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FOREWORD

This report was prepared by the Fort Hood Field Unit of the U.S.
Army Research Instituge 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 Assoclates"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: i

Developments Branch of the Operations and Plans Division, HQ MASSTER,

Fort Hood, Texas. \The research was designed to fulfill a requirement for
the collection, analysis, and reporting of tank crew gunnery score data.
The research was required as input for a Department of Defense net assess-
ment study of U. S. and Soviet tank crew training. The objectives were:
(l) to provide a tank crew training data base consisting of data from at
Tease ten tank battalions and, {2) an analysis of this data base which
would permit the identification of some of the variables affecting gunnery

) This report {Ei prepared in response to a request by the Training

more valid and reliable than data from CONUS battalions.

é;

i performance.

! Procedure: §

?* Table VIII gunnery data were collected from fifteen tank battalions
$ 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

i number of hits and firing times required. '
3 Principal Findings:

® _

12 e Table VIII data from the sample USAREUR battalions appears to be

\ o 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 (nightg;

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.

e e ?:w‘m@mgwww .

o There is not a strong linear correlation between first round | .
accuracy and firing time. ' L. "
|
]
|

e g




Utitization of Findings:

This report has been incorporated by TRADQC, as a entity,
report "Net Assessment of U. S. and Soviet Tank Crew Training"
by the Director of Net Assessment, Department of Defense. The
are being used by TRADOC to revise and improve the Army's Tank

R Qualification Test. The aim is to increase cost effectiveness
improving gunnery proficiency and reducing operating costs and
amunition expenditures.
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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
un performance using two performance measures; first round accuracy scores
called hit probabilities) and first round firing times. Hit probabilities
are Hit-Miss scores for each round transformed into a praoportion or per-
centage assigning 1 (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 (Al) 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 CONUS. 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 creats
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 Description 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 respects 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 Tigures were numbered 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.

-




present a misleading interpretation of the underiying dichotumy. lurtherwre,
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 primary
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-
e:ence for judging the relative performance levels of the qunnery ualifica-
tion curves.

(1) Figure 9-1 presents overall mean hit probability performance of the
USAREUR 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 Py 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 Pp values. The results, presented in table 9-3, indicate that the
day and night Ph values for the 600-799 and 800-999 range intervals were
significantly less that the AMSAA values; z-day (600-799)=2.54, p <.05,
z-night (600-799)=2.33, p <.05, and z-day (800-899)=8.94, p <.001, and
z-night (800-999)=8.25, p <.001. The day Pp 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 P values at the 1800-1999 meter interval. The night Py 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 Pp 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 AMSAA 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 g.3

€ TEST FOR SIGNIFICANCE OF A PROPORTION
Ransolnurval Midpoint
1100 1300

700 1500 1700 1900
; NMSAA P .83 74 .61 4 .33 .24 a4
- , USAREUR
X Table VIII A 72 .53 .66 .40 .36 .13
i Total Hits “ 185 218 — 82 51 13
‘ Total Rounds 61 347 330 207 142 99
i Score 2.54 38.94  1.99 2w 3.34 0.29
! P <.05 <,001 <.05 T <05 <01 N.S.
i USAREUR By,
| Table VIII 8 .68 .57 .7 .48 42 .3 .32
; Total Hits 23 259 148 38 35 88 10
. Total Rounds u 453 209 80 83 287 3
, i Score 2.33 8.25 2.96 0.18 1.8 2.78 2.89
i p <05 <001 <0l N.S. N.S. <.0 <01
i
*
£ 0
. .
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(2) Figure 9-2 presents overall Py performance of the CUNUS tank crews k
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 validity of CONUS target sensing and scoring stan-
dards. Three, the difference in Py 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 CONUS 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 conditiens 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 Engagement 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.

9-8 -~
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_ (b) Figure 26 is interesting in that It describes tlat stopes for 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.

(c) 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
probability 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

Ph 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

Pp 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

ammo is different. On the one range interval shared by both curves, the
800-999 meter interval Ph 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 comparison. 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 Varjables 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 previous 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 weans 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

9-17
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smoothed out, the slopes of the curves would be fairly close to the hori- f
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

(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
and B indicate 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 X
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)

Engaggmgﬂg Method | 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 VI8

(Night) o
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 on 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.
Hevertheless, the curves in figure 9-12 do not show any apparent jncrease 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 (rpp) 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 rpp 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
battalior 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 (Pp)
by Time Interval
UJD Bn., Target 4: Range: 1600-1800 Meters; Engagement
Method: Precision; Target Motion: Stationary; Ammo: HEAT
rpb = .01, Not Significant
Time
Interval -
(Seconds) Hits Misses TOTAL Pn
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 @ e
25-27 1 0 1 100.00
;
|
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- TABLE 3-158
TABLE VIII A
First Round Mean Hit Probability (Pp)
" by Time Interval
EDB Bn., Target 5: Range: 1000-1200 Meters; Engagement
Method: Battlesight; Target Motion: Stationary; Ammo: HEAT
7 rpb= -.23, Not Significant
Time
Interval -
, (Seconds) Hits Misses TOTAL Ph
4-6 4 2 6 66.67
7-9 15 3 18 83.33
10-12 9 . 1 10 30.00
- o= 13-15 1 1 2 - 50.00
16-18 0 0 0  ee---
19-21 1 2 3 33.33
i
‘v orf
A 0
P ‘




of the data in tables 9-15A and 9-15B seewm 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.

$-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 same
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 summarized 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 (Night).

(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.

1 (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 firing 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 showirg how engagement variables and
their interactions affected gunnery performance. The analyses should be
useful for evaluating the gunnery performance of individual battalions on
Table VIIT 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 fiqgures. 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
tnree-factor analysis of variance of first round hit probability scores,
Second is a companion table listing the mean values for the factors in the
analysis of variance which are Py values converted into percentages.
Third, is a figure displaying plogs of 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, (BMNDO8YV, 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 loss 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.
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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.




(3) Analysis of the EBB Battalion.

(a) B Battalion had a mixed organization. A Company was equipped with
M60AOS tanks, while B and C Company were equipped with M60Al 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 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.

(b) Table.9-B-2 presents the results of the analysis of variance of
first round P 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 Pp values for the main effects and interactions except
for the Companys X Tables X Targets interaction. The Targets main effect
was analyzed by a Jukey's (HSD)*Test. The results indicated that the bat-
talion tank crews Py value on Target 4, the only engagement firing HEP ammo,
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-1, Summary of Gunnery Performance Measures, i.e., the first target
entered in table 9-B-1 is Target 1, the second is _Target 2, etc. There was
no other statistically significant difference in Ph 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 Ph 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, p<.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-B-2 and shows that the mean firing time on Targets 3
and 4 were lon?er on Table VIIT 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 ME60AOS tanks, whereas
B and C Company had M60A1 tanks. Nevertheless, comparison of between

* Honestly Sfignificant Difference.
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Company Pp, values showed no difference in accuracy. Also A Company did nol
differ in any way from the other Companys in terms of 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 we?g slower than for the other two which were battlesight (Target 3
was mixed). '
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- = TABLE 9-Re)
GUNNERY PERFORMANCE MEASURES
UNIT EBB _  _ ROUND ) GUNNERY RANGL 2
" TARGEY CNARACTERISTICS MLASURE S i
-~ 1 NG. [ T TN T" - "T'"’""'
TABLE | SE- (ME- | M | RNDS. | L Jlof ofF | OF P IRING
- VIII | QUENCE | TERS)] * | AMMO %Ratr L** [{CREWS| HITS| MISSES) hio"M [TIME 5.0.] rpb
=] 4 ving
A_ 1 1000 8 |TPDS-T Panel (A 34|15 19 {44 [.09 | 8.77 [4.47 }.2
; — YS0- T 2
A2 j],ﬁ__ B-PL HEAT l‘tml A M| 16 18 (47 |.09 { 8.83 [5.69].14
A3 1900 T [HEAT ‘W1 [A U | 14 20 [.41].09 [19.03 }6.73 |46
A_la 173 [ "—E['r Hul) | A k7] 5 29 |.15].06 |16.77 16.00 |=23
A5 1200 8 lvEAT  lmm & |19 15 |.56].09 | 6.90 [3.70 |.34
— 700- Z ving
B8 N 1300 8 | TPDS-T [Panel |W M| 20 14 |.590.09 | 8.27 |4.26 ;.47
— 9= (V1 2 |
8 |2 1200 | B-P} HEAY Wy M Nl nw 17 sd .09 | 8.57 13.45 }.26
'8 13 l& 1 gv Hall | M k| 9 25 |.271.08 {15.17 [5.56 |06
84 .l7§ PIMEP  iHa)) | M n 4 30 |.12.06 [13.43 [4.82 |.09
B 15 1900 | I Il |1 Ml 18 4 .09] 9.10 16.07 |02
* Enqagement Method **  [1lumination
8 = Gunner: Daylight Battlesight A = Ambient Light
C » TC, Gunner: Rangecard W = Artificial White Light

1 = Gunnar: IR Battlesight 1 = Infrared Light

|
P = Gunner: Daylight Precision  B-P Target No. 2 ASB were battlesight targets for A Co
R = Gunner: IR Precision { H 44
S = TC: Daylight Battlesight
T = TC: Daylight Precision
X = TC: IR 50 Cal. Sight 9-46

), and precision targets for B&C Co (MSOAY).
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TALE VILL A ol

ANALYSIS OF VARIANCF SUMMARY

UNIT 1.7 ] BUNNERY MEASURE__ 13t Aqund Pp

¥
vaFy\ TION d.f. MEAN SOUARE | F P
A - Comoanys 2 4133.332 192 | ns.
8 - Table 1 _533.33 —-- | NS,
| C - Targets s 18383.330 9.35 | <.001
N(A) - Error 2 3688.873 '
AB - Companys X Table 2 933.30 ——m- N.S.
| _AC - Comnanvs X Tarqets 8 5008.313 2.55 [<.05
BC - Table X Targets ‘ 2116.641 1.8 | N.s.
NB(A) - Error 27 2577.766
| __NC(A) - Error 108 1966, 651
ABC - Comanys X Table 8 189). 644 1.05 | W.S.
NBC(A) - Error 108 1799. 865

P Values of F

N.S = F value 1s not statistically significant.
< .05, <01, <.005,<.001 = F value is significant at less than the percent

value indicated.
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1.
2.

4.

7.

Tirat Aound Mean Values
PLREORMANCE MEAMURE 1),

UNIT  EBB
Overall Mean = 40.7
Tadble VI11 A
42.0
Companys Co A
38.0
Targets 1
51.7
Company A (Day)
A 4.0
8 un.o
¢ 52.0
Table Vi1 1
A (Day) 4.7

B (Night) 8.7

Company 1
A 45.0
s $0.0
c 60.0

TABLE 9-B-3

Co B
36.0
2 3
50.0 36.7
Table VII1
Target
2 3
46.7 46.7
§3.3 26.7
Target
2 3
55.0 40.0
25.0 50.0
70.0 20.0

9-48

CoC
48.0

Table VIII B

39.3

4 5
1.7 §3.3
B (Night)

36.0

3.0

8.0

4 5
13.3 56.7
10.0 50.0
A 3
5.0 45.0
15.0 40.0
15.0 75.0
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TABLE _9-R-4
TARLE VHIIA aml B
ANALYSIS OF VARIANCE SUMMARY
| UNIT_EBB _  GUNNERY MEASURE_ st Round Firing Time
|
S
| |_VARIATION _4.f. MEAN SQUARE F P
; |_A - Companys 2 242.003 4.67 |<.05
' [ 8 - Table 1 99.763 4.04 N.S.
- | C - Targets 4 1099.633 50.10 | <.001
; N(A) - Error 2 51.837 '
; M 2 58.323 2.36 N.S.
| |__AC - Companys X Targats 8 32.114 1.46 N.S.
[_B8C - Table X Targets 4 92.145 4.4 [<.0
i |_MNB(A) - Error 2 24.699
: | NC(A) - Error o8 21.947
ABC ~ m X Table 8 i 149 LS.
NBC(A) - Error '
! 108 20.789
P Values of F
N.S = F value 1s not statistically significant.
< 05, <.01, <005, <.001 = F value is significant at less than the percent
value indicated. .
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TABLE 9-8-5 :
First Round Mean Values
UNIT €88 PERFORMANCE MEAUSRE: Tiring Time
E’ 1. Overall Mean = 11.5 .
_ 2. Table VIII A (Quy) Table VIII 8 (Night)
- e . 5 12. _ 10.9
| 3. Companys Co A CoB CoC
: 10.9 0.3 - 13.2
. : 4. Target 1 2 3 4 5
I 8.5 _ 8.7 ”a 15.1 8.0
: 5. Cowpany A (Day) Table VIII B (Night) 5
> H A n.4 10.4 i
f B 10.1 10.4 '
; c 14.6 1.9
* : 6. Target ]
{ Table VIII 1 2 3 . 5
: A (Day) 8.8 8.8 19.0 16.8 6.9
i l B (Night) 8.3 8.6 15.2 13.4 9.1
. 7. ’ Target
B! ‘ Company 1 2 3 4 5
: A 8.7 6.8 16.1 u.7 8.5,
; B 7.4 7.2 16.2 15.2 5.5
‘ ¢ 9.5 12.2 19.0 15.5 10
1
= H
: | 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.

(b% 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<001).

A Tukey's (HSD) Test of the target means, presented in table 9-C-3, indicated
that Targets 3 and 4 had Pp values significantly lower (p <.001) than the

Ph scores for Targets 1, 2, and 5.

(¢) 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<.001). 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-1 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.
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TABLE _9-C-)

GUNNERY PERFORMANCE MEASURCS

UNIT  qcl LU T \ GUNNL RY  RANGE b
TARGET CHARACTERISTICS || " MEASURES

] T 1 N, ] T TN TN,

TABLE | SE- (Me- | M | Ruos. | L {loF oF |of 1J IRING
VII] | QUENCE J TERS)] * ' AMMO TARGET | L** [ICREWS]| HITS| MISSES | h|0"M [TIME $.0.{ rpb

A1 ] 3 | TPOS-Y me?’ A 32 |19 13 1594i09 | 8.77 |3.31 .29

7%-'_ = . ]

A2 % l'T —h A 32 2 1 j66Lo9 | 9.50 |3.43F.36
A % 1 '&"ﬁa 32 4 27 13106 [14.20 |5.25}.06
A % P ‘Wl | A 32 9 23 128).08 |12.60 |5.8) }.27
]

A 1200 ’_L HEAT #n A 32 |22 9 |7los | 7.97 |3.35F.34
I..L %__.L.I;?_L_Enﬁ: _23 9 |.72].08 | 8.83 |3.22].06
i — 4 o)) | 2 l2n | n leslos |r0.77 [s.32}.26
E_L I 10 21 1.32[.09 [13.60 |4.91].04
S ]

o K Y P utu.l.lT | 8 | 24 J.25|.08 |13.47 14.26].18
s.lﬁm_mL 1 IHEAT _ Jiw)) | ] 9 1708 | 9.37 4.34].13
;

*  Enqagement Method ** I1lumination

8 = Gunner: Daylight Battlesight A = Ambient Light

C « TC, Gunner: Rangecard W = Artificial White Light

I = Gunner: IR Battlesight I = Infrared Light

P = Gunner: Daylight Precision

R = Gunner: IR Precision

S = TC: Daylight Battlesight

T = TC: Daylight Preciston 9-54

ks oL,

X = TC: IR 50 Cal. Sight




?’ -
2 -
f TAME  Qug-2
s PABLE VELLA awd B
: ANALYSIS OF VARIANCE SUMMARY
WNIT__ECH GUNNERY MEASURE___]st Bound Py
| - -
OF
. VARIATION R MEAN SQUARE F P
- ; | A - Companvs 2 5733.328 2.55 n.S.
o | B - Table 1 1633.303 ceee | WS, |
|_C - Targets 4 33749. 969 18.24 | <.001
- { N(A) - Error 2 2248.142 '
: AB - Companys X Table 2 2533.334 e | ws.
| _AC - Companys X Taraets 8 | 899.90 -=e | NS,
@ ‘. |_BC - Table X Targets 4 1883. 297 - N.S.
? | NB(A) - Error 27 2899.98)
‘ NC(A) ~ Error 108 | 1849.98)
H - ' ABC - Comanys X Table o o | ws |
! NBC(A) - Error
. : 108 2057.280
: 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
, value indicated.
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UNIT

TABLE 9-C-3
First Round Mean Values

Overall Mean = 48.3
Table VIII A (Day)

46.0
Companys

Terget

[ N

Tadle VIII
A (owy)
B (night)

Company

A
8
c

CoA
43.0

63.3
A (Oay)
4.0
38.0
60.0

56.7
70.0

65.0
60.0
65.0

PLIREORMANCL ML ASURL

h

Table VI11 B (Night)

CoB
45.0
2 3
65.0 20.0
Table VIII
Target
2 3
66.7 10.0
63.3 30.0
Target
2 3
§5.0 10.0
€5.0 5.0
75.0 35.0
9-56

§0.7
G
§7.0
4
25.0
8 (Night)
46.0
52.0
54.0

4
26.7
23.3

15.0
20.0
‘o.o

70.0
66.7

70.0
65.0
70.0
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TABLE 9-C-4
TABLE VIUIA and B
ANALYSIS OF VARJANCE SUMMARY |
UNIT ECB GUNNERY MEASURE _ 1st Round Firing Time
' ‘ OF -
VARIATION _d.f. MEAN SQUARE F P
| A - Companys 2 38,973 1.51 N.S.
, |8 - Table | 48,000 196 | NS |
G - Jarosts 4 | 322,44 14.91 | <.00
N(A) - Error z 25.823 |
AB - Companys X Table 2 66,280 2.7
| _AC -Companvs X Jaraets | 8 | 9,832 s==- NS, |
. | _8C - Table X Tarcets 4 19.800 1 NS,
| M8(A) - Error 21 24,482
|_NC(A) - Error am | 2162
ABC - Compa X Table
XJI:L”L 1230 | oo | NS
'é(l) - Error
108 17.333
P Yalues of F
N.S = F value 1s not statistically significant.
< .05, <.01, <.005,<.001 = F value is significant at less than the percent
value indicated. )
9-58
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TAM L 9eCel

First Round Mean Values

INIT FCR BIREORMANGY Tlving Tiww
1. Overall Mean = 11.0
3 2. Table VIII A (Day) Table VIII B (Night)
z 10.6 n.4
g 3. Companys Co A Co B Co C
% 10.6 10.7. n.7 ‘
i‘~ . 4. Target 1 2 3 ‘ 5
.2 8.8 10.1 13.9 13.0 9.2
i 5. Company A (Day) Table VIII B (Night)
"‘ A 9.7 .4
B n.3 10.2
¢ 10.8 12.6
»
6. Target
! Table VIIT 1 2 3 8 5
i A (Day) 8.8 9.5 1.2 12.6 8.0
i B (Night) 8.8 10.8 13.6 3.5 10.4
: 7. Target
. Company 1 2 3 ) 5
4 : A 1.7 9.9 13.5 12.7 9.1
B 8.7 9.5 14.0 13.6 8.0
c 10.0 na 4.3 12.9 10.4
9-59
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(5) Analysis of the EDD Battalion.

(a) Table 9-D-1 presents the Summary of Gunnery Performance Measures
for the D Battalion. The statistics in table 9-D-1 were based on data
_ from a total N of 39 tank crews: 13 in A Company, 13 in B Company, and }3
- in C Company. The statistics in the analyses of variance were also based
on data from a total N of 39 tank crews.

i “{“‘“";!"i? s

. - (b) Table 9-D-2 presents the results of the analysis of variance of

- first round Pp scores. There was one significant effect, Targets

r (F=50.94, p< .001). The target means, presented in table 9-D-3, were com-

garcd for differences in a Tukey's (HSD) Test. The results indicated that

5h scores on Targets 1, 2, and 5§ were significantly higher (p <.01) than
h 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 <.001), and Companys X Targets (F=3.48, p <.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<.05) than on Table VIII B (Night). The Target means were compared for :

_ differences fn a Tukey's (HSD) Test. The results indicated that mean firing ,
LI 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
Y and 5, and the slowest on Targets 2 and 4.

[y
; (d) Examination of figure 9-D-1 shows that Targets 3 and 4 had longer
j 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, |
>
Y |
® |
. |
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- TABLE _9-D-1

GUNNERY PERFORMANCE MEASURES

UNIT  EDB ROUND 1 GUNNTRY RANGT 7
TARGEY CHARACTERISTICS  MEASURES
= . FNTOTWO.T T T NN T T
‘TABLE| SE- | (ME- | M | RNDS. ofF |oOF P FIRING
VIl | QUENCE | TERS)! * | AMD  lTARGET nivs| misses| nlom [rime | s.0.] rpb
4 ]
AN 1000 |8 | TPDSST_ Panel 30 9 {77007 [9.97 |3.90}.15
2l 1100 le {ugAr 30 9 Lr7lor Ji.23 [3.34F.33
'_a__a__% 1 |oEAT 'uun 5 30 |14)los ps.10 |7.24] .05
A 1s0 e Myl 4 35 liolos hz.e0 |5.43}.17
1 -
A 18] 1100 |8 |weAT il 30 9 |77]07 |9.56 [3.73}.23
| 1 nﬁs 1 pm"'; w il 39 | 33 6 [.85/.06 |9.95 |4.81].03
| 1 -:— i w il 8 |.80].67 pz.87 |3.78}.20
e e =
2 1 I iyl | 39 |12 24 |.33].08 n7.56 |8.55] .43
1
A 1d l%& 14 i 39 8 31 |.21].07 [15.59 | 5.55}.04
A Al 1200 M)l | 27 11 {.71].08 {10.44 |3.70] .14
* Enqaqement Method **  [Tlymination

8 = Gunner: Daylight Battlesight
C « TC, Gunner: Rangecard

1 = Gunner: IR Battlesight

P = Gunner: Daylight Precision

R = Gunner: IR Precision

S = TC: Daylight Battlesight

T = TC: Daylioht Precision

X = TC: IR 50 Cal. Sight

A = Ambient Light
W= Artificial White Light
I = Infrared Light

—r
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TAMLE 9-0-7 _
TABLE ¥ITTA and 0

ANALYSIS OF VARIANCE SUMMMARY

WNIT__E0p GUNNERY MEASURE__1st Round Pp
Bl
VARIATION d.f. ___MEAN SQUARE F P
A - Comoanys 2 692.307 —e=s | W.S.
B - Table 1 _3692.308 2.64 | M.
C - Targets 4 81794.810 50.94  {<.001
N{A) - Error 3 1995.719 '
AB - Companys X Table 2 999,997 o N.S.
| _AC - Comnanys X Tarasts 8 948.719 -=== | N.S.
- ¥ ts 4 1769.250 1.0 N.S.
NB(A) - Error 36 1397.420
| NC(A) - Error 144 1605.674
ABC - Companys X Table 8 1769.149 1.0 | N.S.
TBC(A) - Error 144 1755. 288

P Values of F

N.S = F value is not statistically significant.
<.05, <.01, <.005,<.001 = F value ts significant at less than the percent

value indicated.
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TABLE 9-D-3
1 drst Round Moan Valuoee,
Nl Hn CLRECRMANGL 1y,

1. Overall Mean = 53.8

2. Table VIII A (Day) Table VIII B (Night)
[ 50.8 56.9
3. Companys Co A Co 8 CoC
51.5 53.8 56.2
4. Target 1 2 3 4 [
80.8 78.2 21.8 15.4 73
5. Cowpany A (Day) Table VIII B (Night)
A 50.8 52.3
) 4.7 60.0
C 53.8 58.5
6. Target
: Table VIII 1 2 3 N 5
’ A (Day) 76.9 76.9 12.8 10.3 76.9
< B (Night) 84.6 79.5 30.8 20.5 €9.2
1. Target
Company 1 2 3 4 5
A 84.6 76.9 23.1 1.5 61.5
8 76.9 73.1 2.1 15.4 80.8 )
c 80.8 84.6 19.2 19.2 76.9
9-64
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TABLE 9-D-4
TABLL VIRLA and B v
ANALYSIS OF VARIANCE SUMMARY ’
UNIT__ED8 GUNNERY MEASURE st Round Firing Time
mg:uon d4.f. _ MEAN_SQUARE F P \
| A - Companys 2 9.972 --—- | N.S.
B - Table 1 227.703 6.74 |<.05
Le¢- Im:- ts 4 597.247 24.99 |<.001 1
N{A) - Error 36 48.478 |
AB - Companys X Table 2 12.002 ---= | NS, [
| AC - Companvs X Targets 8 83.065 3.48 |<.01 I
| 8C - Table X Tarcets 4 24.786 1.1 | NS, {
M8(A) - Error 36 33.79) ‘!
NC(A) - Error 144 23.900 |
o argy * Tevte 8 25,711 15 | ns. | - J
NBC(A) - Error
i 144 22.34)

P Valyes of F
N.S = F value is not statistically significant.
<.05, <.01, <005,<.00) = F value is significant at less than the percent

value indicated.
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L TABLE 9-0-5
. First Round Mean Values
;, UNIT o8 PRI ORMANE L Fhring Hiee
1. Overall Mean = 12.5
2. Table ViIl A (Day) Teble VII1 B (Night)
b o
. 1.8 13.3
3. Companys CoA Co B Co C
. 12.2 12.8 12.8
.
4. Target 1 2 3 4 5
10.0 12.1 16.3 14.2 10.0
- §. Company A (Day) Table VIII 8 (Night) i {5
A 1.2 13.3 '
B 12.0 13.6
S C 12.1 13.0
»
6. Target
Table VIII 1 2 3 4 5
: A (Day) 10.0 1.2 15.1 12.9 9.6
B (Night) 9.9 12.9 17.6 15.6 10.4
. 7. Target
- i "
: Company 1 2 3 4 5
' A 9.3 n.s 16.0 4.8 9.5
. B 12.4 11.8 16.7 1.5 1.5
C 8.2 12.8 16.3 16.3 9.0
&
¢
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(6) Analysi. ol the LLB Battalion,

(a) Table 9-L-1 presents the Summary of Gunnery Performance Measures
for the E Battalion. The statistics in table 9-E-1 were based on data froi
a total N of 35 tapk 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
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 <05). The Target means, presented in table 9-E-3, were analyzed in a
Tukey's (HSD) Test. The results indicated that the Pp score on Target 2
was significantly higher (p<.01) than on the other targets, and the Py
scores on Targets 1 and 5 were significantly higher (p <.01) than those
for Targets 3 and 4. Examination of the means in the_Companys 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 .
Ph 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-g-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 (HSD) Test. The results indicated that the mean '
firing times on Targets 1 and 5 were significantly faster (p <.01) 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 Pp performance on Target 2 was sig-
nificantly 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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e TABLE 9-€-)
GUMNERY PERFORMANCE MEASURES

UNIT _EEB oo ! GUNNERY RANGE 2

TARGET CHARACTERISTICS TweAsems T
— W ET M. N
TABLE) SE- | (E- | mos. [ P IRING |

) - - VII1 | QUENCE | TErs)| * .ms:r HITS| MISSES | niom [TIM€ 1 s.0. rpo
A 11 % L’_E?J’ mel 22 |.37{.08 | 8.37 p.59 .07
| A—|2 P 11] 7 |.80].07 | 11.52 B.99 }.22
i % —t'_
‘A 1 *'EQ! N 29 |.12].06 | 14.55 p.23 }.08
‘A P ) 32 |.09).05 | 13.45 .99 |.10
A 1o |8l weAr lmm v2 |.e6.08] 7.55p.03 }.35
A1 ﬁ L,_RP:.LM”: 18 |.49 .09 | 10.24 B.05 |.14
. . P uex___m_;_ 5 .J.os u.ss]l.n - 16
' o . 1l _ 27 [.19.06 17.aeh.ss N,

¢
A _H'IL P 4?__“1]_ 27 |.2%.07 17.39k.ss 7

850~
g 1noa | 1! wear Pwn 16 | .54 .09] 12.94 .43 }.18

==

| *  Enqagement Method ** [Numination
8 = Gunner: Daylight Battlesight A = Ambient Light
C » TC, Gunner: Rangecard W = Artificial White Light

Guaner: IR Battlesight 1 = Infrared Light
Gunner: Daylight Precision

Gunner: IR Precision

TC: Daylight Battlesight 9-70

TC: Oaylight Precision

TC: IR 50 Ca). Sight
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TAME _9-f:2
TARLE VIITA and 1

ANALYSTS OF VARIANCE SUMMARY

wiT__ EE - GUMNERY MEASURE st Round Pp
P
VARIATION 4.1 MEAN SOUARE F
A - Companys 2 5848.400 2.08 N.S.
8 - Table 1 757.576 e | WS |
| C - Targets 4 57469. 690 37.56 | <001
N(A) - Error % 2818.175 '
{_AB - Companys X Table 2 6575.738 3.86 | n.s.
| AC - Cospanvs X Tarests 8 3310.570 216 |<.05
| _8C - Table X Tarcets 4 2196.922 1.57 | w.S.
N8(A)_- Error 30 1703. 009
NC(A) - Error 1 1530.274
AB(I: - 2mnys X Table " <08 |
WC(R) - Error 120 1399.891
P Values of F

N.S = F value is not statistically significant.
< 05, <«.01, <005,<.001 = F value s significant at less than the percent

value fndicated.

9N




o R AT
{
|
D~ -
TABLE 9-E-3
First Round ¥2an Values
uNiT  EES FIREORMANE  Pn
1. Overall Mean = 41.5
I e . 2. Table VIII A (Day) Table V111 B (MHight)
40.0 43.0
3. Companys Co A Co B CoC
n.s 9.0 4.1
4, Target 1 2 3 4 5
¢ B e 12.1 1.6 56.1
J 5. Company A (Day) Table VIII 8 (Night)
A 2.3 an.s
| 8 5.4 an.e
' c 3.4 45.5
6. Target ?
Table VIII 1 2 3 4 5
A (Oay) %.4 78.8 12.1 9.1 6.6
| 8 (Night) 6.5 .8 12.1 18.2 0.5
B . 7. Target
‘ Company 1 2 3 ] 5
A 2.3 7.3 4.5 22.7 40.9
] .5 8.4  21.3 9.1 n.3 -
c 59.1 8.8 4.5 9.1 50.0
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TABLE _§-f-4
TABMLE VIIIA and D
ANALYSIS OF VARIANCE SUMMARY

WIT__EER GUNNERY MEASURE 15t Round firing Time

_vm.&m d.t, MEAN SQUARE F P
| A- Comsays 2 5.065 -aee | WS,
|_B - Yabla 1 1012.376 28.16 {4001
{_C - Tarosts 4 596.424 20.37 | 400!

N(A) - Error 30 41.045

AB - Companys X Table 2 207.284 5.77 | a0l
|__AC - Cospanys X Tarosts 8 33.a 1.14 | NS,
|_8C - Table X Taroets 4 32.072 1.12 | N.S.
| MB(A) - Error 2 35. 48
| NC(A) -~ Error 120 29.28)

Asc .m X Table 8 33.891 1.18 | N.S.

NeC(A) - Error

120 28.612
P Yalues of F

N.S = F value is not statistically significant.
< .05, <.01, <.005,<.001 = F value is stgnificant at less than the percent

value indicated.
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g TABLE 9-f-$
First Round Mean Values

(L 1R S {1 } P10 ORMANG | Tiving time
g‘ 1. Overall Mean » 12.9
§ 2. Table VIILA (bay) Table VII1 8 (Night)
- n.2 w7
; 3. Compenys Co A CoB o ¢
: 13.1 2.7 13.0
L&- 4, Target 1 2 3 4 5
: , 9.5 13.2 16.2 15.4 10.2
: 5. Cospany A (Day) Table VII1 B (Night)
s A 12.9 1.3
' B 10.3 15.0
; ¢ 10.2 8.7
’ T s. Target
Table VIIE 1 2 3 . 5
N A (pay) 8.7 n.s 4.5 13.5 7.5
; 8 (Night) 10.2 4.8 7.9 17.4 12.9
: 1. Target
] Company \ 2 3 4 5

L

: | A 96 133 w5 W 9.1
‘ | s %0 25 184 159 108
r

2 c 9.6 137 w7 87 N2
A
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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 jn taple 9-L-1 were based on data from a
total N of 34 tank crews: 12 in A Company, 10 in B Company, and }2 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) Table 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 <.001). 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 Tevel 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 P, ,
scores on Target 1, Table VIII A (Day), and Target 4, Table VIII B (Night),
were much higher, around 70 percent, than the Ph scores on the other engage-
ments. Both of these were battlesight engagements at short ranges.

(c) Table 9-L-4 presents the results of the analysis of variance of
Tirst round mean firing time scores. Significant main effects were Tables
1F=15.62, p<.001) and Targets (F=47.74, p <.01). Significant interaction
effects were Companys X Tables (F=4.60, p <.05), and Tables X Targets
(F=24.54, p<.001). 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
etfect were compared in a Tukey's (HSD) Test. The results indicated that
tne mean firing time on Target 3, the TC-precision engagement, was signifi-
cantly slower than on the other targets. Inspection of the means for the
Companys X Tables interaction indicates that the mean firing time for C
Comzany 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-1
GUNNERY PERFORMANCE MEASURES
UNIT __EiF ROUND ) GUNNERY RANGE 2

T TARGET CHARACTERISTICS

TABLE

- . Vit s.D.| rpb

A 3.181.05
A I

A 6.25 | .09
A 1.17 12.26 1,14
A L_Z!___.ll’r&LM 4,14 }.02

B 3,29 .38
A 6.61 .15
o 9,16 | .07
i B 2.29 {.15
i

.l_.‘ 09! 9.40 13.66 ¢.15

*  Enqagement Method = [1lumination

B = Gunner: Daylight Battlestght A = Ambient Light

C = TC, Gumnner: Rangecard W = Artificial White Light

; o Gumner: llitattln‘lg?t‘ I = Infrared Light

= Gunner:

R= Gunm:: oﬁ pmgm sion ** Multiple Target Engagement

S = TC: Daylight Battlesight 9-78

T = TC: Daylight Precision

X « TC: IR 50 Cal. Sight

~ !
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3 TARLF  9-§-2
2 VARLD VERUA a8
AMALYSIS OF VARIANCE SIMWMARY
UNIT_ELF GUNNERY MEASURE__ First Round P
b ~ —
Pl
: VARIATION d.f. MEAR SQUARE F P
- ' | _A - Comnanys 2 1733.333 ——ae N.S.
B - Jable 1 1200,000 ove- NS,
: ; | C - Targets 4 _6283.328 2.78 | <.05
{
- N(A) - Error u 2296.290
: AB - Companys X Table 2 3599.996 1.08 N.S.
|_AC ~ Companys X Targets | 8 2108.333 —--s | NS,
’ e B¢ - Tab t3 4 14783, 280 8.39 | <.00
|_NB(A) - Crror 2 338,493
i NC(A) - Frror 108 2259.236
: ABC - Comnanys X Table
" X Targat 3 1588.313 e | WS,
NBC(A) - Error
L s () - er 108 1762.837
J P Values of F '
i N.S = F value is not statistically significant.
d <.05, <01, <.005,<.001 = F value is significant at Tess than the percent
value indicated.
-
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' TARLE 9-L-3
. First Round Mean Values
. WIT  ELF PERFORMANCE Py,
1. Overell Mean = 38.7
. N ; 2. Table VIII A (Day) Table VIII 8 (Night)
; 36.7 0.7
’ 3. Companys Co A Co 8 Co ¢
. 3.0 20.0 2.0
: 4. Target 1 2 3 4 5
.7 2.3 36.7 51.7 30.0
: 5. Company A (Day) Table V111 B (Night)
A 32.0 3.0
’ “.0 36.0
: | c 3.0 50.0
; 6. Target
i Table VIII 1 2 3 s 5 ;
g A (Day) 70.0 2.3 3.7 3.3 20.0
: 8 (Night) 23.3 2.3 36.7 70.0 0.0
: { 7. Target
; Company 1 2 3 4 5
' : A 0.0 3.0 300 500 2.0
: 8 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 VIEIA and B
ANALYSIS OF VARIANCE SUMMARY

UNIT__ELF GUNNERY MEASURE

First Round Firing Time

[ SOURCE.

m?:non d.f MEAN F P
A - Comnanys 2 246,493 2.91 N.S.
| B - Table 1 863,603 15.62 | <.00)
. C - Jargets i | 1362.912 47.74 | <.000

N(A) - Error 27 84.672 -
| _AB - Companys X Table 2 254.333 4.60 | <.05
| _AC - Comanys X Yaraets | 8 | 22.566 — N.S.
| _BC - Table X Tarasts 4 732.252 25.54 | <.001
|_M8(A) - Error _22 §5.202 |
|_NC(A) - Error r____zn._siL

ABC - Comnanys X Table

X Target A 18.857 sos= MS,
NBC(A) - Frror 108 29.843

P Values of F

value indicated.

N.S = F value is not statistically significant.
< .05, <01, <.005,<.001 = F value is significant at less than the percent
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- TABLE  9-L-§
First Round Mean Values
g UNIT 1L F PERTORMANGL | leing Time
g‘ 1. Overall Mean = 1.04 .
i 2. Tabie VIIL A (Day) Table VIII B (Night)
- ;, 8.7 12.1
l 3 3. Companys  Co A Co 8 CoC
; . 8.8 10.4 1.9
u 4. Target 1 2 3 4 5 )
T 7.3 18.6 7.0 9.8
: 5. Company A (Day) Table VIII B (Might)
- A 8.2 9.4
] 9.4 n.3
¢ 8.4 15.5
* 6 Target
Table VIII 1 2 3 P 5
A (Day) 6.2 —-- 19.8 7.2 10.2
" 8 (Night) 12.0 14.6 17.5 6.8 9.4
7 Target
Y 1 Company ] 4 3 4 5
‘ A 8.3 5.2 16.6 5.8 8.3
5 B 7.5 7.3 18.7 8.2 10.2
* ¢ 1.6 9.5 20.6 7. n.0
3
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(8) Analysis ot the EMC Battalion (A Brigade 75 Battalion).

(a) Table 9-M-1 presents the Summary of Gunnery Performance Measures
for the M Battalion. The figures are based on data fram 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 am 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<.01)
and Tables X Targets (F=2.81, p<.05). The Target means, presented in Table
9-M-3, were compared in a Tukey's (HSD) Test. The results indicated that
the Pp score on Target 5 was significantly greater (p<.01) than the P, score
on Target 2. Examination of the means in 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 Pp 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. A1l effects were highly significant: Tables (F=23.89,
p<.001), Targets (F=29.56, p<.001), and Tables X Targets (F=9.83,p<.001).
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<.001) 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 (p<.01) 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 anmalysis.
Nevertheless, comparison of the means on the other targets uncovers some L
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 Pp 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 1 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. i
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- TABLE 9-p-1
. GUNNERY PERFORMANCE MEASURES

UNIT __EMC  ROUND 1 GUMNERY RANGE _ 2

TARGET CHARACTERISTICS

" MEASURES
T NG, T o B P Il e | 7\ e e I
TABLE | SE- (ME- | 1 nnos.T L OF | OF FF{ -TSRING
VIIL | QUENCE | TERS)| * | AMMO  TARGET | L** JICREWS| HITS| MISSES| h{0"M [TIME s.0.| rpb
20 7 l74{.09| 5.33[6.39}.27 . 1
~7
HEAT-T _ ull A 27 12] 4 L4610 - - -
HEAT-T  lwull A 27 13] 4 |48].10 | 20.08]8.56] .03
A
A

s

l
HEAT-T  Wull A

4
HEP-T  hull 27 ol 18 l33|.00l 12.4213.73}.18
"9
1P0S-T ! Panel 22| 16| n lsel.10{ 10.00{3.52(.10

£
HEAT-T . Hull.
=y

HEAT-T |Hull__ |
HEAT-T | W}

1
)
Hes i )
H 11] 27 15 12 561 .10 14.00] 5.03 +.07
e i)
| TPOS-T. IPanel | W 27 21 2 |.911 .06 7.9215.001.74

27 12| 15 [44}1.10] 9.50]7.01 }.39
2 8] 19 130]. 16.3317.151.20
2! 1 15 L .Jo| 22.17/8.38 |.32

*  Enqagement Method ** I1lumination

B = Gunner: Daylight Battlesight A = Ambient Light

C » TC, Gunner: Rangecard ¥ = Artificial White Light
1 = Gunner: IR Battlesight I = Infrared Light

P = Gunner: Daylight Precision

R = Gunner: IR Precision *** Multiple Target Engagement
S = TC: Daylight Battlesight

T = TC: Dayliaht Precision 9-86

X = TC: IR 50 Cal). Sight
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TABLE 9-M-2
TABLEVIIIA and 8
i ANALYSIS OF YARIANCE SUMMARY

R s i m }
m, B

;_ UNIT EMC GUNNERY MEASURE First Round ’h
| T
: VARIATION 4.1, _MENVSQUARE  F 4
B - Table 1 ; 333.333 ecwe NS,
C - Targats 4 8851044 3,76 <=.0)
- 8C - Tables X Tarqety 4 _6629.613 2.8 <, 05
' N(BC) - Error 260 L 2356.066
P Values of F
N.S. = F value 1s not statistically significant,
<.05,%«,0), «.005,«.00] = F salue s significant at tess than the percent
value indicated.
&
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TABLE 9-M-3
First Round Mean Values

UNIT  EMC Performance Measure P l

1. Overall Mean = 50.74
- 2. Table VIII A {Day) Table VIII B (Night)
' 51.85 49.63
3. Target 1 2 3 4 ]
59.3 37.0 “.4 “.4 68.5

4 TARGET

Table VIII 1 2 3 4 5

A (Day) 74.1 “.4 48.1 33.3 §9.2
B (Night) 44.4 2.6 0.7 55.6 77.8
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TABLE 9-M-4
TABLEVIII A and B
ANALYSIS OF VARTANCE SUMMARY

UNIT EMC GUMNERY MEASURE First Round Firing Time
: s
VARIATION d.f. MEAN SQUARE F 4
B - Table ] 1893. 426 23.89 _ <.00
C - Targets 4 2025.734 29.56 <. 00}
8C - Tables X Targets 4 779.211 9.83 < ,001
N (BC) - Error 260 79.255 ===

P Values of F
N.S. = F value 1s not statistically significant.
<.05, <.01, <005,< .00) = F value is significant at less than the percent

value indicated.




e
§. - TABLE 9-M-5
:‘ First Round Mean Values
UNIT  EMC PLRTORMANCt MIASURL 1 1ving
é_ 11me
1. Overall Mean = 12.6
v 2. Table VII} A (Day) Table VIII B (jight)
- = 9.9 15.2
3. Target 1 2 3 4 ]
10.1 8.3 23.0 12.9 8.5
= . TARGET
' Table VIIT 1 2 3 . 5
' A (Day) 5.5 0 21.8 12.7 9.6
i B (Night) 14.8 16.6 24.2 13.4 7.3
i
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(9) Analysis of the ENG Battalion.

(a) Table 9-H-1 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-H-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 (F=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 <.01) than the Pp
scores on Target 2 and 5, while the Ph score on Target 4 was significantly
higher (p <.05) than the Ph score on Target 2. Examination of the Ph scores
for the Tables X Targets interaction, plotted in figure 9-N-1, indicated
that on Targets 1 and 2, Ph scores on Table VIII B ?Night) were higher
than Ph 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 <.01), 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 <.01) 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<.01) 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 Tables
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 <01) 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). H
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(d) Comparison_of the target means in table 9-N-3 suggests that Lherc
was a decrement in Ph performance on Target 2, probably due to the HEP
ammo used for that engagement. Conversely, Ph performance on Target 3,
the battlesight engagement, using TPDS-T ammo, was relatively better even
- . though it was a moving target.
.’.“
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- TABLE _g.N.)
£ _ GUNNERY PERFORMANCE MEASURES
UNIT __ENG _ Rounp 1 GUNNERY RANGE 2
TARGET CHARACTERISTICS U7 weasures )
L d NG T S . . P R . T B
TABLE | SE- (ME- | M | RNDS. L |loF oF | OF P . FIRING
VIIT | QUENCE | TERS)| * | AMMO TARGET | L** |ICREWS]| MITS] MISSES| hlo'M [TIME 5.0.| rpb
- - 1300- 2
: A |- 1 - 51 | 13 37 17.29 16,38 b.04
1500-
N 1% p | NEP- ;munlil Al 51! 6 121,05 114,94 (5,05 .05
- ving
s A= 00 8 R panel® | a | &1 | 20 | 22 .07 18,69 13,58 1.05
A} HEAT-T _ Hull 5Ll 21 30 (4] 1.23 18,40 |
1100- 2
A - P -1 ! 511 22 9.94 113,
) 1300 Z |
R 1 =T lwutl  x U s1 | 21 28 leal.oz 1427 | 8,
2
P -1 | 33 114,42 15.13 b.35_
. A | g |TPOS<T lpaned | y Il 8§11 3 20 _._mT | 8,96 |5.08 },23
2
A ] 1 -LWMLL 51 25 .07 110,04 15,61 ¢.21.
5] P L | wll s1] | a0 l22f.06{13.69 |6.76 }.27
i
) * Engagement Method **  [1lumination
B = Gunner: Daylight Battlesight A = Ambient Light
C = TC, Gunner: Rangecard W= Artificial White Light
. ; = Gunner: IR Battlesight I = Infrared Light
R = Gunners 1k Prectsian " s+ Witiple Target Engegement
S = TC: Dayliaoht Battlesight
T = TC: Dayliaht Precision 9-95
: X = TC: IR S0 Cal. Sight
.
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TABLE 9-N-2
' TAGLE VI A and B i
ANALYSTS OF VARIANCE SUMMARY
: UNIT_Ewg  GUNNERY MEASURE__ First Round Ph
¥ o;" d.f. MEAN_SQUARE. F P
i, A - Cospanys 2 6372.547 2.80 | N.S.
v B - Table 1 411,762 1.3 | NS,
. C - Targets 4 17284.300 8.77 |<005
- N(A) - Error 48 2276.936
) AB - Companys X Table 2 411.760 - | nss.
' [__AC - Comnanvs X Taraets 8 1813. 711 —--- | NS,
| _BC - Table X Targets 4 7990.172 3. <o
|_M(A) - Error a8 3286.669 |
) - ervor 92 1970.531
’ ABC - Comnanys X Table
X Target. —2078,373 =oo NS, |
NBC(A) - Error
- 198 _2152.812
P Values of F

N.S = F value s not statistically significant.
< .05, <=.01, <005, <.001 = F value is significant at less than the percent

value indicated.
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TABLE  9-N-3
First Roynd Mean Values
UNIT  ENG PERFORMANCE MEASURE P
Overall Mean = 38.6 .
Tebie VIII A (Day) Table VIII B (Night)
35.7 0.6
Companys  Co A Cod CoC
40.6 4.5 3.8
Target 1 2 3 ] 5
33.3 24.5 51.8 45.) 32.4
Company A (Day) Table VII1 8 (Night)
A 36.5 “7
8 62.4 “7
c 28.2 35.3
Target
Table VIII 1 2 3 . 5
A (Day) 25.5 n.8 56.9 0.2 431
B (Nignht) 4.2 37.3 58.8 49.0 2.6
Target
Company 2 3 ] 5
A 38.2 23.5 52.9 52.9 35.3
] 29.4 29.4 70.6 “w.) “.)
¢ 32.4 20.6 50.0 38.2 17.6
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TARLE 9-N-4 -
TABLT VITTA and R

ANALYSLS OF VARIANCL SUMARY
UNIT__ ENG GUNNERY MEASURE___First Roynd Firing Time

——y

. Saa i

* - f_"SUg'l;ﬂ:E 1
VARIATION d.f. MEAN SQUARE F P
. A - Comoanys 2 471.155 6.00 |=<.00
. | B - Table 1 486.282 5. <.05 |
C - Targets 4 1216.741 39.42 *<.001
N(A) - Error 48 78.580
- AB - Companys X Table 2 330.570 3.78 <.05
AC - Companys X Tarqets 8 221.945 7.19 “<.001
BC - Table X Targets 4 163.011 5.13 . 005
- ~ [__MB(A) - Error 48 87.398
k NC(A) - Ervor 192 30.865
< ABC - tx:ag—:m X Table 8 102.208 2.22 <o
: NBC(A) - Error
192 31.767
3 P Values of F
K.S = F value is not statistically significant.
< .05, <.01, <.005,<.001 = F value is significant at less than the percent
£ value indicated. : .-
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7.

TABLE  9-N-5
First Round Mean Values
WIT  Ene PERFORMANCE MEASURT 1 irtny 1ime
Overall Mean = 13.2 .
Tabie VII1 A (Day) Table VIII B (Night)
14.2 12.2
Companys Co A Co 8 CoC
13.3 14.8 n.5
Target 1 2 3 4 5
15.6 14.6 8.7 10.5 16.7
Company A (Day) Table VIII 8 (Night)
A 15.6 na
(] 16.0 13.6
c 1.0 12.0
Target
Table VIII 1 2 3 ‘ 5
A (Oay) 17.0 4.7 8.6 1.0 19.7
B (Nfght) 14.2 14.4 8.8 10.0 13.7
Target
Company 1 2 3 4 5
A 15.6 13.0 7.4 1.1 19.6
] 15.8 " 16.9 9.5 n.s 20.4
¢ 15.4 13.8 9.2 8.8 10.1
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(10) Analysis of the LOG Battalion.

(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 Pn 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 Ph score attained on Target 3 was significantly_higher (p <.01) than
the Ph scores attained on the other targets. Also, the Ph score on Target 2
was significantly lower (p <05) than the Ph 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=10.12, 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 revealed that mean firing time for the TC engagement, Target 1, was
significantly slower than for the other targets using high velocity ammo.
This suggests that the firing time for tank commanders is slower than it is
for gunners.
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#ﬁ TABLE 9-0-]
’ N— GUNNERY PERFORMANCE MEASURES
UNIT £0G ___ ROUND 1  GUNNCRY RANGE 2
TARGET CHARACTERISTICS MEASWRES l
't No.  § . WY, N, MEAN
TABLE | SE- (ME- | M RNDS. L OF OF oF P IRING 1
— VII] | QUENCE TERS) | * AMMO  ;TARGET | L** [[CREWS] HITS| MISSES| h|O"M [TIME S.0.| rpb
4
A 1 1700 T HEAT-T Hull A 48 16 32 .33 .07 §6.13 5.96 |-.04
—1500- —Z .
A 2 1700 P HEP-T Hull A 48 8 40 .17 .05 [4.00 5.17 |-.24
T00- Z _ |Moving
— A 3 1000 B [TPDS-T !'Panel | A 48 40 8 .83 |.05 |9.04 3.19] .08
7
A 7 1100 P HEAT-T Sull A 48 20 27 .43 1.07 p0.54 [10.83 }-.07
Y4
A 8 1800 P HEAT-T Hull A 48 2) 25 .46 /.07 {6.73 [10.45} .10
—T300- 2
B 3 1900 T HEAT-T Hull W 48 23 25 .48.07 N4.54 5.21 .21
U= 4
B 4 1600 P HEP-T Hull W 48 14 33 .30{.07 [13.13 ;4.85 }.2]
TO0- < foving
B 1 1000 8 [TPDS-T Panel | W 48 36 12 .751.06 | 7.56 3.0 .07
T00= F4
- B 5 1100 I HEAT-T Wl 1 48 17 30 .361.07 N11.96 6.83 }.01
. TOOU- Y 4
'8 2 1700 P HEAT-T Hull W 48 20 28 .421.07 N14.90 6.34 |-.04
* Enqagement Method **  [1lumination ‘
B
B = Gunner: Daylight Battlesight A = Ambient Light
C = TC, Gunner: Rangecard W = Artificial White Light
. [ = Gunner: IR Battlesight 1 = Infrared Light
P = Gunner: Daylight Precision
R = Gunner: IR Precision v+ Multiple Target Engagement
S = TC: Daylight Battlesight
T = TC: Dayliaht Precision 9-103
- X = TC: IR 50 Cal. Sight
H




~
TABLE 9-0-2 4
TAGLF VITT A and B ]
ANALYSIS OF VARLAHCL SIMMARY
. UNIT_ e GUNNERY MUASURC__First Round P, 1
[ SOURCE
VAR?:TION d.f. MEAN SQUARE F P
A - Companys . 2 6770.828 2.37 N.S.
| B - Table 1 §20.833 ey N.S.
| C - Targets 4 41302, 060 20.62 | <.001
N(R) - 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 Taraets 4 2760. 39 1.64 | N.S.
| _NB(A) - Error 45 3004,0)17
- Error 180 2003, 376
ABC - Comnanys X Table
X Tarast 8 | 3135.352 1.86 | N.S.
NBC(A) - Error
180 1687.819
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
value indicated.
9-104
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TABLE 9-0-3
First Round Mean Values
UNIT  EOG PLRIORMANGY 1),
Overall Mean = 44.8
Tabie V111 A (Day) Table VII1 8 (Night)
43.8 45.8
Companys Co A Co ® Co C
46.9 50.0 37.5
Target 1 2 3 4 $
40.6 22.9 79.2 38.5 2.7
Company A (Day) Table VIII 8 (Night)
A 40.0 53.8
B 50.0 50.0
c 41.3 33.8
Target
Table VIII 1 2 3 4 5
A (Day) 33.3 16.7 83.3 M7 43.8
B (Night) 47.9 29.2 75.0 35.4 4a.2
Target
Company 1 2 3 4 5
A 37.5 40.6 81.3 37.5 37.%
B 53.2 15.6 n.e §0.0 59.4
c 3.3 12.5 84.4 28.1 N3
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T
) TABLE Q.0-4
' TARLE VIIIA and R
ANALYSTS OF VARIANCL SUMMARY
UNIT_EOE GUNNERY MEASURE_First Round Firing Time
b - OFCE
) VARIATION d.f. MEAN SQUARE F 4
A - Companys 2 11.775 -== N.S.
- B - Table ] 144,102 2,18 | NS |
' C - Targets 4 §95.894 = .00
N(A) - Error 45 57.664
-~ AB - Companys X Table 2 110.633 1.68 | NS, |
AC - Comnanys X Targets 8 47.721 1.23
|__BC - Table X Targets 4 406,276 =.008
- . |__NB(A) - Error 45 66,011
|__NC(A) - Error 180 38.673
ABC -~ go;ném X Table N ) e
NBC(A) - Error
180 40.149
- P Values of F
N.S = F value is not statistically significant.

value indicated.

< 05, <=.01, <.005,<.001 = F value is significant at less than the percent
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7.

TABLE 9-0-5

First Round Meen Values

WNIT E0G

Overall Mean = 11.9

Tabie VII! A (Day)

1.3
Companys Co A
1n.7
Target 1
15.3
Company A (Day)
A 12.1
B 1.3
c 10.5
Table VIII 1
A (Day) 16.1

8 (Night) 14.5

Company 1

A 14.6
B 15.5
c

15.9

PERFORMANCE Firtng Time

Table VIII B (Night)

12.4
CoB Co C
12.2 n.7
2 3 4 5
13.6 8.3 11.3 10.8
Tadble VIII B (Night) .
1.3
13.0
12.9
Target
2 3 4 5
14.0 9.0 10.7 6.7
13.1 7.6 12.0 14.9
Target
2 3 4 5
12.8 7.1 1.2 1n.9 .
15.3 9.2 1.5 9.5
12.6 8.6 10.3 1.0
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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 resuits of the analysis of variance of _
first round Ph scores. Significant main effects were Tables (F=21.23, p<.001),
and Targets (F=18.92, p<.001). 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 Ph scares were higher on
Table VIIT B (Night) than on Table VIII A (Day). The Ph scores for the
Targets main effect_were 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-1,
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
VIIT A (Day) used the training APDS ammo (TPDS-T) that has since been
shown to have defective ballistic characteristics.

" e

-ecww - a w

(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. ¢
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 1 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, Fh per-
formance on Table VII1 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 ammo and lower on those firing HEP ammo. The APDS-T

9-110




amo used on Targel 4, Table VIII A was later found to be defective and

was considered to be the main cause of the poor gumery performance on that

engagement. Three, mean firing time for the battlesight engagements were
faster than for the precision engagements.
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. - - TABLE 9-A-)
GUNNERY PERFORMANCE MEASURES
UNIT __ UM RouD 1 GUNNERY RANG 1

7 MEASURES

TARGET CHARACTERISTICS
=1 TARGET | RAPGE No. ] . W rw T PERN
. R TABLE | SE- J(uc- M| RNODS. ! L oF F IRING
VIIT | QUENCE | TERS)| * | AMMO TARGEY MISSES | h]O"M [TIME s.D.| rpb
4
A |2 1720 |8 T-T Wl 24 |.53.07 ]| 7.75 l2.76 }.23
K4
A |3] 1000 |8 [HEAT-T .Hul 13 |.74/.06 | 7.45 [4.39}.00
7T Foving
A l6| 1894 |p [APDs-T [Panel a1 |.20.06 12.11 |a.9a |02
£
A |2 1495 | P [HEP-T  Hul1 27 |.46].07 [14.61 [5.67 |.1
F4 ’ .
8 2] * 1720 |B |HEAT-T IHul W 51 | 45 6 |[.88.05(10.18 [5.33 }.14
Lk
8 |3 1100 |1 |HEAT-T |[Hull 1 51 | 40 10 |.8d.06] 9.43 [4.41 |.04
< ng
B_ |4 820 |P MEAT-TPT {Pane) | w }l SV | 27 | 23 |.54.07(12.02 (4.40}.00
Y 4 1
8 |7 1495 [P | HEP-T [wull W 51| 25 24 |.51.07113.96 [8.73 .13
* Engagement Method #* [llumination
B = Gunner: Daylight Battlesight A = Ambient Light
C = TC, Gunner: Rangecard W = Artificial White Light
1 = Gunner: IR Battlesight I = Infrared Light

P = Gunner: Dayliaht Precistion

R = Gunner: IR Precision

$ » TC: Daylight Battlesight 9-12
T = TC: Dayliaht Precision

X = TC: IR 50 Cal. Sight




TABLE QmA-2

TARLE VIILA and B
ANALYSIS OF VARIANCE SUMMARY

UNIT__ UM GUNNERY MEASURE_1st Round Pp
m?:nou d.f. MEAN SQUARE_ F P
A - Companys 2 | 1,45 :S.
i |8 - Table 1 L2i <001 |
: | _C - Targets 3 <001
' N(A) - Error 48 3397.613
AB -~ Companys X Table 2 1053.904 N.S. |
| A - Companys XTorasts | 6 [776.115 s |
BC - Tab) ts 3 _[7385.625 3,78 |<05
|__NB(A) - Error 8 _liew. 37
NC(A) - Error 144 7
ABC - Comnanys X Table 6 1086, 542
NBC{A) - Error
144 |1953.551

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

value indicated.




TABLE 9-A-3
First Round Mean Velues
UNIT UAA PERFORMANCE MEASURE P),

Overall Mean = 57.4

Table VIII A (Day) Table YIII B (Night)
47.5 67.2
Companys Co. A Co. B Co. C
62.5 50.7 58.8
Target 1 2 3 4
70.6 75.5 36.3 4.1
Company A (Day) Table VIII B (Night)
A 55.9 69.1
8 39.7 61.8
c 47.1 70.6
Tarlpt
Table VIII 1 2 3 4
A (Day) 52.9 72.5 19.6 45.1
8 (Night) . 88.2 78.4 52.9 49.0
Target
Company 1 2 3 4
A 76.5 82.4 3.3 55.9
8 61.8 64.7 35.3 0.2
c 73.8 79.4 8.2 “u.a
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— -_y
' TARLE 9-A-4
TABLE YITIA amid 1 t
ANALYSIS OF VARIANCE SUMMARY '
) - UNIT__UAA  GUNNERY MEASURE_1st Round Firing Time ‘
1
oF
VARIATION d.f. MEAN SQUARE F [
| A - Comngnys 2 258.980 6.52 <.01
: | 8 - Table 1 141.177 4.82  |<.05
; | C - Tarosts 3 948. 895 40.15 [< .00}
: N(A) - Error 48 39.70
- AR - X Table 2 17.412 N.S.
| | _AC - Comnanvs X Targets 6 __33.875 1.43 N.S.
|__8C - Table X Targets 3 44,320 2.02 N.S.
Ne(A) - Error 48 29.296
{ |__NC(A) - Error 144 23.636
ABC - X Tabl
i“‘,'!"‘.m"’: able 6 48.712 2.22 |<.08
NBC(A) - Erro
(A) - Error ) 21.922
P Values of F

N.S = F value 1s not statistically significant.
< .08, <.01, <.005,<.00) = F value is significant at less than the percent

value indicated.
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UNIT

UAA

TABLE 9-A-5

first Round Mean Values

Overall Mean = 11.3
Tab}e VIII (Day)

Companys

Target

Company

Table VIII

A (Day)
B (Might)

Company

[ S

10.

PERFORMANCE MEASURE

Table VIII B (Night)
1.9

1
Co. A Co. B “Co. €
10.} 12.8 11.0
1 2 3
9.1 8.7 12.3
A (Day) Table VIII
9.9
12.%
10.2 »
Target
1 2 3
1.8 1.7 12.5
10.4 9.6 12.1
Target
1 2 3
7.9 1.5 12.3
10.9 10.7 12.6
8.5 1.8 12.0
9117

4

15.2

B (Night)
10.3

13.6
11.8

14.9
15.5

12.8
17.0
15.7
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(12) Analysis of the UFC Battalion (A Brigade 75 Battalion).

(a) Table 9-F-1 presents the Summary of Gunnery Performance Measurec
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
T company.

(b) Table 9-F-2 presents the results of the analysis of variance of

first round Pp scores. Significant main effects were Companys

- (F=3.89, p <.05), Tables (F=45.37, p <.001), and Targets (F=29.37, p <.001).
A significant_interaction effect was Tables X Targets (F=16.17, p <.001).
The Companys Ph scores, presented in table 9-F-3, were analyzed for signifi-
cant differences with a Tukey's (HSD) Test. The results indicated the Ph

- score for A Company was significantly higher (p <.05) than the Py 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-1, 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. Ph 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 Ph 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 8 (Night) than on Table
- d ’ VIIT A (Day); an unexpected difference.
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— - TABLE 9-fF-1
GUNNERY PERFORMANCE MEASURES
UNIT gFg¢ . _ ROUND ) GUNNERY RANGE 3
T T TARGET CHARACTERISTICS o MEASURLS
] E 1 N 1 T TIWT ST T[T AN Ty T
TABLE ) SE- {ME- | M | RNDS. | L (|oF OF ) OF p rIRING
VII] | QUENCE | TERS)| * | AMMO .TARGET | L** HCREWS| HITS| MISSES| h{0"M ITIME 5.0.{ rpb
- ' z
A 2500 [P - 11 _|A 5] 1 50 10203 [23.06 N6.52|-.08
2 Moving
A e P -1PT.Panel 5] 17 M 13 19.57 111.76 .08
2
_A_J_L__lm_JJ_m.MlMJ A [} 5 39 | 1 178[06 [11.82 [5.35}-.34
1
-A_i8] c Hull 51 29 | 21 |.sglo7 |37.22 |22.32}.38
!
2 ;
B 13t 2500 p nggl.‘mfugn o 5 39 Y2 |.774.08 }21.67 |5.961-.23
Movi
A4 I = iw st | 2a| 22 lazlos |23.49 [12.69}.03
2
-JPT Wil | W [ 51 44 1_|.86]. 13,37 {13.93}-.63
- T 20 'C IWEP _ [Hyll /W [t 51 M 1 .05 [33.84 12.21L.00
* Engaaement Method ** I1lumination -
8 = Gunner: Daylight Battlesiaght A = Ambient Light
C « TC, Gunner: Ranqgecard W = Artificial White Light
1 = Gunner: IR Battlesight I » Infrared Light

P = Gunner: Daylight Precision

R = Gunner: IR Precisfon

S = TC: Daylight Battlesight 9-120
T = TC: Dayliaght Precision

X = TC: IR 50 Cal. Sight




~
TABLE _9-f.2
TABLL VIIIA and B
| ) ANALYSES OF VARIANCE SUMMARY
| UNIT___ UFC GUNNERY MEASURE_1st Round Pp
o i
VARIATION d.f. MEAN_SQUARE F p
- A - Companys 2 8161.758 3.89 | <.05
B - Table 1 103553. 900 45.37 | <001 |
| C - Targets 3 47606.210 29.37 | <001
. N(A) - Error 48 2098.641 '
| _AB - Companys X Table 2 318.59%4 N.S.
[_AC_- Comnanys X Targets 6 2508.135 1.55 N.S.
- BC - Tabl 11 3 22442.810 16.17 «. 001
| _NB(A) - Error 48 2282.325
NC(A) - Error 144 1620.689
- ABC - Comnanys X Table
o X Tarqet 6 _ 678,063 oxe= _N.S. |
NBC(A) - Error
144 1387.787
P Values of F
N.S = F value is not statistically significant.
< 05, <,01, <.005,<.001 = F valye is significant at less than the percent
value indicated.
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' . TABLE 9-F-3
' First Round Mean Values
xl UNIT UFC PLRFORMANCE  Pn
1. Overall Mean = 58.1}
2. Table VIII A (Day) Table VII1 B (Night)
R . 42.2 74.0
: 3. Companys Co A Co8 Ce C
66.2 57.4 §0.7
4. Target 1 . 2 3 4
3.2 40.2 81.4 7.6
5. Company A (Day) Table VIII B (Night)
. A 51.5 80.9
8 39.7/ 75.0
c 3.3 66.2
) 6. Target
Table VIII 1 2 3 L] -
A (Day) 2.0 33.3 76.5 56.9 '
) 8 (Night) 76.5 47.1 86.3 86.3
7. Target
B Company i 2 3 4
A 9.2 52.9 82.4 88.2
B 38.2 4. 85.3 61.8
c 38.2 23.5 76.5 64.7
9-122
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|
: TARLE 9-1-4 _
TABLE VIILA and B
ANALYSIS OF VARIANCE SURMARY
- . UNIT UFC GUNNERY MEASURE__ 1st Round Firing Time
‘ SOURCE
VAR?:TION d.f. MEAN SQUARE F 4
A_- Companys 2 68,708 —oee N.S.
| B - Table ) 3,126 cmean NS,
- ts 3 9103.684 51.34 | =.001
H(A) - Error 48 302.649
AB - Companys X Table 2 364.198 1.87 NS,
AC_- Comnanys X Targets 6 95.191 ——— N.S.
. | _BC - Table X Taraets 3 _263.200 1.75 | N.S.
__W8(A) - Eeror 48 194,380 |
. |__NC(A) - Error 144 | 172,307
A Taeaas © Tavte e 220,681 L6 | ns. |
HBC(A) - Error
} 144 150.821
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
value indjcated.




TABLE 9-F-5

First Round Mean Values

9-125

s UNIT  UFC PLRFORMANC]  Firing Time
%" 1. Overall Mean - 23,0 i
g 2. Table VIII A (Day) Table VIII B (Night)
2 22.9 23.1
- e 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 VIII B (Night)
. ' A 22.3 22.1
8 21.8 h 25.4
c 24.7 21.8
. * 6. Target
Table VIII 1 2 3 4
A (Day) 23.) 19.7 1n.s 37.2
: B (Night) 2.7 23.5 13.4 33.8
7. Target
i L Company 1 2 3 4
A 22.3 19.7 n.o 35.8
: B 20.8 23.5 13.2 36.9
£ (o 24.0 21.4 13.6 33.9
, |
é,
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(13) Analysis of the UIC Battalion.

L (a) Table 9-1-1 presents the Summary of Gunnery Performance Measures H
for the I Battalion. The statistics in table 9-I-1 and in the analyses of i
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 §-I1-3, were compared in a Tukey's
(HSD) Test. The results indicated that the Ph 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 Py scores were significantly higher on
Table VIII B (Night) than on Table VIII A (Day). The means for Targets
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 figure 9-I-1. Examination of the graph indi-
cates that on Targets 4 and 1, 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<.001). Significant interaction effects were Tables X
N Targets (F=7.31, p <.005), and Companys X Tables X Targets (F=3.65,p<.005).
The Target means, presented in table 9-I-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 <.01) 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 <.01, 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
: VIIT B (Night) was superior to that on Table VIII A (Day). Another interest-
£ ing finding was that Pp 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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TABLE 9-1-1
GUNNERY PERFORMANCE MEASURES

UNIT ule ROUND ) GUNNERY RANGE _ 3
TARGET CHARACTERISTICS T T masures t
T N TR T e -
(ABLE | SE- (ME- | M RNDS. | L oF OF OF I\ FIRING

VIl | QUENCE | TERS)| * | amMO  varcer | L** H{CREwS] WITS| MIssES| nloM fIME | 5.0.0 rpb
2
MEAT-TPT Wull JA {5V | 13 | 38 l26).06[25.82 N9.49}.18

Al 2800 P 2 Moving

A 4] 1600 P -TPT.Penel | A 51 26 23 |s31.07120.27 ]N0.69 .09
A_J6] 1300 1B 2- i1 51 | 39 1N__l78].06IN.16 5.1 .12 i
‘A_Tl £ 'jnn__a_ 51 3 20 1611.07 |44.96_ 125.67 }-.03

2

B8 _[1] 2500 |p m%‘u_ 5 25 | 26 |49].07]33.02 18.42 .14

2 le] 60 |p u:er;mﬂ_mn_ §1 | 23| 28 [as].07l25.45 J9.73}.12
J_Li____lm_*quer_-m_w__u; 51 | & 9_|.82].05[12.96 |6.24 }.60
J—T‘T—m MEP __ THul) [ W } S1 | 46 S 190/, 19.63 .14

*  Engagement Method ** Jllumination

B = Gunner: Daylight Battlesight A = Ambient Light

C « TC, Gunner: Rangecard W = Artificial White Light
1 = Gunner: IR Battlesight I = Infrared Light

P = Gunner: Dayliaht Precision

R « Gunner: IR Precisfon

S = TC: Daylight Battlesight 9-128
T = TC: Dayliaght Precision

X = TC: IR 50 Cal. Sight
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TABLE _9-]-2
TABLE VIIIA and 8
ANALYSIS OF VARIANCE SUMMARY
WNIT__UIC  GUNNERY MEASURE_|st Round Py
i m?:nou d.f. MEAN_SQUARE F P
-~ | A - Companys 2 7377.445 4.14 | <.05
. B - Table 1 17867. 640 10.02 | <.008
|__C - Targets 3 43423.190 21.65 [ <.001
Py _N(A) ~ Error 48 2610.282
AR - Companys X Table 2 1397.045 e N.S.
AC - Companys X Targets 6 4109.445 2.05 N.S.
& BC - Table X Tarqets 3 6691.145 3.67 <.05
" t__NB(A) - Error 48 1783.066
NC(A) - Error 144 2005.672
& ABC - Compar/s X Table
X Jarqet 6 1004.839 ==o N.S. |
I NBC(A) - Error
N 144 1823.834
F P Values of F
: N.S = F value is not statistically significant.
& < .05, <.01, <.005, <.001 = F value {s significant at less than the percent
valye indicated.
*
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TABLE 9-1-3
First Round Mean Values
UNIT  wIC PERFORMANCE Py, l
1. Overall Mean = 60.1

2. Table VIII A (Day) Table V111 B (Night)
53.4 66.7
3. Companys Co A Co B CoC
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 (Nignt)
A 63.2 72.1
8 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
8 (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 2.4 79.4 67.6
o 4.2 LY 64.7 85.3
9-13
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TAWLE 9-1-4
TAGLE VETTA and i
ANALYSLS OF VARIANGE SUPREARY

UNIT  uIC GUNNCRY MEASURE !st Round Firing Time

[ SOURCE —
vnn?:non d.f. MEAN SOUARE F P
| A - Comnanys 2 190.120 .- N.S.
| B - Taple 1 166.963 -- N.S.
| C - Targets 3 14416. 690 §3.29 |<.001
» N(A) - Error 48 378.342 .
AB - Companys X Table 2 373.154 1.4 N.S.
' | _AC - Companys X Targets 6 189.520 -- N.S.
' | __BC - Table X Targets 3 1337.449 7.31 [<.005
| _NB(A) - Error 48 263.738
- j | NC(A} - Error 144 270.544
il go«;m,‘:;&x Tobre 6 _668.257 3.65 | <.005
NBC(A) - Error 144 182.941

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 -

value indicated.
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~ TABLE 9-1-5

birst kKound Mean Values
UNLS vIC 1" 11 ORMANC Y biring 1ime

.o Overal) Mean 26.¢

2. Table VIIl A (Day) fable V111 B8 (Night)
o 25.6 26.8
‘ 3. Companys Co A Co B Co €
25.5 25.5 27.6
_ ’ 4. Target 1 2 3 4
29.4 22.9 12.1 40.4
5. Comgany A (Day) Table VIII B (Night)
- L} 24.3 26.8
8 23.6 27.4
v 28.8 26.3
- 6. Target
Table VIII 1 2 3 4
A (Day) 25.8 20.3 1.2 45.0
B (Night) 33.0 25.5 13.0 35.9
7. Target
X Company 1 2 3 4
A 26.9 23.2 10.9 0.0
B 3.4 21.2 13.0 36.5
c 29.9 24,2 12.3 43.8
9-133
i
¥
) {
1
A T e _ !
- . . L . {




s396ae] ung urew I1]A 3LQe) uo 3wil Supajy uedw punoy 3Isitd ¢=1-6 aunbry

5L/8 T3dia v £ A9l ABINNIL 310 LINM

(LK i LLH LW 13931
1d1-1v3K L4L-1V3H 1d1-1V3H am , Urialy

y - S _————

d 9 p] C0ALIW JOVUNI

Loy 00220002 O0R) & L0pi 002 MUl 062 00y L 35Ny
ol

4t

9-134

B

1

W W, . W ¥

-1

N\
|

- 02
ZZ] wow
T fw

-z

124

- - 92
@\ ~ 82
[
-

C T S SN 8 N N\

(SONOJ3S) IWIL ONIYI4 NYM

-

N\

wesen AT T XX NS SN
[}

8.2




(14) Analysis of the UGC Battalion.

(¢) Table 9-G-1 presents the Summary of Gunnery Performance Measures
for the G Battalion. The statistics in table 9-G-1 and in the analyscs of
variance were based on data from 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 Py 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<.01) and Tables X Targets (F=7.79, p <.01). Comparison
of the mean scores for Tables, presented in table 9-G-3, show that Pp on
Table VIII B (Night) was significantly higher (p <.01) than the Py 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 Companys X Targets interaction seems to show the A Company
achieved a higher Ph_score 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 1 increased dramatically on
Table VIII B well above the hypothetical maximum for the range of 2500
meters. It is difficult to accept these Pn measures at face value without
further verification and explanation.
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TABLE 9-G-1 _
. GUNNERY PERFORMANCC MEASURES
UNIT _ UGC_ ROUND 1 GUNNERY RANGL 3_
TARGET CHARACTERISIICS ' MLASURI S
TAR T No. ] “mr.""wo.——r"‘l""ntm"]'“ N
fABLE | SE- (Me- | M | RNDS. ! oF | oF F FIRING
- VIII | QUENCE | TERS)| * AMMO  .TARGET HITS| MISSES| h|o™M [TIME $.0.| rpb
{ i 7
A l[,zsoo P |HEAT-TPT Hull n 40 |.22]|.06 {21.69 9.65p.27
k4 ving
A 4 1600 [ P g%r_-wrpgg 25 26 |.49!.07 118.33 | 8.564.03
A 1300 8 | HEAT-TPT 'Hull 43 8 |.84/.05)] 9.94 | 4.61f.48
1
A 870 C | KEP Hull 45 6 |.88 .05 |38.14 [16.99+.03
!
” : _
8|1 2500 | P |HEAT-TPTIHul] M| V7 |.67,.07|22.12 | 8.0
F4 THoving
] 4 1600 P um-mlv;ne]__ 22 | 29 |.43.07 [23.49 | 8.29r.04
8 1300 8 | HEAT-TPT{ Hull 45 6 |.sd .05 [12.20 | 6.38.
1
| 8 870 | clnep _ |wmn 50 1 |.od .02 32.14 [ 116
1
* Engagement Method **  [1lumination
B = Gunner: Daylight Battlesight A = Ambient Light
C = TC, Gunner: Rangecard W = Artificial White Light
1 = Gunner: IR Battlesight I = Infrared Light

P = Gunner: Dayliaht Precision

R = Gunner: IR Precision

S = TC: Daylight Battlesight 9-136
T = TC: Dayliaht Precision

X = TC: IR 50 Cal. Sight

ki




~
TARLE 962
. TALLE VILTA and
- ANALYS 1S 01 VARTAHCE SUNMARY
UNIT__U6C __ GUNNERY MEASURE___ Vst Round Py
bt " SOURCE
__!&?:TXON d.f. MEAN SOUARE F P
’ | _A_- Comnanys 2 5465. 680 2.86 N.S.
B | 8 - Table 1 12867.640 1205 | =<.01
| C - Targets 3 68521.190 56.10 | =<.001
- N(A) - Error 48 1911.755
AB - Companys X Table 2 1397.057 1.90 N.S.
AC - Comnanys X Targets 6 7883.988 6.46 | <.01
. & 8C_- Tabie X Tarqgets 3 12573.540 7.719 | =<.01
|__NB(A) - Error 48 1470.563
[ _NC(A) - Frror 144 1221.377
a ABC - Comnanys X Table
X Target (- 612,656 _ | NS, |
fiBC(A) - Error
144 1613.442
S P Values of F
N.S = F value is not statistically significant.
“ < .05, <.0), <.005,<.001 = F value is significant at less than the percent
value indicated.
-
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TABLE 9-6-3

First Round Mean Yalues

UNIT  USC PLRFORMANCL P,
1. Overall Mcan = 67.4
- L. 2. Table VIII A (Day) Table VIII B (Night)
60.8 74.0
3. Companys Co A Co B Co C
74.3 6.8 66.2 -
4. Target 1 2 3 4
4.1 46.1 86.3 93.1
5. Company A (Day) Table VIII 8 (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
8 {Night) 66.7 4.1 88.2 98.0
- . 7. Target
Company | 2 3 4
A 52.9 73.5 76.5 9.1
[ 29.4 38.2 9.2 88.2 -
c 50.0 26.5 9.2 97.
9-138
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TARLE 9-G-4_
TAGLE VITITA and B b
ANALYSIS OF VARIANCE SUMMARY
_ X UNIT UGC GUNMERY MEASURE  Ist Round Firing Time !
[~ SOURCE — ]
VAR?:TION d.f. MEAN SQUARE F P
A - Comnanys 2 250,590 217 | NS | .
| 8- Table 1 21,667 saze | NS, |
L - Jargets 3 9962.555 L <.001
) N(A) - Error 48 115.615
| __AB - Companys X Table 2 £5.870 o=oe NS,
’ AC - Companys X Targets |6 145,594 1.56 | N.S. |
’ BC - Table X Targets 3 569.624 | <005
|__N8(A) - Error 48 119.837 .
. | _NC(A) - Error 144 91604
ABC - Commanys X Table
X Target [ 91.913 1 | NS,
NBC(A) - Error
- 144 87.059
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
value indicated. '
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UNIT UGC
Overall Mean =
Table VIII A (

22.0

Companys

Target

Company
A
B8
c

Table VIII
A (Day)
B (Night)

Company
A
8
C

TABLE  9-G-5

First Round Mean Values

22.3

Day)

Co A
20.8
1
21.9
A (Day)
21.2
22.9
21.9

2.7
22.1

19.2
25.2
2.3

PERFORMANCE Firing Time

Table VIII B (Night)

22.8
to B Co C
23.4 22.6
2 3 4
20.9 1.1 35.1
Table VII1 8 (Night)
20.2
23.9
23.3
Target
2 3 4
18.3 9.9 38.1
23.5 12.2 32
Target
2 3 4
19.0 1.5 33.3
219 9.5 3.8
22.6 12.2 34.3
9-141
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(15) Analysis of the UJD Battalion.

(a) Table 9-J-1 presents the Summary of Gunnery Performance Measures
for the J Battalion. 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 Pp performance on Target 1 was significantly less (p <.01)
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, Py, 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 <.001), 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 <.01) 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 (HSD)
Test indicated the following. - One, the mean firing time on Target 3 was

significantly faster than on Targets 1 and 4 (p <.01 and p <.05, respectively).

Two, mean firing time on Target 1 was significantly slower than on Targets
2, 3and 4 (p<.0l, 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 main findings. One, comparing the Py
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.
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. TABLE 9-J-)
¥ o
GUNNERY PeRFORMANCE MEASURES
UNIY D - poyty 1 GUNNERY RANGL 4
i e - - emee o —
TARGET CHARACTI R} TS MUASURES
U7 TARGEY j RAMGE| T Ne = 7! 1T NO. (a0 NDL VAN -
JABLE | SF (Mt - M Wil t m i ( Vv 111G
- 1l { QUENCE [ TERS) [ * | AMMO  aaka{ | L= [TCRENS 11, MISSES L oM [iIME 1 5D epb
T T [T T Statien it Sl IS S R
A 2 2000 P | HEAT-TPTary panell A 51 J 18_4[. 33 35,07 (15.86 §6.32 }.23
'-'" 80U- zZ H T ’ i
A 5 1000 P HEP-TPT Hul)l | A 51 38 13 176 L06 [14.73 @4.10 .02
1500- Y Moving i
A 6 2000 P | HEAT-TPT Panel [ A 51 43 8 .84 .05 |13.02 3.1 F.N
T1500- 4 “Statior-
A 9) 2000 __1__1’ HEAT-TPT ary parel A |l 51 43 8 .84 05 [13.25 3.11 | .01
i
, T500- | 7 Btationq
- B 2% P | HEAT-TPThry pandl W 51 25 | 26 .50} 21.88 [7.75 {.04
- Z ) ! i
8 |5 1000 | P : HEP-TPT iHull | W _Ji 5 42 | 8 :.8elo0s |15.98 W.77 |35
1500- 2 Moving '
B 6 2000 | P_; HEAT-TPT] Pane) ;| W 51 | 43 7 1.86].05 {16.69 16.52 | .06
1500~ H tation+ H
8 9 2000 | P_| HEAT-TPTary pangl W 51 35 18 .70{.07 120.63 [9.98 |.09
1
. ; ; ‘
—pem— ) ———
4 l 1
! !
* Enqagement Method *+  1llymnation
8 = Gunner: Daylight Battlesight A = Ambient Light
C = TC, Gunner: Ranaecard W = Artificial White Light
i I = Gunner: IR Battlesight 1 = Infrared Light
. P = Gunner: Davlight Precision
' R = Gunner: IR Precision
S = TC: Daylight Battlesiqht 9-145
T = TC: Dayliaht Precision
N X = TC: IR 50 Cal. Sight
§
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t TARLE 99-2
TABLF VIIIA and B
ANALYSIS OF VARIANCE SUMMARY
UNIT__ UJD GUNHERY MEASURE Ist Round Py A
y - . —_——— -
‘ “SOURCE
OF
VARIATION d.f. MEAN SQUARE F P
A - Commanys 2 1642.156 cee N.S.
| B - Table 1 220,588 -—- N.S.
|__C - Jargets 3 37148.690 19.77 ‘.001~
N(A) - Error 48 1960.777 _
AB - Companys X Table 2 8014.699 4.05 <.05
A -C nys X Targets 6 1119. 250 ——— N.S.
- Tabl Tar 3 4142.125 2.77 | <.05
NB(A) - Error 1979. 145
NC(A) - Error 144 1879. 064
ABC - Companys X Table
lm_"nx& 6 4289.180 2.87 | <.05
NBC(A) - Error :
- 144 1497.007 i
P Values of F
N.S = F value is not statistically significant.
< .05, <.01, <.005,<.001 = F value is significant 2t less than the percent
‘ value indicated.
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N 1ABLE 9+)-3
First Round Mean Valucs
UNIT  UJD 1" K ORMANC! Ph

1. Overall Mean 70. 38

2. Table ViIl A (Day) lable VITL & (Night)
o 69.6 na
3. Companys (o A Co® 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 (vay) Table VIII B (Night)
- A 72.1 86.2
B 72.1 63.2
c 64.7 83.8
) 6. Target
Table Vil 1 2 3 4
N A (Day) 35.3 74.5 84.3 84.3
B (Night) 49.0 82.4 84.3 68.6
7. Target
: Company j 2 3 4
A a1 76.5 85.3 70.6
B8 38.2 79.4 73.5 79.4
c (TR 79.4 94.1 79.4
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TARLL 4-0-4_
~ TALLE VEIEA ang B8
ANALYSTS OF VARTANCL SUMMARY
. UNIT __ wb RUNNERY MEASURE _ 1st Round firing Time
[ SOURCE ]
VAR(I):TION d.f. MEAN SQUARE £ P
- A_- Comnanys 2 513.679 7.210 | <.01
B8 - Taple 1 2138.127 44.97 | <.00]
|_C - Targets 3 334.97) 12.56 | <.001
- N(A) - Error 48 n.2n
AR - Companys X Table 2 130.075 2.74 N.S.
AC - Companys X Tarqets 6 20.689 === N.S.
' BC - Table X Targets 3 184.971 7.94 | <.005
NB{A) - Error 48 47.545
. NC(R) - Error 144 26.662
ABC - Comnanys X Table
t 6 34,594 1.48 N.S.
HBC(AR) - Error
- 144 23.306
P Values of F
, N.S = F value is not statistically significant.
) < .05, <.01, <.005,<.00) = F value is significant at less than the percent
value indicated.
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TABLL 9-J=5
Lirst Kound Mean Values
INIT WD PERFURMANCE  Firing Time
‘, 1. Overall Mcan - 16.5

- . 2. Table VIII A (Day) Table V111 B (Night)
14.2 8.8
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
B 13.5 15.9
’ c 15.4 21.7
6. Target
Table VIII 1 2 3 4
- A (Day) 15.9 4.7 13.0 13.3
B (Night) 21.9 16.0 16.7 20.6
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-1 presents the Summary of Gunnery Performance Measures
for the K Battalion. The statistics in table 9-K-1 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 <.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 Py score on Target 4 was significantly
higher than the P, scores for Targets 1 and 2 (p <.05, and p <.01, respect-
ively); the P 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 Pj value for C Company on Table VIII A (Day)
was higher than its Pp 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 Ph 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, p <.005), and Targets (F=25.06, p<.001). 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 (p <.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 Tdrget 1 there was a large increase in mean firing time on Table
VI1I 8 (Nfght) 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 P 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 _ 9.}
GUNNERY PERFORMANCI MCASURES
UNIY  UKF koubp Y GUNNERY RANGE 5
- T-A.R;‘:_E.-T“(TN.AR-A-C-I:(RHl ics - MEASURI S
- TARGET TRANGET € N1 TTTT{T HNOTTINOLTWOU T 1T MEMN
IABLE | SE- (Me- | M | RNDS. l L fJOF | OF ]OF 4 FIRING
VII1 | QUENCE } TERS)] * AMMO  .TARGET | L** ||CREWS] HITS| MISSES| hig'M (TIME S.0.1 rpp
k]
AN 1140 P HEgIrI Hull 1A 50 38 12 .761.06 113.85 P.38 r.404
A 4 1000 P - Hyll |A 50 29 21 .58(.07 {16.17 b5.47 ¢.17
2 [Station
A 1S 800 (8 !TP-T -ary panpkl A 50 45 5 .90/.04 | 8.81 £.83 04
2 Movin
A 121 1000 1P |TP-T Panel [ A 50 43 7 .86{.05 ]13.73 b5.78 1.02
2 - '
B 1 1140 P HZQL-_L_,_ Hull | W 50 33 17 .6§[.07 24.10 (5.80 (.03
B8 1] 1000 ~ | W 50 34 16 17.71_Y.35 04
2 Station- :
8 15 80 |B [TP-T a_%_ 1 W 50 39 1 11.38 5.31 |.08
2 ving
B 1000 P |TP-T Panel | W 50 | 44 6 14.50 B.24 1.10
* Engagement Method **  INumination
B = Gunner: Daylight Battlesight A = Ambient Light
C = TC, Gunner: Rangecard W = Artificial White (ight
I = Gunner: IR Battlesight [ = Infrared Light
P = Gunner: Daviight Precision
R = Gunner: IR Precision
S = TC: Daylight Battlesight
T » TC: Dayliaht Precisfon 9-153

X = TC: IR 50 Cal. Sight
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TABLE

9-K-2

TAKLE VITIA and B

ANALYHLS OF VARIANUE SUNGARY

UNIT _UKE GUNNERY MEASURE ___Jst Round P,
[ SOURCE
vm?:nou d.f. MEAN_SQUARE F P
A - _Comnanys 2 1276,04] === _N.S.
-_Jable 1 104,167 | =es NS |
L C - Targets 3 14097,220 < -
H(A) - Error 45 2378,465 r—m_&__
AB - Companys X Table 2 6276.935 | 3.23. <,06
AC - Comnanys X Tarqgets 6 4227.410 | 2,69 (<0 _
BC - Table X Tarqets 3 2395,833 .__4 | NS,
| _NB(A) - Error 45 1940.951
NC(A) - Error 135 1572.897
ABC - anm X Tahle 6 1380.186 .- N.S.
NBC(A) - Error
135 1440.839
P Yalues of F

N.S = F value is not statistically significant.

< .05, <01, <.005,<.001 = F value is significant

value indicated.
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B s

UKIT  UKE
Overall Mean -
Table V111 A (

76.6
Companys

Target

Company
A
8
¢

Table VIII
A (Day)
B (Night)

Company
A
B
c

IABIL 9-K-3

First Round Megn Values

76.0
Day)

Co A
74.2
1
70.8
A (Day)
70.3
76.6
82.8

75.0
66.7

§9.4
81.3
n.e

PLRIORMANCL, P

Table VIII 8 (Night})

75.5
Co 8 € C
79.7 74.2
2 3 4
61.5 84.4 87.5
Table VIII 8 (Night)
78.1
82.8
65.6
Target
2 3 4
56.3 89.6 85.4
66.7 19.2 89.6
Target
2 3 4
78.1 75.0 84.4
56.3 93.8 87.5
50.0 84.4 90.6
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TARLE 9.K-4
YA VITE A el 0t
. WALV OF VARIAKCE Wiy
UNIT UKE ___ GUNNCRY MEASURE__ 1st Round firing Time
- s sm‘;gcz —
VARIATION d.f. MEAM SQUARE F 4
’ A_- Comanys 2 287.820 3.62 |<.05
“ B_- Table 1 1372.594 16.51 <.005
- ts , 3 1422.048 25.06 <.001
N{A) - Error 45 79.538
- AB - Companys X Table 2 314.350 3.78  |<.08
AC_- Companys X Tarqets 6 63.878 1.13 N.S.
BC - Table X Targets 3 459.267 5.84 =.005
- NB{A) - Error 45 83.131
NC(A) - Error 135 56.749
. ABC - Company: X Table p 59.907 . KS.
NBC(A) - Error
135 78.692
- 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
: value indicated.
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0 ey

N

UNIT UKE
Overall Mean =
Table VIII A (

13.1

Companys

Target

Company
A
B
c

Table VIII
A (Day)
B (Night)

Company
A
B
c

TABLE 9-K-5

First Round Mean Values

PERFORMANCE Firing Time

15.0

Day) Table VIII B8 (Night)

16.9

Co A Co B Co C

14.5 16.7 13.9
1 2 3 4
19.0 17.0 10.1 14.1
A (Day) Table VIII 8 (Night)
n.a 18.0
16.4 17.0
n.s 15.8

Target
1 2 3 4
13.9 16.2 8.8 13.7
2.1 17.7 1.4 14.5
Target

1 2 3 4
16.3 16.7 10.2 14.9
22.2 18.8 1n.4 14.4
18.5 15.3 8.6 13.0
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(17) Analysis of the UPA Battalion.

(a) Table 9-P-1 presents the Summary of Gunnery Performance Mcasures
for the P Battalion. The statistics are based on data from a totai 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 Tahles 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<.01),
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 P, scores on Targets 4, 5, and 6, which comprised
a multiple engagement target, were significantly higher (p <.01) than the
Ph scores on_Targets 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 vound mean firing time. There was one significant effect which was C
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 <.01) than on Targets 9 and 10.

(d) Three interesting findings emerged from the analysis. One, there
was a difference between Companys on Pj performance. C Company did not
perform as 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, Pp per-
formance on the battlesight engagement_on Table VIII B (Night) Target 9,
was relatively poor compared with the P performance on the two precision
engagements using HEAT ammo, Targets 7 and 8.
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E
¥ - TABLE g.p.)
& ~
GUNNE RY PERFORMANCL M ASURCS
UNIY DpA S 1711 R GUNNERY RANGE )
B TARGET CHARACTERISTICS ' o Mt ASURLS )
T YARRITRANGE[ T L N0 T 7Y T TR rWL TN T MEAN
IABLE | SF- {ME-~ M RHDS ., ! L or oF or p |HRING‘
- Vi1 | nurnce | TERS)| + | a0 jakcer | Le* [CRuws| HITS| MISSES| nioM (TiMe | 5.0.1 rpb
. z Y T 1
A 1610 | P AT L |a llag |20 | 2a '.sol.gz hors (3.1 L.og
A Joz0 P 8 |27 | 2 '%sg'.m \3.58 15.64 |.04
- _A 6 1940 | P 48 | 22 26 .46!.07 14.42 19.82 }.08
1 37
A 17 1150 8 {DS-T_ _ary 1Al 48 | 40 8 |.83]. 7.07__|2.99 +.19
waw 2 Station T
A7 1200 DS-1__arypampt All a8 | 35 | 13 |.73).07 l8.24 l4.92 |.00
wew 2 ‘Station T '
= A 1340 |Blos-T larypanprall 48 | 40 | 8 [.83/.05 | 7.47 [4.04 +.05
! |
Z 7
B 12 888 | P uezzu-r M1l 1 a8 | 30 | 17 |.eal.07 110,24 .4.27 4.21
. Moving !
) 8 3 1050 P -IPT!Panel | W 48 | 28 19 .60/ .07 112,87 ,4.05 |.19
2
g_16 800 | B |HEAT-TPY 8 | 23 24 | .49l .07 116.82 19.38 4.1G
2
, B 121 1300 P IMEP-T _ | 48 | 25 | 22 ;3‘.07 116,24 16.50 [.08
I
&
» i
* Engagement Method **  [1lumination
B = Gunner: Daylight Battlesight A = Ambient Light
C = TC, Gunner: Rangecard W = Artificial White Light
- [ = Gunner: [R Battlesight I = Infrared Light
P = Gunner: Davlight Precision
R = Gunner: IR Precision «x*» Myltiple Engagement
S = TC: Dayliaht Battlesight
T = TC: Daylight Precision 9-16)
X = TC: IR 50 Cal. Sight
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TABLE 9-P-2
TABLE VIII A and B
ANALYSIS OF VARTANCE SUMMARY i
UNIT UPA GUNNERY MEASURE First Round Py,

) —Rﬁﬂ

VARIATION d.f. MEAN_SQUARE F P

A - Companys 2 14155.550 563 <.0

C - Tarqets 9 8977.762 4.15 < .005 .

N(A) - Error 42 2514.259

AC_- Companys X Targets 18 2451.813 1.13 N.S.

NC(A) ~ Error 378 2161.454

P Values of F
N.S. = F value is not statistically significant.
<.05, <.01, <.005, <.001 = F valye 1s significant at less that the percent

value indicated.
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~ TABLE 9-P-4
S TABLE VII]A and B
) ANALYS]S OF VARIANCE SUMMARY
-., UNIT  1IPA GUNNERY MEASURE First Round Firing Time
: W
- vuglmor« 4.f. MEAN_SQUARE F P
F A - Companys 2 19.696 ama= N.S.
- C - Targets 9 567.610 18.04 < .001
-~ N{A) - Error 42 ©69.794
AC - Companys X Targets 18 38.595 1.23 N.S.
NC(A) - Error 378 .
LS P Values of §

N.S. = F value is not statistically significant.
<.05, <.01, <.005, <.001 = F value is significant at less than the percent

~ viaue indicated.
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. d. Evaluation of the General Influence of Factors in the Analyses of i
. Variance. N

(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 F
battalions. In order to describe how the factors influenced performance
generally, it is necessary to make a comparison of the effects of the
ga$gors across all the battalions. This comparison is presented in table

(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 that the factor of Targets

was a significant effect in 16 out of 15 analyses of Pp 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 in8 of 15 analy-

ses of Pp 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 4out 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

baitalions. Four of the 5 significant effects occurred in the CONUS bat-

talions. Furthermore, all 4 Pp scores on Table VIII B (Night) were signifi-

cantly higher than on Table VIII A (Day), while the reverse was true for the

one significant effect in the USAREUR battalions. Overall, the sum of .

significant effects due to target characteristics: Targets, Targels X labie-,

and Tables, accounted for 25 of the 37 effects for the Pp measures, 67 percent,

and 32 of the 46 effects for the firing time measures, 70 percent. Thus

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 Py 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 P, 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 ﬁh scores and 2 significant effects from analyses of mean
firing time scores. These results may suqgest 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,

- e e e

(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-qun 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 onlv 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) 1n five battalions, one-third of the sample, there was a significant )
Companys X Targets interaction indicating 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. .




9 he One Battalion's Case Sludy of liring txperience.

a. Qula were collected on the firing proficiency of one CONUS battalion
UM) over a period of one year. The firing data includes:

(1) lable VI{l fired at the counpletion of a formal gunnery training
program in February and March 1975,

- (2) Hain gun firings collected during October 1975 as a part of the
Tank Degradation Test (FM325).

(3) Table VIII fired without preliminary training in late Jamnuary
1976.

(4) Table VI1I fired at the completion of a fonmal gunnery training
proyram in early March 1976,

h. VThe battalion experienced a good deal of turbulence throughout the
period; however, its exparience is similar to that of the other
COilUS hattalions. Of the crews that fired in February and March of
1975, none retained all four members in the sane positions to fire
in October. Of those firing in October, none remained precisely the
same for thne January firing. And of those firing in January, only
seven remained intact for the final firing six weeks later. [Par-
entietically, an exanination of the performance of those seven crews
revealed that their intrease in performance was approximately equal
to that of the remainder of the hattalion crews that experienced
turbulence,

¢. The renges used during the documented firings differed. The Harch
1975 Table VIIT, Tank Degradation and Off-Season Table VIII were
conducted on Crittenberger Range; the March 1976 Tahle VIII was con-
ducted on Tank Table VIII Horth (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 dust
and smoke ohscuration. In all cases of umresolved hit detenmination
the crew was given the benefit of the doubt. Table 9-17 dispilays the
percentoge of hits obtained during the various (irings. [he Tank
Degradstion and UfF -Season fahle VITL scores arve combined since both
woeve fived without the Lenefit of lormal guneery progran and fthe
percentaye of hits olbtained were siwilar between the two. As can be
seen, the percentages for the two Table VIII's fired at the enwd of
formal gunnevy training are similar while those fired without gunnery
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d.

Soaining ove dfower, There s one exception, cocand vound pieid

in which Lhe Off-Seasun percontaae of hits is higher than the flavch 76
Fiving,  This is due privavily to the pelatively poor performance of
the hatlalion when fiving the second vound at night with HEF-1T aoegnn--
Lion.  (Soo Lreakoul of ameunition types in fabics 917 throndh 9-20).

An examination of the firing times <hows a marked difference Latveen

the firings. The Off-Season Table VII1 times are considerably higher
than the remainder. For example, the overall mean first round firing
time for all day targets in January was 19.5 seconds. Six wecks later.
it was 11.0. At night, the overall means were 20.4 and 12.6 respective-
ly. The means fired for each of the ranoes ic shown in Table 9-21.

‘mother wearingful comparison is shown in Takle 9-22. A study of
the table reveals that the fermal gunnery training prooraw irproved
performance in terws of hits and firing times, when comwparisens of
like conditions of ammunition, range, tarcet type and firina rode
are made,

Findinas and Conclusions.

A significant incvease in hit percentages and decrease in tirina
times on Table VJII will occur iF preceded by a formal gunrery
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hadl v e
TABLE 9. 2} MEAR Yot ROURD TIRING TIMES (SRCOHDS) .
T Fank
Tabie VI Degradaiion Degradation fable VI11] Table VIII
Ranyge Anual ?npen) {closed) QOf f-Season Aunual
m"s}?_l_‘;) March 1975 § October 1975 § October 1975 § January 1976 ¥ March 1976
U 1] ) N 0 N 0 N D ]
770-210" 20.2 7.3113.3
- L} 820 12.24 11.0
28 15.0f14.1 126412.5
= 1024 13.0411.6 9.6¢ 9.3 17.8116.0
: 1000 7.6
HUo 9.3 16.4§13.6 12.1415.3
1200 16.6 § 20.7
L 1250 12.4
1300 14.3§10.8 18.8% 7.7 23.0324.9
1435 11.0
1150 11.9
. 149% 15.11 15.2
. 1500 1451 12.4
: 1600 16.2
16 l0 18.1¢ 9.8 11.3§13.8 21.5219.9 12.5
s 1700 10.21106.4
: 1720 7.71 19.6
1497 13.2113.9
{794 12.5 11.6411.2 16.3 §10.4 19.0
. % .
5 ]Hnes’ targets fired in sequence from one position March 1976 Table VIIi (day) .
3
* }
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;
' LR Gl 2
LOMPARISON OF PERFORMANCE, JAHUARY 76 (OFF-SEASON) AHD MARCH 76 TARLF VII].
ot Range - Type st Rd - Ist Ry
(Meters) Target Mode QOpening Tire _% Hits N_iaracts .
770-81G S 8 7.3 86 19
: o (1024) M B (17.8) (75) 32
oA (1230) 5 P (16.6) (68) 31
E y 1610 _ M p 12.1 37 32
! (1894) S P (19.0) (27) an
) [}
T 'y 800-810 S B 13.3 87 37
Py (800) S B 20.8; 45) 29
' r o (1028) M B 16.0 62) 29
: W {1200) S p (20.7) (59) 29
1 1250 P 12.4 72 19
l -
a (1300) S p (23.0) (23) 31
D 1435 S D 11.9 50 )
A 1500 S p 14.5 21 14
v 1600 S p 6.2 38 13
- Tl (1610) S r (21.5) (10} N
£
p T - .
bR (1300) S p (24.9) (52) 27
Tl 1450 < p 12.5 69 13
fi 1500 S P 13.5 62 26
Ho (1610) S P (19.9) (57) 78

Hote: S=Stationary  M:Moving P-Procision B-Battlesight
( )=January Nff-Season .
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7-6. Between-Batlalion Analyses of Selected Battalions.

a. This section presents analyses which compare-different battalions
with each other to ascertain if there are differences in gunnery performance |
at the battalion level. The previous analyses of individual battalions
revealed 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 uncontrolied 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. A1l 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 summary tables of gunnery performance measures
presented in Section 9-4, Individual Analyses of the Sample Tank Battalions.
The examination uncovered three sets of battalions with similar main-gun
target characteristics on Table VIII. Each set 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
£C8
EDB
EEB

G Division Battalions
LHG
E0G

C Division Battalions
UFC
uIC
UGC




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

c. Between-Battalion Analyses
R (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 EDD
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 P, scores. Significant main effects were Battalions (F=4.89,
p .01), and Targets (F=84.21, P <.001). A significant interaction effect
was Battalions X Targets (F=4.48, p <.005). The battalion means, presented
in Table 9-24, were compared for differences in a Tukey's (HSD) Test.
The results indicated that the P, score of the EDB Battalion was significantly
higher (< .01) than that of the EBB and EEB battalions. Comparison
of the target means in a Tukey's (HSD) Test indicated that Py scores on
Target 1,2, and 5 were significantly higher (p<.01) than on targets s
R 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 Pp score on Target 2 and very low scores on all the other targets.
Likewise, the EBB Battalion had the highest Py score on Target 3 and com-
- A 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 <.005), Tables zF=ll.94. p <.005), and Targets (F=92.33, p <.001). 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
(F=1.85, p <.01), and Tables X Targets (F=2.41, p <.05). The means for
the Battalions main effect, presented in Table 9-26, were analyzed for dif-
ferences in a Tukey's (HSD) Test. The results indicated that the EEB
Battalion's mean firing time was significantly slower than that of the EBB
and ECB battalions, p <.05 and p <.01 respectively, while the EDB Battalion's
mean firing time was significantly slower (p <.05) than the ECB.Battalions.
Examination of the means for the Battalions X Tables interaction showed
that the EBB Battalion had a faster mean firing time on Table VIII B (Might)
than on Table VIII A (Day) while the reverse was true for the other battalions.
The means 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
Rattalions main effect indicated that there exist absolute differences in
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Table 9-24. First Round K2an Yalues
X gattalions Parformance Measure
EBB, ECB, EDB, and Ei R First Round Py, (Percent) ‘

1. Overall Mean = 45 g3

oo 2. Battalion
£BB ECB " EDB EEB
40.67 48.33 54.00 40.33 ' X
3. Target .
1 2 3 4 3 i
) 60.83 67.92 21.67 16.67 62.08
4. . Target H
Battalion ] 2 3 4 §
£88 51.67 50.00 36.67 11.67 53.33
€CB 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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Table q.pp. First Round Heu; Values
: battalions Performance Measure
g‘“ EEB, ECB, £0B, and EEB ist Round Firing Time
: 1. Overall Mean = 12.04
- 2, Day» N.% Night = 12.58
| ' 2 tattaiton
EBB ECB £08 EEB
PO 11.48 .01 12.68 13.00
4. Target ) b
1 2 3 ‘ 5 R
- 9.24 11.03 16.06 14,53 9.35 N
5.  Battalion Day Night '
EBS . 12,06 10.91
EoB : 12,07 1328
EE8 .27 14.72
6. Target A
S Battalion 1 2 3 4 5
£8B 8.52 8.70 17,16 15.10 . 8.00
£oB 1008 1% 1 jess  lo.0s
" EEB 9.57 13.28 16.2¢ 15.72 10.22°
3 ) . 1
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guunery proficiency between some hattalions. These differences may be
normally distributed resulting in superior, average and inferjor battalion
proficiency. In the present case, the EDB Battalion was relatively superior
to the BB and LER Rattalions, whereas the ECB Battalion did not differ
significantly from any of the other battalions. The range of the Py,
diffcrence between the highest and lowest scoring battaiions 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 P, 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 crews
from the high scoring battalions came from training programs which were
similar in content and emphasis. The EEB and €BB Battalions deviated
from the pattern on two different targets. The EEB Battalion excelled
on Target 2, which used HEAT ammo and the precision engagement methad.

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 Py 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-

ments.

(3) Four, comparing performance on both gunnery measures revealed that
the EEB Battalion had the lowest P 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 battaiions.

2. Mpalysis of the G Divisiop Battalions.

{a) Gunnery dJata were collected from a total fl of 99 tank crews: 51
from the UNG Battalion, and A8 from the EOG Battalion. The statistics
produced from the following analyses of variance were based on data from
3 total i of 96 tank crews, the first 48 from each battalion.

(b) Table 9-27 presents the results of the analysis of variance of

9-187

e T v i TPV




g

of first round B, scores. Significant main effects were Battalions (F=
1.80, 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 Pp score of the EOG
battalion was significantly higher (p <.05) than that of the CNG 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 P, score on Target 3 was significantly higher (p <.01)
than the scores for Ehe 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 Py perfor-
mance was much lTower 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 Py 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
scores 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 tire
varied considerably between battalions on Table VIII A (Day). The mean
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. HNeither differcnce appears to be impressive when considered
alone, but when considered in combination the performance difference hecomes
more apparent. Small differences in gunnery proficiency along two perfor-
mance dimensions may 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 in
var all capabilities are relative.

(1) Two, comparing P performance across targets, illustrated in
Figure 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 Py score of 79 percent on this engagement, while the ENG
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Table 9-23. F.-st Round Mean Values

Performance Measurs

Battzltons
ENG and EOG First Round P, (Percent)
1. Overall Mean = 41.25
2. Day = 39.17 Night = 43 33
3. Battalion
ENG E0G
a7.n 44.79
. Target .
1 2 3 4 s
36.46 22 92 68.75 40.63 37.50
5. Taraét
1 2- 3 4 5
®  B% g3 8% 4 ER
6. Target
1 2 3 4 §
Nisht WA Rm on ke %
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Table 930 First Round Mean Values
Battalions Performance Measure
ENG and LOG First Round Firing Time
1. Overall Mean = 17.6| Day = 12.79 Night - 12.43
2. Battalion
ENG " E0G
13.32 11.90
3. Target
1 2 3 4 $
i 15.59 14 08 8.51 10.93 13.97
u 4, . Targat
. Battalion Table 2 3 [ 5
; ENG Day 16.96 14.90 8.63 10.85 19.88
Night 14.52 14,35 8.98 10.13 13.94

& . .
i E06 Day 16.17. 13.79 8.92 10.73 7.04
3 Night 14.73 13.10 7.50 12.00 15.02
it
k.
$
£
[ 4
¥
Iy
: .
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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 approximatecly 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 N of 153 tank crews: 51
each from the UFC, UIC and UGC Battalions. The statistics produced 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 Py 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 (1SD) Test.
The results indicated that the P} 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 Pp scores of
targets 3 and 4 were significantly higher (p <.01) than those for targets
1 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 P), score and fastest mean firing time 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 enga?ement separately, the UGC Battalion
clearly outperformed the other battalions on only one engagement, and
that was a rangecard problem involving indirect fire techniques which are
of secondary importance in tank gunnery. Thus, the improved proficiency
wvas attained by consistently good performance on all engagements which had
the cumulative effect of raising the measures of overall perforuance.

d. Discussion,

(1) The results of this analysis have produced evidence which indicates
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Table 4.3-. [irst Round Mean Values

UFC, UI
1.
2.
kN

w

Gat
UFC

vIC

uec

Battalions
C and UGC
Overall Mean = ;) g5
Day = 52.12
UFC
58.09
1 2
40.20 44.77
Battalion
UFC
1) (o
uGcC
talion Table
Day 2.0
Night 76.5
Day 25.%
Night 49.2
Day 21.6
Night 66.7

Performance Measure

First Round Py (Percent)

Night = 71,57
Battalion
vic UGC
60.05 67.40
Target
3 4
82.35 80.07
Day Night
42.16 74.10

53.43 66.67
60.78 4.0

Target

33.3
7.1

51.0
45.1

49.0
LER

83

B2 R
Nw B0y ww;m
88 58 28 -
QN N ww

-
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TARGET NO.

"Battalion

UFC

.41!v

4 3
BWGAGE METHOD c B % )
D HEP HEAT-TPT ___ HEAT-TPT HEAT-TPT
TARGET Hul1 Hull PaneL Mul!
) _ GUNNERY RAMGE __ 3 DATE FIRED __ g/75

Figure 9-18 Mean First Round Hit Probability (P,) Pe

rformance on Table YIII Main Gun Targets,
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Table 4. i4. First Reund Mean Yalues
Pesrformance Measure

Battalions
Ufe, UIC and UGC First Round Firing Time
1. Overall Mean = 23 82 Day = 23.50 Night = 24.14
2. Battalion
UrC vIC ‘ uGC
23.00 26.19 22.25
3. Targat
1 2 3 4
24.56 21.77 1.9 37.03
4. - Target
Battalton 1 2 ) 3 4
"UFC 22.36 21.53 12.60 35.53
UIC 29.42 22.86 12.06 40.43
uaC 21.90 ° 20.91 11.07 35.14
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that differences in gunnery proficiency frequently exist at the hattalion
level between unils 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 imnediately apparent why differences in gunnery

proficiency occur more frequently at the battalion level than at the company

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 conditions 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 guunery
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 straightforvard. The
level of proficiency should be viewed as substandard in all gunnery subjects.
Remedial 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 i
on nverall perfdormance than on specific engagements although there are a
few instances of the latter occuring. It appears that increasing firing
speed tends to generalize to all types of engagements. Thus differences
appear to show more uniformity. Some battalions fire at a faster rate
than others.

e. Findings and Conclusions.

9-20n




(1) Significant differences frequently occur in mecasures of gunnery
proficiency between battalions assigned to the same division.

(2) The higher scoring battalions tend to demonstrate superior
proficiency in terms of both increased Pp scores and faster mean firing

. é_ times.

(3) Between-battalion u:fferences in Ph scores differ in terms of
specific engagement conditions and in overall performance.

* (4) Between-battalion differences in firing time appear to differ
mainly 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 maanitude 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:-vellaneous
events that occur infrequently. This analysis was limited o evaluating
the four main error catagories. Miscellaneous error types w:re not considered.

b. Comparison of USAREUR and CONUS Gunnery Data. .

The previous analysis of gunnery data reported in Anmex A of the Net
Assessment Study concluded thai the quality of scoring varied greatly .
between USAREUR and CONUS battaifons. USAREUR scoring appeared to be
accurate and reliable, while CONUS scoring showed cvidence of large inac-
curacies and unrelfability in much of its scoring. This difference in




scoring quality was encountered in the present analysis. The results from
~ 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 ip 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) =
1 13.37, p <.005, confirming the foregoing interpretation. The main effects of
§= range and error were not statistically significant.
b

(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
most 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 ; y
intersect points in the two figures indicates that it shifts to a longer
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Table Y-35. USAREUR ICQC Found ) Gunnery Etrrors Table VII1 A and
B Combined Overall Engagement Conditions
_ _RANGE R ERROR s
600 - 800 oL SL DR DL TOTAL
N 7 1 0 2 10
3 10 10 0 20 100 ’
800 - 1000
N 187 124 17 54 382
% 49 32 5 14 100
1000 - 1200
N 47 32 1 12 102
3 46 k]| 1 12 100
1200 - 1400
N N 24 3 2 40
% 28 60 8 4 100
1400 - 1600
N 37 128 1 10 226
% 38 57 1 4 100
1600 - 1809
N 55 152 8 13 228
9 24 - 67 3 6 100
1800 - 2000
: H 30 63 2 7 102
% 29 62 2 7 100
TOTAL N 424 524 42 100 1090
% - 48 4 9 100
9-204
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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' 0D .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 a7 25 1 15 88
% 53 28 2 17 100
Day & N 93 74 3 42 212
Night 5 a4 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.
llevertheless, 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




angle was entered into the aiming solution resulting 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 mean¢
that at a range of 1000 meters the rounds should have reached the target ia
about 0.3 second, At 12 MPH the target should have moved 5.28 fect in that
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 1ittle or no lead angle to moving targets when firing
battlesights with the non-ballistic retical and using TPDS-T ammo.
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9-8 Summary of Findings ‘

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

¢ Both USAREUR and CONUS tank crews fire more accurately at middle
ranges of from apprcoximately 1000-1800 meters. First round accuracy &t
the short ranges from 600-1000 meters is relatively poor. ) h

o There was no practical difference in main gun accuracy performance
between Table VIII A (day) and Table VIII B (n1ghtg

e There is no difference in first round accuracy between precision
and battlesight engagment 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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