46.82%
Interaction b x ¢ 286720.59 2. 143360.29 149.74%%
Interactiona x b x ¢ 41359.92 2. 20679.96 21.6**
¢ x subjects within groups 7659.15 8. 957.39

harmonic mean, n=2.18

*F 99 (1,8) = 22.6
**F 99 (2,8) =173
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DISCUSSION

The mean number of targets detected and identified in the Phase | testing are listed in Table
25. The table is a summary of the data listed in Tables 7 and 11 and uses the same notation. The
table shows that a slight decrement in detection and identification occurs with the aluminum
material. On the average, each subject detected and identified 8.5 targets out of nine. As noted
below, this may have been due to extraneous factors rather than the material itself. In any case,
the aluminum slide was not signficicantly different from the uncoated slides used in training (see
results, above).

TABLE 25

Mean Number of Targets Detected and ldentified in the Phase | Testing

Material
A C B G
Detected 8.5 5.75 Vi5 0.
Identified 8.5 35 1.0 0.

The clear base causes a moderate decrement in detection and a more severe decrement in
identification. A study of the recorded data shows that the triangular target was highly visible
independent of range. In contrast, the visibility of the square and circular targets was range
dependent. The number of these targets detected decreases with increasing range. The triangle was
occasionally confused with the other panels and the few bushes on the range. The square and
circle were just as likely to be confused with each other or the bushes, as identified correctly.

The carbon black caused a severe decrement in target detection and identification. The
visibility of all targets were range dependent. Targets detected were just as readily confused with
the other targets as they were correctly identified.

The mean number of targets detected and identified in the Phase |l testing are listed in
Table 26. The table is a summary of the data in Tables 17 and 21 and uses the same notation.
The table shows that the green dye at 80% area coverage caused a severe decrement in target
visibility. The recorded data shows that targets were only seen by those subjects who looked
through the telescope at an angle to the visual axis. In this viewing mode, the obstructing coating
is seen to one side leaving a high visibility zone with a restricted field of view. The targets seen
were in a sector of the range extending from -1.4 to 12.2 degrees about the central axis. Targets
to the left and right of this sector were not seen.




TABLE 26

Mean Number of Targets Detected and Identified in the Phase 1l Testing

a. detected
area
1.0 0.8 0.3
B .75 9. 9.
G 0. 3. 9.
b. identified
area
1.0 0.8 0.3
B 1.0 9. 9.
G 0. 3. 9.
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The mean detection and identification ranges are listed in Table 27 for the two test phases
as a function of material and area. The ranges for the clear base material are separated into those
for the triangular target and the circular and square targets. The mean ranges are calculated by
summing the ranges of those targets detected or identified and dividing by the total possible
number of 36. The results are in agreement with Tables 25 and 26.




b

TABLE 27

Mean Detection (RD) and Identification (RI) Ranges in Meters

a. Phase I
RD RI
Material A 304.15 304.15
Cc* 196.2 114.16
C(T) 276.92 168.28
C(C,S) 155.84 87.10
B 31.84 17.16
G 0. 0
b. Phase II
area RD RI
Material G 1.0 0. 0.
0.8 125.25 125.25
0.3 317.46 317.46
B 1.0 31.84 17.16
0.8 317.46 317.46
0.3 317.46 317.46

*Ranges for clear base material, C, separated into those for the

triangular target, C(T), and the circular and square targets, C(C,S).
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The mean detection times for those targets detected are listed in Table 28 for the two test
phases as a function of material and area. The data shows a moderate increase in detection times
at even the small values of area coverage. The detection times increase with increasing coverage
and the obscuring effectiveness of the material as determined by Table 25. (See Figure 3 for a
plot of the mean detection times as a function of material and area.)

TABLE 28

Mean Detection Times for Those Targets Detected as a Function

of Material and Area for Test Phases | and ||

a. Phase |

Mean Times (Seconds)

Train* Test
Material A 5.82 10.77
G 8.61 19.88
B 5.58 22.56
G 5.63 —_—

b. Phase ||
Mean Times (Seconds)

Area Train* Test

Material G 1.0 5.63 ——
0.8 3.70 39.75
0.3 2.50 6.43
B 1.0 5.58 22.56
0.8 552 12.38
0.3 4.52 8.49

*Grand Mean, 5.235 seconds
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Interesting enough, Table 28 shows that the mean detection time of the test phase of a
material is more than twice that for the training of those subjects assigned to the material. This is
true even for those materials that are ineffective or low in coverage. Unfortunately, the subject
size is too small for more definitive conclusions. Furthermore, the target positions were not
randomized among the training cycles. However, a comparison of training cycles suggest that the
target deployment of cycles T1 and T3 (see Tables 1A and 2A) were similar to those of the test
cycles T4 through T6. The training cycle T2 is different since two targets could be vyithm t'he
telescopic field of view at the same time. However, discarding one target from T2 and increasing
the training detection time by 1.125 causes no real change in the ratio of testing to training
detection times. (See Figure 4 for a plot of detection times adjusted for the corresponding
training times.)

The advantage of obscuring optics with aerosol coatings may be an ingrease in target
detection times rather than complete obscuration of the target. Coatings slight in thickness and
coverage may prove to be effective if measured by this performance index.

The mean centering errors for the targets detected are listed in Table 29 for the test phases |
and 11 as a function of the materials and area. The data shows, that except for the green dye at
80% and full coverage, the materials caused a decrease in centeringerrors. The training errors for
the subject assigned to a material exceeds the test error for the material. Apparently, the
materials forced the subjects to be more exacting in their centering tasks.

In contrast, the test error for the green dye at 80% coverage is twice the training error for
the subjects assigned to the slide. Since the coating obscured the target image along the visual
axis, the subjects had to estimate the location of the target center. Although the subjects were
able to detect some targets by an off-axis search mode, they were not able to accurately center
on the targets. (See Figure 5 for a plot of mean centering error as a function of material and
area.)

The view through the telescope varied with the slide inserted. The aluminum slide added a
frosted, white veil over the image. The brightness and resolution of the image were both slightly
reduced. On the other hand, the clear base slide markedly decreased the resolution of the
instrument without changing the image brightness. The images appeared fuzzy with all sharp
corners round. The carbon black slide (full coverage) appeared to severely attenuate the amount

pf light reaching the telescopic image. The green dye slide (full coverage) completely replaced the
image light with a diffused, yellowish, white haze.

The carbon-black slide at 30% coverage had little effect upon the image. The viewer
appeared to be looking around a patch of decreased brightness. Similar comments apply to the
carbon-black slide at 80% coverage, except that the image was further decreased in brightness. In
contrast, the green dye slide at 30% coverage appeared to add a white, diffused fog to the image
light. The green dye at 80% coverage appeared to completely block the image light and replace it
with a diffused source. However, it was possible to look around the obscuration by loo:ing off
the visual axis. The result was a sharply reduced field of view with little effect on the image.

The two targets not seen with the aluminum slide were missed by one subject on a single
test cycle. It is possible that the targets were blown over by gusty winds which occurred during
this cycle. The tester could not find the targets when confirming the bearings, and they had to be
re-erected by the ground crew. If so, then the error of omission is due to extraneous factors rather
than the subject. Sandbags were placed on all target frames on subsequent tests.

. All subjects tested on the clear base material preferred to identify the target and center the
reticle on the target image at the low magnification. One subject increased image resolution by
readjusting the focus ring after the slide was inserted. The decrease in resolution caused by the
clear-base slide could account for the error in identification associated with this slide.
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TABLE 29

Mean Centering Errors for Those Targets Detected as a Function
of Material and Area for Test Phases | and |1

a. Phase |

Mean Errors (Degrees)

Train* Test

Material A 0.71 0.23
C 0.88 0.55

B 1.30 0.33
G 0.32 —_—

b. Phase 11
Mean Errors (Degrees)

Area Train* Test

Material G 1.0 0.32 —_
0.8 0.23 0.44

0.3 0.30 0.16

B 1.0 1.30 0.33

0.8 0.27 0.19

0.3 (0.8 ¢ 0.21

*Grand Mean, 0.5225

The six targets detected with the green dye at 80% coverage were seen by two subjects who
viewed at an angle to the visual axis. They were able to detect and identify some of the targets in
this manner but, they could not center the reticle over target images. They would have had to
view along the visual axis to do so, and the targets were then successfully obscured. These targets
were treated for data recording purposes as successful detections and identifications.

The slides with material at full coverage were scaled using the Orthorator and a single
observer. The slides were placed over the eyepiece one at a time and a single observer determined
his distant visual acuity (right eye). The acuity varied with the slides as follows: (1) uncoated
slides, 12; (2) aluminum, 10; (3) clear base, 5; (4) carbon black, 3; (5) green dye, 0. The results
suggest an almost linear decrease in visual acuity with increasing effectiveness. This decrease is
similar to the linear trend computed in the results section for the number of Phase | targets

detected.
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Interesting enough, an observer would have no trouble reading written text when the slides
were placed on it. The slides would change the light-dark ratio or the color contrast but the text
was clearly !egible through them. A study of the slides under a microscope showed a clear base
with a random scattering of widely dispersed minute particles imbedded in the material. The clear
base had no such particles but the surface texture appeared uneven in contrast to the others.

The panel targets were used in the experiment because of convenience and availability. At a
later date, a M113 Armored Personnel Carrier was used as a test target for two test cycles. The
green dye and carbon black at 30% coverage and 80% coverage were tested with four subjects,
one assigned to each slide. The results, although not analyzed statistically, are in general
agreement with those for the panel targets.

The subjects were instructed to search for the target and identify the orientation in each test
cycle. The M133APC was first driven to post no. 13 (282 meter line) and positioned at a
45-degree oblique angle for the second test cycle. The two subjects using the carbon black and
green dye slides at 30% coverage successfully located the vehicle and identified its orientation in
both cycles. The subject with the carbon black slide at 80% coverage located the vehicle both
times. But while correctly identifying the head on orientation, he erroneously identified the
second position as a side view. Finally, the subject with the green dye at 80% coverage was unable
to locate the vehicle within 60 seconds on both test cycles.

Another test was run to determine whether aerosol collected on the viewport would obscure
telescopic vision. Viewport cones were constructed (tapered ellipses with major and minor axes
of 1.5” x 1.25” and 3.8" x 2.25" separated by 6 inches) for mounting to the front of the slide
holder. One cone was completely coated on the inside surface with the green dye. The other cone
was coated with dull black. A single subject then observed the panel targets placed in test cycle
pattern T6 (see Table 2A) using each of the eight test slides in turn. No change was noted in the
visibility of the targets through the slides with the coated and uncoated cones. This result is in
agreement with previous work on stray light in telescopic images caused by the presence of lights
in the field of view (Coleman, 1947).

CONCLUSIONS

The test results show that the rank-ordering of the materials by increasing effectiveness at
obscuring targets is (1)aluminum, (2)clear base, (3)carbon black, and (4) green dye. This is true at
full coverage of the objective lens. The aluminum at the material density and coating thickness
used in slide preparation is no more effective than the uncoated slides used in training.

The effectiveness of the carbon black and green dye materials increases with increasing area
coverage. Both materials are ineffective at 30% area coverage. The carbon black is only effective
for coverages greater than 80%. The green dye is effective at 80% coverage and greater. The green
dye is more effective than the carbon black at the same area coverage above 80%.

The materials have little effect upon centering error unless it obscures the target. However,
the presence of the materials doubles the detection times if the materials is ineffective at
obscuring the target.

In conclusion, a sticky aerosol used to obscure telescopic vision must cover more than 80%
of the scope face to be effective. This is true for the materials and thickness used in slide
preparation for this test. The most effective material forms a crystalline structure on the scope
face. This material scatters light into the telescopic image of the target. However, the molecular
weight of such materials may be too high to be incorporated into an aerosol deliver system.
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FURTHER RESEARCH

Recommend that the following be investigated for further development:

1. The HEL developed computer model for obscured telescopic vision be verified using
the field test data and measurements of the field test conditions.

2. The effects of low coverage coatings upon target detection times be pursued further.
Recommend that a preliminary study phase employing carefully controlled conditions be
conducted prior to field tests. The study would employ computer simulation techniques for
target presentation, physiological monitoring of the subject’s state, and careful preparation of
coated materials.
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APPENDIX A

TEST ASSIGNMENTS
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TABLE 1A
Target Post Position Coordinates

' Centerline Distance Angle
i Post Number (Meters) {Degrees)

k 1 1126 23.1

z 2 108.5 -15.0

; 3 124.6 -22.5

i 4 134.3 8.6

| 5 159.5 24.0

6 161.8 3.6

7 185.4 -13.3

8 227.4 30.0

9 209.2 .3

10 238.6 -21.5

1 269.9 -29.5

12 262.5 8.6

13 281.8 -1256

14 3169 . 13.6

15 338.9 -23.9

16 328.4 6.4

17 349.6 2.7

18 3724 18.8

19 382.8 -21.0

20 370.8 12.2

21 390.1 22

22 397.5 -1.4

23 428.0 9.9

24 440.8 154

25 4411 5.1

26 453.1 8.9

27 476.7 18.3

28 4704 -8.7

29 489.7 -11.4

30 505.2 8.2
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TABLE 2A

Assignment of Target Panels to Range Sector and Post
Positions as a Function of Test Run

a. Test Sectors:

Test Run
Train Test
Target T1 T2 T3 T4 TS T6
Square I1I I1I II Ix ) 4 b it §
Circle I EE ITT I II i 5 1
Triangle III E I I1X B i ) 4 i

Notation-Sector I 100 meters to 233.3 meters
IT 233.3 meters to 366.6 meters

III 366.6 meters to 500 meters

b. Post Positions:

Test Run
Train Test
Sector T1 T2 T3 T4 s T6
& 2 1 6 9 S 3
II 12 16 17 B 19 20
III 25 30 24 26 22 29
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TABLE 3A
Assignment of Testing Order by Subject Number as a Function of
Test Run
Test Cycle

Function Test Run C1 C2 C3 C4

Train T1 S1 S3 S4 S2

T2 S3 S4 S1 S2

T3 S1 S2 S4 S3

Test T4 S2 S3 S1 S4

T5 S1 S3 S4 S2

T6 S4 S2 S1 S3
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APPENDIX B

SUBJECT INFORMATION
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TABLE 1B

Subject Information

Distant
Acuity(2)
g § B2 g
8 5 6% g & Test
_ c. 8 il :
Age Service ¥ = ‘% g% E Date Assgnd
Subj.No. (Yrs) Branch Rank MOS Yrs ~ 8 6 R Tested Slide3
22 USA E4 17B202% 12 N 10106 N 10/19  UC
18 USA E2 17C20 7/ 10 R 11 11 L 10/19 UC
12
3 17 USA E2 12F2011/ 9 T 9 8 6 N L  10/19 UC
12
28 UsA E4 13B20 5 12 T 4 N R 10/19 WC
5 22 USA E3 12810 2 12 T Y L 10/27 Al.0
17 USA B2 128205/ 11 B 12116 Y L /7 <@
6
25 USA E5 12F204% 14 G 9 105 Y R  10/27  BL.O
8 25 USA E2 120 3/411 N 11 86 N R 10/27 Cl.0
27 USA E5 76W40 8 12 G 12116 N L  10/28 Al.0
10 23 USA E5 62M20 4 12 R 12126 N R  10/28 Cl.0
11 20 USA E2 12B102/312 T 12116 N R 10/29 Al.0
12 23 USA E4 76W20 4 12 T 10102 N R 10/29 Cl.0
13 19 USA E2 12F20 1 12 G 11106 N R  10/29 Bl.O
14 23 USA E3 11C10 6 12 T 9 86 Y R 10/29 Gl.0
15 18 usMC E3 2141 % 12 N 12 96 N R 11/5 B1.0
16 17 UsMC E3 3521 7/ 10 R 11106 N R 11/5 Al.0
12
17 19 UsMC E3 3521 3/4 12 R 12126 N R 11/5 B1.0
18 19 usMC E3 21005/ 12 R 12106 N L 11/5 Cl1.0
19 21 usa E4 11E10'%% 12 G 12126 Yy R 11/15 B.8
20 27 USA E4 11E101% 12 G 12106 N R 11/15 G.8
A 28 USA E4 11D1I08 16 N 11 96 N R 11/15 G.3
22 24 USA E4 11E104 12 G 9 94 Y R 11/15 B.3
23 22 USA ES 11B203 12 G 94 N R 11/16 G.8
24 21 USA B4 11E103 12 ¢ 9 81 ¥ L 11116 8.8
1/3
25 23 USA E4 11E104 12 T 12116 Y R 11/16 B.3
26 19 USA E4 11E102% 12 G 12126 N R 11/16 G.3
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TABLE 1B (Continued)

Notation Keys:

(1) Experience N-None

|‘ G-Main gunner, armored vehicle
R-Rifle scopes

T-Other Tests by MID

(2) Distance Acuity

Both eyes - Bausch & Lomb Slide F-3

Right Eye - Slide F-4

Color Vision - Slide F-7

Snellen equivalency to visual acuity notation is as follows:
8-20/25
9-20/22
10-20/20
11-20/18
12-20/17

(3) Assigned slide -
Material: UC - uncoated slide, clear glass
A - Aluminum pigment
B - Lampblack in oil
C - Clear Base without pigment
G - Green dye
Coverage: 1.0 - 100 percent
0.8 - 80 percent
0.3 - 30 percent
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APPENDIX C

TEST DATA AND ANALYSIS
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The data is reduced and analyzed using the computer program attached below. The program
reads in the recorded test data, computes the analysis of variances foi the measures of interest, and
prints out the corresponding summary tables and the summary of analysis of variance. The
program is written for a third order factorial experiment with repeated measures on the third
factor, unequal cell frequencies and fixed factors. The program uses the technique of unweighted
means and harmonic means for computing the sums of squares. The analyses of simple main
effects, tests on means and trends were calculated by hand from the summary tables. The
recorded data for the field test covered in this report are listed with the program.

The main program and subroutines of the computer program are listed below:

1. TET - main program calls for read in of recorded data, printout of data and
statistical analysis of the measures of interst.

2. RDATA - reads in recorded data on cards. Called by TET.
3. PRINT - prints out recorded data. Called by TET.

4. MAT - establishes format for analysis of test phase | data per measure called by TET.

6. SETM - reduces data for measure called by MAT or MATA.

7. MATF - establishes format for analysis of training phase data per measure called by
FET-:

8. SETMF - reduces data for measure called by MATF.

9. STAT - prints out summary tables, computes and prints out summary of analysis of
variance for appropriate statistical format. Called by MAT, MATA, and MATF’

10. AOW - computes analysis of variance for three factorial experiment with repeated
measures on third factor (trials), unequal cell frequencies and fixed factors. Called by STAT.
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990

C MAINLINE=--STATISTICAL ANALYSIS OF FIELD TEST DATA, ANALYSIS OF VARIANCE

1000

10C1

1002

1003

10C4

1005

1006

2C00

3000

PROGRAM TET(INPUT,OUUTPUT, TAPE3=QUTPUT,TAPE2=INPUT)
DATA DSY,DSNyPS/2HYE» 20, 2HYE/

READ(2,990C)00

READ(2,990)PC0

FORMAT(1A2)

IF(DC.EQ.DSY)CALL RDATA

IF(PC.EQ.USY)CALL PRINT

WRITE(3,1000)

FORMAT(2X, *PHASE I ANALYSIS?)
WRITE(3,1001)
FCRMAT(6X s * NUMBER DETECTED')
CALL MAT(2HND)

WRITE(3,1002)

FORMAT(6X, *NUMBEK IDENTIFIED®)
CALL MAT(2HNI)

WRITE(3,1CC3)
FORMAT(EX,»"DETECTION TIMES®)
CALL MAT(2HDT)

WRITE(3,1004)

FORMAT(6X» 'CENTERING TULEKANCES')
CALL MAT(2HCT)

WRITE(3,1005)

FORMAT(6X, *OcTECTION ERKQORS')
CALL MAT(2HDE)

WRITE(3,1C06)
FORMAT(6X,*IDENTIFICATIUN ERRCRS')
CALL MAT(2HIE)

WRITE(3,2000)

FURMAT(2X s "PHASE II1 ANALYSISY)
WRITE(3,1C01)

CALL MATA(2HND)

WRITE(3,1002)

CALL MATA(ZHNI)

wRITE(3,10C3)

CALL MATA(2HDT)

WRITE(3,1CC4)

CALL MATA(2HCT)

WRITE(3,1005)

CALL MATA(2HDE)

WRITE(3,10C06)

CALL MATA(Z2HIE)

WRITE(3,3C00)

FORMAT(2X, *TRAINING ANALYSIS')
WRITE(3,1C03)

CALL MATH(2HDT)

WRITE(3,1004)

CALL MATF(2HCT)

STOP

END

SUBRCUTINE KkDATA

C READS IN FIELD TEST DATA FUR ANALYSIS

CUMMON/CYC/ISO(1Cs654)sNCoNR
COMMON/TGT/STT(10s653)»ELT(L1C»€Es3)58ZT(1Cs0»3)

COMMON/SUBD/NTsNSCLC)»AV(1Cr4)sTS(1Cr4a)sAS(10s4)»ITDLiCr4r0)
CUMFON/TESTD/DT(40s653)»cl(4Cs693)582(405693)19SHL(4UsE»3)»SHH(4Ds6

Q»3)55T(40,56,3)

G9¢

1600

COMMON/TYP/AF (BQ)
READ(2,998) (AF(I1)sI=1,40)
FORMAT(4CA2)
READ(251CO0INTsNCsNR
FORMAT(2Xp4(13,2X))
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DO 10 IT=1,NT
READ(2,1000)INS(IT)
KS=NS(IT)
D0 3 IC=1,NC
READ(2,1002)(STT(ITHICoIR)ISELTCITHICHIR)»BIZT(ITHICsIRI»IR®1,NR)
3 CONTINUE
1002 FORMAT(3(2X»1A2,2(2XsF541011)
D0 5 IC=1,NC
READ(2,1000)(ISO(IT,IC,»IS)»IS=1,KS)
5 CONTINUE
D0 1C I5=1,KS
ITS=(1IT-1)%4+1S
READ(2, 10CA)AVIIT,LS)»TSCLTsIS),ASCITSIS)
1004 FORMAT(F5.2,2(2X51A2))
READ(2,1006)(ITD(IT»IS,IC),IC=1,NC)
1006 FORMAT(2X,6(L4p2X1)
D0 10 IC=1,NC
00 1C IR=1,NR
READ(2,1CO7I0TCLTS»ICs IRl CLTSsICoIRISBZ(ITS,IC,IR)IPSHLCITS,ICS
QIR)»SHHUITS,ICoIR)»STCITE,ICHIR)
1C07 FORMAT(2X»3(F10.4»2X)»3(1A2,2X))
10 CONTINUE
RETURN
END

SUBKOUTINE PRINT
COMMCN/CYO/ISO(1Cs654) sNCsNK
COMMON/TGT/STT(1C»693)sELT(L0»693)»8LT(10s653)
COMMON/SUBO/NTHNS(LO)»AV(LCs4)sTS(10s4)sAS(10s4)siTO(10s456)
COMMON/TeSTO/0T(40s653) et (4Cs653)58L(40,¢653)55HL(4CrE23)))SHHIGLS
Q6s3)s5T(4Cs6,3)
COMMOUN/TYP/AF(80)
WRITE(3,998) (At () [=1,40)
G998 FORMAT(40A2)
WRITE(3,997)
S97 FORMAT(2Xs " INPUT TEST CATA')
WRITE(3,9G6)NT»NC,NR
966 FORMAT(2Xs*'TEST PERICD="y14,2¥s'CYCLES PER PERIOD®", 452X, *RUNS PE
QR CYCLE="',14)
00 20 IT=]1,NT
WRITE(35G9G95)1IT,NS(IT)
995 FORMAT(ZXs 'TEST PERIOCCD NOW'» 142Xy 'SUBJECTS®,(4)
KS=NS(IT)
wRITE(3,1C01)
1001 FORMAT(2Xs*'TEST TARGeT POSITIGNS')
DC 13 IC=1,NC
WRITE(3,1002)(STT(IT,IC,Ink)pELTCLITLIC,IRIHPBZT(ITHIC,)IK)pIKk=]l,NR)
1002 FORMAT(3(IX»1A252(2XsFSal)))
13 CONTINUE
WRITE(3,1003)
10C3 FORMAT(2Xs*SUBJLCT TESY GRLZIR')
D0 15 IC=1,NC
WRITE(3,1COC)(ISC(ITyICoIS)sISmlsKS)
100C FORMAT(2X»4(I3y52X))
15 CONTINUE
DO 20 IS=1,KS
[TS=(IT=1)%4+15
WRITE(3,1C05)IS»AVIIT,IS)sTSUIToISisASCIT,IS)
1005 FORMAT(2X» *SUBJECT=,xys 14/ c Xy '"ACUITY = 2%, FlGoa4s 'TEST MATEKIAL=Y,
Q2X»1A2»2X» ' TEST AREA=',2Xy1A¢)
WRITE(3,9692)
992 FORMAT(2X»*TeST CYCLE TIMESY)
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1C06

$99

1007
20

WRITE(3,1006)(CITUCITHIS,IC)»IC=1,NC)

FORMAT(2X»6(1452X))

WRITE(3,999)

FORMAT(2X,*TEST RUN DATA')

D0 2C IC=1,NC

DC 2C 1R=1,Nk
WRITE(3,1C07)DTCITS,ICoIR)HELCITS,ICHLIR)SBZ(ITS,ICHIRISSHLUITS,IC,

QIR) s SHH(ITS,IC» IR)»STUITS,IC,IK)

FURMAT(2X»3(F1l0e4,2X)»3(1A2,2X))
CONTINUE

RETUKN

END

SUBROUTINE MAT(AP)

C ESTABLISHES rRtOUCED DATA FCR AUV

w N

10cCC

10C1

2C
30

COMMCN/CYOD/Z150(1C»694)sNCCLoNRK
COMMON/TGT/STT(iCUs6s3)ELT(4Cr093)sBLT(1lUsbsr3)
COMMON/SUBOD/NToNS(1C)»AV(1094)sTS(LCs4)AS(10rs4)sTD(1Cr4s6)
COMMUN/TESTO/0T(4Cr653)0EL(405653)982(400€93),5HL(405693)sSHH(4T,6

Q»3),ST(40,6,3)

COMMON/FTEST/NAsNBpNCoNNS(L1C»10),T(10510540)
DATA TO»sTLspT2sT3sTh/cH Us2H As2H Cs2H B32H G/
DATA Al,A2,435A4/2HeusHa352Hebs2H1W/

OATA NTL,NT2/2,5¢

NA=z4

NB=1

NCs2

NCO=NCC/2

C3 3 Ils]l,NA

NNS(Il,1)=0

TC=T1

IF(I1.EQ.2)TC=T2

IF(I1.EQ.2)TC=T3

GO 3 ITaNT1,4NT2

KS=NS(IT)

Cu 2 I=s)l,kS
IFCTSCLIT)I)aNtaTColORVASCITyI)aNELAL)IGLTL 2
NNSCIlsl)=NNS(ILs1)4+]

CONTINUE

CONTINUE
WRITE(351COU)((NNS(TIASIB)pIA=LyNA)SLG=4sNB)
FORMAT(2X, " SUEBJECTS "9 2X510(14s2X))
wRITE(3510C1)

FORMAT(2X, YAV DATA')

U0 4C Il=1,NA

KKS=NNS(I1s1)

11=(

TC=T1

IF(I1eEQa3)TC=T3

IFUL1eEC,4)TC=T4

OC 3C IT=NT1,NT?2

KSeNS(IT)

DC 2C 1=1,KS

ITSa(IT=1)%4+]

IFCTSCITH)I) aNEoTCaORAAS(IT,I)«NELAG)IGLTU <&
II=I1¢1

TCilels[1)=G,

TCIlpls [1¢KKS) =G,

CALL SETM(Ar»IT,Ilp»lrITS»ILlsKKSHNCC)
CONTINUE

CUNTINUE
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WRITE(3,1002)11,TCsA4» (II,11=1,KKS)
16C2 FORMAT(2X»I2,2Xs"MAT=",1A2,2Xs "AREA®=',1A2/2Xs10(8Xs12s2KX))
WRITE(3,1003)(T(I1s15,1I),11=1,KKS)
| WRITE(3,1C03)(T(L1lslp lLl¢KKS),ILI=1,KKS)
| 1003 FORMAT(2X,»10(F1lCe4s2X))
40 CONTINUE
CALL STAT
RETURN
END

SUBROUTINE MATA(AP)

C ESTABLISHES REDUCED DATA FOR AQV
COMMON/CYO/ISO(1Cs694)sNCCsNRR
COMMON/TGT/STT(105653)sELT(10»653)s82T(10,6,3)
COMMON/SUBD/NToNS(LO)»AVI(10s4) s TS(1054)5A5(1054),TO(10545¢€)
COMMON/TESTOD/DT(4U»6s3)sELL40»693)9B2L40»6»3)sSHL(40,E93),SHH(40s6

Qs3),ST(4Csrt:3)
COMMOCN/FTEST/NASNBsNCINNS(10s10)5T(1Cs»1G540)
DATA TOsT1sT25sT3,T4/2H Us2H As2H Cs2H By 2H G/
DATA AlsAZ29A3,A4/2H0s2He392HeBs2H1a/
DATA NT1sNT2/257/
NA=2
NB=3
: NC=2
] NCC=NCC/2
CO 3 I1=1,NA
TC=T73
IF(114E0Qs2)TC=T4
CO 3 I2=1,NB
NNS(11,12)=0
TA=A2
IF(12.EQe2)TA=A3
IF(I2.EQ.3)TA=A4
D3 3 IT=NT1sNT2
KS=NS(IT)
DD 2 1I=1,KS
IFCTSCITHI)eNEeTCeCReAS(IToI)eNECTAIGOTC 2
NNSC(I1sI2)=NNS(I1512)+1
2 CONTINUE
3 CONTINUE
WRITE(351CO0)CUINNS(IASIB)sl=1sNB)yIA=]l,NA)
1600 FORMAT(2Xxs'SUBJECTS'52X»10(i4s2x))
WRITE(35,1C01)
1001 FORMAT(2X,'A0V DATAY')
DG «C Il=1,NA
TC=T3
IF(I14EQe2)TC=T4
DO 4C I2=1,N8
11=C
KKS=NNS(I1s12)
TA=A2
IF(I2.EQs2)TA=A3
IF(I2.cQe3)TA=AS
00 3C IT=NT1,NT2
KS=NS(IT)
D0 20 1=1,KS
ITS=(IT=1)%4+]
IFCTSCLIToI) eNEaTCoORASCIT,I)eNECTAIGLTC 20
II=11+1
T(Ils,12,11)=C,
T(I1,I2,114KKS)=Q,
CALL SETM(APsI1sI15I251TS»I1,KKSyNCO)
2C CONTINUE
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3C CONTINUE
WRITE(3,1C02)11,TCrTA»(LI,1I®],KKS)

1002 FOKRMAT(2X»1252X»"MAT=, 1A2,2X, *AKEA=®,1A2/2X,10(8X,12,2X))
WRITE(3,1C03)(T(IL1sI125I1)s[I=1,KKS)
WRITE(3,1003)(T(I1sI2,114KKS),y ]l=]lyKKS)

1003 FCRMAT(2X»10(F1Ce4,2X))

4C CONTINUE
CALL sSTAT
KETURN
| END

SUBRCUTINE SETM(AP s [T I1ls s ITSsI1KKSHNCC)
COMMUN/CYUZLISC(13»694) 9 NCCoNRR
COMMCN/TGT/5TT(105653)ELT(105653)»82ZT(1Cs653)
COMMUN/SUBD/NTsNSCI0) s AVUIU»4)sTSC10»4)»AS(10,4),TD(10s4s¢E)
COMMON/TESTO/DT(405653)5EL(405653)584(405653)sSHL(40s653)sSHH(4Cs0
Q93),5T(4Cr6,3)
| COMMUN/FTEST/NASNBINCONNS(LL»lU)»T(10,10,40)
| 00 100 IC=1,NCC
D0 1C0 IR=],NKR
1F (AP JNEL2HND)GOTO 1C
IFCDTCITS»iCrIRIGT«H504)GUTT 10T
IF(STOITS»ICsIR)«EQW2HBS)IGUTU 190
IF(IC.GT.NCOIGLTC 9
T(I1s12,11)sT(I1yI2,1010¢1,
Gu TC 1<0
TO1ipI12911¢KKS)=T (I, 12,I14#KKS)*1,
G0 TCL 16C
10 CONTINUE
1FCAP.NEL2BNL)GLTC 2C
IF(OTCITSSICsIR)CGTLECLIGCTT 1CC
IF(STCITS,»ICsIR)SEQ2HRSIGETO 10C
IF(SREHCITS»1C»Ik)eNELSTOLITSH»IC,IR)IGUTL 1CO
IFCIC.GT.NCOIGOTO 16
T(Ilsl2s11)=T(ILlsI2s11)+1.
G0 TC 12¢C
15 V(I3 12, TI+RKSIsT(Iis il I1¢RKS)+]1,
GL TC 19C
2C CONTINUE
IFTAP.NEL2HDTIGOTOD 30
LFCIC.GT«NCOIGUTL 29
TCI1pI2,101)=T (1 Lp 2 [0)4DTCITS»UCy1K)
GG TC 1CC
25 TCOIlpl2s 1 14KKS)=T(I1lal2y LI#KKS)I+LT(LITS,ICsIR)
GG TC 193¢
3C CONTINUE
IF (AP «NEL2HCT)IGLTL 4C
r DO 3¢ IA=]1,3

an

34 IFUSTUITS,LCoIK) ecQaSTT(IT,IC,1RA))GLTC 37
DE=€3.24
60 TO 38

37 DE=SCRICCELTCITHICHIA)=EL(ITSoICoIR))I*#*24(BZT(LITSIC,IA)=BZ(LITS,IC,

QIR) )*%2)

3t IF(ICCT«NCOIGUTLC 39
TCI1lp,12500)=T(Lisi2s11)40¢t
60 TO 1uC

36 TCL1,125 1 1+KKS)=T (11,12 I14KKS) 4L
60 TC 10C

40 CONTINUEZ
IF(LF NELZHOE)GLTL 5C
TFCSTCITSsICoIR)eNES2ZHBS)IGCOTL 10C
IFCICCTANCCIGUTLE 45
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57

8%
10C

TCI1sI2,11)eT(ILs12:11)¢1,

G0 TG 100

TCIY 02, L I4KKS)IsT(LI1p 12,1 L¢KKS)*],

GC TO 1ccC

CONTINUE

IF(APJNEL2HIE)GUTO 10C

DD 54 1A=},3
IF(STCITS,ICoIR)EQeSTT(IT,IC»1A)IGCOTU 57
G0 Y€ 1cCce
IF(SHHCOITS» IC»IK) e EQ ST(LITS,IC»IR)IGCTU 1CO
IFCIC.GTNCCIGUIC S5
T(L1p12,10)=T(11s12,11)¢1.

GC 10 1CC

TCI1p 12, i1¢KKS)=sT (11,12, 11¢KKS)+1,
CONTINUE

RETLKN

END

SUBRCUTINE MATF(AP)

C ESTABLISKES keDUCED CATA FUR ACV

w N

100¢C

1001

COMPUN/CYC/ISO(LiCsbsa) s NCCyNKF
COMMON/TOT/STT(LC»0s3 )L T(LCrE93),BZT(1C»6,53)

COMMON/SUBD/NT NS (10D »AVILC,»4) s TS(1054)»AS(1294)5T0(L1Us4se)
COMMON/TESTC/DT(4«Cs6s3)pEL(4Cs693)98L(409653)9SHLI4C26E53)5SAH(40s6

Qs3)5S5T(&Cy0,3)

COMMUN/FTEST/NASNBINCHNNS(L1Co1C)sT(1Cr»1Cyr4Q)
OATA TO»T1sT2,T3,T4/2H Us2d As2H Cr2H B8s2H G/
OATA Al»A29A35AG/2He 92Ha392HeEPEH] G/

DATA NTLsNT2/257/

NA=E

NB=1

NC=3

NCO=NCC/2

NC1=NCO/3

NC2=2%NC1

00 3 Il1=1,NA

NNS(I1,1)s0

TAa=A4

TC=T1

IFU11.EQe2)TC=T2

IF(I14EQs3)TC=T3

IF(11.6Ca4)Tl=Tg

IF(114GEat)TC=T3

IF(I1.GE.7)TCaTw
IF(I14EQs5e3RI1.EQ.7)TA®A2
IF(‘ltEuteiJu‘llliQDe)TA'AJ

CC 3 ITsNT1sNT2

KS=NS(IT)

00 2 I=1ykS

IFCTSOIToI) oNE«TCaOReAS(ITo1)aNELTAIGLTA 2
NNSCILls1)eNNS(TLsl)+l

CCONTINUE

CONTINUE
WRITE(3,1CoC)CUINNS(TASIn)sId2lsNE)sIA=]1)NA)
FORMAT(2X» " SUBJECTS 5 20,10(14s2x))
WPITE(3,1CC1)

FOKMAT(2X»YAOV DATAY)

DU «C ILlsl,Na

KKSesMNS(Tira)

thek CT1CABLE

Thehs PRACTIC
UALITY
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20
30

1002

1003
40

10

14

IF(I1.EQ.3)TC=T3

IF(I1.EQ.4)TC=T4

IF(I1.GE.5)TC=T3

IF(I1.6GE.7)TC=T4
IF(I1eEQe5.0RI1.EQ.T)TA=A2
IF(II.E0.0.DR.II.E0.0)IA-AJ

DO 30 IT=NT1,NT2

KS=sNS(IT)

00 2C I=1,KS

ITSs(IT=1)%4¢]
IFCTSCIToI)eNETC.ORJAS(IT)»I)NE.TA)IGOTO 20
II=Il¢]

TtIls1,11)=0.

T(Ils1,11+¢KKS)H0.

T(Ilsl,I142%KKS)=0,

CALL SETMF(AP,IT,I1s1s1T7S,I1,KKS,NCO»NCI,NC2)
CONTINUE

CONTINUE
WRITE(3,1C02)11»TCrTA» (LI, 1I=1,KKS)
FORMAT(2X»1252X» "MAT=",1A2,2X, "AREA=",1A2/2X,1C(8X,[2s2X))
WRITE(3,1003)(T(I1s1511)s11=1,KKS)
WRITE(3,1003)(T(I1s1s IT+KKS)sII=1,KKS)
WRITE(3,1C03)(T(I1y,1»I1¢2%KKS)»IIs1,KKS)
FORMAT(2X»10(F10s452X))

CONTINUE

CALL STAT

RETURN

END

SUBROUTINE SETMF(AP»IToIl,sI25ITS»IIsKKSsNCIsNCL1oNC2)
COMMON/CYOD/ISO(1Cs654) sNCCyNRR
COMMON/TGT/STT(1Cs653),ELT(1056»3)sBZT(1Cs653)
COMMON/SUBD/NTHNSC10)»AV(10s4)»TS(1Cs4)sAS(10,4)»TD(10s4s6)
COMMON/TESTD/DT(405653)9EL(4C9bs3)9BZ(405653)pSHL(4Cs»653)9SHH(4ODs6
Qs3)sST(40,5643)
COMMON/FTEST/NAp)NBsBCoNNS(10510)»T(i0510»40)

DO 100 IC=1,NCO

DO 1C0 IR=]1,NKR

IF(AP'NE«2HDT)IGOTO 10

IFIDTUITS»ICsIR)eGT60.)60T0U 106G
IF(STCITS»IC,IR)eEQe2HBSIGOTO 10C

IF(IC.GT.NC1)GOTO 5
TCI1sI2,I1)=T(I1s12511)40TCITS,ICsIK)

G0 TC 100

IF(IC.6GT«NC2)GGTU 7

TOI1sI2, TT4KKS)=T(I1s 12, II+KKS)+0OT(ITSsICyIR)

G0 TO 100
TCI1oI2sTT42%KKS)®T (11,12, 142#KKS)+DTC(ITS»IC,IR)

60 70 100

CONTINUE

IF(APJNEL2HCTIGOTO 100

DO 14 IA=1,3

IFCSTUITSS»ICyIR) wcQeSTT(IT,IC,IA)IGUTO 17

DE=63.,24

6G TO 18

17 DE=SOURTO(ELTIIT,IC)IA)=ELCLTS,ICrIR)I**2¢(BZT(ITHICoIAI=BZ(ITSH»IC»

QiR))*%2)

18 IF(IC.GT.NC1)GOTD 25

2%

TCI1,12,11)sT(11,12,10)40¢

GO TC 10C

IFCIC.GT«NC2)GOTO 27
TCI1,12,I14KKS) =T (11,11, [14KKS)+DE
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27
100

100¢C

1001

15
1002

1003

16
; 1¢04

1C05

20

2t
30

1c2e¢

GO0 TO 10¢C

TCL1p 02,1 1¢2%KKS)=oT(I1,12,1142%<KKS)+0E
CONTINUE

RETURN

END

SUBKCUTINE STAT

COMMON/FTEST/NASNBsNCsNS(105,10),T(105,10,40)
COMMUN/ZACV/SS(10»105i0)5TA(L1C»12540)9T5(3510510)5TAS(3,10),TP(20)
CALL AQVVIXGrSSWCrXHNINT)

WRITE(351000)XGsS3wCs XHNSNT

FORMAT(1IH 5 'GRAND MEAN=', F10,492Xs*SUM SGUARED SCORES®*,F10.4scXst

QHAKMONIC McAN=',F10.452Xs "TOTAL SUBJECTS=',]4)

WRITE(3,1001)(JsJd=1,NC)

FORMAT(2X»'CELL MEAN SCORES'/€X»10(BX»I1252X))

DG 15 I=1,NA

WRITE(3,1C02)1

00 15 J=1,N8

WRITE(3,1002)J,(TA(LsJsK)sK=lyNC)

FCRMAT (2X»12510(2X,F1l044))
WRITE(3,1C03)(J,J=1,NC)

FORMAT(2X,'CELL SUM OF SQUUARED SCORES'/6X»10(8XxsI2,2X))
vl 1€ I=1,NA

WRITE(3,1002)1I

00 1€ J=1,N8

WRITE(3,1002)J5(5S(IsusK)sK=1pNC)
WRITE(3,1CC4)(TAS(1sI)sI=1pNA)

FORMAT(2X, *SUM OF ROW MEANS'/EXs10(2XsF10.4))
WRITE(3,1C05)(TAS(25J)sy=1sNB)

FORMAT(2Xs*SUMS OF CULUMN MEAN'/EXs10(F1Ce4s2X))
IF(NC.GT.1)6UTU 1C0O

| C NON-REPEATED McASULRES

OFr w=NT=-NA%*NB
IF(NALGTe1.ANDeNB.GT.1)GUTO 50

C SINGLE FACTOR

XN=NT

$S6=C.

SSWi=C.,

IF(NB«EQ.1)GLTO &5

0C 2C J=1,Nb

XS=NS(1,4)
S3G=SSG+TAS(2,J)%XS
SSWT=SSWT#(TAS(2,J)*%2)%X5
DFA=NB=-]

GO 170 30

CO 27 I=1sNA

X5=NS(I,1)
SSG=SSG+TAS(L, 1) *XS
SSWToaSSWT+(TAS(L,[)*%2)%XS
DFA=prA~-]

CONTINUE
WRITE(3,1C26)SSGsSSWT»SSWC
FORMAT(2X» 'SSGo "y FléatslXo ' SSnTmtpFlaabsylXs?SSWCmtytléot)
SSG=SSG*SSG/XN
CSA=SSWI-SSG6

SSwESSWC=S5wT

XMSA=SSA/CFA

XMSw=SSw/DFw

SST=S5SaC~556G

FeXMSA/XMOW

CFT=0FA+DFw
WRITE(3,1CCEISSASDFAPXMSA» s SSWrUFWe XMSweSCTHUFT
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1006 FORMAT(10X, *SUMMARY GF VARIANCE'/2X» *TREATMENT',4(2XyF1l0e4)/2X,'ER
QROR"»4X»3(2XsF1lCa%) /2Xs " TOTALY»4X»2(2XsF10.4))
RETURN
5C CONTINUE
C MULTIPLE VARIABLE
XN=NA*NB
XN1=NA
XN2=N8
SSGeXG*XG /XN
SS11=0.
DO 51 I=1,NA
51 SS11=SS11+(TAS(1l,1)*%2)/XN2
$S22=0.
0O £¢ J=1,N8
52 S$S22=5S22+(TAS(2,J)*%2)/XN]
SSII=0.
SSwT=0.
00 53 I=1,NA
DO 53 J=1,Nb
XS=NS(Isy)
SSWI=SSWI+(TA(IyJdyl)**2)*X>
53 SSII=SSIL+TA(LyJsl)#x2
WRITE(3,1C028)SS569SS119SS225sS8STIs SwTsSSnC
1028 FURMAT(2Xs'SS5C= ) Flaets2XKp'SS11m0,F14,4s2Ky¥55228%,F14s4/2XKs
QVSSII="sF14.%s2x9 ' SSWT2Y,F14,42X,*'SSWC="yFlbel)
$51=(SS811-5SG)*xHN
SS2=(5522-5S5G) *xHN
SSI=(SSII=SS11=5522+¢55G)*XHN
SSw=SSwC-SSwT
SST=S5WC=SSG*XHN
CFl=NA-1
LF2=NB-1
DFI=CFl*CF2
XMS1=SS1/CF1
xMS2=sS2/0F2
XMSI=SSI/OF1
XMSW=SSw/OF w
Fl=syxrS1/xMSa
F2=XMS2/XMSw
FI=xXMSI/XFSw
DFTaCF1+0F2+0FI+CFw
WRITE(3,1C0E)SSLoOFr1sXMSLor1sSS2s0FcrXMSCoF2s5SLs0F1oxMSIsrlssSny
QUFws xMSwyp SSTHOFT
1C0t FUKMAT(LCX, *SUMMARY UF VARLANC:-'/2X» "TREATMENT A'y4(2xpFlLe4d/X
Cr' TREATMENT B',4(eXsF1lCe@)/2X) "INTERACTICNS P9 iXpa(2XpF1lCa&)/2Xy?"
QWITHIN CELL"22X»3(2XsF1lCa@) /222 "TOTAL YsBRsc(2XpF1Cab))
KETURN
10C CONTINUE
C RePEATED MEASUKES ON FACTOK C
WRITE(3,2C01)(TAS(3,K)sK=1lsNC)
2001 FORMAT(2Xxy'SUM ur KEPCATED MEANS'/EXsICG(F1Ca4r2X))
WRITE(352CC2MI(TPUIS)plS=1sNT)
2C02 FOKMAT(2Xy'SUM OF SUBJEZCT MEANS'/EXs1U(FiCa49s2X))
WRITE(3,2C03)(JsJd=1yNB)
2003 FORMAT(2X,*SUM UF AB McANSY/€EXy1C(EXPI2o2X))
CO 1Ci I=1,NA
101 whkITE(351CC2)15(TStLlslsd)sd=1lsNn)
WRITE(2,20064)(KpKalyNC)
20C4 FORMATI(2X,'SUM OF AC MEANS'/EXs1C(FXp12p2X))
LO 1C2 I=1,NA
102 wkITE(351C02)15(TS(25 1K) sK=],NC)
WRKITE(352005)0(Kpk=]l,aNC)
20CY FCRMAT(2X»'SUM GF BC MEANS'/6X,10(eXyl2s2X))
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00 1C3 J=1,NB
103 WRITE(351002)J5(TS(35JsK)pK=1sNC)
IF(NA.GT.1.AND«NB.GT.1)GOTJ 150
IF(NACGT.1.0RuNB.GT41)GOTO 130 E
C REPEATEC MEASURES ON FACTUR C ALONE g
XN=NC
XT=NT
SSGe=XG*XG/XN
SSeps(,
D0 1C4 IS=1,NT
104 SSP=SSP+(TP(IS)*#*2)/XN
SSBPeSSP-SSG*XT
DFB=aNT-1
SSwP=SSWC-55P
ODFWsNT*(NC-1)
SSwi=0,
DO 1C5 K=1,NC
105 SSWT=sSSWT+TAS(3,K)*%2
SSA=(SSWT=-SS6)*XT
DFA=NC-1
SSRE=SSWC=SSP+(SSG-SSWT)*XT
DFR=(NT=1)*(NC=-1)
SSTaSSWC-S5G#XT 1
OF TeNT*NC-1
XMSA=SSA/DFA
XMSR=SSR/OFR
FsXMSA/XMSR
WRITE(3,2006)5SBPsDFBs SSWPsDFWySSAsDFAs XMSASF s SSRyDFRs XMSRsSSTHDFT :
2006 FORMAT(1UXs "ANALYSLS OF VARIANCE'/2Xs 'BETWcEN SUBJECTS'»2(2X»F10.4 !
Q)/2Xs"WITHIN SUBJECTS'»1X»2(2XsFi0e4)/2Xs ' TREATMENT'»7X»4(2XsF1l0.4
Q)/2Xs*RESIDUALY y6X93(2XsF1lCa&)/2Xp "TOTAL'»11X92(2XsF1lCe4))
RETURN
13C CONTINUE
C SINGLE FACTOR wITH REPEATED MEASURES ON FACTOK C
XN=NA*NB*NC
SSG=XG*¥XG/XN
SSp=Q,
SSwA=Q,
SSWT=0.
SSCT=0.
SSAC=0,
XNC=NC
DO 131 Ks=]1,NT
131 SSP=SSP+(TP(K)*%2)/XNC
IF(NALEQ.1)GUTC 135
XNA=NA
NAA=NA
DO 132 I=1,NA
XS=NS(Is1)
SSwT=55WT+(TAS(1,1)*%2)*xXS/XNC
132 SSWA=SSwA+(TAS(1,I)*%2)/XNC
DO 133 I=1,NA
¥S=NS(I,1)
DU 133 K=1,NC
SSCT=SSCT+UTS(2s1,K)¥%2)%XS
133 SSAC=SSAC+(TS(251,K)*%2)
GO TC 14C
135 CONTINULE
XNA=NB
NAA=NB
CC 136 J=1,N8B
X5=NS(1s4)
SSWT=SSwT+(TAS(2,J)**%2)%XS/XNC
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136 SSWASSSWA+(TAS(2,J)*%2)/XNC
DO 137 J=1,N8
xXS=aNS(1,J0)
DU 137 K=1,NC
SSCT=SSCT+(TS(3,J,K)**2)%xS
137 SSAC=SSAC+TS(35JdsK) *%2
14G CONTINUE
SSwhR=(Q,
00 141 K=1,NC
141 SSwR=SSWR+(TAS(3,K)*%2)/XNA
WRITE(3,2029)556sSSwA» SSwKsSSAC)SSwCrSSWT»5SCT5SSP
2029 FORMAT(2Xs'SSCe 'y FlasbslXs ' SShASY Fl4,4p2X,'SSuRm?yFl4e,4y2Xy 'SSACS
QU Fla,4/2Xy ' SSWCa? yF1laaan Xy ' SSuTe?sF14e492XKs'SSCT="5F14,492X,'S5SP
O0=',F16.4)
SSBPeSSP=SS56*XRN
LFpP=NT=-]1
SSA=(SSWA=53G) *XHN
CFA=NAA-]
XMSAsSSA/CFA
SSWGESSP=SS5aT
CFweNT=NAA
XMSw=SSwC/DFw
SSWP=3SWC-55P
DFwP=NT*(NC-1)
SSL=E(SSWR=SSG) *xHN
LFC=sNC~1
XMSC=SSC/DFC
SEC=(SSAC=SSWA=SSWR+55C) ¥XMN
DF AC=(NAA-1)%(NC~1)
XMAC=SAC/DFAC
SSCW=SSWC=SSP=SSCT+SSWT
CFCw=(NT-NAA)#*(NC-1)
XMCW=SSCw/DFCw
FA=XMSA/XFSW
FCaxmSC/xMCw
FAC=XMAC/AMCK
WRATE(3,2010)SSBPIOFBPsSOA ) OFAXFSAYFASSSWGDFWs XMSWsSSWPsOFRP s 35C
QsDFCoXMSCotCoSACIDHACH XMAC,FAC,SSChs DFLms XMCw
2C1C FUKRMAT(2X»"ANALYSLS OF VARIANCe'/2X»'BETWEcN SUBJECTS'»2(2XsF1l4an)
Q/2Xp P TREATMENT APy Xpal2XsF14eb)/2Xp"SUBJECTSY/2X5 " WITHIN GROUPS Y,
Q3X93(2XpF1l4.e4) /72X " WITHIN SUBJECTS I Xp2(cXpFlasd)/2Xy "TREATMENT C
QVy 5Xp4(2XsF1laeb)/2Xs " INTCRACTION AC'»2X»4(2XpFleea)/cXs'C EY SloJr
QCTS*/2Xs " wlTHIN GRIUPS'»3X, 5(2XsFl4ed))
RETULKN
15C CUNTINUE
C MULTIPLE tACTUKS A ANU 3 wITH RePcATED MEASLRES ON FACTOR C
XNA=MNA
XNo=NG
XNC=NC
SSWP=J,
SSwT=0,
5SCT=g,
CO 151 IS=1yNT
SSWP=SSwP+(TP(1S)I**2)/XNC
ABCs=C.
0O 122 I=1sNA
DO 192 J=1sNR
x8=NE(Isd)
OU 152 K=1,NC
SSCT=55CT+(TA(LyJoKI®%*2)%X5
152 ABC=ABC+TA(IpJpK) %%
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DO 153 I=1,NA
153 SSSA®SSSA+(TAS(Ls1)#%2)/ (XNB*XNC)
SSSB=0Q.
D0 154 J=1,N8
154 SSSB=SSSE+(TAS(2,J)**2)/ (XNA*XNC)
$SSC=0.
DU 155 K=1,NC
155 SSSC=SSSC+(TASI3,K)I*#*2)/(XNA®XNB)
SSAB=C.
| 0C 156 [=1,NA
| CO 156 J=1,NB
| XS=NS(I,4)
SSWT=SShT+(IS(1,1,J)*%2)*XS/XNC
| 156 SSAB=SSAB+(TS(1,15J)%%2)/XNC
: SSAC=0.
; DU 157 I=1,NA
; 00 157 K=i»NC
} 157 SSAC=SSAC+(TS(2,1,K)**2)/XNB
| $SSBC=0.
0O 158 J=1sN8
; 0O 158 K=1,NC
f 158 $SBC=SSBC+(TS(3,4sK)#%2)/KNA
WRITE(3,2C48)S5GsSSSA»SSSBy5SSCHSSAB,SSACHSSBCHABC, SSWC»SSWPsSSCT,
QSSWT
2048 FURMAT(2Xs'SSG='yFlaets2Xs"SSSAn',Flbsbs2X, 'SSSB=,F1l4s4s2Xs*S5S5C
QU9 Fla.a/zXy'5SA82 3 Fla.as2Xs "SSAC=T,F14,692XKp tSSBC,FLa.4,2Xy " ABC
Q® 5 Fl4.4/2Xs ' SSWC=15F1404s2Xs " SShP =y Fibubs2Xs *SSCTR,)Flbaks2Xs "5SS
OwT=1,Fl4,4)
SSBS*SSWP-3SG*XHN
SSA=(SSSA=SSG)*XHN
SSE=(SSSB=3S6)*¥XHN
SAB=(SSAB=SSSA-S358+55G) *XHN
SSEB=SSWP-SSuT
SSWS=SSWC=SSWP
SSC=(SSSC=>56) *XHN
SAC=(SSAC-SSSA=SSSC+SSG)*XHN
SEC=(SS8C~555B=555C+SS5G) *XHN
SABCs (ABC-SSAB-5SAC=-SS5C+555A4355B+S55C-356) % XHN
SSEWsSSWC=SSWP=SSCT+SSuT
CFBS=NT=-1
UFA=NA-1
DF3=NB-1
OFAB=(NA=1)*(NB=1)
LFEBENT-NA*NY
OFWSaNT*(NC=1)
OFCaNC-1
DFAC=(NA-1)*(NC-1)
CF3C=(NB=1)*(NC-1)
DAEC=(NA=1)*(NB=1)%(NC-1)
LFEWws(NT-NA®NB)*(NC-1)
XMSA=SSA/DEA
XMSE=SSE/OFE
AMAL=SAG/UFAS
: XMEBRSSEE/UFEE
XMSC=SSC/LFC
XMAC=SAC/GFAC
XMBC=SHC/DFBC
Xael=5acC/UABC
AMtweSSch/UFEW
FA=XMSA/XMER
FB2XMSB/XM:g
FAB=XMAB/XMED
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FACsXMAC/ZANMLW

FBCoXMOC/aME o

FABCosxABC/XMEW

WRLITE(302C2C)SS0SsLFBS SR VA XMSASFASSSBaDFB)XMSBERySAE,DFABS
QXMAESFAR) SSEB ) DFLLa XMEO» S aSoUtnS s 35CoLFCrXMSCrFCrSAC»OFACHXMAC,
QFAC»SBCrDFBCr» XMBCHFABC »SABCHIOABCH XAECKIIABC)SSEmpDFEWs XMEW

202C FUPPAT(2Xs'BuTWEEN SURBJECTO 2 (2XsF16eb ) /4Ky ' TREATMENT=A,3X,64(2Ks

GF1l4eQ) /74Xy " TREATPFENT =By 3X 4 (2Xpk 14s&)rany " INTERACTIOCN=-ABYy2X4(2X
QrpFlaed)/ar, "SUBJECTS WITHIN GROUFSY /74X, "LRROK BETWEEN'S3X,3(2XypF 14
Qo) /2Xs "WITHIN SULJECTS s Lxp2(2XsFle ) /aX s ' TREATMcNT=CY'p3Xs&(ZKyF
Clee) /74Xy "INTERACTIUN=AC Y Xy a(2XpFlaab)raxs "INTERACTION=BCY,2X,54(
QeaxsFlaaa) /X, "INTERACTION=ABC Y p 1 X0 4 (2XoF1409) /Xy *INTERACTIUN-C BY
Q SUBJ W/GRUUPSY /46Xy "ERRUR wiTHIN' 4X33(2XsFlbae4))

RETURN

eND

SUBROUTINE AOVVIXGsSSwCo XHNGNT)
C THkte FACTORIAL WITH KcPEATED MEASLRE CN THIRD FACTOK(TRIALS)
C UNFUUAL CelLSs UNWEIGHTED MEANS, rIXeD FACTOKS
COMMONZFTEST/NASNBSNC)NS(10010)»TC10,1C,4C)
COMMUNZAGV/ZSS(L1D»10010)»TACLO»1Gr1C0)»TS(3,1001C)sTAS(351C)»TP(20)
XC=Q,
SSwWC=0.
NT=0
XHN=C,
DC 1C¢ I=1sNa
00 10 J=1,NEB
KS=NS(1sJ)
XS=kS
NT=NT+KS
XHN=XHN+]1 ./ XS
IR=(Q
00 7 K=1,NC
TA(IsJsK)=y,
SS(IsdsK)=C,
L0 5 [S=1,KS
Ik=]k¢]
TA(LpdsK)=TA(LyJyK)4T(LsJd,y1R)
SSUIpdsK)IsSSIIsJsK)+T(LIpdslR)*s?2
5 CONTINUE
TACI»JsK)=TA(IpJdpK) /XS
Xo=XG+TA(L,JpK)
SSwC=SSWC+SS(IsdsK)
7 CONTINUE
10 CONTINUE
XN=NA®NG
XHN=XN/XHN
IA=]
IB=1
KSsNS(1,1)
Ik=0
DO 12 IS=1,NT
TP(IS)=C.
Ik=sIR+]
IF{IR LEWKS)IGLTO 11
IR=1
I18=]B+1
KS=NS(IA,IB)
IF(IBLENB)IGLTO 11
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IF(IALGT.NA)GOTO 14
11 DO 12 K=1,NC
IRR=JR+(K=1}#%KS$S
TPCIS)=TP(1S)+T(1A»IBsIKR)
12 CONTINUE
14 CONTINUE
: 0C 19 I=15NA
3 VO 15 J=1,NB
TSt{1,1,9)=C,
DO 1% K=1,NC
15 TS(1sIsJd)=sTS(1lsIsJ)+TA(L»JsK)
00 16 I=1,NA
DO 16 K=1,NC
TS(2,15K)=0,
DC 16 J=1,N8B
16 TS(251sK)=2TS5(2,1»K)+TA(],J5K)
DO 17 J=1,NB
00U 17 K=1,NC
TS(3,Jd5K)=0,
DO 17 I=1,NA
17 TS(3,J9K)=TS(35JsK)+TA(L,JpK)
0C 1& I=1,NA
TAS(1sI)=(.
DO 1¢ J=1,NB
1€ TAS(1sI)=TAS(L1,1)4TS(1s1,J)
DU 19 J=1,NB
TAS(25J)=0.
D0 19 K=1,NC
19 TAS(29sJ)=TAS(2,J)+T5(35J5K)
D0 20 K=1,NC
TAS(3,K)=C.
D0 2C I=1,NA
20 TAS(3,K)=TAS(3,K)+TS(2,15K)
RETURN
END
YtSs REAU CATA
YES» PRINT DATA
/ UGBSCURED OPTICS FItLu TESTs OCT=NOV.e 1976, MEROC SUPPORT

7 t 3
4
CkK 1€, 34, TR 17. 145 50 1€¢c5 13
CR 1645 13, S¢ 17. Il TR 1€. 17.
CR 17.5 32,5 SQ 17, 2ls5 R 1645 2249
3 2 1 4
4 2 1 3
1 3 4 <
1.0 U .0
935 1020 1025
27. 16, 34, CR CR Ck
55 i 1445 TK Tk Tk
1 35, 1643 1045 SQ S¢C S¢C
19. 1€.5 135 CR  CK  CR
11. 17. il. SQ S¢ 5Q
7. 1€.5 16,5 TR TR TF
59. 18, 34, (R Ck (x
6. 1745 5 S¢  SQ@ SQ
6. 17. 3.5 TR IR ¥R
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l.1 u .0
935 1020 1025
10.
12.
12.
2
2.
25,
3.
1.
3.

008 U .o
935 1020 41025
59.
59,
40,
5,
5
-
13,
3.
4.

0.9 u 0
935 1620 1025
6.
16.
Te
3.
7.
3.
9.
2
4.

17,
16,
1645
16.5
17.
16.
1745
17.5
16.5

1¢.
17.
16.5
16.5
17.
1¢.
17.5
17.
16.5

16.
17.
16.5
16.5
17.
16,
17.5
17.5
165

14.
34,
1U.5
13.
11.
16.9
335
2Ee5
2245

39.

1465
10.5
13,

11.5
16.5
33.5
2le5
2245

34,
14.5
10.5
13.
11.
17.
34,
2145
2245
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TR
CR
SQ
CR
SQ
TR
CR
SQ
TR

CR

SQ
CK
SQ
TR
CR
SQ
TR

CR
TR
SQ
CR
SQ
Tk
CR
SQ
TR

CR
TR
SG
Ck
SQ
Tk
Ck
SQ
Tk

CR
TR
SQ
Ck
SQ
Tk
CR
SC
TR

CK
Tk
SQ
CR
S¢
TR
CR
SQ
Tk

CR
TR
SQ
CR
S¢
TR
CR
SQ
TR




CR
Ck
CR

CR
CR

o

O e
O W e W

1.1
917

1.C
910

15,9 34. SQ 16.5
16,5 13.5 3SQ 1647
17.1 34, SQ 16.9
16.2 12, SQ 17.9
17.4 39.6 S@Q 15.9
17.2 29.1 S¢ 1645

& 2 3
4 3 pa
2 4 3
1 £ 4
4 ¢ 2
pa 4 1
A 1.
1C10 1C45 1400 1440
Se 16.5
2e l6.4
5 16.
2 16.5
25 17.C
11.C 1546
2. 1642
l. 1647
4, 17.1
S5 17.5
11. 16.2
2. l1oe7
2 16.7
7. 17.2
Ee 19.9
7 16.
4. 1645
18, 1669
(¢ S o7
1016 1050 1350 1455
7.9 14.8
2,.,C 155
4,8 55
€.C 1645
3.4 1t.0
4.7 15.4
3.0 16.2
3.0 1€.8
17.C 17.2
61,
6l.
61,
61,
tl.
6l
61.
61,
6l.
8 L5
929 1955 1355 1%45
19. l6.
13. 16.7

10.%
11.4
22.
42.
-4
Te7

1529
l4.0
1C0.5
34,
13.
11.2
’3-2
23.
22.
34,
42.2
12,
1C.5
2045
36,9
-4,0
4l.

7.9
30.2

1520
13,5
105
33.%9
i3.5
1l.4
-305
2248
21.8
34.

153C
34,7
14.c
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SQ
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164

l16.8

16.9

1642
TR TR
SQ@  S¢
CR CR
CR CR
S¢  Sa@
Tk IR
TR TR
Se SQ
Ck CR
50 50
CR CR
Ik TR
Tk TR
Ck CR
S¢ S@
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S¢G  se
Ck CR
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CR CR
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Sa@ S50
TR TK
Tk TR
S& SQ
Ck CR
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0.8
915
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CR
CR
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O e
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22.
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3.
1.

10.
61,
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105¢%
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1644
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1548
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16.9
17.2
16.7

1450

16.3
16.9
1646
1745
15.8
1645

1440

13,25
11.0
=-3.5
22.8
21.8
34,
22.9

-4.0

41,

151°%

33,5
1C.3
14.5
13,

1le2
-3.2
22.8
21.8
34,

12,

10.7

2045
9.9
-l o
4l.
30.2
7.9

10.%
11e3
2149
42l
’ch
T¢7

15¢5

13.5
14.5
3345
l3e2
11.3
-3.4
22.8
22,

34,

10.%
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sQ@ So

CR CK CK

SQ Su SQ

TR TR 1R

TR TR TR

SQ SQ sc
CRCR CR

S0 S0 BS

CR cr sa

TR IR TR
CRCK CR

SQ SQ SQ

TR TR Tk

CR CR CR

N S¢ SG

TR TK IR

TR TR TR

SQ S¢ $Q

CR CR CR

S¢ SO CR

Tk TK TR

TR TR TR

SQ S¢ BS

SQ  S@ sQ

Tk Tk TR

SQ SQ CR

CR CR Y

TR 1647 14.4
TR 5.7 -3.2
Tk 16.4 22.8
TR 16+8 11.9
TR 16.8 2045
TR 1642 41,1
SC >C S

TR Tk TR

Ck CRCR
CRCk (R

S¢ S¢ 5Q

TR TR TR

TK TR TR
S¢S0 SG

Ck CR CR

Tk Tk TR
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18. 15.8 -4,1 SQ SQ SQ
1C. 16.8 20.5 TR TR TR
56. 17.3 39.6 CR CR CRr
Se 16.2 T.7 S S¢ SO
14. 17.C 30. CR CRrR CR
9. 16.2 41. TR TR TR
1.2 € Y
930 1005 1C55 1400 1445 1530
Te 16.8 l4.6 TR TR TR
3. 16.4 10.5 SQ@ Se sQ
29. 16. 33.7 CR CR CR
36. 1€.5 13.2 CR GCR CR
3. 1.4 11.2 S@ SQ sa@
e 15.6 =3.4 TR TR TR
7. 16.2 22.7 TR Tk TR
ile 16.8 21.9 S@ SQ Ss¢
2. 17.2 33.9 CR Ck Ck
30. 1645 10.6 SQ@ S¢ Tk
61,
61.
Eo 15.8 =4.0 S@ sSQ@ SQ
42, 1647 2046 TR Tk TR
37. 16.3 9.6 CR Ck BS
29. 16.2 41. Tk TR Tk
59, 1é45 7.7 CR Ck S¢
61,
&
CR 16, 33.6 SO l6.4 10.5 Tk 16.8 l14.3
CR 16.5 13.1 Se 17.C kel T RR 15245 =3el

CR 17.3 33.8 SQ l6.0 21l.% TR 163 2247
1 CR 1543 12.0C SQ 17.7 4242 T 1647 10,7
CR 17.‘ 39.6 SQ 15.6 -4.3 TR l€.S 20.5

CR 173 30.1 SQ 1645 Teb TR 16.4 4l.1l
1 4 2 3
3 @ 1 Z
1 2 4 3
3 1 2 4
1 4 2 3
3 Z “ 1
1.1 & La
930 1C17 1042 1340 1420 1515
4.3 16. 33 CR  CR ICR
11.5 lée5 10.3 SQ S¢ SQ
2.3 16.9 14,1 Tk TR Tk
3.C 1645 13.1 Ck Ck CRr
l.6 1€.9 ll.1 SO SQ  S¢
11.1 155 -3.1 Tk TR TR
2.7 1€e4 2245 TR TR TR
1.2 16.9 21.4 S0 Sa S@
2.7 17.4 33.7 CR CR CR
3.4 16.2 12.C CR Ck CR
Lot lo.& 10.0 TR TR TE
22.6 1T+5 42.1 S¢  S¢  s¢
1.6 16.0 -bo4 SQ SQ SQ
4.1 16.5 20.3 TR TR TR
3.8 L ad 39.5 CR (Ck Ck
249 1647 7.6 $Q Sa seQ
4.2 17.2 30.0 Ck Ck Ck
2% 1645 41.0 TR= IR TR
1.C c 1.
949 1020 1047 1325 1435, 1211
4,2 16. 33.6 CR CR Ck
4.9 1644 10.7 S& SO S¢
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