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FOREWORD

31
This report was prepared by the Fort Hood Field Unit of the U.S.

Army Research Institute for the Behavioral and Social Sciences (ARI)
in response to a request through the Training Developments Branch of
the Operations and Plans Division, HQ TRADOC Combined Arms Test Ac-
tivity (TCATA). Some of the research was accomplished by Operations
Research Associate,'under Contract DAHC 19-75-C-0017. The purpose
was to provide a detailed tank crew training data base to be used in
the Department of Defense net assessment study of U.S. and Soviet tank
crew training. This report was incorporated as Chapter 9 of Annex A
of the report "Net Assessment of U.S. and Soviet Tank Crew Training."
The findings were immediately utilized by TRADOC to revise and improve
the Army's Tank Gunnery Qualification Test.
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-TANK GUNNERY ANALYSIS FOR DEVELOPING A TANK CREW TRAINING DATA BASE

BRIEF

Requirement:

This report as prepared in response to a request by the Training
Developments Branc of the Operations and Plans Division, HQ NASSTER,
Fort Hood, Texas. he research was designed to fulfill a requirement for

the collection, analysis, and reporting of tank crew gunnery score data.
, h6 The research was required as input for a Department of Defense net assess-

,me nt study of U. S. and Soviet tank crew training. The objectives were:
1) to provide a tank crew training data base consisting of data from at
lease ten tank battalions and, (2) an analysis of this data base which
would permit the identification of some of the variables affecting gunnery

*performance.

*! Procedure:

Table VIII gunnery data were collected from fifteen tank battalions
7 in the U. S. Army: eight from USAREUR and seven from CONUS. Main gun

gunnery scores were analyzed for both day and night firings measuring
number of hits and firing times required.

Principal Findings:

6 Table VIII data from the sample USAREUR battalions appears to be
more valid and reliable than data from CONUS battalions.

e Both USAREUR and CONUS tank crews fire more accurately at middle
ranges of from approximately 1000-1800 meters. First round accuracy at
the short ranges from 600-1000 meters is relatively poor.

o There was no practical difference in main gun accuracy performance
between Table VIII A (day) and Table VIII B (night).

o There is no difference in first round accuracy between precision
* and battlesight engagement methods in the battlesight range band (600-

1800 meters).

o There is little difference in first round accuracy and firing time
when engaging either stationary or moving targets.

o There is not a strong linear correlation between first round
accuracy and firing time.
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Utilization of Findings:

This report has been incorporated by TRADOC, as a entity, into the
report "Net Assessment of U. S. and Soviet Tank Crew Training" for use

by the Director of Net Assessment, Department of Defense. The findings
are being used by TRADOC to revise and improve the Army's Tank Gunnery
Qualification Test. The aim is to increase cost effectiveness by
improving gunnery proficiency and reducing operating costs and
a m nitlon expenditures.
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F
TANK GUNNERY ANALYSIS

*9-1. Introduction.

-a. Data from the Table VIII gunnery qualification score cards were

used for analyzing gunnery performance. The analysis was limited to main
9un rforinance using two performance measures; first round accuracy scores

4. * (calred hit probabilities) and first round firing times. Hit probabilities
are Hit-Miss scores for each round transformed into a proportion or per-
centage assigning I (or 100) to a hit and zero to a miss. Firing times are
measures of elapsed time., in seconds, from when the tank crew examiner
(TCE) or assistant instructor (AI) started each trial to when the first
round was fired.

b. The sample is comprised of data collected from 15 tank battalions;
eight battalions from USAREUR and seven from CONUIS. The various battalions
fired from four to six main gun engagements on both Table VIII A and B.
The total number of first rounds in the sample amounted to approximately
6,000; 3,000 for the USAREUR battalions, and 3,000 for the CONUS battalions.

c. Chapter Organization. This chapter is organized into three main
sections. The first section presents a general description of the gunnery
performance of the USAREUR and CONUS battalions when treated as two different
groups. Data from the individual battalions were pooled together to creatl
the two larger groups. The second section consists of three parts. The
first part presents separate analyses of each of the fifteen battalions.
The second part integrates the results from the individual battalions. The
third part provides a longitudinal study of the gunnery performance of one
battalion over one year's time. The third section presents an analysis of
differences in gunnery performance between battalions serving in the same
division. The analysis included comparisons of battalions assigned to three
different divisions.

9-2. General Descrittion of USAREUR and CONUS Tank Crews Performance.

a. In organizing the data for a general analysis, it was found that the
target engagement conditions under which the battalions were tested differed
mainly in terms of whether they were located in USAREUR or in CONUS. The
engagement conditions of USAREUR battalions were quite similar among them-
selves, but differed in several r.spects from the engagement condition of
CONUS battalions. The same relation was true for the CONUS battalions. In
addition, it was found that the accuracy measures of the two groups differed
considerably. Since the measures of the two groups were quite different, it
was decided to keep them separate in all analyses because merging the measures
would tend to obscure the real differences and produce statistics which would

*This report was prepared to be incorporated as Chapter 9 of Annex A of the
TRADOC report Net Assessment of U.S. and Soviet Tank Crew Training. There-
fore, pages, tables and figures were numb ered as they would appear in the
TRADOC report, e.g., the first section (Introduction) of this report was
designated as 9-1 instead of 1.

9-1
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present a wiisleadiig interpretatioll of the uiiderlyimg dichotuiiy. I urtherm,,re.
the general analysis was restricted to include data from engagements using
high velocity tank killing ammunition; HEAT, TP-T, APDS, and TPDS-T. Because
of the different ballistic characteristics of HEP ammo and because the prlplary
interest is in tank killing capability, data from HEP engagements were not
included.

b. Overall Description. The overall description consists of two graphs
of mean hit probabilities presented in figures 9-1 and 9-2. The data from
which the means were calculated, the means themselves, and the standard error
of the means (SEM) are listed in the accompanying tables, tables 9-1 and 9-2.
An overall description of firing time data is not included because it is not
influenced by the range factor in the same way as accuracy is. The mean
values computed for all ranges were calculated by dividing range into 200
meter intervals; 0-199, 200-399, etc. The data from all engagements with
ranges that fell within an interval were pooled and summed. Statistics were
calculated from the pooled data for that interval. The statistical value was
then plotted at the midpoint of the range interval; at 700 for the 600-799
interval, 900 for the 800-999 interval, etc. Included in figures 9-1 and 9-2
is one of the AMSAA curves. It provides a well known general frame of ref-
erence for judging the relative performance levels of the qunnery 4ualifica-
tion curves.

(1) Figure 9-1 presents overall mean hit probability performance of the
LISAREUR tank crews on all types of engagements as a function of target range.
The curves show the following relations. One, there is no difference in mean
hit probability (Ph) performance between Tables VIII A (Day) and B (Night).
Table 9-1 specifies that the overall Ph for Tables VIII A and B were .50 and
.51, respectively. Two, in the range from 1000 to 2000 meters, the perform-
ance curves closely follow the AMSAA curve at values that are somewhat higher
than the AMSAA values. A z-test for significance of a proportion was run on
the data from Tables VIII A and B to test for differences between the USAREUR
and AMSAA Ph values. The results, presented in table 9-3, indicate that the
day and night 'h values for the 600-799 and 800-999 range intervals were
significantly less that the AMSAA values; z-day (600-799)=2.54, p 4.05,
z-night (600-799)v2.33, p,4.05, and z-day 1800-899)=8.94, p, .001, and
z-night (800-999)=8.25, p <.001. The day Ph values for the 1000-1199, 1400-
1599 and 1600-1799 range Intervals were found to be significantly greater
than the AMSAA values, while there was no statistically significant dif-
ference in h values at the 1800-1999 meter interval. The night fh values
for the 1000-1199, 1600-1799, and 1800-1999 meter intervals were signifi-
cantly greater than the AMSAA values, while there was no significant dif-
ference in Ph values at the 1200-1399 and 1400-1599 meter intervals. Gen-
erally speaking, the results indicate that the combined day and night
accuracy performance for USAREUR tank crews was less, by about 15 percent,
than the ANSAA curve at the short ranges from 600-1000 meters, and somewhat
better than the AMSAA curve at ranges from 1000-1800 meters, by about 5 to
10 percent.

9-2
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TABLE 9-3

I TEST FOR SIGNIFICANCE OF A PROPORTION

Ranginterval Midpoint
700 900 1100 1300 1500 1700 1900

.83 .74 .61 .47 .33 .24 .14
USARE l .36 .1
Table VIII A .72 .53 .66 .40 .36 .13
Total Hits 44 185 218 _ 82 51 13
Total ounds 61 347 330 _ 207 142 99
1 Score 2.54 8.94 1.99 _ 2.14 3.34 0.29

p 0.5 '.001 .:.05 _ '.06 '.01 N.S.

USAREUR
Table V111 I .68 .57 .71 .48 .42 .31 .32

Total Hits 23 259 148 38 35 88 10

Total Rounds 34 453 209 80 83 287 31

1 Score 2.33 8.25 2.96 0.18 1.88 2.78 2.89

p .06 .001 .. 01 N.S. N.S. '.01 .01

9-7
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(2) Figure 9-2 presents uverall P1 perforindce of the CUNUS taLiik crews
on all types of engagements as a function of target range. The curves show
the following relations. One, both curves present Ph values across almost
all ranges that are much higher than the AMSAA curve. Two, the Table VIII
B (night) curve presents a Ph value of .64 at the 2500 meter range (see table
9-2) which can only be considered as unrealistically high and which calls into
doubt the reliability and validit of CONUS target sensing and scoring stan-
dards. Three, the difference in fh performance between the Table VIII A and
B curves appear at the extremes. Day performance seems to be better than
night performance at the 800-999 meter interval while night performance is
superior-to day performance at 2500 meters. There is no practical difference
between Ph values at the ranges from 1000 to 1800 meters. Four, both curves
show optimum performance at the 1200-1399, and 1600-1799 meter range intervals
indicating that the CONUS tank crews probably do their best shooting at the
middle ranges from 1200 to 1800 meters.

c. The Effects of Engagement Variables on Accuracy and Firing Time.
This section presents a description of how combinations of different engage-
ment variables influenced the gunnery performance of the sample tank crews.
The description of their effects on accuracy performance will be presented
first, followed by the description of their effects on firing time.

(1) The Effects of Engagement Variables on First Round Accuracy. Before
the descriptions are presented, it must be noted that the engagement condi-
tions of the USAREUR and CQNUS battalions differed in their specifics for
many of the engagements. These differences are due, presumably, to differences
in range facilities, ammo availability, and emphasis on different types of
engagements. There were two engagement conditions that were similar. They
involved precision and battlesight engagements firing HEAT ammo at stationary
targets. The other engagement conditions varied on one factor or another.

(a) Precision Versus Battlesight Engajement Methods. Figure 9-3 and
figure 9-4 presents the USAREUR and CONUS Ph curves for precision and battle-
sight engagements firing HEAT ammo at stationary targets on Table VIII A
(Day). Comparing the precision and battlesight curves with one another on
both graphs shows no practical difference in first round mean hit probability
performance between engagement methods. The battlesight method is as accurate
as the precision method over the ranges for the battlesight engagements, 600
to 1800 meters. Figures 9-5 and 9-6 present the same engagement conditions for
Table VIII B (night). Figure 9-5, which appears to describe the more valid
functions shows that first round mean hit performance is almost identical
at the 1000 to 1199 meter range interval; .71 for precision and .70 for
battlesight (see table 9-6), and substantially better for battlesight at the
1200 to 1300 meter interval. Again there are no consistent differences in
first round mean hit probabilities between engagement methods.
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(b) Figure '0-6 is interest ini in Lhlt It. demrille's I ,t Shpe., Io' the
Ph functions across range, indicating that Ph is independent of the influence
of range. It is difficult to believe that these curves describe the true
performance parameters qf CONUS battalions on Table VIII B.

(ci Moving Versus Stationary Targets. Figures 9-7 and 9-8 present the
CONUS Ph curves for engaging stationary and moving targets on Table VIII A (Day)
and B (Night), respectively. The results are similar to the previous com-
parisons. The plots show no consistent difference in first round mean hit

Mprobability between precision engagements against stationary and moving tar-
gets. Figure 9-9 presents the plots of USAREUR tank crews engaging moving
targets with battlesights and firing TPDS-T ammo. During the day, their
7rh values at the 600-799 and 800-999 meter range intervals were .58 and .57
respectively (see table 9-10). The closest comparison that can be made is
to compare the above values with those in figure 9-3, table 9-4, where stationary
targets were engaged with the battlesight method and HEAT was the ammo. The
Ph values for these conditions were .72 for the 600-799 meter interval and
.65 for the 1000-1199 meter interval. These results indicate that performance
against the stationary targets was considerably better, but there is no way
to determine what effect the different types of ammo contributed to the dif-
ference. Comparing the Table VIII B scores in figure 9-9, table 9-10, with the
battlesight curve in figure 9-5, suffers from the same problem in that the

a. ammo is different. On the one range interval shared by both curves, the
800-999 meter interval Th on the moving target was .69 (see table 9-10), while
the value for the stationary target was .41 (see table 9-6), a reversal from
the previous Table VIII A cbmparison. It suffices to say that these compari-
sons are confounded, inconsistent, and show no definite trends. Taken as a
whole, the CONUS and USAREUR data indicate that target motion had negligible
effect on first round mean accuracy performance.

(2) The Effects of Engagement Variables on First Round Firing Time.
The firing time statistics presented in this section consist of means and
standard deviations presented in tables which accompany the-figures. The
statistics were derived in the same manner as the preyious Ph values were;
by pooling the data within the 200 meter range intervals and calculating
the statistics from the pooled data. The figures in this section present
plots of the first round mean firing times over range, although it will be
found that range has only minimum influence on firing time. Nevertheless,
some understanding of functional relationships can be derived from plots of
the means that describe the general nature of the relation between firing
time and various engagement factors. Graphs of these functions are presented
in the following paragraphs.

a. The Effects of Target Range, Time of Day, and Engagement Method.
Figures 9-10 and 9-11 present plots of mean firing time for precision and
battlesight engagements on Table VIII A (Day) and B (Night) for USAREUR and
CONUS tank crews, respectively. Examination of the plots reveal that if

I



IP 4' 4'

-IIl-ir _:1

-. U

~. C

o a -
I I j

I I a-
I I I

4.)

I- IA

42

* 4.

~

- II

iii
* ~-

I ~
4.~- S

SI. g~ 5-

~.. IISI-
* a o' 0) 9* Ii III ~ N

* . . . . .

a m.~ .8;

- L .... -~ - ~---7 --



IAJ

iEin

S I.'9,



41

'I

'Ii 41a@1

II ~ a...
.0

a~j

Eu,
~.) ..-

o

~A

i~I
41.-

*1-41

I..

a
§

S
I I I I ~ lb

ni ~ rs qO An ~ ~ gJ ,. a1~
IL

9-20



C

to

LP 44J

ago

tI

l

* I.

j II: .. _ _ _ _ _ _ _ _ _ _ _ _ _

4b

....



p

691

N

.- I-

El

'-

848

3..

I

~II
I ~..

ii
I.i-s

I

-- i----.------.-*-t* g I a
ii.

L.I

a

£ ________________ ___________

'I



1.0 ,

i ., .-'

LU

4J

-A

aa

I.!

9-23

*- I-



04

' 4 A

•* u

•- h
..re

4A

1. 24

ai



4c 0

4AS

4.' .-J

.c

-toS

44 t
Li - -

IA cy
40 C; I-*;

4952

Mil



IT

S 1.0 1

in

Lo

~~~~- +.,:,,- ,,.S+a+-l++

w w



1A. 40 4

0

164



- U- E-

4h

~ajm

op* U

71-



jig

! !~ II , _

OFa mma

4.P

I ~:
~ IiI

_ .5

. . .. ... ... . "

s- *~

a, "L.' -:" " s



smoothed out, the slopes of the curves would be fairly close to the hori-
zontal, although they would be positively angled to some extent. This
relationship indicates that the factor of range has much less influence on
firing time than it has on accuracy performance.

(1) Day/Night influences firing time in the expected direction. Over-
all mean firing times for precision and battlesight targets were generally
faster during the day than during the night. Tables 9-11A and B and 9-12A
snd B inrlicate that the magnitude of the increase was about 1 to 5 seconds for
precision engagements and from 2.0 to 2.5 seconds for battlesight engagements.

(2) Engagement method appears to have considerable effect on firing
time. Mean firing times for battlesight engagements were much faster than
for precision engagements. Tables 9-11B and 9-12B denote that overall mean
firing times .for USAREUR and CONUS tank crews on Table VIII A battlesight
engagements were 7.58 and 9.49, respectively, while their corresponding values
for precision engagements in tables 9-11A and 9-12A were 14.29 and 18.97
seconds. The overall mean firing times were compared in a series of t-tests
to determine if the battlesight engagements were significantly faster than
precision engagements. The results are presented in table 9-13. The results
in table 9-13 show that in all four comparisons, the first round mean firing
time for battlesight engagements were significantly faster than for precision
engagements.

TABLE 9-13

t-Tests of Overall First Round Mean Firing Times
(Target Motion: Stationary: Ammo: Heat)

Enaaaementthod Mean
Source Precision Battlesight Difference S.E. Diff t p

Table VIIIA
(Day)

USAREUR 14.29 7.58 6.71 0.4308 15.58 < .001
CONUS 18.97 9.49 9.48 0.7823 12.12 < .001

Table VIIB
(Night)

USAREUR 15.39 10.78 4.61 0.8457 5.45 < .001
CONUS 23.90 11.59 12.31 0.1825 67.45 < .001

9-30
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(b) The Effects of Target Motion. Figures 9-12 and 9-13 present plots of
mean firing times for USAREUR and CONUS tank crews en moving target engage-
ments. The conditions of target motion and type of ammo are confounded in
figure 9-12 and should be taken into consideration when making comparisons.
Nievertheless, the curves in figure 9-12 do not show any apparent Increase in
firing time produced by the effects of target motion. Statistics from the
CONUS sample provide additional evidence to support this interpretation. A
comparison of the mean firing times between moving and stationary targets
from tables 9-12A and 9-15 reveal that the overall means for moving targets
were 17.02 and 19.32 for Table VIII A and B, while the corresponding means
for stationary targets were 18.97 and 23.90.

(c) The Correlation Between Mean Hit Probability and Mean Firing Time.
The point-biserial correlation coefficients (rpb) between the first round
accuracy and firing time score on all main gun target engagements were
calculated for each battalion on Table VIII A and B. The coefficient pro-
vides an estimate of the strength and direction of the linear association
between accuracy and firing time. The question under study was to deter-
mine if a strong association exists between accuracy and firing speed and
if so, to determine the nature of the relationship; whether they are
positively or negatively associated.

(1) Fifty-nine individual point-biserial correlation coefficients from
the USAREUR battalions were arranged into a table according to type of engage-
ment. They were examined to detect any patterns or relationships. The
results were negative. Fifty-one of the correlations were not significant.
Six negative correlations were statistically significant. The results were
similar for the CONUS battalions. From a total of 36 rpb correlations that
were compared, 31 were not significant, and 5 negative correlations were
significant.

(2) These results can only be interpreted to mean that there is very
little association between time taken to fire the first round and hit
probability. Furthermore, if there is any association, it seems to be in
the negative direction which means that as firing time increases, accuracy
decreases. There was a total of 13 significant rpb correlations out of 95
for the combined USAREUR-CONUS sample. Eleven of the 13 significant cor-
relations were negative. Figure 9-14 presents, graphically, two typical
battalion examples of the functional relations between first round Ph and
firing time. Included are curves for a precision and a battlesight target.
The function for the precision target is U shaped, while the function for
the battlesight target is at first positively angled and then tails off into
a negative slope. The curves suggest that the function may not be linear.
It may be curvilinear, perhaps in the form of an inverted U (n). In this
case, maximum accuracy would be achieved at an optimum firing time and would
decline if firing time were faster or slower than the optimum. Additional
analysis is required to define the true relationship. In any case,.a study
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TABLE 9-15A

TABLE VIII A
First Round Mean Hit Probability (Ph)

by Time Interval

UJO Bn., Target 4: Range: 1600-1800 Meters; Engagement
Method: Precision; Target Motion: Stationary; Anmo: HEAT

rpb = .01, Not Significant

Time
Interval
(Seconds) Hits Misses TOTAL Rh -

10-12 20 1 21 95.24
13-15 17 4 21 80.95
16-18 3 2 5 60.00
19-21 2 0 2 100.00
22-24 0 0 0
25-27 1 0 1 100.00

9-38



iLi

TABLE 9-15B

TABLE VIII A
First Round Mean Hit Probability (Ph)

by Time- Interval

EDB Bn., Target 5: Range: 1000-1200 Meters; Engagement
Method: Battlesight; Target Motion: Stationary; Ammo: HEAT

rpb= -.23, Not Significant

Time
Interval
(Seconds) Hits Misses TOTAL _h

4-6 4 2 6 66.67
7-9 15 3 18 83.33
10-12 9 1 10 90.00
13-15 1 1 2 50.00
16-18 0 0 0

19-21 1 2 3 33.33
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of the data in tables 9-1SA and 9-158 see, to indicate that little improvement
results in accuracy by taking more time to fire than is necessary for a rapid,
precise, gun lay in which the gunner does not sacrifice precision for speed.

9-3. Findings and Conclusions. The analysis of the overall main gun perfor-
mance of the USAREUR and CONUS tank crews on Table VIII has produced sane
broad estimates of performance parameters which partly describe the present
state of tank gunnery on Table VIII in the Army. These findings and conclu-
sions are sunarized below:

(1) Table VIII data from the sample USAREUR battalions appears to be
more valid and reliable than data from the CONUS battalions.

(2) Both USAREUR and CONUS tank crews seem to fire most accurately at
the middle ranges from approximately 1000-1800 meters. First round accuracy
at the short ranges from 600-1000 meters is relatively poor.

(3) There does not seem to be any practical difference in main gun
accuracy performance between Table VIII A (Day) and Table VIII A (Ilight).

(4) There is no difference in first round accuracy between precision
and battlesight engagement methods in the battlesight range band (from
600-1800 meters).

(5) There is little difference in first round accuracy and firing time
when engaging either stationary or moving targets.

(6) Target range does not have much influence on first round firing
times.

(7) Time of day does affect first round firing time, and in the expected
direction. Generally speaking, first round firing time during the day is
faster than during the night.

(8) Engagement method has considerable effect on first round firing
time. Mean firing times for battlesight engagements were much faster than
for precision engagements.

(9) There does not seem to be a strong linear correlation between first
round accuracy and ri ring time.
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9-4. Individual Analyses of the Sample Tank Battalions.

a. This section presents separate analyses of the 15 sample tank bat-
talions. Each analysis presents a description of how a battalion performed
on Table VIII, Results are provided showing how engagement variables and
their interactions affected gunnery performance. The analyses should be
useful for evaluatiqg the gunnery Performance of lriividual battalions on
Table VIII in relation to the particular set of main gun engagement condi-
tions which comprised each test.

b. Contents and Organization.

(1) Each analysis is presented in a separate section which consists
of written text followed by a set of tables and figures. The results of
the analysis appear in these graphics. Each set of graphics begins with a
summary table entitled Gunnery Performance Measures. It presents specifica-
tions of each target engagement and data and descriptive statistics of the
two performance variables. Included are the first round mean hit probability
(Ph)scores, firing time scores, and point-biserial correlation coefficients
for each target engagement. The table provides a reference for the rest of
the analysis. Following the first table are two identical sets of graphs,
each comprising two tables and a figure. In the first set, the first table
is an analysis of variance summary table which presents the results of a
three-factor analysis of variance f first round hit probability scores.

*Second is a companion table listing the mean values for the factors in the
analysis of variance which are Ph values converted into percentages.
Third, is a figure displaying plofs the means for the Tables X Targets
interaction. Provided in the second set of two tables and a figure are
the results of the analysis of variance of first round firing time mea-
sures. At the time of writing, these seven tables and figures comprised
the basic set of qraphics for each battalion analysis. The set of figures
does not describe a complete analysis in every case and needs to be ex-
panded for complete coverage.

(2) The analysis of variance test used for the analyses was a computer
program from Dixon, W. J. (ed.) BMD Biomedical Computer Programs, 1974,
University of California Press, (BMDO8V, pp. 693-704). The program had one
major restriction that produced some discrepancies in the results. The pro-
gram required an equal number of tank crews in each company or it would not
run. Thus the number of tank crews for all companys was determined by the
company which had the smallest number. For example, if A Company had 17
tank crews, B Company had 16 tank crews, and C Company had 14 tank crews,
the number of tank crews tested in the analysis of variance would be the
first 14 crews in each company. Data from the last three crews in A Company
and the last two crews in B Company would not be included in the test. The
mean values derived from an analysis of variance which did not use data from
all tank crews in the battalion differed somewhat from the means presented
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in the Summary of Gunnery Performance Measures table which did use the data
from all tank crews. In most analyses the number of crews not included did
not amount to more than three or four and their los! did not affect the
results substantially. In battalions with large differences in number of
crews between companys, a different approach was taken. The company factor
was dropped from the analysis of variance design and the data from all crews
were then included in the analysis.

I

I
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c. Analysis of the Sample Battalions.

(1) The analyses of the individual battalions are presented in the
following sections. Analyses of the eight USAREUR battalions are presented
first followed by the analyses of the seven CONUS battalions.

(2) Before the analyses are presented, it is necessary to explain the
code system used for identifying individual battalions. The identification
code for each battalion consists of three letters. The first letter will
be either an E or a U. They specify whether it is either a USAREUR battalion
(E) or a CONUS battalion (U). The second letter identifies the individual
battalion and will be used when referring to it; such as the "A" Battalion.
The third letter specifies the division or brigade to which the battalion is
assigned; such as the "C" Division.

K
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(3) Analysis of the EBB Battalion.

(a) B Battalion had a mixed organization. A Company was equipped with
N6OAOS tanks, while B and C Company were equipped with M6OAl tanks. Table
9-8-1 presents the Summary of Gunnery Performance Measures for the B
Battalion. The statistics in table 9-B-1 were based on data from a total
N of 34 tank crews: 12 in A Company, 10 in 8 Company, and 12 in C Company.
The statistics in the analyses of variance were based on data from a total
N of 30 tank crews, the first 10 from each company.

(b) Table 9-B-2 presents the results of the analysis of variance of
first round Ph scores. The results show that the main effect of targets
was statistically significant (F=9.35, p <.001), and the interaction effects
of Companys X Targets was statistically significant (F=2.55, p<.05). Mean
Ph values for these effects are presented in table 9-B-3 which contains an
abridged list of all Ph values for the main effects and interactions except
for the Companys X Tables X Targets interaction. The Targets main effect
was analyzed by a Tukey's (HSD)*Test. The results indicated that the bat-
talion tank crews FI, value on Target 4, the only engagement firing HEP amno,
was significantly less (p <.01) than on the other targets. Target numbers
used in the text refer to the order in which the targets appear in the first
table, 9-B-l, Summary of Gunnery Performance Measures, i.e., the first target
entered in table 9-8-1 is Target 1, the second is Target 2, etc. There was
no other statistically significant difference in Fh between the targets.
Examination of the means for the Companys X Targets interaction indicated
that C Company had the highest Ph values on Targets 1, 2, and 5, but the
lowest P1h on Target 3.

(c) Table 9-B-4 presents the results of the analysis of variance of
firing time measures. The results show that significant main effects were
Companys (F=4.67, pc.05), and Targets (F=50.10, p <.001), and significant
Interaction effects were Tables X Targets (F=4.43, p< .01). Mean firing
time values for these effects are presented in table 9-B-5. The Companys
main effect was analyzed by examining the Company means. They indicated
that A and B Companys' overall mean firing times were significantly faster
(p <.05) than C Company's. The Targets main effect and the Tables X Target
interaction effect were related. The target means were analyzed in a
Tukey's (HSD) Test. The results indicated that the mean firing times on
Targets 1, 2, and 5 were significantly faster (p< .01) than the mean firing
times for Targets 3 and 4. The Tables X Targets interaction is graphically
presented in figure 9-8-2 and shows that the mean firing time on Targets 3
and 4 were longer on Table VIII A (Day) than on Table VIII B (Night), while
the reverse relation was the situation on the other targets.

(d) Company A in B Battalion was equipped with 1460AOS tanks, whereas

B and C Company had M6OAI tanks. Nevertheless, comparison of between

• Honestly Significant Difference.
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Company Ph values showed no difference in accuracy. Also A CWplaty did nol
differ in any way from the other Companys in terms 6f firing time. The
main findings appear to be the following: One, first round accuracy was
similar for all targets except the HEP target where accuracy was much poorer,
only 11 percent overall. Two, mean firing time for the two precision engage-
ments were slower than for the other two which were battlesight (Target 3
was mixed).

9-45

.U.



TABLE 9-R-.1
GUNNERY PERFOMANtE MEASURES

UNIT _-8 ROUND 1 GUWNNFRY RANGE 2

TARGET C4ARACTkRITICS MLAWUKN

TAMSE rAM I. -r --- -E
I'All SE- (ME- M N ifiO. I L OF OF OF IF FIRING
II QUEINCE TENS) * * TARGET L*' CREWS HITS MISSES h10 .M TIME S.D. rpbA I m TI S- ovng

A 1 1000 BTPS-T Panel A 34 15 19 44 .09 8.77 4.47 -.21

A -B 120 -P HEAT tHu 11 A 34 16 18 47 .09 8.83 5.69 .14

A 3 1900 T HEAT Hull A 34 14 20 .41 .09 19.03 6.73 .46
leO- Z

A 4 7 PHEP Hull A 34 5 29 .15.06 16.77 6.00 -23

A 5 1200 8 HEAT !Hull A 34 19 15 .5 .09 6.90 3.70 .34

* 1 130 BTPOS-T Panel1 W 34 20 14 .54.09 8.2714.26.47

B 2 1200 8-P HEAT Hull W 34 17 17 S( .09 8.S7 3.45 .26

B 3.. 1W4T&.I... A T L...Hull w 34 9 25 .2.08 15.17 15.56 06

4 .1760 PNp Hull W 34 4 30 .11 .05 13.43 4.82 .09
MO 2 7

Iwo AT 1 34 18 14 . .09 9.10 6.07 02

* Enqaqment Method ** Illumination

C - Gunnr: Dayllqht attlesight A a Ambient Light
C ' TC , Gunner: Ranqecard W , Artificial White Light
I - Gunne: IN Gattlesiqht 1 I a Infrared Light
P Gunner: Iaylight Precision 5-P Target No. 2 AU were battlesight targets for A Co
S - Gunner: R Pretsio (NEiONS), and precision targets for B&C Co (M6OAl).S - TC: Daylight ISattlesight
T - TC: Daylight Precision
9 TC: IR 5O Cal. Sight 9-46
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I Ati I V II I A &los 14

ANALYSIS (W VARIANCF StPWYR

UNIT11EN.... __ABU MERY MEASURE lIt ftmd Ph

VRAINd.f. MEAN SOWAR F P

A-Cmay,2 4133.332 1.12 N.S.

8 - Table ________ 1 533-333 ---- N.S.

C - _____________ 4 18383330 9.35 .001

N()..Ero 27 363.873

AB - Companys X Table 2 933.331 _____ N. S.

AC - Comanys X Taroets 6 5006.313 2.55 11.05

BC - Table X Taroets 4 2116.641 1.18 M.S.

NB(A) - Error 27 2577.766

ffNCA) - Error 106 19Mi. 651

ABC - Cohipanys X Table 19.4 .5 NS

4LNBC(A) - Error 108 17"9.66 x___

P Values of F

11.S - F. value is not statistically significant.

c .05, ,.Ol, c.DS.005'O1 F value is significant at less than the percent

value indicated.
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TABLE 9-0-3

UNIT ENB Pnrot IKA.tom "pl vlov L|

Owall Man a 40.7

2. Table VIII A Table VIII 5

42.0 39.3

3. CoMaiys CoA Co B COC

38.0 36.0 48.0

4. Targets 1 2 3 4 5

S1.7 60.0 36.7 11.7 53.3

S. CeNpny A (Osy) Table VIII S (Night)

A 40.0 36.0

* 34.0 38.0

C 52.0 44.0

6. Target

Table VIII 1 2 3 4 5

A (Day) 46.7 46.7 46.7 13.3 56.7

S (Ng) 66.7 53.3 26.7 10.0 50.0

7. Target

cmww 1 2 3 4 5

A 41.0 55.0 40.0 5.0 4S.0

a 50.0 25.0 50.0 16.0 40.0

C $60 70.0 20.0 15.0 75.0
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TABLE 9--

TAIILI Vi|lA ad It

ANALYSIS OF VARIANCE S RY

UNIT EBB GUIEY PEASURE lst Round Firing TIM

OF

VARIATION M.. . EAN SOME F p

A - GMMi v 2 242.003 4.67 - .0

B - Tabla 1 99.763 4.04 N.S.

-Tarots 4 1099.33 50.10 001

N(A) - Error 27 51-837

AB - Comeanys X Table 2 58.323 2.36 N.S.

AC - CGmanvs X Targets 8 32.114 1.46 N.S.

C - Table X Taretq 4 92.146 4.43 • .01

NB(A - Err r 27 24.699

NC(A) - Error 106 21.947

ABC - Companys X Table
V Tarot ........ 20.971 .4gI .. L

NBC(A) - Error
10 _ 20.789

P Values of F

N.S - F value Is not statistically significant.

' .05, 4.01, .006,-•.001 - F value is significant at less than the percent

value Indicated.
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4
TABLE 9-0-5

First Round Neaa Values

UNIT ElN PERFORMANCE NEAUSRE: rlrin9 Time

1. Overall Man a 11.5

2. Table Vi1 A (qOy) Table VIII U (Night)

- . 12.1 10.9

3. Companys Co A Co B Co C

10.9 10.3 13.2

4. Target 1 2 3 4 5

8.5 8.7 17.1 1S.1 8.0

S. Conpany A (Day) Table VIII B (Night)

A 11.4 10.4

B 10.1 10.4

I C 14.6 11.9

6. Target

Table VIii 1 2 3 4 5

A (Day) 8.8 8.8 19.0 16.8 6.9

B (Night) 8.3 8.6 15.2 13.4 9.1

7. Target

COany 1 2 3 4 S

A 8.7 6.8 16.1 14.7 8.5

B 7.4 7.2 16.2 15.2 5.5

C 9.5 12.2 19.0 15.5 10.1

9-51
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(4) Analysis of the ECB Battalion.

(a) Table 9-C-1 presents the Summary of Gunnery Performance Measures for
the C Battalion. The statistics in table 9-C-1 were based on data from a
total N of 32 tank crews: 10 in A Company, 10 in B Company, and 12 in C
Company. The statistics in the analyses of variance were based on data from
a total N of 30 tank crews, the first 10 from each company.

(bi Table 9-C-2 presents the results of the analysis of variance of first
round Ph scores. The results show that only one main effect in the analysis
was statistically significant. It was the Targets effect (F=18.24, p<O0l).
A Tukey's (HSO) Test of the target means, presented in table 9-C-3, indicated
that Targets 3 and 4 had Ph values significantly lower (p <.OOl) than the
Ph scores for Targets 1, 2, and 5.

(c) Table 9-C-4 presents the results of the analysis of variance of
first round mean firing time. There was one significant effect, Targets
(F=14.91, p< .OOl). Target means, presented in table 9-C-5, were analyzed
in a Tukey's (HSD) Test. The results indicated that Targets 3 and 4 had
significantly longer mean firing times (p-<.01) than Targets 1, 2, and 5.

(d) Examination of figure 9-C-i shows that Targets 3 and 4 had longer
ranges than the other targets. Also, Target 3 was a TC-precision engage-
ment and Target 4 used HEP ammo. These factors may have contributed to the
performance differences.

I
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TABLE 9-C-i
GUNNERY PERFORMANCE MEASURES

UNtT LCD Ialtiwit t .tiWW! ID RAI1&

TARGET CHARACTERISTICS MEASURES

No.--i I W. no ' -AN --
TABLE SE- I (E- RNOS. L OF OF OF FIRING
VIII UENCE TARGET L* CREWS HITS MISSES h OrM IME S.D. rEb

A 1 1000 3 L IB-T Panel A 32 19 13 ,59 .09 8.77 3.31 -.29

L liEAT iull A 32 21 11 ,66 09 9.50 3.43 _.36

A1 HA 1 32 4 27 113 06 14.20 5.25 T.06

A 4 17r-ull P A 32 9 23 .28 .08 12.60 5.81 ..27

1200 B HEAT .. I1 A 32 22 9 .71 .08 7.97 3.35 .34

i 700- "2 " iovn9 ..

LL. L TPDS-T a l- 32 23 9 .72 .0 8.83 3.22 .06

L.2 Z l0iHA L H IU 3.L 2 21 11 .66 .09 10.77 6.32 -. 26

a - - L , T , L I .Hull w1 21 13.60 4.91 .04

a 1 L_ L . 1. J 32 8 24 .2S .08 113.47 4.26 .18

1200 w H uEAT tii I 1 22 9L .71 .08 9.37 4.34 .13

-- - - - - - - - ..-

.1

Enqaqmmnt Method Illumination

B - Gunner: Dayliqht Battlesight A - Ambient Light
C v TC. Gunner: Ranqecard W - Artificial White Light
I - Gunner: IR Sattlesight I a Infrared Light
P -Gunner: Dayliqht Precision
R - Gunner: IR Precision
S * TC: Dayliqht Bkttlesight
T u TC: Daylight Precision 9-54
X uTC: IN SO Cal. Sight

_________________________



I AII kVIA aid 0

ANALYSIS OF VARIANCE SWW.RY

UiNIT E.I GUNNERY NEASURE 1St Lued Ph _,

OF
VARIATION M.j... MEAN $WYARE F P

A - Come"&v 2 5733.328 2.55 M.S.

B -Tabl a 1 1633.333 ---- N.S

C- Targeti 4 33742.966 18.24 1-.001

A. N(A)____- __Error__ 27 2248.142

AB - Cmans X Table 2 2533.334 ---- N.S.

AC - Comanys X Trgets; a 899. 961 ---- N.S.

BC - Table X Taramts 4 1 1883.297 ---- IN.S.

NC(1 - Error __0____________

ABC - Companys X Table
I Tapioata25 

-7*NBC(A) - Error

P Values of F

N.S a F value is not statistically significant.

* 4 .05, 1c.01, 4.005,.O.001 F value is significant at less than the percent

value indicated.
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TABLE 9 -c-3
First Mound Moo Values

UINIT ECU PI Rf*WICL M ASUIRt Ph

1. Overll Mm a 48.3

f. Tabl Vill A (Owy) Table Vill 8 (Night)

46.0 50.7

3. Ceqman)' Co A cI Co C

43.0 45.0 57.0

4. Target1 346
63.3 65.0 20.0 25.0 68.3

5. campmy A (Cay) Table Vill B (Night)

A 40.0 44.0

S 38.0 52.0

C 60.0 54.0

5. Target

Table Vill 1 2 3 4 5

A (hik) 567 6.7 10.0 26.7 70.0

U (NKgW) 70.0 63.3 30.0 23.3 66.7

7-4 Target

Cean 123 4 6

A 55.0 55.0 10.0 15.0 70.0

1 60.0 65.0 15.0 20.0 65.0

c C 5.0 75.0 35.0 40.0 70.0
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TABLE 96-C-

TABLE VIIlA and R

At ALYSIS (W VARIANCE SIARY

UNIT C JUINNERY MEASURE It Round Firing Time

OF
VARIATION M. _ HEM_ SQUAREF_

A.-_Comoanvi 2 _ 3_,_3__,5_____

N(A) - Error275.3

AB-_Co~anysXTable __2___ 0_2._1_N__

K - Table X Tarmits ____ 00_1.42_____

P Values of F

N.S w F value is not statistically significant.

'.05, 4.01, .006,-c.001 *F value is significant at less than the percent

value icii.cated.
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*~ lAMlI 9-CaS
i I). t Iltud Mfan I .t. .

INV I rlrP t.l IIjqIIIMA 1t t ris*qnu tim,

1. Overall Mean 11.0

2. Table V111 A (Day) Table V111 B (Night)i 10.6 11.4

3. Companys Co A Co B Co C

- 10.6 10.7. 11.7

4. Target 1 2 3 4 5

8.8 10.1 13.9 13.0 9.2

S. Company A (Day) Table V111 B (Night)

A 9.7 11.4

B il.3 10.2

C 10.8 12.6
a-

6. Target

Table VII 1 2 3 4 s

A (Day) 8.8 9.5 14.2 12.6 8.0

8 (Night) 8.8 10.8 13.6 13.S 10.4

7. Target

Company 1 2 3 4 S

A 7.7 9.9 13.5 12.7 9.1

j 8.7 9.5 14.0 13.6 8.0

C 10.0 11.1 14.3 12.9 10.4
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V
(5) Analysis of the EDO Battalion.

(a) Table 9-D-1 presents the Summary of Gunnery Performance Measures
for the D Battalion. The statistics in table 9-0-1 were based on data
from a total N of 39 tank crews: 13 in A Company, 13 in B Company, and 13

*- in C Company. The statistics in the analyses of variance were allo based
on data from a total N of 39 tank crews.

(b) Table 9-D-2 presents the results of the analysis of variance of
first round Ph scores. There was one significant effect, Targets
(F-50.94, pc .001). The target means, presented in table 9-D-3, were com-
Rared for differences in a Tukey's (HS) Test. The results indicated that
~scores on Targets 1, 2, and 5 were significantly higher (p <c.0l) than

Ph scores on Targets 3 and 4.

(c) The results of the analysis of variance of first round firing time
are presented in table 9-D-4. Significant effects were Tables (F-6.74,
p -. 05). Targets (F=24.99, p 4.001), and Companys X Targets (F-3.48, p 4.01).
Examination of the means for tables, presented in table 9-D-5, indicates
that the mean firing time on Table VIII A (Day) was significantly faster
(p c.05) than on Table VIII B (Night). The Target means were compared for
differences in a Tukey's (HSD) Test. The results indicated that mean firing

* time on Targets 1, 2, and 5 were significantly faster (p <.01) than on
Targets 3 and 4. Inspection of the means for the Companys X Targets inter-
action revealed that C Company had the fastest mean firing time on Targets
I and 5, and the slowest o Targets 2 and 4.

(d) Examination of figure 9-0-i shows that Targets 3 and 4 had longer
ranges than the other targets. _Thus the range factor probably accounted
for most of the differences in Ph and mean firing time scores between
targets.
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TABLE -- _

GUNNERY PERFORMANCE MEASURES

UNIT Eh AfNI) I GINF RV HANrF

TARGET CHARACTERISTICS MEASURLS

rABLE (NE- 1N DS.i I OF OF OF ' RING
EiI QUENCE TERS * AN ITA6ET L** CREWS HITS MISSES h O'N IME S.D. rpb

A B .. . .P!1A 39 30 9 7707 9.97 3.0-.15

AL... I . .1U P H1 A 39 30 9 77 .07 1.23 3.34 .33

Z 

I.

-A 11T NEA' ull A 139 5 30 [14 .06 5.10 7.24 .05

[4 1750 P __1 A 39 4 35 .10 .06 2.90 5.43 -.17
~2

A. & 1190 HEAT L11 Hull A 39 30 9 .77 .07 9.56 3.73 -.23

a 1 00 L ! L nel . 39 33 6 .85.06 9.95 4.81 .03

x 200 P l. M 39 4 31 8 .80 .67 12.87 3.78 -.20

1 7- L F H9.I L. 39 12 24 .33 .06 17.56 8.55 .43

1 -ij3 1 . HEL N L 392 8 3 . 21J .0 7 15-59 5.55 -.06

I~~~ - AL- - A

212OO I NEAT wul 1 39 27_ 11 .71 .0)6 10.44 3.70 .14

• Enqaqamnt Method ** Illumination

* * Gunner: Daylight Battlesight A a Ambient Light

C 'TC. Gunner: Ranqlcard V - Artificial White Light
I - Gunner: IR battlesight I a Infrared Light
P - Gunner: DAyliqht Precision
R , Gunner: IR Precision
S - TC: Daylight Iattlesight
T - TC: Doylight Precision 9-R
X - TC: IR 60 Cal. Sight

M__ ___ 
_



TABLE VTI I A and 11

AN4ALYSIS (W VARIANCE SWPARMY

4 W- IBT EON NNERY MEASURE 1St ftgnd Ph

SOURCE
OFF

VARIATION d.f. MWAN SQUAE Fp

A- omfv 2 692.307 ---- M.S.

9 . TAble 1 32.30 2.64 MS

C- Tarosts 4 81794.810 50.94 .001
Ai.N(A) - Err or 36 1995.719

AB- Cao~anys X Table 2 M9.997 ----_ N.S.

AC - Camanys A Teroes 8 948.719 ---- M.S.

BC - Table X TAroats. 4 1769.250 1.01 N.S.

NB(AI - Error 36 1397.420

KC(Al - Error 144. 1606.674

ABC - Companys X Table817949.0 .5

XMOC(A) - Error 1" 1755.268 > <

P Values of F

1.S w F value is not statistically significant.

S.05. -c.O1, -,.,c.O01 F value is significant at less than the percent

value indicated.
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TABLF 9-D-3

I| o1 idb Wanl~ VA I ow,

Imil I I li II . 'll~fth I 'Dh

1. Overall Mean 5 53.8

2. Table VIII A (Day) Table VIII B (Night)

50.8 56.9

3. Coupanys Co A Co B Co C

51.5 53.8 56.2

4. Target 1 2 3 4 5

80.8 78.2 21.8 15.4 73.1

S. Cowany A (Day) Table VIII B (Night)

A 50.8 52.3

8 47.7 60.0

c 53.8 58.5

6. Target

Table VIII 1 2 3 4 5

A (Day) 76.9 76.9 12.8 10.3 76.9

8 (Ntght) 84.6 79.5 30.8 20.5 69.2

7. Target

Company 1 2 3 4 5

A 84.6 76.9 23.1 11.5 61.5

8 76.9 73.1 23.1 15.4 80.8

C 80.8 84.6 19.2 19.2 76.9
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TABLE 9-nl-4

IMILL V11kA and H

ANALYSIS (W VARIANCE SIH4AY

UNIT EMh -- AWERY MEASURE 1st Round Firing Tim

OF
VARIATION *~f. MEAN4 %MUE F p

A - Comanvs, 2 9.972 ---- N.S.

8 - Tabla 1 227.703 6.74 0.O

C- Taroets 4 597.247 24. 99 .001

N(A) - Error 36 48.478

AB - Compan's X Table 2 12.002 ---- N.S.

AC - Camanvs X Taroets 8 83.065 3.48 4.01

K - Table I Trots 4 24.786 1.11 N.S.

NS(Al - Error_ 363.9

K(Al - Error--142.0

AK - Compamys X Table

NBC(A) - Error

P Values of F

N.S a F value Is not statistically significant.

4 .05. 1.01. ,005. --.001 F value is significant at less than the percent

value indicated.

W-



TABLE 9-0-5

First Round Mean Values

U[I ( D@ I0M11ANi I I ri 111d I m

1. Overall Mean - 12.5

2. Table VII A (Day) Table VIII 5 (Night)

11.8 13.3

3. Coampanys Co A Co B Co C

12.2 12.8 12.S

4. Target 1 2 3 4 5

10.0 12.1 16.3 14.2 10.0

5. Company A (Day) Table VIII B (Night)

A 11.2 13.3

B 12.0 13.6

C 12.1 13.0

6. Target

Table Vill 1 2 3 4 5

A (Day) 10.0 11.2 15.1 12.9 9.6

B (Night) 9.9 12.9 17.6 15.6 10.4

7. Target

Company 1 2 3 4 5

A 9.3 11.5 16.0 14.8 9.5

B 12.4 11.8 16.7 11.5 11.5

C 8.2 12.8 16.3 16.3 9.0

9-67
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(6) Atialysi. of the LIII ,L otdII1w.

(a) Table 9-1-1 presents the Summary of Gunnery Performance Measures
for the E Battalion. The statistics in table 9-E-1 were based on data frow
a total N of 35 tank crews: 13 in A Company, 11 in B Company, and 11 In
C Company. The statistics in the analyses of variance were based on a
total N of 33 tank crews, the first 11 from each company.

(b) Table 9-E-2 presents the results of the analysis of variance of
AL first round Ph scores. Significant effects were Targets (F=37.56, p <.001),

Companys X Targets (F=2.16 p <.05) and Companys X Tables X Targets (F=2.07,
p s05). The Target means, presented in table 9-E-3. were analyzed in a
Tukey's (HSD) Test. The results indicated that the Ph score on Target 2
was significantly higher (p c.01) than on the other targets, and the Ph
scores on Targets I and 5 were significantly higher (p <.Ol) than those
for Targets 3 and 4. Examination of the means in theCompanys X Targets
interaction disclosed that B Company had the highest Ph scores on
Targets 2, 3, and 5, while A Company had the highest score on Target 4,
and C Company had the highest score on Target 1. Examination of the means
for the Companys X Tables X Targets interaction revealed that A Company's
Fh scores on Targets 3 and 4, Table VIII A (Day) were both 0.0, and C
Company's Ph scores on Target 3, (Day) and Target 4 (Night) were both 0.0.

(c) The results of the analysis of variance of first round mean firing
time are presented in table 9-E-4. Significant effects were Tables
(F=28.16, p <.001), Targets (F=20.37, p -.001) , and Companys X Tables
(F=5.77, p <.01). Inspection of the means for tables, presented in table
9-E-5, shows that mean firing time on Table VIII A (Day) was significantly
faster (p!<.001) than on Table VIII B (Night). The Target means were
analyzed in a Tukey's (HSO) Test. The results indicated that the mean
firing times on Targets 1 and 5 were significantly faster (p <.Ol) than
on Targets 2, 3, and 4, and the mean firing time on Target 2 was signifi-
cantly faster (p <.05) than on Target 3. Examination of the means for the
Companys X Tables interaction indicated that A Company had the slowest
mean firing time on Table VIII A (Day) and the fastest mean firing time on
Table VIII B (Night).

(d) It is not readily apparent why Ph performance on Target 2 was sig-
onificantly higher than on all the other targets. In another comparison,

Targets 1 and 5 were battlesight engagements, while 3 and 4 were precision
engagements, and the difference in engagement method could have produced
the difference in Ph scores between these targets. Differences between

• targets on mean firing time disclosed that the battlesight engagements
produced faster mean firing times than on the precision engagements.
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TABLE .E

GUNNERY PERFORMANCE MEASURES

UNIT EEO RYAM I GUNNERY RANGE 2

TARGET CHARACTERISTICS MEASUALS

rASLE SE- (ME- N ANSo.I L OF OF OF IIG
-ViII MEc TENS, ',IO TARGET L** CREWIS NITS HISSES h~ (rM [ME I.0. rpb

.A....ilbO..LOuO ~ ec A 35 13 22 .37.8 .3 .59 '.07

AP HA Mul A 35 28 7 .80-.07 11.52 .99 -.22

1M _ HET !ul A 35- 4 29 .12 .06 14.55 .23 -.08

A 16 P HE HI A 35 3 32 .09 .05 113.45 .99 .10

A.. ...... J9... J IQL_. _ NET Hi)1 A 35 23 12 .6 .08 7.55 .03 o.35

7w W 35 17 TO .4 .09 10.240.05 .14

I .9L.phL . 4! 3 5 06 85.21 -.16

35J .L.j 4 27 1. '. 6 17~S.858 .11?

a .. JIA... l .1 .L.IiL W1 36 7 27 1.2. .07 17.396.58 -.17
no0-

a J.... 1......... . Ja..ti..4.11 3S J.1 16 .5 .09 12.94 .43 -.18

*Enqaqment Method Illumination)

* S* wwnr: Dayliqht Battleuight A a Ambient Light
C TC, Gune: Ranqecrd W a Artificial White Light
I *Gunner: IR Battlesight I a Infrared Light
P *Gunner: Daylight Preision
Rt ^ Gnr: IN Precision
S a TC: Daylight Sattlesight 9-70
T a TC: Daylight Preision
X a TC: IRS50 Cal. Sight



TABLE 2-E-2

TAILC VItIA and It

ANALYSIS (W VARIANCE SIMARY

WIlT EEI -AUIERY MEASURE 1st Bound Ph

OF
VARIATION d.f. HEM Sa F p

A - Comanvs 2 5648.400 2.08 N.S.

8 - Table 1 757.576 ---- N.S.

C - Targets 4 57469.690 37.$6 .001

N(A) - Error 30 2818.176

AS - Comanys X Table 2 557S.738 3.86 N.S.

AC - Somann X Tarats a 3310.570 2.16 '.05

K - Table X Tarets 4 2196.922 1.57 B.S.

M(A)-- Error 30 1703.009

ICIA) - Error 1t0 15SW.274

AC - Companys X Table
v 201.44 2.07 1.O

UBC(A) - Error
120 1399.891

49

P Values of F

U.S a F value is not statistically significant.

' .05, ".01, '.005,-4.001 - F value is significant at less than the percent

value indicated.

,4
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TMI.C 96--3

F1irst Rounid Min Value%~

1. overall Ru~n a 41.5

- --. 2. Table Vill A (Day) Table Vill 9 (Night)

40.0 43.0

3. Cmaays CA co3 9cc

34.5 "9. 40.1

4. Target 1 2 3 4 5

43.*9 81.6 12.1 13.6 5.

S. Cmany A (Day) Table Vill B (Night)

A 27.3 41.8

B 56.4 41.3

C 36.4 45.5

6. Target

Table Vill 1 2 3 4

A (Day) 36.4 76.6 12.1 9.1 63.6

8 (Night) 11.5 04.6 11.1 18.2 46.

7. Target

COMPARY 1 2 3 4 6

A V7.3 77.3 4.5 22.7 40.9

3 46.5 86.4 27.3 9.1 77.3

C "A. 81.8 4.5 9.1 50.0

Adi-
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TABLE VIllA end N

ANALYSIS Of VARIANCE ShNMMAV

UNIT Fo UNNERY IE-SUE .1st bud Firta Tim-

OF
VARIATION .f. MEAN SQUARE F p

A - Cimnmava 2 5.065 ---- N.S.

B - Tabla 1 1012.376 28.16 .001

C - Taaste 4 596.424 20.37 .001

N(A) - Error 30 41.046

B - CO ws X Tble 2 207.24 5.77 .401

* A - Cammns X Tartrs 8 33.411 1.14 N.S.

iC - Table X Tarmats 4 32.072 1.12 N.S.

IA) - Error 30 36.948

KC(Al - Error 120 29.281

ABC- C -oanys X Table 8 33.891 1.18 N.S.• ?agm ______ -

IK(A) - Error It 28.612

P Values of F

N.S a F value is not statistically significant.

.05, r.01, OS.-9.001 - F value is significant at less than the percent

value Indicated.
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TML 9-E-5

First Round Mean Values

lull IFS I'I Ia| sOki I I |tilnig 1 |

1. Overall Mean * 12.9

2. Table Viii A (DAy) Table VIII 8 (Night)

11.2 14.7

3. Companys CoA CoD Co C

13.1 12.7 13.0

4. Target 1 2 3 4 5

9.5 13.2 16.2 15.4 10.2

5. coeamy A (Day) Table VIll B (Night)

A 12.9 13.3

B 10.3 15.0

C 10.2 15.7

6. Target

Table Vill 1 2 3 4 5

A (Day) 0.7 11.5 14.5 13.5 7.5

8 (Night) 10.2 14.8 17.9 17.4 12.9

7. Target

Company 1 2 3 4 5

A 9.0 13.3 16.5 14.7 9.1

a 9.1 12.5 15.4 15.9 10.5

ic 9.5 13.7 14.7 15.7 11.2

'-7
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(7) Analysis of the ELF Battalion.

(a) Table 9-L-1 presents the Summary of Gunnery Performance Measures for
the L Battalion. The statistics in table 9-L-1 were based on data from a

__ ,total N of 34 tank crews: 12 in A Company, 10 in B Company, and 12 in C
Company. The statistics in the analyses of variance were based on a total
N of 30 tank crews, the first 10 from each company.

(b) Tabjle 9-L-2 presents the results of the analysis of variance of
first round Ph scores. Significant effects were Targets (F=2.78, p <.05),
and Tables X Targets (F=8.39, p <.O0l). The target means, presented in
table 9-L-3, were analyzed for significant differences in a Tukey's (HSD)
Test. The results were negative. None of the comparisons attained the
.05 level of confidence. It is, therefore, concluded that there were no
statistically significant differences between the means for the targets
effect. However the related Tables X Targets interaction was highly
significant and the means for the interaction are plotted in figure 9-L-1.
Examination of the means in table 9-L-3 and figure 9-L-1 indicate the Ph
scores on Target 1, Table VIII A (Day), and Ta et 4, Table VIII B (Night),
were much higher, around 70 percent, than the Ph scores on the other engage-
rr.nts. Both of these were battlesight engagements at short ranges.

N

(c) Table 9-L-4 presents the results of the analysis of variance of
First round mean firing time scores. Significant main effects were Tables
'F=15.62, p<.OOl) and Targets (F=47.74, p<.Ol). Significant interaction
effects were Companys X Tables (F=4.60, p <.05), and Tables X Targets
(F=24.54, p<.O1). Examination of the Tables means, presented in table
9-L-5, reveals that mean firing time during Table VIII A (Day) was signifi-
cantly faster than during Table VIII B (Night). The means for the Targets
effect were compared in a Tukey's (HSD) Test. The results indicated that
tioe mean firing time on Target 3, the TC-precision engagement, was signifi-
caoitly slower than on the other targets. Inspection of the means for the
Companys X Tables interaction indicates that the mean firing time for C
Company on Table VIII B (Night) was much slower than the means for the other
Companys. Examination of the means for the Tables X Targets interaction,
plotted in figure 9-L-2, was biased because there were no measures for
Target 2 on Table VIII A (Day). However, comparing the other means indi-
cated that there were no large differences except on Target 1 where mean
firing time doubled from Table VIII A (Day) to Table VIII B (Night). Tar-

*get 1 was a battlesight engagement using Infrared illumination on the
* Table VIII B (Night) engagement.
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TABLE 9-L-

GUNUERY PERFOMANCE MEASURES

UNIT rI ROUND I GUNNERY RANGE 2

TARGET CHARACTERISTICS MEASURES

TABLE SE- I (ME- 1 AM. L OF OF OF I IRING
WIl QUENCETERS) A 'MTARGET L** CREW HITS HISSES h OIM TIME S.D. rpb

A....s . L , . . L . L 0 .71 . 6.23 3.18 .0

- L TL ~ [ m ll 2411 1L 0 I3~I

- J00 L P ~ 1L A 34 __ 25L . LZL --- ~

-JL- - -Jr - TO - -A 3 11 7.-17

2

A -! 160 e NMIT, 11 6 A 44 13- 3 O 98 . .02

- 11M 1W 1TT 11 4 7 27 .21 AL 12.03 U. .

a -! 17O P MAT.T Hull 1... 10 24 460 .6 14.6 6.6 ..1S

ll20 esing

2
a .! l . L Ma... 7iwd1 a 2 - an 34 2 .1 .4 . g.40 2.29 1.16

I- -- - A I -i -9 3

* Enqaqemnt Method ' Illumination

B * Gunner: Dayliqht Bettleulqht A a Ambient Light
C ' TC, Gunner: Ranqecard W - Artificial White Light
t O weaner: IR Iattlesight I - Infrared Light
P Gunner: Dyliqht Precision
R - Gunner: IR Precision Mltiple Target Engagment
S a TC: Dayllqht Battlesight
T TC: Dayliqht Precision
X TC: IR 60 Cal. Sight

*~~w -7 
p 40 

-. - - V'* *



TARLr . 2
IAM I VIll 1A i11 I

ANALYSIS OF VARIANCE SIMARY

UNIT ELF GUNNERY MEASURE F rat Round Ph

SOURCE
OF

VARIATION d.f. , EM SUARE FP

A - Comanvs 2 1733.333 ... H.S.

B - Table 1 1200.000 .... N.S.
2 Tar7ets .. . .. 6263.326 .78 .05

N(A) - Error 27 2296.290

AB - Comnys X Table 2 35".996 1.08 N.S.

AC - Cogonys X Taroets aL8 2108.333 N.S.

BC - Table X Tarmts, 4 14763.280 8.39 4.001
46(h) - Error- 27 3318,493

1 K(A) - Error- . . 109 2259,236 , -
k

AK - Cmp,,anys X Table
K T.t I 155.313 ---- N.S.

NBC(A) - Error____ ________oe__ 0 17.6~37 ____

P Values of F

N.S - F value Is not statistically significant.

S.05, .01, c.005,c.OO 01 - F value is significant at less than the percent

value indicated.
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TMLE 9-L-3

First lovned New Values

MIT F.p PE1OWICE Ph

1. Overall Shan - 38.7

2. Table VIII A (fty) Table VII l (Night)

36.7 40.7

3. Cmanys Co A Co B Co C

34.0 40.0 42.0

4. Target 1 2 3 4 5

46.7 28.3 36.7 S1.7 30.0

*S. Company A (Day) Table Vill B (night)

A 32.0 36.0

S 44.0 36.0

c 34.0 SO.0

6. Target

Table Vill 1 2 3 4 5

A (Day) 70.0 23.3 36.7 33.3 20.0

8 (Night) 23.3 33.3 36.7 70.0 40.0

7. Target

Company 1 2 3 4 5

A 30.0 35.0 30.0 50.0 25.0

0 60.0 20.0 30.0 60.0 30.0

C 50.0 30.0 50.0 45.0 35.0
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TAGLE VI 11A and 0

ANIALYSIS OF VARIANCE SUMMHARY

UNIT ELFGNERY MEASURE First Round Firing Time

OF
VARIATION ________NNE__ _ F_____

A - Comav2i42 2.91 N.S.

C- Taruets -4 _ 1367.91247.74____00

N(A) - Error 27 84.672

AS - Companws X Table .... 254.333 4.60 ".0

AC - Cosmamsv X Targets a3 22.566 ---- N.S

BC - Table I Tarimts 4.. 732.262 25.54 ".001

NB(A) - grror 2755.282

NC(Al - Error ~2.5
ABC - Comanys X Table

IT M ______---_ -

NSC(A) - Frror 106 29.843

P Values of F

N.S a F value is not statistically significant.

Ic.05. 4.01. '.006,-4.001 a F value Is significant at less than the percent

value indicated.

9-U2



TABLE 9-L-S

First Round Mean Values

t IIT ItF t rfoYeIA 4I 4.4 loop

1. Overall sean- 1.04

2. Table Viii A (Day) Table V1i1 I (Night)

8.7 12.1

3. Companys Co A Co a CC

8.8 10.4 11.9

4. Target 1 2 3 4 5

9.1 7.3 18.6 7.0 9.8

5. Company A (Day) Table V1I1 B (Night)

A 8.2 9.4

B 9.4 11.3

C 8.4 15.5

6. Target

Table V111 1 2 3 4 S

A (Day) 6.2 --- 19.8 7.2 10.2

8 (Night) 12.0 14.6 17.5 6.8 9.4

7. Target

Company 1 2 3 4 5

A 8.3 5.2 16.6 5.8 8.3

3 7.5 7.3 18.7 8.2 10.2

£ C 11.6 9.5 20.6 7.1 11.0

.4
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(8) Analysis of the EMC BatLalion (A Brigade 75 Battalion).

(a) Table 9-4-1 presents the Summary of Gunnery Perfomance Measures
for the M Battalion. The figures are based on data from a total N of 27
tank crews: 4 in A Company, 9 in B Company, and 14 in C Company. Since
the programed analysis of variance tests required an equal N for the Com-
panys factor, data from only the first four crews in each company would
have been used in the three-factor analysis. It was decided that this
approach would not process data from enough crews. The analysis was changed
by dropping out the Companys factor and retaining the factors of Tables and
Targets. In this way, data from all 27 crews were included in the two
analyses of variance.

(b) Table 9-M-2 presents the results of the analysis of variance of
first round Ph scores. Significant effects were Targets (F=3.76, p<.Ol)
and Tables X Targets (F2.81, p<.05). The Target means, presented in Table
9-M-3, were compared in a Tukey's (HSD) Test. The results indicated that
the Ph score on Target 5 was significantly greater (p<.Ol) than the 'Ph score
on Target 2. Examination of the means i.n the Tables X Targets interaction
shows that on Targets 1, 2, and 3 higher scores were achieved on Table VIII
A (Day) while on Targets 4 and 5 the higher Ph scores were achieved on Table
VIII B (Night).

(c) Table 9-M-4 presents the results of the analysis of variance of
mean firing time. All effects were highly significant: Tables (F=23.89,
p4.OO), Targets (F=29.56, pc.OOl), and Tables X Targets (F=9.83,p-.OOl).
Comparison of the means for Tables, presented in Table 9-M-5, indicated
that first round mean firing time on Table VIII A (Day) was significantly
faster (p<.OOl) than on Table VIII B (Night). The means for Targets were
analyzed in Tukey's (HSD) Test. The results indicated that the first round
mean firing time on Target 3 was significantly slower (pc.Ol) than on the
other targets. Examination of the means of the Tables X Targets interaction,
plotted in figure 9-M-2, reveals that there were no firing time measures for
Target 2, Table VIII A (Day), which tends to bias the results of the analysis.
Nevertheless, comparison of the means on the other targets uncovers some
interesting relations. On Target 1, mean firing time was considerably faster
on Table VIII A (Day) compared with Table VIII B (Night), whereas on Target
5, mean firing time was faster on Table VIII B (Night), than on Table VIII
A (Day). On Targets 3 and 4, there was no practical difference in mean
firing time between Table VIII A (Day) and B (Night).

(d) It is interesting to note that the best Ph score occured on Target
5. the moving target. Apparently, target motion, by itself, did not produce
a decrease in marksmanship proficiency under the conditions of that engage-
ment. Also, accuracy performance on the two shorter range battlesight
engagements, Targets I and 5, were higher than on the longer range precision
engagements. Turning to firing time measures, it was noticed that Target
3 was a TC-precision engagement. This suggests that the longer firing time
could have been due to the tank commander taking more time than the gunner
to fire precision engagements. Target 1 was the only target illuminated
by Infrared light on Table VIII B and this factor might have produced the
slower mean firing time.
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TABLE 1&L

GUNNERY PERFORMANCE MEASURES

UNIT _ ROUNO I GUNNERY RANGE - 2

TARGET CHARACTERISTICS HLASUREs

rEES- (ME- M N 6 L OF OF OF ]FIRING
VII QUNCE TERS) * 0 TARGET L* CREWS, HITS MISSES h (M INE S.D. rpb

A7 HEAT-T Hull A 27 20 7 74 .09 5.33 6.39 .27

A I P HEAT-T Hull A 27 12 14 46 .10 - -z
A A 1500 1 HT-- AHU 27 13 14 48 1.10 20.08 8.S6 .03

A A 1500 P HEP-. Hull A 27 9 18 ,33 .09 12.42 3.73 -.18
79az Mving -_

A 10Q0 i B TPOS-T Punel A 27 16 11 .59 .10 10.00 3.52 .10

B - 1100 1 HEAT-T 1Hull. I 27 12 15 .44 .10 9.50 7.01 -. 39

_BI_ - 1750 P HEAT-T HUI 27 8, 19 .09 16.33 7.15 .20

S1700 T HEAT-T Hull W 27 11 1. 2 j 22.17 8.38 .32
1100 a ,

- 1300 P .- T W ? 27 15 12 .56.10 14.00 5.03.07
7 0 a z _0ng -

* - 1000 VmJT TP.I - P Nl W 27 21 .2 ,1 .06 7.92 5.00 .74

* Enqaq t Method ** Illumination

B * Gunner: Dayllqht Battlesight A -Ambient Light
C T TC, Gunner: Ranqecard 10 = Artificial White Light
I * Gunner: JR attlesiqht I - Infrared Light
P - Gunner: Dayliqht Precision
R u Gunner: JR Precision N* iple Target Eagagmt
S * TC: Daylight Sattlesight
T T TC: Daylight Precision
X * TC: IR 50 Cal. Sight

".- . . . . .. .

Lli



TABLE 94--

TABLE V111A and 8

ANALYSIS OF VARIANCE SW6VtRY

UNIT EIC SERY MEASURE First Round Ph

OF
YARATION d, C WEAR SQUARE F P

8 - Table I 333.33 ---- M.S.

C - Targets 4 $061.044 3.76 19.01

KC - Tables X Tawoats 4 6M2.413 2.81 0

Nt(c) - Irror 202356.06

P Val ues of F

N.S. a F value is not statistically significant.
-i.05, q90, .05,w.001 F value is significant at less than the percent
value indicated.
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TXLJE 9-N-3

First Round Mean Values

UNIT ENC Perfomance Measure Ph

1. Overall Mean 6 0.74

2. Table VIII A (Day) Table VIII B (Night)

51.6 49.63

3. Target 1 2 3 4 5

59.3 37.0 44.4 44.4 68.5

4. TARET

Table VIII 1 2 3 4 5

A (Day) 74.1 44.4 48.1 33.3 59.2

B (Night) 44.4 23.6 40.7 55.6 77.8
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TOBLE 9-14-4

TABLE V I II A and B
ANALYSIS Or VARIAJICt SIISPARY

UNIT ENC SIUNERY MEASURE First Round firing Time

SOURCE
OF

VARIATION d.f. MEAN SQUARE F P

B - Table 1 1893.426 23.89 -. 001

C - Targets 4- 2025.734 29.56 - 001

NC - Tables X Tartats 4 779.211 9.83 .001

N (BC) - Error 260 79.255

P Values of F

N.S. m F value is not statistically silpificant.

c.06, -c.01. w.00,'c .001 a F value is significant at less than the Percent

value indicated.

9-9o
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TABLE 9-H-5

Fir~t Round Mean Values

UNIT EPIC PLmroRmANct 04 ALIRI I grinq

I Ime
1. Overall Mean a 12.6

2. Table Vill A (Day) Table Vill B (41ght)

- r9.9 15.2

3. Target 1 2 3 4 5

10.1 8.3 23.0 12.9 8.5

4. TARGET

Table Vill 1 2 3 4 6

A (Day) 5.5 0 21.8 12.7 9.6

8 (Night) 14.8 16.6 24.2 13.4 7.3

9-91
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(9) Analysis of the ENG Battalion.

(a) Table 9-N-l presents the Summary of Gunnery Performance Measures
for the N Battalion. The statistics in table 9-N-1 and in the analyses of
variance were based on data from a total N of 51 tank crews; 17 from each
company.

(b) Table 9-14-2 presents the results of the analysis of variance of
first round Ph scores. Significant effects were Targets (F=8.77, p <.005),
and Tables X Targets iF=3.71, p <.01). The Target means, presented in
table 9-N-3, were analyzed in a Tukey's (HSD) Test. The results indicated
that the Ph score on Target 3 was significantly higher (p <.O1) than the Ph
scores on Target 2 and 5, while the Ph score on Target 4 was significantly
higher (p -,05) than the Fh score on Target 2. Examination of the Ph scores
for the Tables X Targets interaction, plotted in figure 9-N-l, indicated
that on Targets 1 and 2, Ph scores on Table VIII B (Night) were higher
than Fh scores on Table VIII A (Day), whereas on Target 5, the Ph score
attained on Table VIII A (Day) was much higher than the Table VIII B (Night)
score.

(c) Table 9-N-4 presents the results of the analysis of variance of
first round mean firing time scores. Table 9-N-4 shows that all main
effects and interaction effects were statistically significant. The mean
scores for the Companys effect (F=6.00, p <.0l), presented in table 9-N-5,
were analyzed in a Tukey's.(HSD) Test. The results indicated that the mean
firing time for C Company was significantly faster (p <.Ol) than the mean
firing time for B Company. Comparison of the means for the Tables effect
(F=5.56, p <.05), revealed that the mean firing time on Table VIII B (Night)
was significantly faster (p< .05) than on Table VIII A (Day). The means for
the Targets effect (F=39.42, p -,001) were analyzed in a Tukey's (HSD) Test.
The results indicated that the mean firing time on Targets 3 and 4 were
significantly faster (p<.Ol) than the mean firing times on Targets 1, 2,
and 5, while the mean firing time on Target 2 was significantly faster
(p <.05) than on Target 5. Inspection of the means for the Companys X lbles
interaction (F=3.78, p <.05) revealed that A and B Company had faster mean
firing times on Table VIII B (Night) compared with Table VIII A (Day), while
C Company had its faster mean firing time on Table VIII A (Day). Examination
of the means for the Companys X Targets interaction (F=7.19, p .001) indi-
cated that C Company's mean firing time on Target 5 was twice as fast as
those for A and B Company. The means for the Tables X Targets interaction
(F=5.13, p <.005), plotted in figure 9-N-2, indicated that there was vir-
tually no difference in mean firing between Table VIII A (Day) and B (Night)
on Targets 2 and 3, but a substantial difference on Targets 1 and 5 where
mean firing time on Table VIII B (Night) was faster than on Table VIII A
(Day). Inspection of the means in the Companys X Tables X Targets inter-
action (F=3.22, p <O1) revealed several differences; the two major ones

-were that Company A and B had much faster mean firing times on Target 5,
Table VIII B (Night), than on Table VIII A (Day).
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(d) Comparison of the target means in table 9-NI-3 suggests thait there
was a decrement in Ph performance on Target 2, probably due to the HEP
ammio used for that engagement. Conversely, 1h performance on Target 3,
the battlesight engagement, using TPOS-T amimo, was relatively better even
though it was a moving target.
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i =

TABLE

GUNNERY PERFORMANCE MEASURES

UNIT ENG ROUND 1 GUNNERY RANGE 2

TARGET CHARACTERISTICS MEASURES

- - R F~~. TO. O.
TABLE SE- (ME- M RNDS.I J1 O OF O P RN

VIII QUENCE TERS) AMID bTARGT L CREWSHITS MISSES h 0N IME rpb
- I .- 1300- 2 1

A - 750 T J HAT-T Hull A 51 13 37 L. L. 17.29 LL. ..0
1500- 2

A - 17 P HEP-T -Hu1l A SL a 45 ,L .OS 14 L.2 5 05
650- . 1 vingA - ~ ) B TPOS-T Pdane L L .. h..... -A- 55u-T Pae A S1 29 22 ,7 0 .59 3.58.0
550-* - 2

- 12(... p NrAT-T Hull A 51 21 30 ,41 . 11.23 .40 .01100-** 2
A lam1NO HFAT-T NHull1 A I fi 22 28 .4.719.94 1.5.2

aL -_4 ?lh T HFAT.T lHi, M , 21 _2&_ .L .A7 14-27 S.S 5.03Q
1300- 2

- m n p mrP-T .I l SI la m .35 1 -07 14.42 5. 3 .. 3L
700- 2 I

- 10a TPlow a Id ¥ El 31 AL JL . . . 2
750- 2

-L . iELrT If1fl .1 . L .1 2 . 29 ._1 ,07 10.04 5.61 .2L1550-

BM - J.10 p HEATL Hull Wt 51 11 40 .22 .06 13.69 6.76 .27

Enqaqemnt Method * Illumination

B * Gunner: Dayliqht Battlesiqht A - Ambient Light
C - TC. Gunner: Ranqecard W - Artificial White Light
I * Gunner: IR Battlesight I - Infrared Light
P - Gunner: Daylight Precision
R - Gunner: IR Precision Multiple target Engage t
S * TC: Dayllht Oattlesight
T * TC: Oaylight Precision 9-95
X - TC: IR 50 Cal. Sight

.
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TABLE .:1L.
TAKI'ZM A and R

MALYSIS OF VARIANCE SONMRY
%iT...............JUUERY MEAkSURE First kium PA

OF
VARIATION MEAN_ __ __ F p

A - Cmanvs 6372$47 2.80 NS.
B - Tab)& 4411.762 1.34 NI.S.

C - Tar .te 4 17284.300 8.77 05

N(A) - Error 48 2276.936

AB - CoMans X Table 2 411.760 ---- NIS.

AC - Cmoanys X Tarmts 8 1813.711 ---- N.S.

BC - Table X Taraets 4 7990.172 3.71 .01

BA -LError 4 _- 3286..669

19(A) - Error 122 1970.S3!

ABC - Comenys X Table
I JAZW# 

----
NBC(A) - Error

-- st 21 S2.812

P Values of F

N.S - F value Is not statistically significant.

.05, '.01, <.00,..c.001 * F value is significant at less than the percent

value indicated.
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L TABLE 94N-3

First Round Heun Values

UNIT ENG PERFONOANCE MEAsuRE Ph

1. overall Pbaut a 38.6

2. Table VIII A (Day) Table VIII 8 (Night)

35.7 41.6

3. coqwany Co A coB acoc

40.6 43.5 31.8

4. Target 1 2 3 4 5

33.3 24.5 57.8 45.1 32.4

5. Caqiany, A (Day) Table VIII I (Night)

A 36.5 44.7

8 42.4 44.7

c 28.2 35.3

6. Target

Table VIII 1 2 3 4 5

A (Day) 25.5 11.8 56.9 41.2 43.1

I (Night) 41.2 37.3 58.8 49.0 21.6

7. Target

Caqiany 1 2 3 4 5

A 38.2 23.5 52.9 52.9 35.3.

B 29.4 29.4 70.6 "4.1 44.1

c 32.4 20.6 50.0 30.2 17.6
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TABLE -N-4..

TAH~r VI IlIA and P'

At4ALY~Is OF VAIIIANL *,IIMAKY

UN1T5 GUNNERYMEASURE First RowndFrn Ti

OF

VARIATION d.f. MEAN SQUARE F p

A - Companlys- 2 471.155 6.00 ~01

8 - Table, 1 086.282 .56 c.0~5

C-Tres4 1216.741 39.42 1C.01

N(A) - Error 48 78.580 < 0
ARl - Comeanys X Table 2 330.570 3.78 ~ O

AC - Caoanvs X Targets 8 221.945 7.19 W01

BC - Table X Targets 4 163.011 5.13 "00S

NB(A) - Error 48 87.398

NC(A) - Error 192 30.865-

ABC - Comanys X Table
I Th,.nt j....... 102,203 .22L.. 0LDL

NBC(A) - Error 123.6

P Values of F

N.S aF value is not statistically significant.

S.05. -.01, -.005, -.001 F value is significant at less than the percent

value indicated.
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TABLE 9-N1-5

First Round Mwaf Values

UNIT? ENG PERF0UIASCE MIASUR!I hf~ e

1. Overall Meam 13.2

2. Tab)e Vill A (Day) Table Vill S (Night)

14.2 12.2

3. Comeeys Co A c ICO C

13.3 14.8 11.5

4. Target 1 2 3 4 5

15.6 14.6 6.7 10.5 16.7

5. cam""a~ A (Day) Table VilI S (Night)

A 15.6 11.1

* 16.0 13.6

C 11.0 12.0

6. Target

Table Vill 1 2 3 4 5

A (Day) 17.0 14.7 8.6 11.0 19.7

I (Night) 14.2 14.4 8.8 10.0 13.7

7., Target

Company 1 2 3 4 S

A 15.6 13.0 7.4 11.1 19.6.

* 15.6 16.9 9.5 11.5 20.4

c 15.4 13.8 9.2 8.8 10.1

9-100
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(10) Analysi0; of the LOG IRattalion.

(a) Table 9-0-1 presents the Summary of Gunnery Performance Measures
for the 0 Battalion. The statistics in table 9-0-1 and in the analyses of
variance were based on data from a total N of 48 tank crews, 16 from each
Company.

(b) Table 9-0-2 presents the results of the analysis of variance of
first round Ph scores. Significant effects were Targets (F=20.62, p <.001),
and Companys X Targets (F=2.13, p<.05). The Target means, presented in
table 9-0-3, were analyzed in a Tukey's (HSD) Test. The results indicated
that the h score attained on Target 3 was significantly higher (p <.01) than
the P'h scores attained on the other targets. Also, the Ph score on Target 2
was significantly lower (p --05) than the P'h scores on Targets 1 and 5.
Examination of the means in the Companys X Targets interaction indicated
that B Company had the highest Ph scores on Targets 1, 4 and 5; the lowest
score on Target 3 and a low score on Target 2.

(c) Table 9-0-4 presents the results of the analysis of variance of
first round mean firing time. Significant effects were Targets (F=17.99,
p <.001), and Tables X Targets (F=l0.12, p <.005). Comparison of the
Targets means, presented in table 9-0-5, in a Tukey's (HSD) Test indicated
that the mean firing time on Target 3, a battlesight engagement, was signifi-
cantly faster than Targets 1, 2, and 4 at the .01 level of confidence and
faster than Target 5 at the 0.5 level. Mean firing time for Target 1 was
significantly slower (p <.01) than on Targets 3, 4 and 5, and mean firing
time on Target 5 was significantly faster (p <.05) than on Target 2.
Examination of the means for the Tables X Targets interaction, plotted in
figure 9-0-2, revealed that on Targets 1, 2, and 3 mean firing time on
Table VIII B (Night) was somewhat faster than on Table VIII A (Day). How-
ever, on Targets 4 and 5, Table VIII A (Day) mean firing time was faster
especially on Target 5 where the day firing time was more than twice as
fast as the night firing time.

(d) The target means in Table 9-0-3 show that Ph performance on Target
3, the battlesight engagement of a moving target using TPDS-T ammo, was
much better than on the other targets. It is not apparent why performance
is better under these engagement conditions. The poor performance on Target
2 probably resulted because HEP was the ammo used. Study of the mean firing
times frevealed that mean firing time for the TC enqagement, Target 1, was
significantly slower than for the other targets using high velocity anuno.
This suggests that the firing time for tank coninanders is slower than it is
for gunners.
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TABLE 9-o-1

GUNNERY PERFORMANCE MEASURES

UNIT EOG ROUND I GUNNERY RANGE 2

TARGET CHARACTERISTICS MEASURES

TARET RANGE No. I RU. NO. Nu. 4EAR
TABLE SE- (NE- N RNOS. L OF OF OF I -IRING
ViI QUENCE TERS) * N4H0 ITARGET L** CREWS HITS MISSES h am rIME S.D. rpb

A 1 1700 T 49AT-T Hull A 48 16 32 33 .07 6.13 5.96 -.04

A 2 1700 P 4EP-T Hull A 48 8 40 .17 .05 4.00 5.17 -.24
UU-oving

A 3 1000 B rp -T Pane1 A 48 40 8 .831.05 9.04 3.19 .08
S-  - -- 

A 7 1100 P JEAT-T Null A 48 20 27 .43 .07 10.54 10.83 -.07

A 8 1800 P 4EAT-T 'Null A 48 21 25 .46 .07 6.73 10.45 .10

B 3 1900 T 4EAT-T Hull W 48 23 25 .48 .07 14.54 5.21 -. 21~z
8 4 1600 P tEP-T Hull w 48 14 33 .30 .07 13.13 4.85 -.21

'M7M-- z moving
B 1 1000 B rPDs-T Panel W 48 36 12 .751.06 7.56 3.01 ..07

7ou- z
* 5 1100 1 HEAT-T Hull 1 48 17 30 .36 .07 1.96 6.83 .01

TUUU- -T -
II 2 1700 P 4EAT-T Hull W 48 20 28 .421.07 4.90 6.34 .. 04

* Enqaqement Method Illumination

B • Gunner: Dayllqht Battlesiqht A - Ambient Light
C * TC, Gunner: Ranqecard W - Artificial White Light
I - Gunner: IR Battlesight I - Infrared Light
P - Gunner: Dayliqht Precision
R * Gunner: IR Precision M** Hultiple Target Engagement
S • TC: Dayliqht Battlesiqht
T - TC: Dayllght Precision 9-103
X TC: IR 50 Cal. Sight
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TABLE 9-2

TAI;LF VIlIl A and 11

A4ALYSI% 1 VARIA(I. I iARY

UNIT EM rUNNERY MEASURE First Round Ph

SOURCE1
OF

VARIATION d.f. MEAN SQUARE F p

A - Comanys 2 6770.828 2.37 N.S.

6 - Table 520.833 ---- -- .S.

C - Tarcets 41302.060 20.62 001

NA __- Error 45 2854.119

AB - Companys X Table 2 4645.824 1.55 N.S.

AC -Companys X Targets 4270.813 2.13 .05

BC - Table X Taroets 4 2760.391 1.64 N.S.

NB(A) - Error 4S 3004,017

NC(A) - Error 111.. 2003,376

ABC - Companys X Table
I Tarnt 3135.352 1.86 N.S.

NBC(A) - Error
180 1687.819

P Values of F

N.S - F value is not statistically significant.

4 .05, 4.01, <.005. < .00 1  F value is siqnificant at less than the percent

value indicated.
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1
8TABLE 9-0-3

First Round Mean Values

UNIT FOG ILN#tOIJwINt 1 l,

1. Overall Mean a 44.8

2. Tabie Vill A (Day) Table Vill I (Night)

43.8 45.6

3. Coqmnys Co A Co Co C

46.9 SO.0 37.5

4. Target 1 2 3 4 S

40.6 22.9 79.2 38.5 42.7

S. Comany A (Day) Table VIII U (Night)

A 40.0 53.8

8 50.0 SO.0

C 41.3 33.8

6. Target

Table VIl 1 2 3 4 5

A (Day) 33.3 16.7 83.3 41.7 43.8

3 (Night) 47.9 29.2 75.0 35.4 41.2

7. Target

Company 1 2 3 4 S

A 37.5 40.6 81.3 37.5 37.5

3 53.2 15.6 71.9 50.0 59.4

C 31.3 12.5 84.4 28.1 31.3
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TABLE jj

TArLE VillA and R

ALYSIT (IF VARIANCL SIfiMAHY

UNIT EOG GUNNERY MEASURE First Round Firing Tim

SOURCE
OF

VARIATION d.f. MEAN SQUARE F p

A - Comanys 2 11.775 N.S.

B - Table 1 144.102 2.1J L.S.
C - Tartatt 4 695.894 199 .001

N(A) - Error 45 57.664 _ _

AB - Companvs X Table 2 110.633 1.68 N.S.

AC - Coatys X Targets 8 47,727 1.23 N.S.

BC - Table X Targets 4 406.276 1.2 <.O

NBMA) - Error 46 66.011

NC(A) - Error Igo 38a.673

ABC - Comanys X TableI Taantf M -. T 1_7, 0i C

NBC(A) - Error
_______________ 160 40.149 _____

P Values of F

N.S a F value Is not statistically significant.

4 .05, 4.01, 4.005,'€.01 F value is siqnificant at less than the percent

value indicated.
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TABLE 9-0-5

First Round Noon Values

UWIT COG PENFOU4WOE Flrinq Time

1. Overall NMan - 11.9

2. Table VIII A (Day) Table VIII B (Night)

11.3 12.4

3. Cmpanys Co A Co 8 Co C

11.7 12.2 11.7

4. Target 1 2 3 4 5

15.3 13.6 8.3 11.3 10.8

S. Company A (DAy) Table VIii B (Night)

A 12.1 11.3

B 11.3 13.0

C 10.5 12.9

6. Target

Table Vill 1 2 3 4 5

A (DOy) 16.1 14.0 9.0 10.7 6.7

0 (Night) 14.5 13.1 7.6 12.0 14.9

7. Target

Cae"y 1 2 3 4 5

A 14.6 12.8 7.1 12.2 11.9

B 15.5 15.3 9.2 11.5 9.5

C 15.9 12.6 8.6 10.3 11.0
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(11) Analysis of the UAA Battalion.

(a) Table 9-A-1 presents the Summary of Gunnery Performance Measures
for the A Battalion. The statistics in table 9-A-1 and in the analyses of
variance were based on data from a total N of 51 tank crews, 17 from each
company.

(b) Table 9-A-2 presents the results of the analysis of variance of
first round Ph scores. Significant main effects were Tables (F=21.23, p <.O01),
and Targets (F=8.92, p <.OOl). The significant interaction was Tables X
Targets (F=3.78, p<.05). Comparison of the Ph scores for the Tables main
effect, presented in Table 9-A-3, indicates that Ih scores were higher on
Table VIII B (Night) than on Table VIII A (Day). The Ph scores for the
Targets main effectwere analyzed in a Tukey's (HSD) Test. The results
indicated that the Ph scores on Target 1 and 2 were significantly higher,
p <.01, than the Ph scores on Targets 3 and 4. Comparisons of the Ph
scores for the Tables X Targets interaction, plotted in figure 9-A-i,
reveals that accuracy on Targets 1 and 3 was much less on Table VIII A
(Day) than on Table VIII B (Night). The Target 3 engagement on Table
VIII A (Day) used the training APDS ammo (TPDS-T) that has since been
shown to have defective ballistic characteristics.

(c) Table 9-A-4 presents the results of the analysis of variance of
first round firing time. Significant main effects were Companys
(F-6.52, p '.01), Tables (F=4.82, p <.05), and Targets (F=40.15, p <.001).
A significant interaction was Companys X Tables X Targets (F=2.22, p <.05).
The means for the Companys main effect, presented in table 9-A-5, were
analyzed for differences in a Tukey's (HSD) Test. The results indicated
that the mean firing times for A and C Companys were significantly faster
(p <.01 and p <.05, respectively) than the mean firing time of B Company. C-
Examination of the mean scores for the Tables main effect revealed that
the mean firing time on Table VIII A (Day) was faster than on Table VIII
B (Night). An analysis of the Target means by the Tukey's (HSD) Test
Indicated that the mean firing time on Targets I and 2 were significantly
faster (p -.01) than on Targets 3 and 4, while the mean firing time on
Target 3 was also significantly faster (p <.01) than Target 4. Examina-
tion of the mean scores for the Companys X Tables X Targets interaction
indicated that A Company's mean firing time on Targets 1, Table VIII B
(Night), was much faster than the means for B and C Company.

(d) The results produced three Interesting findings. One, Vh per-
formance on Table VIII B (Night) was superior to that on table VIII.A
(Day). The reason for this difference is not discernible in the examina-
tion of the specifications of the target characteristics and requires
additional analysis for its cause. Two, accuracy was high on the engage-
ments firing HEAT amno and lower on those firing HEP ammo. The APDS-T
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aimio used on Tat-get 4, Table VillI A was later foutid to he detevctive' andi
wa cnieetobthmancause oftheporuiny efmacoithl
engagement. Three, mean firing time for the battlesight engagements were

* faster than for the precision engagements.
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-~~ TABLE J
GUNNERY PERFORMANCE MEASURES

UNIT UAA R(UNO I GIINNI RY RANGI 1

TARGET CHARACTERISTICS 1.EASURES

-- TNET PT --I T N F T . -- A, -

TABLE SE- (ME- RNS.' L OF OF OF " [ING
VIll QUENCEI TERS) * AMMO ,TARGET L** CREWS HITS MISSES h .MN INE S.D. rpb

A 2 1720 B #EAT-T Hull A 51 27 24 .53 .07 7.75 2.76 .23

A 3 1000 U HEAT-T Hull A 51 37 13 .74 .06 7.45 4.39 -. 01

A 1894 P APDS-T !Pnel A 51 10 41 .201 .06 12.71 4.94 -. 17

z
A 7 1495 P HEP-T Ull A 51 23 27 .41 .07 14.61 5.67 .11

. 2 1720 B HEAT-T Hull W S1 45 6 .8 05 10.18 5.33 t.14

B 3 1100 1 HEAT-T I 51 40 10 .80 .06 9.43 4.41 .04

1 4 820 P .rAT-TPT Pan el 51 27 23 .54 .07 12.02 4.40 -. 01
z

B 7 1495 P HEP-T H0l W 51 25 24 .51 .07 13.96 18.73 .13

SEngaqemet Method * Illumination

B - Gunner: Dayliqht Battlesiqht A , Ambient Light
C TC, Gunner: Ranqecard W - Artificial White Light
t - Gunner: IR Battlesight I w Infrared Light
P - Gunner: Dayliqht Precision
R - Gunner: ZR Precision
S - TC: Dayliqht Battleslght 9-112
T * TC: Daylight Precision
X TC: ZR 50 Cal. Stqht
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TARLE 9A

rN AI VillA and I

A4ALYSIS OF VARIANCE SUMMARY

UWIT UAA GUNNERY MEASURE lst Round Ph

OF

VARIATION d.f. MEAN SOME F p

A - Comanvs 2 4926.45S 1.45 N.S.

5 - Table 1 9215-BBO

C - Taroets 3 3542.660 001
N(A) - Error 48 3397.613

AS - Coamplns X Table 2 1053.904 N.$.

AC - Cm nsXTrqs 6 17T.115 N.$.

BC - Table X TaroUts 3 7311.625 3.78 .605
ND(A) - Error 48 1847.377

NC(A| - Error 144 1894,367

ABC - Company& X Table
1 T6 , 5 Iffi,5! N.S,

- Error 1- 144 1953.551 ,_ _

P Values of F

N.S a F value is not statistically significant.

4 .05. 4.01. '.005,.001 - F value is significant at less than the percent

value Indicated.
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TAILE 9-A-3
First Round Mean Values

WIlT UAA PERFORMANCE HIMURE Ph

1. Overall Mean a 57.4

2. Table VIII A (Day) Table VIII B (Night)

47.5 67.2

*3. Caqmnys Co. A CO.SB CO. c

62.5 50.7 56.8

*4. Target 1 2 3 4

70.6 75.5 36.3 47.1

S. cooeny A (Day) Table VIII 0 (Might)

A 55.9 69.1

8 39.7 61.8

c 47.1 70.6

6. Target

Table VIII 1 2 3 4

A (Day) 52.t 72.5 19.6 45.1

I (Night) 86.2 76.4 52.9 49.0

7. Target

Cm.lafy 1 2 3 4

A 76.5 82.4 35.3 55.9

661.8 64.7 35.3 41.2

C 73.5 79.4 38.2 44.1
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TABLE 9-A-4

lAIILI VI II A ond II

A14ALYSIS OF VARIANCE SIflRARY

UNIT Uo GUNNERY MEASURE 1st Round Firing Time

OF
VARIATION d.f. MEAN SQUARE F P

A - Comanvs 2 2. 960 6.52 .01

B-Table 1 141.177 4.82 x 05

C Tarmts 3 948.895 40.15 .001

N(A) - Error 48 39.731

AR - Cwau ys X Tab le 2 17.412 N.S.

AC - Comeanys X Taraets 6 33.875 1.43 N.S.

DC - Table X Tarmts 3 44.320 2.02 N.S.

NB(A - Err 48 29.296

NC(A) - Error 144 23.636

MC - Companys X TableSTA wma, 6 48.712 2.22 .05

NBC(A) - Error 144 2.922

P Values of F

N.S - F value is not statistically significant.

, .05, 4.01, ,.005,,4.001 F value is siqnificant at less than the percent

value indicated.
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TABLE 9-A-5

First Round Nean Values

UNIT UAA PERFORMICE MEASUR[ Firing Tim

1. Overall Mean a 11.3

2. Table VIII (Day) Table VIII B (Night)

10.7 11.9

3. CwpNMys Co. A CO. B Co. C

10.1 12.8 11.0

4. Target 1 2 3 4

9.1 8.7 12.3 15.2

S. Company A (Day) Table VIII B (Night)

A 9.9 10.3

B 12.1 13.6

C 10.2 11.8

6. Target

Table VIII 1 2 3 4

A (Day) 7.8 7.7 12.5 14.9

B (Night) 10.4 9.6 12.1 15.5

7. Target

Company 1 2 3 4

A 7.9 7.S 12.3 12.8

5 10.9 10.7 12.6 17.0

C 8.5 7.8 12.0 15.7
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(12) Analysis of the UFC Battalion (A Brigade .75 Battalion).

(a) Table 9-F-l presents the Summary of Gunnery Performance Measures
for the F Battalion. The statistics in table 9-F-1 and in the analyses of
variance were based on data from a total N of 51 tank crews, 17 from each
company.

(b) Table 9-F-2 presents the results of the analysis of variance of
first round Ph scores. Significant main effects were Companys
(F=3.89, p <.05), Tables (F=45.37, p <.001), and Targets (F=29.37, p<.00l).
A significant interaction effect was Tables X Targets (F=16.17, p ..O0l).
The Companys lPh scores, presented in table 9-F-3, were analyzed for signifi-
cant differences with a Tukey's (HSD) Test. The results indicated the Fh
score for A Company was significantly higher (p <.05) than the iTh value for
C Company. Examination of the Ph values for the Tables indicated that the
Table VIII B (Night) mean was much higher than the Table VIII A (Day) mean.
The Targets main effect and Tables X Targets interaction is best described
by the latter. Examination of the means for the Tables X Targets treatments,
plotted in figure 9-F-l, reveals an incredible performance difference for
Target 1 on Table VIII A and B. Ph changes from .02 on the day engagement
to an exceedingly high .77 on the night engagement. Fh values for the
three other targets appear to be within the normal performance range.

(c) Table 9-F-4 presents the results of the analysis of variance of
first round mean firing time. There was one significant effect, the Targets
main effect (F=51.34, p< .001). A Tukey's (HSD) Test was used to analyze
differences between Target means, presented in table 9-F-5. The results
indicated that the mean firing time on Target 3 was significantly faster
(p <.01) than the mean firing times on the other three targets, and that
the mean firing times on Targets 1 and 2 were significantly faster than
the mean firing time on Target 4. Target 3 was the battlesight engagement
and Target 4 the range card engagement. Apparently, mean firing time was
affected mainly by engagement method.

(d) It is difficult to believe that a Th score of .77 on Target 1,
Table VIII B, is an accurate and reliable measure of performance. Perhaps
a more plausible interpretation might be that it was difficult to sense
hits and misses reliably at such a long range and that doubtful sensings
were scored as hits. On the other hand, Ph performance on Target 3, the
battlesight engagement, was very high on both Table VIII A and B, indicating
superior marksmanship under the conditions of that engagement. Also, the
battalion tank crews performed better on Table VIII B (Night) than on Table
VIII A (Day); an unexpected difference.
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- TABLE 9&.L

GUNNERY PERFORMANCE MEASURES

UNIT _Jc, ROUND 1 _.- GUNNERY RANGF 3

TARGET CHARACTERISTICS .MASURLSTARGETI NMIE N_"' FNO. 'rpb F '  "fO" $-! I..

tABE SE- (ME- 4 RNDSI IOF Ph RINGIBLI SUENCE TERS) * AMMO TARGET L* CREWS HITS MISSES h M RTINE S pb

A.P H.AT-TPT Hull A 51 1 50 .02 .03 23.06 16.52 .08
2 moving

A -4 &JA L JULTTT.mLI A 51 17 3,14 3a .05 19.57 11.76 -. 08
21A.. 5 UI ... L liMIT-TThI..i.. A 51 39 .I. 78 .06 11.82 5.35 .34

A 21 870 C HFP Hull A 51 2 1 . 8 . 07 37.22 22.32 -.38

2
I. 2500 P HEA -TI Hull WL1 51 39 12 .771.04 21.67 5.96-.23

2 Movingi
4P H4T ..TP1 P Wr1 51 .. 24 27 .47 .05 23.49 12.69 -. 03

2

S L 1300 L- HIAT-TPI Hull_ 51 44 7 .86 .05 13.37 13.93 -.63
I

C -E - lI W 51 44 7 .05 M.8 12.21 -. 01

• Enqaqment Method ** Illumination -

* -Gunner: Dayliqht Battleslqht A a Ambient Light
C T TC, Gunner: Ranqecard W a Artificial White Light
I * Gunner: R Battlesight I a Infrared Light
P - Gunner: Dayltqht Precision
R , Gunner: ZR Precision
S - TC: Daylight Battlesight
T TC: Dayliqht Precision 9-120
X- TC: IR 50 Cal. Sight

I---------------------------.



TALE .

TARLE VillA and i

ANALYSIS nr VARIANC[ SINARY

UNIT yj 6UNNERY MEASURE 1st ROund Ph

SOURCE
OF

VARIATION d.f. MEAN SUARE F p

A - Companys 2 8161.758 3.89 .05

B - Table 1 103553.900 45.37 .001

C.- Taroets 3 47606.210 29.37 .001

N(A) - Error 48 2098.641

AB - Compeanys X Table 2 318.594 N.S.

AC - Comqinvs X Tarcets 6 2506.135 1.55 N.S.

BC - Table X Tarmts 3 22442.810 16.17 -001

NB(A) - Error 48 2282.325

C(A) - Error 144 1620.689

ABC - Comanys X Table
I Taikzut 6 678.063 N-- ..

NBC(A) - Error 144 1387.787

P Values of F

N.S - F value is not statistically significant.

< .os, .01, 4.005,-.001 F value is siqnificant at less than the percent

value indicated.
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TABLE 9-F-3

First Round Mean Values

UNIT UFC PjRRlANCEj Ph

1. Overall Men *56.1

2. Table Vill A (Day) Table Vill B (Night)

42.2 74.0

3. Companys Co A Co 6 Co C

66.2 57.4 50.7

4. Target 1 2 3 4

39.2 40.2 81.4 71.6

5. Company A (Day) Table Vill 8 (Night)

A 51.5 80.9

5 39.7 75.0

c 35.3 66.2

6. Target

Table Vill 1 2 3 4

A (Day) 2.0 33.3 76.5 56.9

B (Night) 76.5 47.1 86.3 86.3

7. Target

ComPany 1 2 3 4

A 41.2 S2.9 82.4 8B.2

B 38.2 44.1 85.3 61.8

C 38.2 23.5 76.5 64.7
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TARLE 9-r.-4

TABLE V1II A and It

ANALYSIS OF VARIANCE SUIMARY

UNIT UFC GUNNERY MEASURE 1st Round Firing Time

SOURCE
OF

VARIATION d.f. MEAN SQUARE F p

A - Comanys 2 68.708 ---- N.S.

8 - Table 1 3.176 ---- jN.S.

C - Taroet& 3 9103.684 51.34 001

N1(A) - Error 48 302.649

AB - Copanys X Table 2 364.198 1.87 N.S.

AC - Comnann X Targets 6 95.191 ---- N.S.

F, - Table X Targets 3 263.200 1.75 N.S.

NN(A1 - Error 48 194.380

NC(A) - Error 14 177.307

ABC - Comanys X Table
it Taftt fi 2fl- Mql1. N

NBC(A) - Error

..JL.14 . 150.821 ____

P Values of F

N.S - F value is not statistically significant.

< .05, -.01, -.005,-.001 IF value is significant at less than the percent

value Indicated.
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TABLE 9-F-5

'n~iru F irst Round Mean ValuesI~~fR~ ~~qTm

2. Table Vill A (Day) I.iblc Vill 8$ (Night)

22.9 23.1

3. Companys Co A Co B CO C

22.2 23.6 23.2

4. Target 1 2 3 4

22.4 21.5 12.6 35.5

5. Company A (Day) Table ViIl B (Night)

A 22.3 22.1

B 21.8 25.4

c 24.7 21.8

6. Target

Table Vill 1 2 3 4

A (Day) 23.1 19.7 11.8 37.2

B (Night) 21.7 23.5 13.4 33.8

7. Target

LCompany 1 2 3 4

A 22.3 19.7 11.0 35.8

B 20.8 23.5 13.2 36.9

C 24.0 21.4 13.6 33.9
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(13) Analysis of the UIC Battalion.

(a) Table 9-1-1 presents the Summary of Gunnery Performance Measures
for the I Battalion. The statistics in table 9-I-I and in the analyses of
variance were based on data from a total N of 51 tank crews, 17 from each
company.

(b) Table 9-1-2 presents the results of the analysis of variance of
first round Ph scores. Significant main effects were Companys
(F=4.14, p <.05), Tables (F=10.02, p<.005) and Targets (F=21.65, p<.001).
The significant interaction effect was Tables X Targets (F=3.67, p <.05).
The Company means, presented in table 9-1-3, were compared in a Tukey's
(HSD) Test. The results indicated that the rh score for A Company, 67.65,
was significantly higher (p <.05) than B Company's Ph of 52.94. Comparison
of the Tables means revealed that Fh scores were significantly higher on
Table VIII B (Night) than on Table VIII A (Day). The means for Tarjets
were analyzed in a Tukey's (HSD) Test. The results indicated that Ph scores
on Targets 3 and 4 were significantly higher (p <.01) than the Ph scores on
Targets 1 and 2. The plots of the treatment means for the Tables X Targets
interaction are presented in fiaure 9-1-1. Examination of the graph indi-
cates that on Targets 4 and I, Ph performance was higher on Table VIII B
(Night) than on Table VIII A (Day), while there was no performance dif-
ference between tables on Targets 2 and 3.

(c) Table 9-1-4 presents the results of the analysis of variance of
first round mean firing time. There was one significant main effect,
Targets (F=53.29, p<.00l). Significant interaction effects were Tables X
Targets (F=7.31, p <.005), and Companys X Tables X Targets (F=3.65,p<.005).
The Target means, presented in table 9-1-5, were compared in a Tukey's (HSD)
Test. The results indicated that the mean firing time on Target 3, 12.06
seconds, was significantly faster (p <.Ol) than on the other three targets.
Mean firing time on Target 2 was significantly faster than on Targets 1 and
4, p <.05 and p <.Ol, respectively. Mean firing time on Target 4 was
significantly slower (p <.01) than on the other three targets. Examination
of the means for the Tables X Targets interaction, presented in figure 9-1-2,
shows that on Target 4 mean firing time was faster on Table VIII B (Night)
than on Table VIII A (Day), whereas the reverse relation was the case on the
other three targets. Examination of the means for the Companys X Tables X
Targets interaction did not detect any relations that were noteworthy.

(d) This is the third CONUS battalion in which Ph performance on Table

* 'VIII B (Night) was su~erior to that on Table VIII A (Day). Another interest-
ing finding was that Ph performance on the battlesight engagement, Target 3,
was very high on both Table VIII A and B. Also, mean firing time on the
precision engagements, Targets 1 and 2, seemed to be rather slow.
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a TABLE 9-I-i

GUNNERY PERFORMANCE MEASURES

UNIT UIC ROUND 1 GUNNERY RANGE i
TARGET CHARACTERISTICS . ... A.URI S

IABLE SE- (.RNS. IO F OF V FIRING
7III RNO

VilI QUENCE TERS) - 1-4 0 AN ;TARGET L** CREWS HITS1 MISSES h0 IME S.D.1 9-6

-A 1 U0 L HEAT-TPT Hull A 51 13 38 .26 .06 25.82 19.49 -.18
2 hovi ng

-A 41 HAT L-T Panl A 51 26 23 S3.. .07 20.27 10.69 .09
2i

A i 1300 J 2 ATTPTi il A 51 3L 11 78 .06 11.16 15.41 .12

A J8 170 J L EP Hull A 51 31 20 . 61 .07 44.96 25.67 .03
i

. 1 .. 20 _ _ 2T-TPT.u 51 25 26 .49 .07 33.02 18.42 .14

2 | Moving

2 10 L JUA-TPL! NMI M 51 23 28 .45 .01 25.45 19.73 .12
2]

E 3- 1300 l -L EAT-T uJl 5 42 9 .. 62 .05 12.96 6.24 .60

-'________ [.......

a - A70 £ juP NMI I 51 46 6 90 .04 A.0 19.63 .14

Enqaqoemnt Method Illumination

9 - Gunner: Dayllqht Battlesiqht A a Ambient Light
C ' TC. Gunner: Ranqecard - Artificial White Light
I - Gunner: IR Battlestqht I a Infrared Light
P : Gunner: Dayliqht Precision
R G Gunner: IR Precision
S - TC: Dayllqht Battleslqht 9-128
T a TC: Oeylight Precision
X w TC: IR 50 Cal. Sight
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TABLE 9-1-2

,.. TABLE VIllA and B
ANALYSIS flF VARIANCE SUMMIARY

UNIT UIC GUNNERY MEASURE Ist Round P0

SOURKE

OF
VARIATION d.f. MEAN S UARE F p

A - Comanys 2 7377.445 4.14 c.05

B - Table 1 17867.640 10.02 -.005

C - Taroets 3 43423.190 21.65 .001

N(A) - Error 48 2610.282 _.__

AR - Companys X Table 2 1397.045 .... N.S.

AC - Comnanys X Targets 6 4109.445 2.05 N.S.

BC - Table X Tarets 3 6691.145 3.67 <.05

NB(A) - Error 48 1783.066

NC(A) - Error 144 2005.672

IL ABC - Compaps X Table

STArdt 1004,839 .... N.S.

NBC(A) - Error
144 1823.834

P Values of F

N.S - F value is not statistically significant.

S.05. -.01, -.00S,,c.001 - F value is siqnificant at less than the percent

value indicated.
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TABLE 9-1-3

First Round Mean Values

UNIT UIC PERFORMANCE Ph

1. Overall Mean - 60.1

2. Table VIII A (Day) Table VIII B (Night)

53.4 66.7

3. Companys Co A Co B Co C

67.6 52.9 59.6

4. Target 1 2 3 4

37.3 48.0 79.4 75.5

5. Company A (Day) Table VIII B (Night)

A 63.2 72.1

B 42.6 63.2

C 54.4 64.7

6. Target

Table VIII 1 2 3 4

A (Day) 25.5 51.0 76.5 60.8

6 (Night) 49.0 45.1 82.4 90.2

7. Target

Company 1 2 3 4

A 38.2 64.7 94.1 73.5

8 32.4 32.4 79.4 67.5

C 41.2 47.1 64.7 85.3
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TAIILE 9-1-4

TAul, VIIlA '110 11

AMJI TIS 01 VAIIIAriCI Y11IAR~IY

UNIT UIC INOrmm MEASURE Ist Round Firing Time

OFE E----
VARIATION d.f. MEAN SQUARE Fp

A -Comnn 2 190.120 -- N.S.

B-Tbe1 166.963 -- N.S.

C-Tros3 14416.690 53.29 < O0l

WA) - Error 48 378.342 _ __

AB - Coqany~s X Table ___ 2 373.154 1.41 N.S.

AC - Companys X Targets 6 189.520 -- N.S.

BC - Table x Tarogts 3 1337.449 7.31 c.005

NBWA - Error 48 263.738 ___

NC(A) - Error 144 270.544

ABC - Comotnys X Table
ITro i668.257 3.65 1c .005

NBC(A) - Error 144 182.941

P Values of F

N.S -F value is not statistically significant.

- .05, -.01, <.005,-c.001 F value is siqnlficant at less than the percent

value indicated.
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TABLE 9-I-5

I jr~t kokind Mean Value,,

11I1 I UCII Id ORMAN( I I irinq lime

2. Table VIII A (Day) rble VIII B 3(Night)

25.6 26.8

3. Companys Co A CoB Co t

25.5 25.5 27.6

4. Target 1 2 3 4

29.4 21.9 12.1 40.4

5. Company A (Day) Table VIII B (Night)

A 24.3 26.8

B 23.6 27.4

28.8 26.3

6. Target

Table VIII 1 2 3 4

A (Day) 25.8 20.3 11.2 45.0

B (Night) 33.0 25.5 13.0 35.9

7. Target

Company 1 2 3 4

A 26.9 23.2 10.9 41.0

B 31.4 21.2 13.0 36.5

C 29.9 24.2 12.3 43.8
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(14) Analysis of the UGC Battalion.

(,) fable 9-G-1 presents the Sunmary of Gunnery Performance Measures
Ir the G Battalion. The statistics in table 9-G-1 and in the atialyst-s of

variance were based oi data frowi a total N of 51 tank crews, 17 from each
company.

(b) Table 9-G-2 presents the results of the analysis of variance of
first round Ph scores. Significant main effects were Tables (F-12.15, p '.01),
and Targets (F=56.10, p< .001). Significant interaction effects were Companys
X Targets (F=6.46, p<.Ol) and Tables X Targets (F=7.79, p<.Ol). Comparison
of the mean scores for Tables, presented in table 9-G-3, show that Ph on
Table VIII B (Night) was significantly higher (p<.Ol) than the Ph for
Table VIII A (Day). The target means were compared in a Tukey's (HSD)
Test. The results indicated that Ph performance on Targets 3 and 4 was
significantly higher (p <.01) than on Targets 1 and 2. Examination of the
means for the Compajnys X Targets interaction seems to show the A Company
achieved a higher Phscore on Target 2 than B and C Companys, while B
Company had a lower Ph score on Target 1 than A and C Companys. The means
for the Tables X Targets interaction, plotted in figure 9-G-1, show that
the Ph score for Target 1 on Table VIII B (Night) was much higher than on
Table VIII A (Day).

(c) Table 9-G-4 presents the results of the analysis of variance of
first round mean firing time. Significant effects were Targets (F=106.43,
p <.001), and Tables X Targets (F=6.54, p<.005). The target means, pre-
sented in table 9-G-5, were analyzed in a Tukey's (HSD) Test. The results
indicated that the mean firing time on Target 3 was significantly faster
(p <.01) than on the other three targets, while mean firing time on Target
4 was significantly slower (p <.01) than on the other three targets. The
means for the Tables X Targets interaction were presented in figure 9-G-2.
They show that mean firing time on Target 2 was faster on Table VIII A
(Day) than on Table VIII B (Night), whereas there were no appreciable dif-
ferences in the Table VIII A and B mean firing times on the other targets.

(d) The analysis produced three main findings. One, Ph performance
was better at night on Table VIII B than during the day on Table VIII A,
which_seems to be a characteristic of the battalions in the C Division.
Two, Ph performance on Target 3, the battlesight engagement, was better
than on Target 2, the precision engagement at a moving target. The dif-
ference might suggest-that proficiency could be improved on precision
engagements. Three, Ph performance on Target I increased dramatically on
Table VIII B well above the hypothetical maximum for the range of 2500
meters. It is difficult to accept these Ph measures at face value without
further verification and explanation.
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TABLE 9-G-

GUNNRY PERFORHMANCE MLASURES

UNIT UGC ROUND _ . . GUNNERY RANGL 3

TARGET tIIARACTERIS[ICS M.AUI ,
NO.- 7]

- ' M25L[ No.TFI TF F1W 141--- - -
rABLE SE (ME M RNDS, L OF OF
Vill QUENCE TEAS) AMiO ;TARGET LO CREWS HITS MISSES h 0 MIE _S.D. rpb

A r 2500 P HEAT-TPT Hull A 51 11 40 .22 .06 21.69 1 9.65-.27

ue*Y--Thtfl.w1-r- - --

A 4 160 P HFT-TPT Panel A 51 25 26 .49 .07 18.33 8.5&.03

A 1300 U HEAT-TPT!Hull A 51 43 8 .84 .05 9.94 4.61 .48

A a 870 C EP Hull A 51 45 6 .881.05 38.14 16.9g .03

~2
B I 2500 P HEAT-TPTIHu11 I 51 34 17 .67 .07 22.12 8.06 .25

- 1600 P HEAT-TPTiPanel W 51 22 29 .4 .07 23.49 I8.29 .04

.. 1300 e HEAT-TPTIHul1 W 51 45 6 . .05 12.20 6.38 .16

B 870 C EP Hull I W 51 50 1 . .02 32.14 11.69-05

*Engagement Method **Illumination

- Gunner: Daylight. Battlesqht A Ambient Light
C TC. Gunner: Ranqecard W - Artificial White Light

I •Gunner: IR Battlesight I - Infrared Light
P -Gunner: Dayli-ht Precision
R EGunner: R Precision
S - TC: Dayliqht Battlesqht 9-136

T -TC: Daylight Precision
X - TC: IR 50 Cal. Siqht

A __________________ ____



TARI q-(.-?

IAILI VillA dfid It

A4ALY I S 01 VARI Aril. SIJIMiARY

UINIT UGC GUNNERY MEASURE 1st Round Phk

SOURCE
OF

VARIATION d.f. MEAN SWARE F p

A - CoQmanvs 2 5465.680 2.86 N.S.

B - Table 1 17867.640 12.15 -.01

C - Taraets 68521.190 56.10 f.01

N(A) - Error 48 1911.755 > < I _

AB - Comanys X Table 2 1397.057 1.90 N.S.

AC - Comnanys X Tarets 6 7883.988 6.46 ".01

BC - Table X Targets 3 12573.540 7.79 <.0l

NB(A) - Error 48 1470.563

NC(A) - Error 144 1221.377

ABC - Comanys X Table

ftBC(A) - Error
_ 

144 1613.442

P Values of F

N.S - F value is not statistically significant.

< .05, <.01, <.005,-c.001 = F value is stqntftcant at less than the percent

value Indicated.
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TABLE 9-G-3

First Round Mean Values

UMIT UGC PERFORMA/NCE Ph

1. Overall Mean - 67.4

2. Table VIII A (Day) Table Vill B (Night)

60.8 74.0

3. Coapanys Co A Co B Co C

74.3 61.8 66.2

4. Target 1 2 3 4

44.1 46.1 86.3 93.1

5. Company A (Day) Table VIii B (Night)

A 66.2 82.4

B 52.9 70.6

c 63.2 69.1

6. Target

Table VIII 1 2 3 4

A (Day) 21.6 49.0 84.3 88.2

B (Nght) 66.7 43.1 88.2 98.0

7. Target

Company 1 2 3 4

A 52.9 73.5 76.5 94.1

B 29.4 38.2 91.2 88.2

C 50.0 26.5 91.2 97.1
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TARLE -9-G-4

rAI;LE VI IlIA and 11

W'4LYSIS OF VARIANCE SIIARY

UNIT UGC GUNNERY MEASURE 1st Round Firing Time

SURCE
OF

VARIATION d.f. MEAN SOUARE F P

A - Comnanys 2 260-5 .17 H.S~.

8- Table 1 1 i r7 - N C-

S- Targets - 1 GA W2 OA

ABS- CoanysX Table 2......... fi5170 ---- NS

AC - Comanys X Targets 6..... 145-s 504f K....-S. .. i.

BC - Table X Targets 3 6659i24 00

1 C(A) - Error I.... a2 mma

ABC - Coumanys X Table

!ISC(A) - Error
87=.0.9,.___

P Values of F

N.S - F value is not statistically significant.

4c .05, 4.01, * .005,<~.001 =F value is siqnificant at less than the percent

value indicated.
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TABLE 9-G-5

First Round Mean Values

UNIT UGC PERFORMANCE Firing Time

1. Overall Mean 22.3

2. Table VIII A (Day) Table VIII B (Night)

22.0 22.5

3. Companys Co A Co B Co C

20.8 23.4 22.6

4. Target 1 2 3 4

21.9 20.9 11.1 35.1

5. Company A (Day) Table VIII B (Night)

A 21.3 20.2

B 22.9 23.9

C 21.9 23.3

4, 6. Target

Table VIII 1 2 3 4

A (Day) 21.7 18.3 9.9 38.1
a

B (Night) 22.1 23.5 12.2 32.1

7. Target

a Company 1 2 3 4

A 19.2 19.0 11.5 33.3

B 25.2 21.1 9.5 37.8

C 21.3 22.6 12.2 34.3
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(15) Analysis of the UJO Battalion.

(a) Table 9-J-1 presents the Sumary of Gunnery Performance Measures
for the J Battalio,. The statistics in table 9-J-1 and in the analyses
of variance were based on data from a total N of 51 tank crews, 17 from
each company.

(b) Table 9-J-2 presents the results of the analysis of variance of
first round Ph values. A significant main effect was Targets (F=19.77,
p<.001). Significant interaction effects were Companys X Tables
(F=4.05, p <.05), Tables X Targets (F=2.77, p<. 05), and Companys X Tables
X Targets (F=2.87, p <.05). The target means, presented in table 9-J-3,
were compared for differences in a Tukey's (HSD) Test. The results
indicated that 'h performance on Target 1 was significantly less (p <.Ol)
than on Targets 2, 3, and 4. The means for the Companys X Tables inter-
action were examined and seem to indicate that on Target 3, the moving
target, C Company achieved an extremely high Ph score, 94.12. The means
for the Tables X Targets interaction are plotted in figure 9-J-1. Targets
1, 3, and 4 had the same range band 1500-2000 meters and appear as a column
of points at the 1750 meter midpoint. The plots and means show that on
Target 4, ih scores for Table VIII A _.Day) were higher than on Table VIII B
(Night), but on Targets 1 and 2, the Ph scores on Table VIII A (Day) were
lower than the scores on Table VIII B (Night). Examination of the mean
scores for the Companys X Tables X Targets interaction revealed that C
Company's Ph score on Target 1, Table VIII A (Day), was very low, 11.77.

(c) Table 9-J-4 presents the results of the analysis of variance of
mean firing time. Significant effects were Companys (F=7.21, p <.01),
Tables (F=44.97, p<.001), Targets (F=12.56, p<.O01), and Tables X Targets
(F=7.94, p< .005). The means for Companys, presented in table 9-J-5, were
compared in a Tukey's (HSD) Test. The results indicated that the overall
mean firing time for B Company, 14.7 seconds, was significantly faster
(p <.Ol) than the overall mean firing time for C Company, 18.6 seconds.
Comparison of the means for Table VIII A and B indicated that mean firing
time on Table VIII A (Day) was significantly faster (p< .001) than on
Table VIII B (Night). Comparison of the Target means in a Tukey's (HSO)
Test indicated the following.. One, the mean firing time on Target 3 was
significantly faster than on Targets 1 and 4 (p<.Ol and p <.05, respectively).
Two, mean firinq time on Target 1 was significantly slower than on Targets
2, 3 and 4 (pc.01, p <.01, and p< .05, respectively). The means for the
Table X Targets interaction are plotted in figure 9-J-2. Examination of the
means seems to indicate that on Targets 1 and 4 firing time was faster on
Table VIII A (Day) than on Table VIII B (Night), whereas on Targets 2 and
3, there was little change in firing time from Table VIII A (Day) to Table
VIII B (Night).
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(d) The analysis produced three maiii findings. One, conparing the F11
results of Targets 3 and 4 shows that there was no difference in performance
between moving and stationary targets. Two, performance on Target 1 was
much poorer for some undetermined reason. Three, mean firing time on the
moving target was faster than on the stationary targets with the same range.

I

I
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TAILE 9-J-1
f~~, UNNI R( PLURMIAMUf. MEMAURES,

1JN 11t,10) iM~UfNO I GUNNfOY UAN(GL 4

IAl61 I r'I/PACD k ' If S MI-ASIIt

TARWfrT RAnu r No) - -. n ~.
;AJILE SF (MI - H Nri ... I fl 'I
1 1 1 'IUfNCE ITERS) A-MMO III', L l CREWS' P11 M h )'lIME .7 M rM

.. .. r j - - _ -. . Staj b : . . . .. . . .. . . . . . . . .

A 51 1000 P HEP-TPT Hull I A i 38 13 75 06 14.73 .10 .02

'_ ov n g A 8 .0 5 .3 1 -- 1, ,

A 6 2000 P IHEAT-TPT Panel 51 43 .8 13.02

_ _ 0 - j 2 -43 8 .05.112 < HEAT-TPT aMrEUR 51

b ...... . . 07 21.88 .75 .04

2_-1 P20r0_an! 51 25 25 50

Sl - 42 8 !.84 .05 15.98 .77 .35
TP00 Pnel I 51 43 7 !.86 .05 16*6 5.52 .06

A i P a51 35 15 70 .07 I20.63 9.98 .09

- - - -_--------- K -

-- !

* Enqaqement Method ** Illumination

B = Gunner: Dayliqht Battlesiqht A = Ambient Light

C TC, Gunner: Rannecdrd W -Artificial White Light
I • Gunner: IR Battlesiqht I = Infrared Light
P • Gunner: Oavliaht Precision
R - Gunner: IR Precision
S TC: Dayliqht Battlesiqht 9-145
T TC: Daylioht Precision
X TC: IR 50 Cal, Siqht
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TARLE q2

TABLE VillA and I

ANALYSIS OF VARIANCE SIJtWARY

UNIT WD GUNNERY MEASURE 1st Round Ph

SOURCE
OF

VARIATION d.f. MEAN SQUARE F p

A - Cowmanvys 2 1642.156 --- N.S.

B - Table 1 220.588 --- N.S.

C - Taroets 3 37148.690 19.77 '.001

H(A) - Error 48 1960.777

AS - Coepanys X Table 2 8014.699 4.05 <.05

_AC - CoMlanys X Targets 6 1119.250 --- N.S.

C - Table X Targets 3 4142.125 2.77 c.05

W(A) - Eror 4 1979.145

NC(A) - Error 14 1879.064

ABC - Companys X Table

_ I Taret _ 4289,180 2.87 '.05

NBC(A) - Error
144 1497.007 _" _ .

P Values of F

N.S - F value Is not statistically significant.

- .05, -. 01, -.005,-.001 = F value is siqnificant at less than the percent

value indicated.

9-146

.... . .M -m -



1ABLE 9-J.3

IirSL Ruund Mean Valhic

(INI T IJD P1 10 ORMAN(I Ph

I UVera I I W.m 70..4

2. Table Viii A (Ouy) 1,110k' VIii Ii (NIyJhL)

6. 6 71.1

3. Companys Co A Co 0 Co C

69.1 67.6 74.3

4. Target 1 2 3 4

42.2 78.4 84.3 76.5

5. Company A (Oay) Table VIII 8 (Night)

A 72.1 66.2

B 72.1 63.2

C 64.7 83.8

6. Target

Table Viii 1 2 3 4

A (Oay) 35.3 74.5 84.3 84.3

B (Night) 49.0 82.4 84.3 68.6

7. Target

Company 1 2 3 4

A 44.1 76.5 85.3 70.6

38.2 79.4 73.5 79.4

C 44.1 79.4 94.1 79.4
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F
TAfLF 4-,I-4

1AIi VIIA and 1:

.'NAI YT, fi nF VARIAtU.L SIUtMARY

UNIT- WD rUNNfERfY MEASURE Ist Round fir!In 1it

SOURCE

OF
VARIATION d.f. MEAN SQUARE F p

A - Comnanys 2 513.679 7.21 -.01

B - Table 1. . 2138.127 44.97 <.001

C - Taraets 3 334.971 12.56 .001,

N(A) - Error 48 71.211

AR - Companys X Table 2 130.075 2.74 N.S.

AC - Comnanys X Targets 6 20.689 --- N.S.

BC - Table X Targets 3 184.971 7.94 <.005

NR(A) - Error 48 47.545

NC(A) - Error 144 26.6§62

ABC - Comnanys X Table
X TaPt 6 34.594 1.48 N.S.

NBC(A) - Error 144 23.306 ______

P Values of F

N.S = F value is not statistically significant.

< .05, -.01, -.005, <.001 = F value is slqnificant at less than the percent

value indicated.

9-149

i4

m.



TARLE 9-J-5

I irt kt ound Mean Vd]uc,

[OkIT WD PERFURMANCEL Firing Time

1. Overall Mean - 16.5

2. Table VII A (Day) Table Viii B (Night)

14.2 18.8

3. Companys Co A Co B Co C

16.2 14.7 18.6

4. Target 1 2 3 4

18.9 15.4 14.9 16.9

5. Company A (Day) Table VIII B (Night)

A 13.7 18.8

a 13.5 15.9

c 15.4 21.7

6. Target

Table VII 1 2 3 4

A (Day) 15.9 14.7 13.0 13.3

B (Night) 21.9 16.0 16.7 20.6

7. Target

Company 1 2 3 4

A 18.9 14.6 15.0 16.4

8 16.1 14.6 12.9 15.2

C 21.6 16.8 16.7 19.2
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(16) Analysis of the UKE Battalion.

(a) Table 9-K-i presents the Summary of Gunnery Performance Measures
for the K Battalion. The statistics in table 9-K-I were based on data
from 50 tank crews: 17 in A Company, 17 in B Company, and 16 in C Company.
The statistics in the analyses of variance were based on data from 48
tank crews, the first 16 from each company.

(b) Table 9-K-2 presents the results of the analysis of variance of
first round Ph scores. Significant effects were Targets (F=8.96, p <.005),
Companys X Tables (F-3.23, p c.05), and Companys X Targets (F=2.69, p <.05).
The Target means, presented in table 9-K-3, were compared in a Tukey's (HSD)
Test. The results indicated the Ph score on Target 4 was significantly
higher than the Th scores for Targets 1 and 2 (p <.05, and p <.01, respect-
ively); the Wh score for Target 3 was significantly higher (p <.01) than the
Ph score for Target 1. Examination of the means for the Companys X Tables
interaction revealed that the Ph value for C Company on Table V.111 A (Day)
was higher than its Ph on Table VIII B (Night), whereas A and B Companys had
higher Ph values on Table VIII B (Night) than on Table VIII A (Day). Examina-
tion of the means for the Companys X Targets interaction indicated that A
Company had the highest Ph score on Target 2; B Company had the highest Ph
score on Targets 1 and 3; and C Company had the highest 1h score on Target 4.

(c) Table 9-K-4 presents the results of the analysis of variance of mean
firing time. Significant main effects were Companys (F=3.62, p <.05),
Tables (F=16.51, pc.005), and Targets (F=25.06, p<.O01). Significant
interaction effects were Companys X Tables (F=3.78, p <.05), and Tables X
Targets (F=5.84, p <.005). The Companys means, presented in table 9-K-5,
were compared in a Tukey's (HSD) Test. The results indicated that C Company's
overall mean firing time, 13.85 seconds, was significantly faster (p <.05)
than B Company's 16.72 seconds. Comparison of the Table VIII A and B means
indicated that the mean firing time on Table VIII A (Day) was significantly
faster (pc.005) than on Table VIII B (Night). The means for Targets were
analyzed in a Tukey's (HSD) Test. The results indicated that the mean firing
time on Target 3 was significantly faster (p <.01) than on the other three
targets, and the mean firing time on Target 4 was significantly faster than
on Targets 1 and 2 (p <.01 and p <.05, respectively). Examination of the
means of the Tables X Targets interaction, plotted in figure 9-K-2, show
that on Trget 1 there was a large increase in mean firing time on Table
VIII B (Night) compared with Table VIII A (Day). There was no comparable
difference in Magnitude on the other three targets.

(d) The main finding in this analysis was that performance was very
good on the moving target engagement, Target 4. Both Ph score and mean
firing time were better on Target 4 than on Targets 1 and 2. Also, Ph per-
formance and mean firing time on Target 3, the battlesight engagement-
panel target, was better than on Targets 1 and 2 where tank hulls were
used as targets.
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TABLE _*-]

.C GUNNERY PERFORMANCr MEASURES

UN Oi R'KF ONI fl 1 IINNI RY RANr.F

TARGET CHARACTERI I ICS MIASLJ, %

RANGW E N 07 T I lI; .*AILE S.- (ME- M RNOS L or OF OF
VIII QIENCE TERS) AM40 ,TARGET I

A 1 140_ P HEAT-" mull 50 38 12 .76 .06 13.85 1.38 .

A 4 loan P HEP-T Hull A 50 29 21 .58 .07 16.17 .47 .172 iStatton
.A... S Q L~IsQ T iry an1A 50 45 5 .90 .04 8.81 .83 .04

2 "ovtng

A.. 7- 100 P ITP-T Panel A 50 43 1 7 .86 .05 13.73 i.78 .02

2
JD 1 1140 P HEAT-T Hull W 50 33 17 .66 .07 24.10 5.80 .03

. 1 1000 Y-- L EP-T Hull JL5 so 4 16 .68 .07 17.71 '.35 .04
2 StatorJ 1 8W0 JL TP-T " ar ;I~ W 50 1 39 11 . .71 .0 11.38 .1 .0
2 Novtn!

R 7 1000 P TP- . Panel W 50 44 6 .81 .05 14.50 6.24 .10

,S.! .

Enqaqement Method Illumination

B Gunner: Dayllqht Battlesilht A = Ambient Light
C , TC, Gunner: Ranqecard W - Artificial White Light
I * Gunner: IR Battlesiqht I a Infrared Light
P u Gunner: Davllqht Precision
R a Gunner: IR Precision
S a TC: Dayllght Battlesight
T a TC: Dayllht Precision 9-153
X a TC: JR 50 Cal. Siqht
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TABLE 9-K-2

MiALr VII IA and It

A'4ALYdS Of VARIAMA: SINRiAIY

UNIT ______IW NERY MEASURE 1st Round-~

SOURCE
OF

VARIATION d.f. MEAN SOARE F p-

A - Comnanys 2 12....L.....--127.S.

-Table M6--

C- Taraets a 114ML22

H(A) - Error 45 2378.465 .-

AB - Companys X Table .. 6276.935- 1D .SQS-.

AC - Com'nanys X Targets j.. 4227.410 2-69L. -.05L.

BC - Table X Tarnets _ 3 2395.833

NB(A) - Error 45AL... 40-9611

NC(A) - Error 112AL.... 1072-197

ABC - Comnanys X Table 6 1380.186 -- NS
V Tiaent__________

NBC(A) - Error 1440.839 _ __

P Values of F

N.S -F value is not statistically significant.

S.05, 4.01, <.005, -.001 *F value is siqnificant at less than the percent

value indicated.
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IABIL 9-K-3

' irsi H"ound M14.n Values'

UN I T UKE PI RI ORMANCL Ph

1. Overall Mean 76.0

2. Table VIII A (Day) Table VIII 8 (Night)

76.6 75.5

3. Companys Co A Co B Co C

74.2 79.7 74.2

4. Target 1 2 3 4

70.8 61.5 84.4 87.5

5. Company A (Day) Table VIII B (Night)

A 70.3 78.1

B 76.6 82.8

C 82.8 65.6

6. Target

Table VIII 1 2 3 4

A (Day) 75.0 56.3 89.6 85.4

B (Night) 66.7 66.7 79.2 89.6

7. Target

A Company 1 2 3 4

A 59.4 78.1 75.0 84.4

8 81.3 56.3 93.8 87.5

C 71.9 50.0 84.4 90.6
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TA"LE 4-K--4

I A I I VII I A ,.I It

WfI N', I ()1 VAN I A ',t I I N

UNIT UKE r UNNrRY MEASURE 1st Round liring Time

SOURCE
4OF

VARIATION d.f. MEAN SQUARE F p

A - Com'nanys 2 287.820 3.62 <.05

B - Table 1 1372.594 16.51 .005

C - Taruets 3 1422.048 25.06 .001

N(A) - Error 45 79.538

AB - Companys X Table 2 314.350 3.78 <.05

AC - Compnanvs X Targets 6 63.878 1.13 M.S.

BC - Table X Targets 3 459.267 5.84 <005

NB(A) - Error 45 83.131

NC(A) - Error 135 56.749

ABC - Comnanys X Table
X Tarnet 6 59.907 --- N.S.

NBC(A) - Error 135 78.692 I

P Values of F

N.S - F value is not statistically significant.

< .05, -.01, -.005,' .001 F value is siqnificant at less than the percent

value indicated.

9-157

a------------



i

TABLE 9-K-5

First Round Mean Values

UNIT UKE PERFORMANCE Firing Time

1. Overall Mean 15.0

2. Table VIII A (Day) Table VIII 8 (Night)

13.1 16.9

3. Companys Co A Co B Co C

14.5 16.7 13.9

4. Target 1 2 3 4

19.0 17.0 10.1 14.1

5. Company A (Day) Table VIII 8 (Night)

A 11.1 18.0

B 16.4 17.0

C 11.9 15.8

6. Target

Table VIII 1 2 3 4

A (Day) 13.9 16.2 8.8 13.7

B (Night) 24.1 17.7 11.4 14.5

7. Target

Company 1 2 3 4

A 16.3 16.7 10.2 14.9

B 2Z.2 18.8 11.4 14.4

C 18.5 15.3 8.6 13.0

9-158

.'w

*4 -



UI

lat

c l J I I 0i

C2 LW

9-15-
(saN33S 3Wl SNHIiNI3

F



(17) Analysis of the UPA Battalion.

(a) Table 9-P-1 presents the Summary of Gunnery Performance Measures
for the P Battalion. The statistics are based on data from a total N of 48
tank crews: 16 in A Company, 15 in B Company, and 17 in C Company. Data
from the first 15 crews in each company, a total N of 45 crews were used
in the two analysis of variance. The Tables factor had to be eliminated
from the analytical design because there were an unequal number of engage-
ments; 6 on Table VIII A (Day), and 4 on Table VIII B (Night). Furthermore,
none of the engagement conditions were comparable across Table VIII A (Day)
and B (Night) so it was more appropriate to treat each target as being a
different treatment condition. The change resulted in a 3 x 10 factorial
design with 3 companys and 10 targets.

(b) Table 9-P-2 presents the results of the analysis of variance of
first round Ph scores. Significant effects were Companys (F=5.63, p<.O),
and Targets (F=4.15, p <.005). The Companys means, presented in Table
9-P-3, were compared in a Tukey's (HSD) Test. The results revealed that
the first round Ph scores for A and B Companys were significantly higher
(p <.05 and p <.01, respectively) than C Company's. The target means,
plotted in figure 9-P-1, were also compared in a Tukey's (HSD) Test.
The meaningful comparisons were limited to targets within Table VIII A
(Day) and B (Night) and not between tables. On the Table VIII A (Day)
targets, the first round Ph scores on Targets 4, 5, and 6, which comprised
a multiple engagement target, were significantly higher (p <.O) than the
Th scores onTargets 1, 2, and 3. On the Table VIII B (Night) targets, the
first round Ph scores on Targets 7 and 8 were significantly higher (p <.05)
than the Ph score on Target 9.

(c) Table 9-P-4 presents the results of the analysis of variance of
first round mean firing time. There was one significant effect which was
Targets (F=18.04, p <.001). The Target means, presented in table 9-P-5
and plotted in figure 9-P-2, were compared in a Tukey's (HSD) Test. On
Table VIII A (Day), mean firing time on Targets 4, 5, and 6, the multiple
engagement targets, was significantly faster (p <.01) than on Targets 2
and 3. On Table VIII B (Night), mean firing time on Target 7 was signifi-
cantly faster (p<.Ol) than on Targets 9 and 10.

(d) Three interesting findlngs emerged from the analysis. One, there
was a difference between Companys on -h performance. C Company did not
perform at well as A and B Companys. Two, performahce on the multiple-
target engagement was superior both in Ph scores and mean firing _Limes to
the individual target engagements on Table VIII A (Day). Three, Ph per-
formance on the battlesight engagement on Table VIII B (Night) Target 9,
was relatively poor compared with the Ph performance on the two precision
engagements using HEAT amno, Targets 7 and 8.
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TABLE I-

C IJNN( RY PERFORMANC( MI ASrRFi

UNI 1 iA PvnIIwiU I C O; INN! Y IRAN( I

1A1V1,rT OIAHACFIfHJ', MIASURIS -

TARU~T1A t _ r No T un..Nl I IIN

IABLE Stl- (ME- M RNDS. L r P If IRING
viIn ru TERS) AMUO ]iG[T L** CRLWS HITS MISSES n (FM TIME - - D. rpb

2 1
A...2 160 IT O HEAT-...Hull A 48 24 24 '.50 . 10.73 3.31-0

2 Station 1

A ] 1020 P HEP-TPI ary Dan'1 A 48 27 21 ..56!.07 '3.58 ;5.64 .04

2 ovlng
,. 6 1940 P DS-T Panel A 48 22 26 .46 .07 14.42 9.82 .08

2 Station i
A 7 115 * DS*T ary IDSTnl A 48 40 8 1.83.05 7.07 12.99 .19

! 2 Station I f

A. 7 J20 B 1DS-. pry anel A 1 48 35 13 .73 .07 8.24 .00
*4* 2 'Station-._ t7 13e J S- I.arLnl A 48 140 8 .05 _7.47 4.04 .05

B BBN P HEAT-T , I1 48 30_- 17 .64 .L 10.24 ;4.27 .21
2 IMovlng _ I1 . 19

3 1050 [P HIEAT-TPT Panel W 48 28 19 1.60 .07 12.87 4.05 .19
2 Statior -

8 6 800 1B NEAT-TJ arx pa el W 48 23 24 .49 .07 16.82. 9.38 - .1
2 Station- i 1

B 7 3 P HEP-T a r 4 25 22 .53 .07 .16.24 6.50 .08

-7__ _ __ _ 1130 I P E - a r

* Enqaqement Method Illumination

B = Gunner: Dayliqht Battlesiqht A = Ambient Light

C - TC, Gunner: Ranqecard W - Artificial White Light
I - Gunner: IR Battlesiqht I = Infrared Light
P - Gunner: Dayllqht Precision
R - Gunner: IR Precision M Multiple Engagement
S - TC: Dayliaht Battlesiqht
T = TC: Oayliqht Precision 9-161
X - TC: IR 50 Cal. Siqht
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TABLE 9-P-2

TABLE VillI A and B

ANALYSIS OF VARIANCE SUIARY

UNIT UPA GUNNERY MEASURE First Round Ph

SOURCE
OF

VARJATION4 d.f. MEAN SQUARE F P

A - COapanys 2 14155.550 5.63 < .01

C - Tarets 9 8977.762 4.15 < .005

N(A) - Error 42 2514.259

AC - Copanys X Targets 18 2451.813 1.13 N.S.

NC(A) - Error 378 2161.454

P Values of F

N.S. a F value is not statistically significant.

< .05, - .01, 4 .005, < .001 - F value is significant at less that the percent

value indicated.
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r UIT ANALYSIS OFTAE~ SUMMARY

U IT 1PA GUNNERY MEASURE First Round Firing Time

SOURCE
* OF

VARIATION d-f- MEAN SQUARE F p

A - Coupanys 2 19.696 --- N.S.

-C - Taroets 9 567.610 18.04 -c.001

4-N(A) - Error 42 69.794

AC - Couuyanys X Targets 18 38.595 1.23 N.S.

K()- Error 378 31.467

P-Values of F

N.S. F value is not statistically significant.

'.05. - .01, -.005, -.001 F value is significant at less than the percent

vlaue indicated.
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d. Evaluation of the General Influence of Factors in the Analyses of
Variance.

(1) The analyses of the individual battalions provide appraisals of how
the three independent factors (Companys, Tables, and Targets) influenced
first round mean Ph scores and firing time within each battalion. However,
each battalion analysis is independent of the others and they are not
integrated in any way such that taken together they contribute toward an
overall appreciation of how the factors affected performance across all
battalions. In order to describe how the factors influenced performance
generally, it is necessary to make a comparison of the effects of the
factors across all the battalions. This comparison is presented in table
9-16.

(2) Table 9-16 contains tabulations of all the significant effects of
the factors and their interactions for 'every battalion. An X in a cell
indicates a significant effect at the .05 level of confidence or less.
An empty cell indicated the effect was not statistically significant.
Observing the number of significant effects for each factor by scanning
across each row provides an understanding of how frequently that factor
was a significant effect in all the battalions. The last column (F)
presents the frequency number of significant effects for each factor.

(3) Examination of the frequencies indicates thal the factor of Targets
was a significant effect in 15 out of 15 analyses of Ph scores and in all
15 analyses of mean firing time. Obviously, differences in target charac-
teristics were the factors that consistently influenced performance in all
battalions. The second most frequent effect for both performance measures
was the-Tables X Targets interaction. It was significant in 8 of 15 analy-
ses of Ph scores and in 9 of 15 analysis of mean firing time. The Tables X
Targets interaction Is closely related to the targets factors in that
day/night effects can be considered in the same class as other target
characteristics. The third most frequent effect for both performance
measures was Tables. It was significant in 4 out of 15 analyses of Ph
scores and in 8 out of 15 analyses of mean firing time. The Tables factor
can also be viewed in the same class as the previous factors; fundamentally
as a target characteristic. Interestingly, the significant tables effects
for the Ph measure were not distributed equally among the USAREUR and CONUS
battalions. Four of the 5 significant effects occurred in the CONUS bat-
talions. Furthermore, all 4 Ph scores on Table VIII B (Night) were signifi-
cantly hither than on Table VIII A (Day), while the reverse was triue for the
one significant effect in the USAREUR battalions. Overall, th sulm of
significant effects due to target characteristics: Targets, TrqjeLs X fahle'.,
ad Tables, accounted for 25 of the 37 effects for the Ph measures, 67 percetL,
and 32 of the 46 effects for the firing time measures, 70 percent. lhus
approximately two-thirds of the significant effects in the analyses were due
to the influence of target characteristics of one kind or another.
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(4) The remaining one-third of the significant effects were divided
equally among the other main effect and interaction-effects. These effects
involved the Companys factor. Examination of the frequencies of significant
effects for these factors shows that none were greater than 5 or one-third
of the total number of battalions involved. On the Companys factor, there
were 3 significant effects from analyses of the Ph scores and 5 significant
effects from analyses of the mean firing time scores. The former all came
from CONUS battalions. There were no significant effects due to Company
difference in Ph scores from the USAREUR battalions. These results may pro-
vide some evidence to indicate that main-gun marksmanship may be more con-
sistent among the Companys in USAREUR battalions than it is in CONUS bat-
talions. The Companys X Targets factor produced 5 significant effects from
the analyses of Ph scores and 2 significant effects from analyses of mean
firing time scores. These results may suggest perhaps that the differences
occurred due to specific differences in gunnery training within the Companys
of certain battalions. In the other two interactions, Companys X Tables and
Companys X Tables X Targets, the frequencies of significant effects were
relatively small and it does not appear that the effects were consistent
enough to warrant drawing generalizations from them.

e. Findings and Conclusions. The results from the analyses of individ-
ual battalions indicate that target characteristics are the primary factors
affecting first round accuracy and firing time. In the analyses of variance,
the effects of Targets, Tables, and Targets X Tables accounted for about
two-thirds of the statistically significant effects. From these findings,
the following conclusions are drawn.

(1) The main factors influencing first round accuracy and firing time
are target characteristics including day/night conditions, range, ammunition,
engagement method, target motion, and target type.

(2) In four CONUS battalions main-gun accuracy was significantly better
on Table VIII B (Night) than on Table VIII A (Day). This difference did not
occur with any USAREUR battalions.

(3) There was little difference in main-gun accuracy performance between
the companys within the battalions. There were no significant differences
between any of the companys in the USAREUR battalions and only three such
differences in the CONUS battalions. However, significant differences between
companys in mean firing time performance did occur in five of the battalions.

(4) In five battalions, one-third of the sample, there was a siqInificant
Companys X Targets interaction indicatinq that some companys did better or
worse than the others on certain targets. These results suggest that perhaps
there are differences in training programs at the company level which are
reflected in differences In qunnery performance on different types of target
engagements.

rI
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() , Ont! l -.it i i oti ," C:jse S~tudy of. lirlig. l:.xper.iei :.

a. ?dLa rre collec.ted ott die firinq proficienc, )f one COeUS hattaliol,
(UM) over a peijod of one year. Tlie firing data includes:

(I) lable Vill fired at the cuiipletion of a formal gunnery triiiing
program in February arrJ March 1975.

(2) Main gun firings collected during October 1975 as a part f the
ItItk Degradation Test (FM325).

(3) [able VIII fired without preliminary training in late ,larry
'1976.

(4) rable ViII fired at the completion of a formal gunnery training
proyram in early March, 1976.

b. the battalion experienced a good deal of turbulence throughout the
period; however, its exparience is similar to that of the other
COILIS battalions. Of the crews that fired In February and flarch of
i975, none retained all four members in the same positions to fire
in October. Of those firing in October, none remained precisely ,he
same for the January firing. And of those firing in January. only
seven remained intact for the final firing six weeks later. Par-
enthetically, an examination of the performance of those sevw:n CreWs
revealed that their increase in perfonmance was approximately equal
to that of the remainder of the battalion crews that experienced
turbulence.

c. lhe reiiges used during the documented firings differed. The tlarch
1975 [able VIII, Tank Degradation and Off-Season Table Viil were
conducted on Crittenberger Range; the March 1976 Tahle VIII was con-
ducted on Tank Table VIII North (range descriptions are in Chapter

, 8). In similar fashion, the scoring was performed by different sets
of Al/Safety Officer teans. All Table VIII firings were scored by
Division Gunnery Assistance Teans while Tank Degradation was scored
by MASSTER evaluators. All scoring suffered the. hinderance of Just
and smoke obscuration. lit all cases of unresolved hit detennration
the crew was giv . tite benefit of the doubt. Table 9-17 disp[lays tle
perceittaqe ol hits ()btire( during the various firings. lhe rank

4I0, r'dation ilmd tlff-r.e,. sol [Fable Vill ,corsr are cr:mhi uedl s i .(: l) lh
were fi rd without to Lonei it of fonndl 1jUlCl'y proqri:1 ald 111,-
percenta'4e of hits obtainted were similar behieen the two. As can be
seen, the percentages for the two Table VIII's fired at the emd of
formal gunnery traininq are similar while those fired without gunnery
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i , i~ ilq ,t ' ll t' . llv,' ,' i-. Illq 1111v l~ l *. : I o Illwl! Ili-, iI ,

in whirh LIl, Of I -Soa ,m pri ,el Ulfao o0 lf it it hi qher rlan l h(' tlar l h ,
iI i lu lik i.; ,,( lpri,',,,l.f V to Ofhe el re I ivelv pool pv forl'ia'lc i f

the kIh l.d.I i o when fit iru .t1i q o tm- ld roul-d -it It ltt. with lif II ,Fu -

ti l. (', I:rea, o, ol- 1a1,'.Mil inll I'vpes in 1b ilre 9-1/ thrmn'wh 9-21 ),

4. An examination of Ihe firi:ig times shows a ,,trked differpnce b.etree,
the fit in9s. The Off- eism Tallr VIII times are considrwahl5 ligiiicr
than the remainder. Fo' example, the overall mean first rnund firing
time for all day targets in ,Janaty was 19.5 seconds. Six we'ks later.-
it ws II.0. At night, the o,,erall means w.zee 20.4 a,;d 12. A -<pectivc-
ly. The means fired for each of the ranoes iE shovm it, Tahle -0-21

e. Another meaningful comparison is shown in TaHle 9-22. A sud\ c
the table reveals that the formal aunnery training pronraw iviirr, ved
performance in terws of hits and firina time z when corparis,,ls of

ike conditions of ammunition, range, target type and firinn ,'ode
at i'mad o

r. Findinns and Conclusions.

A sgnificant increase in hit percentages and decrease in tfrinn
times on Table VJII will occur if preceded by a forra] qunrerv

* -
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f 1IX 9. '/ EA IIIIfli 11n FIRIi; l|irS dC~uillS).

a,6- Ihle Vlill De raoa Ii not Iegrada t ion iable Vill 11b le VI I

op e 1a) 0osed) Off-season A1?.?a I
l4e- dLI.... . b1975 ctober 19'5 O lo e 1,75 , ddnuary 1976 '-arh .976

.....1..0 _( 4.1N126 i2.i t'
72 7041, 10 20.2 7.3 13.3

S 820 1.2 11.0tO

" 3 8 15.0 14.1 12.6 !12.5

1024 13.0 11.6 9.6 9.3 17.8 16.0
WOO)0 7.6
1100 9.3 16.4 13.6 12.1 15.3
12900 16.6 20.7
1250 12.4
1300 14.3 10.8 18.8 7.7 23.0 24.9
1435 11.0

1,150 11 .9
S 1195 15.1 15.2
ISQo 14.5 12.4
, 00 16.2

1610 18.1 9.8 11.3 13.8 21.5 19.9 j2.5
1700 

10.2 10.4

1720 7.7 10.61 J7 13.2 13.?

,1 19? 11.6- II.2 16.3 10.4 19.0

S 1
£ Ititee? targets fired in sequence fran one position March 1976 Table VIII (day).

9-177

..! " l ,,'',-<' . .... ,.....



i

I-I mI!I t 1; 7,

.OMPARISIN OF PERFORMANCF, JANIiARY 76 (OFF-SEq~SI4) Ar! I RII 6 F r 'i II

Range rype Ist Rd Ist Rd
(Meters) Tarot Mode Opening Tirm Plits N iaraets

770-81Q S B 7.3 86 119
D (1024) m B (17.8) (75) 32

11 A (1230) S P (16.6) (68) 31
E y 1610 m p 12.1 37 32

(1894) S P (19.0) (27) 3n

1 U 800-810 S B 13.3 87 37
p 1 (800) S B (20.8) (45) 29

r , (1024) M B (16.0 (62) 29

H (1200) S P (20.7) (59) 29
1250 M P 12.4 72 19

(1300) S P (23.0) (23) 31
0 1435 S D 11.9 50 ?
A 1500 S P 14.5 21 14
y 1600 S 1) 16.2 38 13

1 (1610) S P (21.5) (10) 31

I (1300) S P (24.9) (52) 27
T 1 1450 S P 12.5 69 13

1500 S p 13.5 62 26
II (1610) S P (1q.g) (57) 28
T
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9-6. Between-Bati.alion Analysvs of Selected Battalions.

d.. This section presents analyses which compare-different battalions
with each other to iscertain if there are difference, in qunnery perfonance
at the battalion level. The previous analyses of individual battalions

frevealed that at the company level gunnery performance was usually similar
for all the companies within the battalions. Attention is now focused on
investigating how gunnery performance varies between battalions.

b. Battalion Selection.

(1) In order to make meaningful comparisons between battalions, it
was necessary to reduce the confounding influence of uncontrolled variables
as much as possible. This was accomplished mainly by requiring that the
battalions included in all comparisons must have taken the same tank crew
qualification test and were tested on the same Table VIII gunnery range.
Tank crew qualification tests are not standardized due to training prefer-
ences at division level and differences in range facilities, and can vary
to a considerable degree even among battalions in the same division. Thus
the prerequisites eliminated the possibility of any comparison of battalions
from different divisions. All comparisons would be restricted to battalions
within the same division.

(2) The selection of battalions to be included in a comparison were
made by comparing the specifications of target characteristics on main
gun targets listed on the sumary tables of gunnery performance measures
presented in Section 9-4, Individual Analyses of the Sample Tank Battalions.
The examination uncovered three sets of battlions with similar main-gun
target characteristics on Table VIII. Each stt of battalions came from a
different division: two USAREUR divisions, the B and G divisions; and one
CONUS division, the C division. The battalions comprising each set are
listed below:

B Division Battalions
EBB
ECB
EDB
EEB

G Division Battalions
[IG
EOG

C Division Battalions
IJFC
UIC
UGC

9-179 L
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The gunnery measures from each set of battalions were analyzed separately
to discover any differences in performance between them.

c. Between-Battalion Analyses

(1) Analysis of the B Division Battalions.

(a) Gunnery data were collected from a total N of 140 tank crews:
34 from the EBB Battalion, 32 from the ECB Batt ion, 39 from the EBB
Battalion, and 35 from the EEB Battalion. The statistics produced from
the following analyses of variance were based on data from a total N of
120 tank crews, the first 30 from each battalion.

(b) Table 9-23 presents the results of the analysis of variance of
first round 7* scores. Significant main effects were Battalions (F=4.89,
p .01), and targets (F=84.21, pc.001). A significant interaction effect
was Battalions X Targets (F=4.48, p c.005). The battalion means, presented
in Table 9-24, were compared for differences in a Tukey's (HSD) Test.
The results indicated that the 7 score of the EDB Battalion was significantly
higher (<.0l) than that of the PBB and EEB battalions. Comparison
of the target means in a Tukey's (HSD) Test indicated that Ph scores on
Target 1,2, and 5 were significantly higher (p< .01) than on targets j
and 4. The means for the Battalions X Targets interaction, plotted in
Figure 9-15, were examined and indicate that the EEB Battalion had the
highest Ph score on Target 2 and very low scores on all the other targets.
Likewise, the EBB Battalion had the highest Ph score on Target 3 and com-
paratively low scores on the other Targets.

(c) Table 9-25 presents the results of the analysis of variance of
first round firing time. Significant main effects were Battalions (F=6.40,
p c.005), Tables (F=11.94, p <.005), and Targets (F=92.33, p -e001). Signi-
ficant interaction effects were Battalions X Tables (F=9.20, p -.005),
Battalions X Targets (F=2.82, p <.01), Battalions X Companies X Targets
(F1I.85, p <.01), and Tables X Targets (F=2.41, p c.05). The means for
the Battalions main effect, presented in Table 9-26, were analyzed for dif-
ferences in a Tukey's (ISD) Test. The results indicated that the EEB
Battalion's mean firing time was significantly slower than that of the EBB
and ECB battalions, pc.05 and p -.01 respectively, while the EDB Battalion's
mean firing time was significantly slower (p c.05) than the ECB.Battalions.
Exmination of the weans for the Battalions X rabies interaction showed
that the EBB Battalion had a faster mean firing time on Table V[II B (Might)
than on Table VIII A (Day) while the reverse was true for the other battalions.
The ,ans for the Battalions X Targets interaction, plotted in Figure 9-16,
show that the EBB Battalion had the fastest mean firing time on tarqets 1,
2, and 5 and the slowest on target 3.

(d) The results revealed four pertinent findings. One, the significant
Battalions main effect indicated that there exist absolute differences in
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Tahle 9-t!4. First Round Hean Values

iattal Ions Performance esu

EBB, ECB, EDO, and [Ill First Round Ph (Percent)

I. Overall Mean 4S.83

2. attalion

EBB ECB EDB EEB

40.67 48.33 54.00 40.33

3. Target

1 2 3 4 6

60.83 67.9. : 21.67 16.67 62.08

4. Target

Battalion 1 2 3 4 6

EBB 51.67 50.0 36.67 11.67 53.33
ECB 63.33 65.00 20.00 25.00 68.33
EDB 83.33 76.67 20.00 16.67 73.33
EEB 45.00 80.00 10.00 13.33 53.33
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I
Table 9-26. First Round Mean Values

battl Ions Performance Measure

EEB, ECO, EDB, and EELB 1st Round Firing Time

1. Overall Mean a 12.04

- 2. Day 9 11.W Night-N 12.$8

3. lbttaltn

EBB ECB EDB EEB

11.48 11.01 12.68 13.00

4. Target

1 2 3 4 5

9.24 11.03 16.06 14.53 9.35

S. Bttallon DOy might

EBB 12.06 10.91
ECO 10.61 11.41
EDO 12.07 13.28
EEG T1.27 14.72

6. Taret

Battalion 1 2 3 4

EBB 8.52 8.70 17.10 15.10 8.00
ECB 8.80 10.15 13.90 11.03 9.15
EDO 10.08 11.98 17.D3 14.25 10.03
EES 9.57 13.28 16.20 15.72 10.22
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u,Imennry proIic ioncy hetween sowe hattalions. lhcs differences may be
ntormally distributed resulting in superior, average and inferior battalion
proficiency. In the present case, the EDB Battalion was relatively superior
to the EBB and LEU Iattalions, whereas the ECB Batta)ion did not differ
.ignificantly from aiiy of the other battalions. The range of the Th
difference between the highest and lowest scoring battalions was about
14 percent which appears to be large enough to be of some practical
significance in terms of battlefield performance.

(1) Two, comparing the Ph scores in Figure 9-15 shows that the four
battalions maintained relative performance differences among one another
across targets except for two deviations from the two lowest scorina
battalions. The constancy in pattern perhaps suggests that the crewIs
from the high scoring battalions came from training programs which were
similar in content and emphasis. The EEB and EBB Battalions deviated
from the pattern on two different targets. The EEB Battalion excelled
on Target 2, which used HEAT ammo and the precision engagement method.
It performed relatively poorly on the other engagements. Superficially,
this might indicate that the battalion concentrated on training on one
type of engagement and neglected training for the other types. Likewise,
on target 3 the EBB Battalion achieved a relatively high Ph score combined
with a relatively slow mean firing time, see Figure 9-16, compared with
its performance on the other targets. Target 3 was the only TC engagement
in the test which suggests that the gunnery skills of the Tank Commanders
in the battalion differed from those in the other battalions. In any case,
these examples provide evidence that fundamental differences in gunnery
skills exist to some extent between battalions.

(2) Three, the significant Battalions main effect in the analysis of
firing time revealed that there also exist absolute differences between
battalions in first round firing speed. On the average, some battalions
fire faster than others. Also, in general, they tend to maintain the
same differences in relative firing speed across different types of engage-
ients.

(3) Four, comparing performance on both gunnery measures revealed that
the EEB Battalion had the lowest Ph score and slowest mean firing time of
the four battalions. This finding provides additional evidence of the
extent of the difference in gunnery proficiency existing between battalions.

2. Analysis of the G Divisiop Battalions.

(a) Gunnery data were collected from a total t of 99 tank crews: 51
hfom the LNG Battalion, and 48 from the EOG Battalion. Tlie statistics
produced from the following analyses of variance were based on data from
a total ii of 96 tank crews, the first 48 from each battalion.

(b) Table 9-27 presents the results of the analysis of variance of
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of first round kj scores. Significant maii effects were Battalions (F=
4.80, p <.05), Companies (F=4.50, p <.05), and Targets (F=27.57, p <.001).
Significant interaction effects were Tables X Targets (F-3.69, p <.01),
and Battalions X Companies X Targets (F=2.21, p<.05). The battalion
means, presented in Table 9-28, indicate that the Ph score of the EOG
battalion was significantly higher (p <.05) than that of the ENG Battalion
The Companies main effect is not a meaningful factor in this statistical
design and will not be considered. The appropriate test for companies
effects is the Battalions X Companies interaction which was not statisti-
cally significant. Comparison of the target means in a Tukey's (HSD) Test
indicated that the Phscore on Target 3 was significantly higher (p <.01)
than the scores for Phe other targets, while the Ph score on Target 2
was significantly lower than the other targets (p <.05 for targets 1 and
5, and p <.01 for targets 3 and 4). Examination of the means for the
Tables X Targets interaction indicated that on targets 1 and 2 Ph perfor-
mance was much lower during the day than at night, while the reverse was
true for target 5. The means for the Battalions X Companies X Targets
interaction indicated that the Ph scores of the companies in both battalions
varied across the targets.

(c) Table 9-29 presents the results of the analysis of variance of
first round mean firing times. There were 10 significant effects. The
most important ones were: Battalions (F=7.13, p <.01), and Battalions X
Tables X Targets (F=12.99, p <.005). Examination of the mean firing time
sores for the two battalions, presented in Table 9-30, showed that the
first round mean firing time. for the EOG Battalion was significantly
faster (p <.01) than the ENG Battalion's. The means for the Battalions X
Tables X Targets interaction showed that on target 5 mean firing tinie
varied considerably between battalions on Table VIII A (Day). The 11,ean
firing time for the EOG Battalion was extremely fast while the mean firing
time for the ENG Battalion was relatively slow.

(d) Two important findings emerged from this analysis. One, the
results showed that the EOG Battalion performed significantly better than
the ENG Battalion in terms of both first round accuracy and firing time.
The mean difference in Ph and firing time was 7 percent and 1.42 seconds,
respectively. Neither difference appears to be impressive when considered
alone, but when considered in combination the performance difference becomes
more apparent. Small differences in gunnery proficiency along two perfor-
iance dimensions iiay possibly produce a larger difference in battlefield
effectiveness. An adversary who can shoot a little quicker and more' accurately
than his opponent may enjoy a distinct advantage when considering that ill
war all capabilities are relative.

(1) Two, comparing 'Ph perfonance across targets, illustrated in
rigure 9-17, shows that battalion performance differed mainly on target 3, a
battlesight engagement of a moving target. The EOG Battalion achieved
an exceedingly high Ph score of 79 percent on this engagement, while the EflG
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Table 9-23. F..'st Round Hean VAlus

Batt tans Performance Measure

ENG and EOG First Round Ph (Percent)

1. Overall Mean a 41.25

2. Day 3 39.17 Night - 43.33

3. Sattalim

ENG EOG

37.71 44.79

4. Target

1 2 3 4 6

36.46 Z2 92 6835 40.63 37.50

5. Tarqet

1 2 3 4 5

ENG 32.29 22.92 56.33 42.71 32.29
E06 40.63 22.92 79.17 38.54 42.71

6. Target

1 2 3 4 5

Day 29.17 13.54 69.79 40.63 42.71
Night 43.15 32.29 67.71 40.63 32.29
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Table 9-30. First Round Mean Values

dt tal ions Perfovmance Measure

NG and LOG First Round Firing Time

1. Overall Moan I Day - 12.19 Night - 12.43

- 2. iBettalion

ENG EOG

13.32 11.90

3. Target

1 2 3 4 6

15.59 14 W" 8.51 10.93 13.97

4. Target

Battalion Table 1 2 3 4

ENG Day 16.96 14.90 8.63 10.85 19.88
Night 14.52 14.35 8.98 10.13 13.94

EO6 Day 16.17, 13.79 8.92 10.73 7.04
Night 14.73 13.10 7.50 12.00 15.02

t
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I

Battalion's score of 58 percent was comparatively low. The AMSAA value
for the engagement range fell about half-way between the two battalion
means at approximately 68 percent. The results suggest that a real dif-
ference in gunnery proficiency exists between the battalions under the
specific engagement conditions of target 3.

(2) Analysis of the C Division Battalions.

(a) Gunnery data were collected from a total f of 153 tank crews: 51
each from the UFC, UIC and UGC Battalions. The statistics Droduced from the
following analysis of variance included the data from all 153 tank crews.

(b) Table 9-31 presents the results of the analysis of variance of
first round Ph scores. There were 9 significant effects. The most important
ones were: Battalions (F=4.46, <.05), Targets (F=95.50, <.001), and
Battalions X Tables X Targets. (F=2.42, p <.05). The battalion means, pre-
sented in Table 9-32, were compared for differences in a Tukey's (IISD) Test.
The results indicated that the Ph score of the UGC Battalion was significantly
higher (p <.05) than the Ph score of the UFC Battalion,. Comparison of
the Targets means in a Tukey's (HSD) Test indicated that the Ph scores of
targets 3 and 4 were significantly higher (p <.01) than those for targets
I and 2. Examination of the means for the Battalions X Tables X Targets
interaction indicated that the UFC Battalion had the lowest Ph scores on
Table VIII A (Day) on all targets, and the highest-Ph scores on taryets 1
and 2 on Table VIII B (Night).

(c) Table 9-33 presents the results of the analysis of variance of
first round mean firing times. Pertinent significant effects were Battalions
(F=6.72, p <.005), and Targets (F=181.54, p <.001) The battalion means, pre-
sented in Table 9-34, were compared for differences in a Tukey's (HSD) Test.
The results indicated that the first round mean firing times of the UGC
and UFC Battalions were significantly faster (p <.01) than the UIC Battalion's.
Comparison of the targets means in a Tukey's (HSD) Test showed that the
mean firing times for all four targets differed significantly (p <.01)
from one another.

(d) The main Finding which resulted from this analysis was that the
UGC Battalion had the highest Pl score and fastest mean firing tim e among
the three battalions in the analysis. It achieved this superiority by
scoring higher on three of the four targets and firing a little faster
on all the targets. Taking each engagement separately, the UGC Battalion
clearly outperformed the other battalions on only one engagement, and
that was a rangecard problem involving indirect fire techniques which arc
of secondary importance in tank gunnery. Thus, the improved proficiency
was attained by consistently good performance on all engagements which had
the cumulative effect of raising the measures of overall performance.

d. Discussion.

(1) The results of this analysis have produced evidence which indicates

9-194 *1

_ _____ _ _ j



4,.a 
V zvv .. z2

C%

IL

~41 .0

I4l- '0 Im '0

a S- . 0- 4j4 A0I

41- 4w1 w < N

wJ ICE CI 51519

LP- I - *

ac 2c ca4DsV -

9-195



II
Table ,q.v.. rIrst Round Mean Values

Battalions Performance Measure

UFC, UIC and UGC First Round Ph (Percent)

1. Overall Mean = (1.85

2. Day - 52.12 Night " 71.57

3. lattalion

UFC UIC UGC

58.09 60.05 67.40

4. Target

1 2 3 4 4
40.20 44.71 82.35 80.07

5. Battalion Day Night

UFC 42.16 74.1Q
UIC 53.43 66.67
UGC 60.78 74.10

6. Target

Battalion Table 1 2 3 4

UFC Day 2.0 33.3 76.5 56.9

Night 76.5 47.1 86.3 86.3

UIC Day 25.5 51.0 76.5 60.8
Night 49.2 45.1 82.4 90.2

UGC Day 21.6 49.0 84.3 88.2

Night 66.7 43.1 80.2 96.0
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Table 9- 4. First R4;und Mean Values

Battal Ions Performnce Measure

II I, UIC and UGC First Round Firing Time

1. Owveall MeaM 23.82 Day w 23.50 Night = 24.14

2. Bttallen

UFC UIC UGC

23.00 26.19 22.25

3. Target

1 2 3 4

24.56 21.77 11.91 37.03

4. Target

Battalion 1 2 3 4

UFC 22.36 21.53 12.60 35.53
UIC 29.42 22.86 12.06 40.43
UGC 21.90 20.91 11.07 35.14
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Ihat differences in (Junnery proficiency frequently exist at the hattalion
level between units assigned to the same division. The outcome was somewhat
unexpected in light of the previous discovery that wtthin most battalions
performance differences among their companies were not statistically
significant. It is not inediately apparent why differences in gunnery
proficiency occur more frequently at the battalion level than at the corlpany
level, but part of the difference may be due to the properties of the
statistical tests used and not due to any change in the magnitude of mean
differences that were observed at the two levels of organization. Examination
of mean differences at both company level and battalion level seem to show
that they are about of the same magnitude; around ten to fifteen percent.
However, the variability in scores seems to be less at battalion level. The
difference in variability could account for the difference in results. In
any case, the results show unequivocally that there are real differences
in gunnery proficiency between battalions.

(2) The performance differences occurred in terms of both accuracy measures
and firing time. They were positively correlated. The superior battalions
tended to attain significantly higher mean accuracy scores and significantly
faster mean firing times in comparison with the inferior battalions. This
demonstration of higher proficiency on both performance measures provides
additional evidence showing that between-battalion differences are broadly
based. This strengthens confidence in the judgement that the differences
are reliable and meaningful.

(3) Mean differences in.accuracy measures between battalions can differ
in terms of either specific engagement conditi.ons or in overall performance.
Type of difference is important because it has implications for how inter-
pretations are formulated explaining the cause of the differences. If the
differences are specific to engagement conditions, it can be argued that
they result from differences in emphasis on specific subjects in gunnery
training and not due to any real difference in general proficiency. The
problem could be corrected by merely changing the emphasis in training to
conform more closely with test requirements. On the other hand, if the dif-
ference is in overall performance the interpretation is straightforw~ard. The
level of proficiency should be viewed as substandard in all gunnery subjects.
H14medial training would involve upgrading technical skills in all areas of
gunnery, a more demanding requirement.

(4) Between-battalion differences in mean firing time tend to differ more
on overall performance than on specific engagements although there are a
few instances of the latter occuring. It appears that increasing firinii
speed tends to generalize to all types of engagements. Thus diffei'(,nces
appear to show more uniformity. Some battalions fire at a faster rAte
than others.

e. Findings and Conclusions.
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()Siqfiificit~i differences frequently occur in measures of !juimerry
proficiency betwceii hattalions assigned to the samie division.

(2) The higher scoring battalions tend to demonstrate superior
proficiency in tevi of both Increased Ph scores anid faster mean firing
times.

(3) Between-battaliosm .jfferences in Th scores differ in termis of
specific engagement conditions and in overall performance.

(4) Between-battalion differences in firing time appear to differ
m'ainly in terms of overall performance.
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9-7. The Effects of Target Engagement Variables on Tank Gunnery Error.

This study was concerned with analyzing tank gunnery error data to
identify their main characteristics, the target engagement variables that
contribute to their occurrence, and to describe the functional relations
that exist between them. The analysis was restricted to considering the
influence of target engagement factors and did not include any direct
assessment of relevant equipment and operator variables that could have
contributed to gunnery error. Examples of these latter variables are:
inaccurate boresighting and synchronizing of the main gun, and poor align-
ment of the gunner's eyes with the line-of-sight in the optical aiming
device. If such factors produced gunnery errors, it is assumed that they
operated randomly and therefore, did not bias the results in any direction.
The gunnery data used in the analysis came from the Tank Crew Qualification
Test data (called Table VIII Scores) reported in Annex A to Net Assessment
of U.S. and Soviet Tank Crew Training, TCATA report, April 1976.

a. Types of Tank Gunnery Errors.

(1) Generally speaking, gunnery errors are described in terms of two
dimensions; range and angle. Weapon ballistic characteristics determine
the proportions of errors that will fall within each dimension. High
velocity, direct fire, tank guns produce a large proportion of errors
in the range dimension and relatively few in angle. Thus most tank gunnery
errors occur with the line of flight of the round in correct alignment
with the target, but err at point of impact with the round either passing
over it or striking short of it. The two errors are designated as Over
Line (OL) and Short Line (SL), respectively.

(2) Angle errors usually occur in conjunction with moving targets as
a result of applying incorrect lead angle. Even so, the magnitude of
error is usually small when it does occur and observers experience some
difficulty in sensing the miss. Thus they designate these errors as either
Doubtful Right (DR) or Doubtful Left (DL). These four error types comprise
the main catagories and account for well over 90 percent of tank gunnery
errors. There are other error catagories, but they cover r-c:ellaneous
events that occur Infrequently. This analysis was limited to evaluating
the four main error catagories. Miscellaneous error types % re not considered.

b. Comparison of USAREUR and CONUS Gunnery Data.

The previous analysis of gunnery data reported in Annex A of the Net
Assessment Study concluded thai th: quality of scoring varied greatly
between USAREUR and CONUS battalions. USAREUR scoring appeared to be
accurate and reliable, while CONIUS scoring showed evidence of large inic-
curacies and unreliability in much of Its scoring. This difference in
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scoring quality was encountered in the present analysis. The results froi
the analysis of the data from the USAREUR battalions were consistent,
orderly and open to straight forward interpretation. The results from the
analysis of the CONUS data, on the other hand, showed inconsistepcies and
were difficult tq interpret. It was felt that the differences in results
reflected the differences in scoring quality. Therefore, it was decided
to base the analysis on the USAREUR data exclusively, since there was a
lack of confidence in the validity and reliability of the CONUS data.

c. Analysis of USAREUR Error Data. Table 9-35 presents a tabulation of
frequencies and percentages of the four error catagories according to range
intervals. The grand total amounts to 1,090 errors out of the USAREUR
sample total of 1,169, indicating that 93.3 percent of the errors were
accounted for. The missing 6.7 percent, 79 rounds, fell into the miscel-
laneous catagory; a comparatively small proportion. Furthermore, when the
frequency proportions of the four error types are examined, it is found that
87 percent were concentrated in the OL and SL catagories. Obviously,
OL and SL errors are the primary tank gunnery errors observed on Table
VIII. Since ranging errors were preponderant, emphasis was given to their
analysis which is presented first followed by the analysis of angle errors.

(1) Analysis of Over Line and Short Line Errors.

(a) The precentage data in Table 9-35 is presented graphically in Figure
9-19. The two linear curves in Figure 9-19 show clearly the functional rela-
tion that exists between target range and type of ranging error. They
describe the classic X-form relationship that occurs between two variables
that interact strongly with one another. They show that type of ranging
error depends upon target range. At short ranges OL errors predominate
and SL errors are minimal. There is a constant error to overestimate
target range. As target range increases OL errors decrease while SL errors
increase proportionally. The trends continue in this manner until at long
ranges OL errors are minimal and SL errors predominate; a complete reversal
of the relation at short range. Now, there is a constant error to under-
estimate target range. Thus target range determines the relative frequency
of the type of ranging error. The percentage data were tested in an analysis
of variance. The range X error interaction was highly significant, F (6,14)
13.37, p <.005, confirming the foregoing interpretation. The main effects of
range and error were not statistically significant.

(b) An important feature of the interaction is the point at which the
two curves intersect. This is the range at which OL and SL errors are
equally likely. By inference, it is also the range that is estimated
mowst accurately since the OL and SL errors bracket the target, that is, from
a probabilistic point of view. At this range there is not constant error
in range estimation. Figures 9-20 and 9-21 present graphs of the interaction
for Table VIII A (day) and B (night) respectively. Examination of the
intersect points in the two figures indicates that it shifts to a longer
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Table 9-J5. USAREUIR IIAQ, rIund 1 Gunnery Errors Table Vill A andl
B Combim-d Overall Ee4agemuent Conditions

RANGE ERROR

600 - 800 OL SL DR DL TOTAL
N 7 1 0 2 10
1 70 10 0 20 100

800 - 1000
N 187 124 17 54 382
% 49 32 5 14 100

1000 - 1200
N 47 32 11 12 102
% 46 31 11 12 100

1200 - 1400
N 11 24 3 2 40
% 2B 60 8 4 100

1400 - 1600
N 87 128 1 10 226
% 38 57 1 4 100

1600 - 1800
N 55 152 8 13 228
% 24 67 3 6 100

1800- 2000
t 30 63 2 7 102
% 29 62 2 7 100

TOTAL N 424 524 42 100 1090
% 39 48 4 9 100
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range from day to night. On Table VIII A (day) the point falls at 1030
meters, while on Table VIII B (night) it falls at 1220 meters; an increase
of approximately 200 meters in range. Since range estimations are per-
formed by means of daylight and low light optical and electro-optical
range finders, explanations of the shift of the intercept will involve
analysis of the relations between human visual characteristics for day and
night vision and the properties of the range finders.

(2) Analysis of Doubtful Right and Doubtful Left Errors.

(a) The gunnery data on moving targets in the sample is limited to
one target on Range 80 at Grafenwoehr Training Area. This was Target Number
8 whose characteristics are given below:

Table 9-36. Target Number 8 - Moving Target

Range Type Atitude Direction of Movements

800-1000 12' x 6' 00 Flank Left to Right
Tank Silhouette

Speed, 12 MPH over 220 Meters

Tabulation of the four gunnery errors on Target 8 are presented in Table 9-37.

Table 9-37. USAREUR TCQC.Round and Gunnery Errors, Target Number 8, TPDS-T
Battlesight, Moving Target

Gunnery Errors

Table VIII OL SL DR DL TOTAL

Day N 46 49 2 27 124
37 40 1 22 100

Night N 47 25 1 15 88
53 28 2 17 100

Day & N 93 74 3 42 212
Night % 44 35 1 20 100

(b) The results in Table 9-37 were derived from one target engagement
and therefore are.limited to the conditions from which they were obtained.
Ilevertheless, two findings emerged which may prove to be fundamental to
moving target engagements as a class. One, the proportion of gunnery
errors due to angle error becomes substantial and can account for as much
as 20 percent of the overall error. Two, an insufficient amount of lead
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angle was entered into the aiming solution resultinq in 42 of 45 (93 per-
cent) angle errors passing behind the moving target. It is interesting to
note that TPDS-T high velocity ammo was used on this engagement. This meanr
that at a range of 1000 meters the rounds should have reached the target .in
about 0.3 second. At 12 MPIl the target should have moved 5.28 feet in thnt
time; say .6 feet for sake of argument. The target was 12 feet wide. If
the aiming point was at the center of the target, there would be 6 feet
of target on either side at the time of firing. Since the target moved
6 feet before the round arrived, it could pass behind the target only if
the aiming point was at the target center and no lead angle had been entered
into the aiming solution. It follows that DL errors resulted because
gunners aimed at the center of the target when they should have been aiming
at its leading edge. This Interpretation is a rational deduction and may
not be true. However, it does suggest the possibility that a substantial
number of gunners apply little or no lead angle to moving targets when firinq
battlesights with the non-ballistic retical and using TPDS-T ammo.
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9-8 Sumary of Findings

e Table VIII data from the sample USAREUR battalions appears to be
more valid dnd reliable than data from CONUS battalions.

* Both USAREUR and CONUS tank crews fire more accurately at middle
ranges of from approximately 1000-1800 meters. First round accuracy Pt
the short ranges from 600-1000 meters is relatively poor.

e There was no practical difference in main gun accuracy performance
between Table VIII A (day) and Table VIII B (night).

e There is no difference in first round accuracy between precision
and battlesight engagment methods in the battlesight range band (600-
1800 meters).

e There is little difference in first round accuracy and firing time
when engaging either stationary or moving targets.

e There is not a strong linear correlation between first round
accuracy and firing time.
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