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ABSTRACT

-+ The purpcse of *his thesis is to examine and reccmmend
methcdolocies that will support <the analysis of the ARCOMS
II field experiment. This is dcne in th:;e parts. The first
is tc determina the methods with which to analyze the exper-
imental =ffects and interac<tionms. This is followed Lty a
discussicn of data analysis <“echnigues for rapresenting the
data. 1Thirdly, an examinaticna c¢f the techniques for deter-
mining the significance o2f£ cer*tain guestions c2lating *c the

Armor Ccekat Process is discussed. . -
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I. INIBODUCTION

A. BACKGECUND

Pecision-making withir the Armed Forces has evolved intc
an extresely coamplex process requiring ar ever increasing
dependence upon gquantitative tools such as combat modeling
and ccmpu*ter sirulation. In visew of <his situaticn the
Cefense Terartment recognized <he importance of the data
required as input to these nmcdels. Consequently, the Army
has undartaken a program of wmodelis improvement supported by
field experimentaticn. In rzesponse to <this effort the
Training and Doctrine Command (TRADOC) designated the TRADOC
Systems Analysis Activity (TRASANA) as the proponent for a
series c¢f field exgeriments to provide <the Army Model
Improvement Program the required support. Furthermcrs, It
directed ttie Tradoc Ccmbired Arms Test Activity (TCATA) at
Fozt Hcod, Texas *o conduct the first of +hese experiments.
This initial experimentation was guickly £fcllowed by the
zArmor Ccmbat Ogperaticns Model suppctt - (ARCOMS) Field
}xperiment Phase II (ARCONS II). The ARCOMS 1II £fcrce-cn-
force engagement exrerim2at was 3esigned <o provide data
that would enmable wmcdelers tc better upderstand the Jirect
fire comkat processes in both cffensive and defensive cpera-
tions; <he result c¢f which is the eventual improvemaent i-n
Armor contat modeiing, combined aras simulaticn and wvargam-
@ing. Amcng the critical issues to be addressed were the

time and range dependent dis<ributions of the "dependent
variakles™ during the force-on-force engageaments as well as
the experimental effects and interactions (Ref. 1: pp. 1-1
thru 1-10].
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1. Sgepatio

Tte scenaric for this experiment consis*sd-cf a
series cf ccmbined arws meeting engagemerts between ATTACIZER
ard DEFENLER forces ccnfigured as shown in Table I [Ref. 1:
B. 1-5], The force ccnfigquration depicted here is typical of
an Arscr haeavy teanm attacking an Armor platoon supported by
anti-tark weapons. The specific quantities of each force
€lement wer2 allccated in order *o provide the Attacker with

the minimum force ra%io of threse to one.

TABLE I
FORCE COBPOSITION

ECUOIEMENT OF FENSE DEFENSE
TYFE BOUNDI NG QVERWATCH

Tank, M60 2 platcons 1 platcon 1 platcon
aPC 1 fplatocen

AT 1 sac+ion 1 element

Tte scenaric was designed +to play US and C2FOR
tactics in bo<h offensive and defensive oparations. The
cpposing fcrces were given initial briefings and operaticns
crders. 1The *test officers acted as both “he controllers and
the higher headquarters for +the participating upi*s. The
players were permitted to ccnduct :the operation %20 the hest
of their experience and ability so 1long as they remained
consistant with <the tactical doctrine tha* thev were
selected %c refpresent. The attacking €force ccamenced




deplcyment from one c¢f twc s2lected avenuss of apprcach.
Their objective wvas to seize positions being defended by the
cpposing force. Pror this poiat the meeting engagement was
free flowing, This permitted <tha tactical play “¢ be as
realistic as possible. Artillery, smoke, mines and the use
of trenches were not rtrlayed.

2. Lata Collectic

gricr to the coniuct of the 2xperiment data on the

follcwing environmental areas was collec+<d.

1. Metecrological data.

2. PBlayer demogragphics.

3. Equipment demcgraphics.

4, Bistorical questionaires
This was followed, a shcert time later, Dby the experimental
phase in which +the employment of automated measuring and
recording devices 2nabl2d da+a cellsction tc te rerferaed in
“real time". Additicnally, +his methed of data collection
provided a means t¢ amass ap enormous quantity cf data
pertaining to positicn lccaticn, firer and =arge+t iden+ifi-
caticn, range, and a reccrd of hits and misses, just to name
a tfew. The data collectesd o¢n the dependent wvariablas
consistsd of five tyres. They are

1. Line-of-sight data(in+ervisibiliiy).

2. Target aquisi+icn 4a ta.

3. Target distritution data.

4, Tarzast 2ngagement Tesults,

5. Attrition data.

3. CLependen= Variables

The depeadent varialkles that were measured [Ref. 1:
pPp. 1-20 thru 1-33] are tco numerous *o be listed here. They
are, however, previded in acpendix i.

1




4. Ipdepepdant Vaziablss

Four independent variables were choszn at which to
measure the dependent or response variables. Each cf these
variaktles ccrsisted ¢£ two levels as showe in Table IXI. By
fixing each of the distinct combinations of the independen:
variatle levels, an exparimental trial was datermined. The
entire experiment consisted cf eigkt trials each replicated
a tctal cf three timas.

TABLE II
FPACTCR LEVELS

INCEEENDENT VARIABLES LEVELS
ATTACKER TACTICS ~Fire and Movement
-Rapid Approach

DEFENDER TACTICS -Deliberates Defers2
~-Hasty Defense

g e o, R

TERRAIN (avenue -Hilly (Avenue *'AY)
cf apfproach)
-Flat(dvenue 'BY)

HATCH POSITICN -0pae:x
(visibilizty) ) 1
-Closed {
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B. OBJECTIVE

It is the objective of this paper <o examine thcse peth-
odologies that will lest support +the data analysis effert
follcwing the comple<icn of dara reduction. This is to be
accomplisbed in three parts. The first is an examinaticn of
the experimental effects. Thz2 second is <+o discuss data
analysis techniques to describe *he data. This is fcllowed
by discussicn of <the analysis +technigues tha+ will help to
determine the significance of certain questions relating <o
the Armcr Ccmbat Process.

C. SCOPE

The scope of this paper will be limited +*o spacifically
addressing the questicns of "“"What should be analiyzed?" as
well as "&hat method should be employed *¢ pe-form the anal-
ysis2". In the preceding paragraph i+ was stated tha<t 2

rimary ccncern of ezxperipental agpalysis is “¢ determine the
effect that the inderenden+t variables have upon the depan-
dent vaciables. It is equally importaat =o examine +*he
effect that <the interactions between these vwvariarcles have
upon the derendent variable. This is to be accomplished in

the fcllewirg manner.

(21

1. An examina*icn of current procedures ia analysis ¢

W

variance and factorial design analysis will be aad
+¢ decide upcn the best method with which to estimate
the experimental «ffects.

2. Cnce an approgriate method has been salected, a
procsdural example will be used <¢o illustra“ the
analy*ical prccess involved 3ia the derivation and
interpretation of the cexperimental effects.

In order to facilitate Armor <Comba~ Modeling, <the data
analysis shculd focus upon the methods which +4ransform the

data intc descriptive or predictivz models. The nmcdels

YT
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include regressicrn mcdels as well as many well known prota-
bilistic cr stochastic models. Pzocedural methods will be
discussed in order tc obtain answers to specific questicms
regarding the coaba* process reflected by <this experiment.
Included in this discussion are proposals for conducting
comparative analyses letweer these results ard historical
experience as well as cther experiamenta+ion.

———
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IT. ANALYSIS OF EXPERINENTAL EFFECTS

A. BACXGEOUD DISCUSSION

The fcur independent variables each at two levels fcram a
total of sixteern urique combinations. By measuring <he
dependent variable for each of these <combinazticas it 1is
Fossikle to conduct an analysis of wvariance using a 2+
factorial design. The independent wvariables will, hernce-~
forth, Le referred to as the experimental factors. The
factcrs 1listed in Tablas IXI and III hava been coded A
through L while their aporcpriate 1lavels have been desig-
rated as rlus(+) or mirus(-). For clarity and simolicity
this coding will be used thrcughout *he <*heésis when refer-
ring to a particular factor, or factor-leval ccambina<icrn.
The ARCOMS II experiment wvas performed by using only eight
of the sixteen treatment combinations. This was due prima-
rily tc tte prohibitive cost of resources {Ref. 2: p. 2-3].
Yet, each ccmbination was replicated three times. A look at
Table IV will show <hs combinations that ware actually
¢mpioyed. 1If all possibie combinations of thes contrel vari-
ables had been wutilized the 2* factorial desigrn would have
rroven tc¢ be an efficient method by which to estimate *he
rain effacts, and the interaction effects as well as arn
estirate cf experimental erzcr. The main effects z2re¢ %h
contributicns that +the factors A+*acker Tactics, Defender
Tactics , Terrain and Hatch Pecsition have upon “he experi-
mental yizld (the dependent variables). The irnteractiorns,
cn the ctler hand, ccnsist of <the simultanecus effect of a
ccabination of two, <hree or four factors upon the yield.
This is valid sc lorg as the factorial model assumptions are
valid.

15
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CCHTRCL VARIAELE
Attacker Tactics

Defender tactics

Terrain (avenue
of approach)

Ha+ch Pcsition

COCED EIPERINENTAL

TABLE III
EXPERIMENTAL DESIGN

LEVELS

Pire and
Movement

Rapid Approch
Deliberate
Hasty

Hilly

flat

Open

Closed

TABLE IV

NATRIX

CODE SIGN
A +
A -
B +
B -
C +
C -
D +
D -

DESIGN MATRIX

TRIAL A B C D NO. OF REPS
1 + + + + 3
2 - + + + 3
3 * + - + 3
4 + - + + 3
S + + 4 - 3
6 - - + + 3
7 - + - + 3
8 - + + - 3
¥No. of 0; 4 6 6 6
§o. of (- 4 2 2 2
16
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B. ANALYISIS OF THE EVENT MATRIX

Given the event matrix in Table 1IV %he question is zler
"How should i+ te aralyzed in order to de¢ermine ex
sental effacts?" Having already excluda2d the 2¢ fact
design tecause of the reducad number of trials, the feasi-
rility of using cther known types of factorial designs will
ke examineqd. This will involve a look at fractional faczo-
rials, and coafounding of the interactions <+e¢ preduyce
sub-mcdels cf a 2¢ factorial design. Ailthougk the use of
blocking variablss was corsidered, it will not be included
in this paper. Tais is primarily due to the fact “ha*t there
does not exist a physical variable from which blocks could
ke generated., The introduction of a dummy blocking variactle
would only serve to compound the analysis of *he corfounding
that wculd ncrmally cccur due to biocking.

1. A 2%t Half Fractiopal Pactorial

Cften there exists in a factorial desigr a certair
apount cf <redundency with vrespect t0o <ths interacticns or
pain effects. This reduncency may be attributed to either
*he negligitle affect of a higher orda2r dinierac4ion cz +!
regligikle effect cf a particular factor. The latter |is

€

.

especially true when a large number of factors are used irn
the design [Ref. 3: pp. 374-375]). Capitalizing upen =<his
roticn ¢ne may find it possiblz2 <o reduce +he number of
triales and still obtain valid resulis. However, the lit+le
bit of fresdom <*hat is gained w#hen aa interacticn cr a
facter is assumed t¢ be negligible bhas a cost a*tached *c
it. That cost is in terms of a loss of informa*ion rsgarding
the effect of the omitted interac=ion. If fron experience
¢cr scme prior information omne knows of such a negligible
effect, there will be little or no loss of informaticn. on
the other hand, if no a prjori kmnowledge exists, a loss of

17




informatica +*hat is ncrmally attributed to the effact is
likely te¢ cccur. Rather than regarding =this as a lcss of
informaticn, it would be more appropriate tc say tha*t the
informaticn has been confounded with some other affect.
Thus an effect normally attributad to the omitted factor
combination is now ccnfounded with some other factcr ccembi-
nation. The two effects are rnow indistinguishable €fzom
one-another.

Reduction in the regquisite number of *rials may also
be acccwplishad by consideriang a half-repiicate c¢f a 2¢
factcrial. A half-rerlicate of the 2¢ factorial is mersly a
2¢=1 or 23 factorial. This requires only eight or half of
the criginal sixteen +*rials. Thus, i% only remains *oc deser-
pine thcse eight combinaticns that preduce the best resul-=s,
The proper choice «ccmes frcm confounding a higher «crder
interac+icn with other factor combinations. This procedure
generates +wo coaplimentary sets of eight conmbinaticas
called a fcld~ovar. Either set is equally useful for the
purposes 0f analysis provided that meoasurements ar2 +taken
using the selected half-replicate.

Clsarly, it is impcertant to obtain as much infcrma-
tion as pcssible with regard to +h2 main effects. Tc do +his
it is necessary to generate fold-over sets by confcunding
tigher crder interac*icns. This pracludes any ambiguity with
respect *o the gmain effeccs. The fold-over sets usinc
interac+icns AB, AC, AD, BC, BD, and CD were generated and
an attempt was made to match tha resulting “r2a-+m2nt ccmbi-
naticns tc +*he eight actually wused in <+he experiment (Tatle
Iv) . Unfortunately, none of the fold-cver sets rrcduced a
match. An attempt with each of “he third order interac*icns
ABC, ABD, ACD, BCD, and ABCD was also fruitless.

I+ Lecame readily apparen*t that the imbalance in the
cccurrence c¢f factores at the upper and lower level was tc
have an over-riding effect ia using any subser c¢f 2 D¢

18




factorial design (see Table 1V). The only sub-mcd=zl <ha<+
could prcduce the prcpsr treatment combinations for analysis
is the 22 factorial design or the 2x2 ANOVA. This desigr
will, hcwever, severely reduce the amount of useful info-ma-
tion about the facters and interaction effects that would
have ctherwise been available.

2. Zx3 ANOYVA ¥jith Replications

The imbalance in the treatment combina*ions szl=acted
for the experiment dcss not allov for the examization of all
the 2x2 =sub-modsls that ars possible. The only rossitle
combinaticns are indicatad in Table V. Choosing any two of
the four independent variables as factors will require <iaat
tha cther two be held at a fixed level. Once this is doae it
will be possible to examine the effects of the chosen
factors.

Ey way of an sxample, if Attacker Tac%tics is ccrsid-
ered tc te the Zfirst factor and Defender *+actics as <tha
sacond, the 2x2 design for factors ™A AWD B" shcwn in Table
V may ke derived. Nctice that this configuration requires
at leas+ four zials of the proper plus-ainus combination.

Since facters B, €, and D never cccu- *cgether at the lower
level, 3i* will rot ke possible +to censtruct an analysis of
variance tatkle usicg factors 8 and C, oz B and D, or C and
D.




TABLE V
THE POSSIBLE 2x2 ANOVA SUB-MODELS

"A AND B"
A+B+C+D+ 12A+B-C+D+

A Trial 1 Trial ¢

A4 Trial 2 Trial 6

"A ANL D% " A AND [¢
A+E+C+D¢+] A+RB+C~De¢ A+B+C4+D+| A+B+Ce¢D~-
A+| Trial 1 Trial 3 A+ | Trial 1 Trial 5
A-| Trial 2 Trial 7 A-| Trial 2 Trial 8

The model for a 2x2 analysis of variance with zepli-
cations is reiatively {Ref. 4: pp. 568-570] simple. Assumi=ng
that an cksevaticn of the response variable is a functicn of
the fcllcwing effects

n -*+te grand mean.

8, -the tow effect where i=1,2

Y; -the cclumn effect where j=1,2

wij -the interacticn effact

%jk -expertimen*al error f£or %the obsarvation

at the kXx+h reglication where k=1,2,3

-

th2 mcdel representing the kth observationa ia the ijth czll

may then ke written

4 N 2-2
Tiik L O S T R (2-2)
The errcr *erms in the model are assumed to be normally

dis+*ributed with mean zero and variance g2,




Tte fictitious data in Table VI will serve to illus-
trate the aralysis of variance procadure. Suppose it is of
interest tc determine the effects of factors ttacker
Tactics, ard Defender Tactics upon <the mean time £for the N
Defender %o detect an attacker. The data in each c3:ll repre-~
sents the mean +ime for the defernder to detect an attacker

for each of the three replications corresponding to the
treatment ccmbinations in Table V. An analysis of variance
table for this model as well as a solution using the Bicamed
computer subrcutine, BMDP2V, is provided in Appendix C
[Ref. 5: p.359-386]. A summary of the results is listed in
Table VII. The results of the analysis may serve <o answer
questions ccrcerning the existence of effects or interac-

tions. The three releven* ques+ions relaze te
column(Defender Tactics), ccw (A+ttacker Tactics), and intar-
acticn effects.

TABLE VI
ANALYISIS OF VARIANCE DATA

DEFENDER TACTICS ()

1 2
60 82
; 1 8o 74
g ATTACKER 70 34
; TACTICS
i (i)
; 86 90
: 2 90 76
3
; sS4 92

The null and alternative hypotheses on the interac-
+ion effects are stated as

HO: There is no interaction effect ( wij= (]

HA: There is an interaction effect ( wij¢ 0)
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Where "*i® and "j" gc between 1lev2ls one and two. If “he

;‘ null hyposthesis (EC) is indeed true *hen the test
} staristic, 1S = MSI/MSE, is distributed as an "PF" with ( 1,
3 8 ) degrees cf freedcm. The probability that an "F" varialle . o
- will exceed the computed value of the test statis+tic is used
to deterxine if the null hypothesis will be accepted or

rejectad. It is customary <o reject Ho if <this comfputed
crobatility is less than a preselected value,a , <called the
level of sigrificance. a represents +he prebabili<y 4that the
pull hypcthesis is rejected giver that it is in fact true.
This relaticrship is depicted in Figurs 2.2. For exanmple,
if the value of the test statistic is equal to 2.67 or
greater, it woull lead to a rejection of the null hypothesis
at an 21gha cf .1M07. At an alpha of 0.1, we would fail to
reject tte rull hypothesis; it would +then be concluded +hat
there is ro evidsnce to sugges:t <the existencz of a signifi-
cant interaction effect.

TABLE VIIX
BESULTS OF ATTACKER TO DEFENDER TACTICS ANOVA

(HYECTHETICAL EXAMPLE)

p-
SOURCE SUM OF D.P.] MEAN TEST TA.L
SQUARES SQUARE| S3TATISTIC| PROE
MEAN SSi= ¥SH= ;
EFFECT 79707 1 79707 1449, 22 0.0000 .
ATTACKER SSA= MSA=
TACTIC 507 1 507 9.22 2.0162
DEFENDEF S;D= H§D=
TACTIC 2 1 2 0.49 0.5034
INTERACTICN SSis= MSI=
EFFECT 1647 1 147 2.67 0. 1407
ERRCR SSE= MSE=
ZFFECT 440 8 55
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Wten the null hypothesis is not rejected, <the error
sum ©f squaras in the analysis of variance *able( Tartls
VITII) is cften modified by adding the interaction sum of
squares tc it; the mcdified error mean square is thepn usad
to test the hypothesis on the main effects. The resulting
mean square values ard the values of the test statistic are
shown in Takle VIII. Ifa = 0.1 one can conclude as depicted
in Pigure 2.3 tha%t "A-tacker Tactics" has a significan+
effact on the mean time to detect a target by the defender
while tke *“Dafender Tactics' Joes not. 0f course, <*his
example was contrived for illustrative purposes and dces not
necessarily reflect reaiity. Once the data is colla%*ed i+
will ke possible to perform a similaz analysis on all the
response variables vusing the ANOVA configurations in Tarle
v.
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TAELE VIII
RESULTS FOR POOLED SUM OF SQUARES
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A. GENEEAL
The manner and method by which data is analyzed is mcst
often de*termined by its intended use. If it is to be used

for the express purrose of assessing the probabili=y that
an event will occur, it would be desirable , at a minimum,
to taktulate the results based upor the empicical distribu-
tion. On +he other hand, i£f the dara is intended to be used
for further analysis, it would b3 more desirable <¢c fit a
thecretical distributicr t9 the data. The la%ter
some distinct advantages over <the former. Tab
empirical results are rnot as versatila as the fi
llc o
£

i
th

distribu*tion. The fi+ted dis+ribution

& w:
cf the sffect cf charges in the values ¢ both the parame-
ters and +he indapendant variabples, This asgect is
especially impoztant in combat modeling which m@must be
responsive to a varisty of scenarios and situaticns. Ncre
importantly, <*heorezical prcbabality dis“«ributions, have

been exztensivaly studied, and their proper+ies are well

(/]

known. This makes ttem extremely useful in analysis as well
as modeling. Ir many situa+ions, a prchlam may te more
easily mcdeled mathematically *han by laboring over aa zlab-
orate ccmputer simulation.

in 1ligh* cf the preceding discussion, =th2 remaiader of
this chapter will cover the methodology for fitting thecret-
ical distritutions *c data and testing for goodness-cf-fit.
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B. DATA STRUCTURE ANC CATEGORIZATION

Before any attemt:t is made at analysis, it is necessary
to detarrire the afppropriate 1level of daza +o be used.
Pigure 3.1 rprovides the data structure for <the ARCOMS II
experimant, Since the appropriate level of data is dependent
upon the issues and analyses to be performed, its determina~-
tion will ke made in conjunctiorn with <he discussicn of

analysis techniques.

C. FITTING THEOREBTICAL DISTRIBUTIONS TO DATA

1. Nethcdolegy

The methodolecgy £or fit<ing probabili+ty distritu-
tions fcllows +*h2 sequence shown in Figure 3.2. The nrccess
btegirns with an educa+ted quess as to <he underlying distritu-
tion o0f <he data. The parametars of <+he hypothesized
dis<ribu=icn are gither Kkrowr in advance ¢r +they are es+i-
mated frcm the data. The enmpirical distribuzion (histogram)
is then ccmpared with <he hypothsized dis<ribution usia¢ a

X4
tn

"goodness 0f £it"™ “es+*. This will determire if the fit=ed
] I3

discribu+ticn provide a1 acceptable apprug.aaticns 2 the

a
distributicn of +he data.

a~irg Parame+er Valuas

s 1]
.

[$)]
(]
ot
i
=

Cnce a decision has been made as =o <he Jistri-
tuticr tc ke <£itted, e.g. exponential, gamm2, normal €tcC.,
1t will ke necessary *¢c es*imat¢ tae parameters. The param-
sters determine the specific shape of the curve. Cften
estimates of the parameters are available from historical
experience. If *his is not the case, <*he data i*self may
then serve *c derive an estimate for the parametecs. The
appropria%e estimates for many of the s+andard dis«ribu+icnms
may be fcund in Reference 6.
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. "500dress of Fit" Tests

Two cf the most widely used statis+tical.tests
for goodness~-of-fit are the Chi Square ard the
Kolomcgcrcv-Smirnov (K-S) tests. Undar certain counditiosns,
each of these <ests has attributes which maka2s it preferatle
to the c¢ther. The K-S *est may only be used for fitting
continuous distributions when the parameters of the distri-
buticn 4c bs fitted are assumed to be known. However, for
the normal anrd exporential distributiors, special <ables
have keen ccnstructed waich permit +he K-S <est to be uased
vhen the rerameter have teen estimated from the data. This
extensicn of the K-£ test is known as <the Lilliefors tast.
The K-S and lilliefors test are oftern pr=ferred cver the Chi
Square -est when the sample size is small. The Chi Squace
test, c¢r +hs other haad, <is applicable <o all <types of
distributions, and it is especially gocod whan modera+e to
large samples are availablse.

4 useful bur less rigorous method of fi+ting
distributicre is the technique of constructing prctability
Flots. This graphical method requires plotting the percen-
tiles ct the thecretical distribution against <he
psrcentiles of ¢the empirical dJdistribution. A s*raight line
tlo+ indicates a gocd fit.

c. Variables Selected fcr Analiysis

While data analysis should be accomplished on
every dependent variatle measured, *he Conditional Lire of
Sigh% (CLCS) , Acguisi+ion, and Engagemant data were selec=ed
to prcvide procedural examples.
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The Conditional Line of Sight data consisted grima-
rily cf tte *ime 4duration and path segment length over which
lin2 of sight Dbetween an attacker vehicle and a+ least cne
€element cf the orpposing force was determined to exist. The
time seqment duration was measured for both <hke at*acker *“c
defender ard defender +o attacker catagories, The path
segment lengths, on the other hand, were measured only for-
the distance over which the attacksr vehicle +raveled. This
is due ¢to the <fac*t tha:c the a+tacker forces were wmcving
throughout <thke entire period cf the engagemen=, whereas, the
defender fcrces would only be -expected tc move te*ween
alternate defensive positions. For +*his reasor it was
decided tc fit theoretical distributions to the CLOS data
between attacker vehicle «yres (Tanks, Tows, and APCs), and
the aggregate of all the defender forces.

Histcgrams of the data sets indicate “hat <he CLOS
Time and Fath segment lengths sight be represented by cne of
five distributics. They &are the Exponaztial, Gamma,
Weibull, Beta and Lcgnermal dis+ributiors. By varying the
rarameters cf these distributions, it is possible +¢ ol*ain
a curve that is "sigilar" in shape +to that of the histo-
grams. The Expcnential, Gamma, 2and Weibull distritutiocrns
were fit to the +time and path segament lengths. Table IX
showes the results of this fi+ for =wo 2f these sets. Since
the number cf dJdata pcints in sach of the two sets is 829,
+he Chi Sgquare +2st was used to compute the *“es% statistic,
X2, By ccmparing X2 to *he 1-gquantile of <+he Chi Squarce
distributior the following rejection criteria may te used.
Reject the rull hypothesis of a "good fit" if

Xz >x%_ (D.P.)
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TABLE IX
EESOLTS OF PITTING ATTACKER TANKS CLOS DATA
TYEE n CELLS DIST PARAMETERS CHI D.P. x2 (DF)
(¥) (K) STAT (K-N) l-a
gggf €29 5 EXE. 12=.01935 194.1 4 9.u88
5 GA¥. 0=.00686 7.539 3 7.814
r=.3478
5 WEIB. v=0.0 5.52 2 5.991
a=31.514 5
B=.5714 j
gggg €29 7 EXE. 4 =.0118 688.4 6 12.59
GAM. =.0027 2.407 5 11.07
r=0.231
7 WEIB. v=0.0 8.67 4 9.u88
a=44.505
8=,5128
t
|
!

A ccaparison of the test statistic to the .95 guan-
4ile c¢f +the Chi square distribution, shewed that for all
time segment lengths *he aypothesis that “he data represernts
an exporential distcibution is soundly rejected. However,
hoth the Gamma and the Weibull distributions providas good
fits. Fcr path segment lengths th2 Gamma distribution
provided an obviously better fit <+thaa did ths Weibull
distribution. The cnly exception to this is +the Tow path
segaent lengths, Pigure 3.3 shows th2 plots of the Weibull
cumamula+ive distribu+ions function and the empirical CDF fcr i
tank time and path seégmeat data. For Time Segmen% lengths
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the two distributions are virtwally identical. This indi-
cates that *he Weibull provides a good fit for Time segmernt
lengths. 1Ir “he seccnd case the Weibull fit was no+t as gcod
as the Gamma fit. The results for the remaining =sats of
CLOS data are enclosed as Appendix C.

3. Agguisition Lata

Acquisition data was devidel in<o ¢wWwo data grcugs.
The Attacker weapons acquiring or engaging <+hose of the
Defender- force, 2nd the Defzrnder orca wszapons acquiring and
engaging Attacker weapon tyges. Prom *his da+a, twc dzpen-
dent variables ware selected for analysis viz., “Tipe *o
Acquire™ a target given that *here exis*s condi*ional line
of sight, and "Time tc Zngage" a target given that it has
teen acquired.

Tte histcgrams for both "Time <to acquire" and "Time
to engage" pointed to *he exponential distribution as the
cne mcst likely <o provide a good Zit. 1In those cases where
the data sets had a3 swmall naumber of data pecints, tha
lilliefors test was used. The Lilliefors quantiles for the
exponen+ial distribetion have been <+abulatzd and may be
found in Table A16 of Reference 7. The results Tacks
acquiring or engaging Defend2r Tow weapons is shown in Tabla
X. They iandicata that the exponential distzibuticn provides
a good fis +o botk the da*a on "Time <c Acguire" ard for
Attacker the 'Time tc Engage". These results as well as
those Zcr the remaining Jata sets are provided in Apperndix

Engagement data ccnsists of wmeasurements on the
range tc engaga2ment, aim errors in beth ver+tical and hori-
zontal angular shif¢s originating from the target's center

*
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TABLE X
GCOLNESS -OP-FIT RESULTS POR ACQUISITION DATA

ATTACKER TANKS TO DEFENDER TONWS

TYEE =1 DIST FARANETERS TEST CRITICAL
STAT VALUE

T%:e 15 EXP. A =,0092 .1642 4 < 0.5

Acgqg.

Time 15 EXP. A =.0815 3202 4 < .999

Eng.

of mass, as well as a series of indicater variazbles deli-
neating target exposure, aspect argle, whethe:- it is acviug,
whether it is firing, and whethar it was bit, missed or
killed. Since all tte variables, except for aim errcrs, ars
indicatcr in nature, they will m2rely yield a propcr+iosnal
fiqure «cf ths number of times they occur 3in the 3Ja+a.
Consequently, aim errors are the only dependent variables
selecta2d for fitting a distribution.

An examizaticn of this data ravealed tha* aim ercors
were only recorded for Attacker and Defender Tank weagons.
The data was, thersfcre, formed into four sets corresponding
to the "X" and "¥" ccordinates of aim =2rror for Attacker and
Cefender Tarks. Histcgrams for each of <these cccrdinates
sugges+:d that a Normal distribution is a 1likely candiiate
to fi=+. Since the aim errcr distribution is bi-variate, a
bi-variate normal distribution must be fit, unless it can be
shown that the correlation between the two coordinates is
z3rTo. Tta cerrelaticn between "X" and "Y' for Attacker and
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Defender Tanks were computed to be 0.15 and =-0.04 respec-
tively. These values are appear +*o be small encugk <o

assumeé that <he correlation be+tween the twc variatlas is
Zaro. With <his assumption the ®X“% and "Y" cocrdinates can
be handied separately.

Tke results ¢f the Chi Square test 1listed in Table
XI show that the Normal distritution does not provide a gcod
fit ¢*c the data. %hile they are similar in shape (bell
shaped), the empirical distribution is extremely “peaked"
when ccrpparel to the theozeticzal Normal distribu+ion.
Fucther investigaticr ¢f the data shoved this was dus tc a
large numkter of zero error points within the data set. This
excessive number of zero aim errors may be the <result of
rounding +t¢ the nearest integer @mil when the data was
recorded. Since the significance 5f a2 one mil error derends
upon the range to the target, 1easuriag to the nearest ril
might prcvide far toc coarse a measursmernt scale. The end
result is a clustering of data poiats on the integer values,
especially at zero. As a ccnsequence i+t was not possihls to

cbtain a gccd £it tc the aim error da+a.




TABLE XI
RESULTS OF AIR ERROR FITS -

DATA NUMBEER PARAMETER CHI SQ. DEGREES
SET OF CELILS ESTIMATES VALUE OF FREEDCHM
Attackeé S p =-0.33% 61.75 3
(X-cccrd) 2

g = 1,01
Attacker 5 B = 0,053 80.67 3
(I=-coord) 2

0" = (0.982
Defender 4 B = 017 111,385 2
(X-cccrd) 2

o = 572
Defender é u = ,428 <94.564 4
(¥Y-cocrd)

g? =1.09




IV. MEIHCDS FPOR DEALING WITH QUESTIONS OF SIGNIFICANCE

A. GEWEEAL

In crder to imprcve combat modeling within <the Army an
ircreased understanding of the combat process is essential.
Withcut the knowladge ¢f how combat units operate, manuever,
€engange cne-another, or terminate engagmernts, cemtat
modeling could scarcely be expected to represent r=2ality.
Thus, <+he primacy fccus of this chapter will be %o discuss
those analysis methods which may be wutilized o prcvide
ansvwers “¢ questicns regaring the significance of certain
combat precesses. The questions *o be examined are tased
upon the issues that TRASANA determined to be important.
Each ques*ion will ke addressed separately, by briefly
discussing the per*inent issue, +the most appropriate method
of analysis, and the experimental data that will suppcrt tha
analytical methed.

B. THE EFFECT OF BOUNDING BY THE DEFENDER ON HIS
DETECIABILITY

It has, for the most rparet, teen 2ssumed <that if a
defender were to stealthily move between alternativ
sive positicrs, he might prolong the time it takes t
him. A ccunter argument is that any wmcvsmen* ag
stationary tackgroud is more 1liksly to queue “he visual,
thermal, c¢r electrcnic detection abili+ty ¢f <+he seaccher,
and <thereby, 4increase the probability that the attacke:
detects a defender target. The questiorn is *her, "Does the

Defender movement 4into and between alternate firirg pcsi-
tions sigrificantly increase the rate at which the A*tacker
force is atle to detect him?*




The question may te viewed as asking wkhether +he data
suppcrts <+tte rotion that as the number of moves between
alternate rpesitions increases sc does the <the rumber of
detecticns. An apprcach to answering this gquestion 1is tc
test the statistical hypotheses that no ircreasing <“rend
€xists versus +the alternative that an increasing trend dces

exist. |

Tte data required wmust relate the number of timpes that I
each dafender vehicle moves between defensive positicres to ;
the ccercesperding the number of times that he is detected by :
any member of the attacker force. A set o0f da*ta for each E
trial will censist cf the paired observation (Xj,Y3), where :
Xj is the number of moves for the jth defender vehilce, and j
Y] is the tctal number of datections scored agains+ bhinm.

A nonparase<ric me+hod for detec+ing increasing or i
decreasing trends is the Cox-Stawart test [Ref. 7: 4
pP. 133-139). Al+hough this test is adeguate for determining

wvhether ¢- rot a trend exists, it provides nc specific |
inforsaticn as to hew this yesult is tc be used for modeling

or analysis. It is, therefcre, more useful to employ a

method which will, ir addition to answering the questicn, ;
also provide an es+imate of the magnitude of the relaticn- '
ship betweern the +twc variablzss of interes+ by means of !
nonparame+ric regression (Ref. 7: pp. 272-277]. Assuming :
+he linear regression model

Yj = a + BX3 “. 1

first the nrcnparametric estimates of "A" and "B"™ tased on

ranks are determined; an estimate of the rumber cf detec-
tione may te obtained by substituting these estimates in
(4.1). The slope "B" in (4.1) will d3termine whe<her cr nes

a relaticnrstip exists between Xj and Yj. The magnitude and
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sign of the slopz will determine the dz2gree and dirzcticn cf
the relaticrship. The Spearman's Rho test fer correle+ion
{Ref. 7: pp. 252-256) may be used to test the feollcwing
hypothesis

Hec: £t = bo

Ha: t > ho

This is equivalent tc testing the nrull hypotheses <hat ao
correlaticn exit versus the aliternative tha< Ffpcsitive
correlaticn does exist. A rejection will indicate tha+t a
correlaticn des indeed =xist. It must be pointed out that
a2 vagression using least squares could te used, crprovided
that all <the distributional assumptions are satisfied.
Bowever, least squarss regression is extremely seasizlive o
the existence of cu*tliers. If it is suspected that cutliers
are present, it is kest tc wuse 2 more "robust" method of
regressicon. such as <the one just described or the Median
regressico.

A ccnfidence interval for the slope it 2qua<ion 4.1 may !
te derived Lty using the "twc point" slope method ([Ref. 7: p
266-267].

C. QUICK DASHES BY ASSAOULTING VEHICLES

Tn crder <o reduce vulnerabili+y, assaulting vekicle \
make quick dashes from one d=filade posi+ion to <*he neixt. |
1« is suspected <hat these quick dashzs reduce its ability
to detect defender targets. Thereiore, the follcwing ques-~
tion is asked, " Dc quick dashes by assaul4ing weapoas
significantly reduce their abili‘ty o0 detect defender
targets?" |

ds In *the previous section we may test for increasing 3
trend using the Cox-Stewart test; or perform a hypothesis ‘
test on the slope of the regression to determine if a posi- ;
: tive corzelation axists. Because of th2 advantages prvicusly
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enumerated, the nonparametric ragression metnod is prerfscred
ir this apalysis as well.

In <cither case +he data sets are construceed ia
precisely *+he same manner. Care nmust be taken <*c¢ irsure }
that the length of a "quick dash" is precisely defined andéd ;
that it is consistent with current <tactical dcc*rine.
Assuming that the quick dash length is 200 metsrs, it is now
possiktle ¢¢c define Xj, the number of times that v2hicle "iv
poved loss than or egual %o 200 meters; corraspoanding tc X1,
we may ncw determine th2 number of detections scorsd by
vehicle "j", The result is the bi-varia*te da<2 se+t (Xj,¥3).
This type of data may be ccllacted specific %20 a particular
kattle rua, “rial or aggregatted for the entire =xperimenct.

D. ENGAGEMENT AND ITS SIGNIFICANCE OB ATTRITION

Tte gquestiorn here is "Does <the frequency wit which
engagegents occur hurt +he dzfender more +than the
attacker?v, or "Doeg the frequency with which a force 3
engages the oppcsing force increase +4he kiils it achisves
and decreases the kills it zeceives??

Pcr sither the defender or a<+tzacksr £force, +vwe sets of

ot

ki-varja*te data must ke analyzed. Ornz s2t is rumber of

M

h
sngagemen+s ini+iated by <hrat force (Xi) and the number of
kilis a<+rituted to i* (Yi). Th2 othe: sez is the ruaber of

engagements initiated by <that force(Xi) and the aumber of
killes it receives(Zi). Each battle -un represents one samfle
poiat. A <cotal of 24 sample pciats nmay, therefcre, be
dzrived. The analysis proceduc-e is the tast for trend using
the Ccx-Stavart test, cr tha method o€ nonparametric -aqres-

sion discussed in sec+tion B.




E. RBCUNDS EXPENDED CN TRUE VERSUS FALSE TARGETS

Tte dissue tc be addressed is wh2ther <hers exists a
rela+ionship betweern the nuamber of rounds <expended agaiast
true o¢r a false targets. Prom th2 stand poia+« of the
Attacker £crce, the question can b2 posed "Do Attacker
weapcns fire fewer 1rcunds per target agains*t Zfalse *“argets
than against <true ones?" The same gJuesticn may in <=urn be
asked withk respect tc the Defendear force. t may, irn addi-
tion, te more de%*ailed in scope so as =Tc ccncetn a
rarticular weapon tyge, battle run, or trial rumber.

The issue involves a comparison of the distribu<icn cf
twvo sets cf dJa+a. We are specifically interested ip deter-
gining wketksr oz nct we can sxpect one set <o Lave higher
exp2cted value than the other.

Tke da*a required for this analysis consists of +wo sets
of obsa2rvaticns. One set representing +he number c¢f rcunds
expended agajinst true targets (Sj). The other set is the
numaber of rcunds expended against false targezs (Sk), whers
j=1,...01 and k=1,...,02. The set 0f hypotheses zar2:

Hc: Tre expected vaiuz cf Sk is greater than or equal

to the expected value of Sj. (E(Sk)2E(SI)}

Ha:s Thke expected value cf Sk is less than the

sxpected value of SjJ. {E(sk)<E(S3I)}

An apprcepriate test is the Mann-Whitney nonpacaaetric
test fcr twc independernt samplss (Ref. 7: pp. 215-223]. The
Eztocedure ccnsists cf first pooling +the two sarples and
assignizg a rank to each observation; the test stazistic is
the sum c¢f +“he zanks assigned *¢ S3j (or Sk). Agrrcpriate

tablas ¢f critical values are in APEENDIX A cf Reference 7.

——
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F. PFPALSE TABGET DETECTION RATE

It is suspected that the Jdetsction orf false targets can
easily cccur in a batlle-field ervironment. It is, <+here-
fore, critical to the undéerstanding of this process, *o
determinre the significance of a comparison btetween *the rates
of detecticn of false targets for Defender weapons, Attacker
Assaulting weapons and Attacker Overwatching weapons. The
question is asked, " Is the false target detection rates the
same for +he Attacker Overwatching w=2apors, the Defendsr
weapcns, and the Assaulting weapcns?"

Assuring indeperndence between and ac~ng tha three
samples, a test on the 2quality of distributicns may be
performed. The hypotheses are:

Hc: All three population distribution functions

are identical.

Ha: A+ least one of the pcpula*ions tends te yieid

larger observations than the others.

Two rcnparametric methods of testing for =sigrnificance
were considered viz., <+he Kruskal-Wallis test <£or several
irdependent saamples (Ref. 7: pp. 229-237], and *ths Van Dex

Waerden test for several independent samples {[Ref. 7: Ep.
317-326]. While the Kruskal-Wallis “«est sta<istic is based
upon rarks, th2 Van Cer Waerden is based upon the concepr of
ncrmal sccres. The Van Der Waerden test has an advantage in
that it rkas a higher Asymptotic Relative Efficiency than *he
Kruskal-Wallis Test. In this respect +the Van D2r Waerden
test is ccmparable tc its parametric counterparts, the e
and "F" tests, and has the same asyaptotic efficiency as the
parametric tests when *te population is really ncrzal and a
larger asymptotic efficiency when the pcpulation is
nonnormal (Ref. 7: pp. 316-317]. For this reasor the Var
Der Waerden test was selected as tha better of *h2 two
alternatives for testing the sta<ed hypothesss, An iaieial
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comparison of +he three populations will either accer: or
1 reject tte hypothesis of didentical distributicas. If *he
; t2st fails %o rejact we are sparad from having <¢o conduct
individual ccmparisons between the sampl-=s. 1€, on the
other kang, a rejection occurs <+he test provides an easy
methcd fcr making individual comparisons. Pairwise compari-

'§ sons are performed in order +to determine which sets are
§ significantly different from one-another. The urique pairs
' are Defending to Assaulting forces, Assaulting to

Overwatching force, ar.d Defending vo Overwatchiag fcrces.,
The magnrnitude of the difference will <hen determine how ttsy
are tc be crdered. It is this ordering tha*t will provide the

final ansver.

The data —equired for this test <consis*s of “he ra<e of
detecticn for each «¢f the three types ¢f samples. Rate of
detection is computed by deviding the number of false target
detections ty <*he period of time in which +he detecticas |
were race. ta sets may be constructed based upon an indi-

vidual <rial or aggregated.

G. FBREQUENCY OF OVERWATCHER DETECTIONS

A firing target generateés a number of detectable esffects
such a tlast, £flash, and smoke which serve to queue a
searcher. It is suspected that +his queuing may signifi-

AT e

cantly entance the Ovarwatchert's ability to detect “argets.
b Therefore, “ha relevent quastion for this znalysis is s+a<ed
as, " Do stationary A<*ackers, or Overwa“chers incur a
higher frequency of detection when <they ace £iring versus
when they arte noz?"
The question implies *ha+t an 2valiua*ion must be made %o [
determine if the a firing overwatcher experisnces a greatar
propcrticn c¢f detecticns than dJoes a nonfiring Overwatcher.
If X3 represents +he number of Jetections when <he

a3




Overwatclter is firing and Yi rspresents the npuaber of dz-ec-
+ions when the Overwatcher is 1ot firing, a bivariate data
pcint may Le assigned +o each weapcan of <he Ove:waéchinq
force. If we let Pf represernt th2e proporzicn of Jdetecticns
incurred when an Overwatcher is firing and Pn represent the

propor+inrg <f time he is not firing, the following hypoth-
eses may ke stated

Ho: Ef = Pn

Ha: Ff > Pn

The hypctheses may be tested by constructing a2 standardized
ncrmal test statistic {Ref. 8: pp. 378-384]
{Ef-°n) =~ 0.0

2= Pf (1-Pf) + En (1-Pn) (4.2)
NE Nn

A reijsctior occurs iIf +the test statistic exceeds the 12

quantile of the standéard normal distribution. A confideace
interval gay now be established for (Pf~Pn) as

0.0< Pf-pn < ZP‘,\[PE(!-PE) + Pr(1-Pn) (4.3)
NE Nn

Fer each Overwatching , or sta*ionary aztacker *tac-get a
tivariate data point is constructed. The el2ments of the
tivaria«e creint are Xi, the number detections when the
target is firing, and Yi, <the number 5f Jdetestions when th2
target is nc+t firing. The proportions Pf and Prn are then Pf=
Xi/ (Xi+Yi) and Pn= Yi/ (Xie+Yi). The sample aay be
constructsd for each tattle run, +trial or as an aggregation

cf the =2ntire axperiment.




A. CCNCIUSICES

While the ARCOMS 1II field experimernt forged the way in
the collection of experimerntal data on the Armcr Ccmkbat
processes, it did rct provide fcr an efficient analysis of
experimental effects and interactiorns. The choice o©of <zhe
eigh* factcr-level ccmbinations at which +he data was meas-
ured failed to provide the balance reeded to perfarm a 24-1
fractional factorial analyis. The only model which could be
used is +the 22 factcrial analysis with replications. Evan
this is not an applicakles sub-modal for all factor coamtira-
tions. In fact, *here are only three combinations of factcers
that provide sui+able models. Th2y acza Attacker Tactics o
Defernder Tac*ics, A*tacker Tactics to Terrain, arnd Atrttacker
Tactics to Hatch Position.

The fit+ing of theoretical distributicrs is possible for
a great deal of +he data. Preliminary data aralysis sugges:ts
that CLCS *ime and rathk segment leng<hs are distributed as
€ither Gamma or Weilull dis<tributions whils <ths2 +ime <o
agquize and <time2 to engage appear *9 be exponen+tially
dis+«ributed.

B. RECCMMENDATIONS

Based upon these conclusions the following recomenda-
tions are made.

1. An Analysis c¢f Variance for the dependen+ variables

iisted in Appendix A should be acccamplished using a

22 factorial design( 2x2 ANOVA) with three replica-

+icns per cell. This nodel is provided in Apperdix

B. The Model assuamp“ions should be verified by
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ctecking for rcrmality =&f the error tearms. If this

assumption is not reasonable, c¢onsidera<ion shkculd pe

giver to the Friedman nonparametric analysis cf vari-
ance and its extensicn for “he case wi<h rerlicaticns
{Ref. 7: pp. 299-308].

2., PFcr future exterimentation, it is recommendsd +that a
detailed experimental design be determined pricr to
ccllecting any data. The design shculd specify the
issues tc be addressed, the analysis =zachniques %o be
employed, and how the data 1is to be s+tructursd to
suppcrt the analysis. An carly id=ntification of *he
analysis tachniques will help define <the type and
quan<tity of data *o Le collected.

3. The CLOS Time segment lengthks when plo+ed agairnst
beth Time to Clos and Range to the initiation of CLOS
reveal the presence of a bi-modal relationship. When
Flct*ed against the raage o initiation of <C1Q0S the
mcdes, <reprecsenting lcnger duration as well as mcre
frequen+t cccurrences, wer2 locata2d at 1500 and 3000
meters, This ghenomenon occurred f£for both Time and
Fath s2gment leng+ths. Figures sacwirg this phencmeron
are in Appendix D. I+ is recommended that an investi-
ga+*icn of this phenomeron be pursusd with small scsle
exgerimenc.

Frior tc <+he ARCCMS experimsn:, +taece has been very
little data generated from £field exparimsntation waich can
represent a realistic combat scerario. Combat wmoadels have
relied lteavily upcn engineering and historical Jdata.
Engineering da*a is generated from well ccntzcllad
“labcratcry-like” exrperimenta<tion. Thea interactions invclved
in a ccatat evironment with a free <£lowing force-cn-force
engagement are not reflected in such da<za. Ssome idea aus*
te ottained as to how different da%a from £i=21d experimencza-
+ion is frca engineering or historical daza. The cbjective
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is %0 determine if the f£ield a2xparimentation data provides =
more realistic representation of the comba*t data <than the

cther twc. It is reccmmended that ) -
1. A ccmparative analysis be performed be%*ween the ,
ARCOMS data and that of the Ballistic Research )

Latoratory and the Night Vision Labora+ory.

2. A Regression Analysis should be performed using the
engagement data discussed in Chapter III tc predict
the parameter for probability of detsction in tinme
we, This should be comparsed with the resulcts of the
Night Vision Iaboratory sxperiment. Tais comparative

Py

analysis may provide an insight into the differences
between engineering da<a and <that c¢collected fronm

field experimentation.

T T ey

WO, - brnn s
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APRENDIX A
CEPENDENT VARIABLES

The dependent wvariables are 1listed accordin their
contributicn to combat processes in

A. OFFENSIVE OPERATICHNS

Attacker vehicle 10S <ime and path Se2gmen<s.

Number of Defensive position scanning lasers with
LOS tc single attacker vehicle.

Number of attacker vehicles wi=h LOS to single
defensive position scanning laser.

Defender vehicle CLOS time and path segments
during expcsurs.

Numker of defender vehicles with CLOS to
single attacker vehicles.,

Number ¢f tazgets acquired by “he attackar force.

Time tc acquire true targexs by “he attacker.

Number ¢ false targets acgqgnired by the a*tacker.

Number cf true targets with CLOS and -ounds sxpended
by the attacer fcrce.

Number of true targe~s engaged by the attacker fcrce.

Time %c engage true *argets by the attacker.

Tarqget engagsment results for true targe< engagemen<®
by tha attacker force.

Nupber of false targets engaged by the at+<acker forca.

Time +0 engage false targsts by the attacker force.

Repcr+ed target ergagement results for false “arget
engagements by the attacker forcas.

Time, distance, and movemen: rate between bourd ,
positicns for the z+tackar forca. !

us




Time of cccupaticn of the bound position and rournds

fired by the attacker force.
Number cf hits received by atracker vehicles.
Number cf kills cf attacker vehicles.

DEPFENSIVE OPERATICHNS

Deferder vehicle 10S time segments.

#ean number of defender vehicles with LOS
tc cffensive scenning lasers.

At*acker vehicles with CLOS time and path
segments during expcsure.

Number cf attacker vehicles with CLOS to
singls defender vehicles.

Number cf true targets acquired by the deferder
fcrces.

Time to acquire true tacgets by defender v2hicles.

Number cf false targets acquired by the de2fender
forces.

Number c¢£ “rue targe*s with CLOS aand rounds
exgpended by the defender forces

Numker cf «“zue *argets engaged by +he Jefender fcrce.

Time to engage true targe*s by defender vehic

Targe*+ engagemen* results £or true target e€rng
by +the defernder forces.

Number of false targets ergaged by the cdefender fcrce.

Time tc engage false targets by the defender vehicles.

Repcrted target engagement cesults for false taczget
engagements by the defander force.

Time, distance, and movement rate between bourd
positionus for the defender force.

Time cf occupaticn of the bound position and rounds
fired by the defender fcrce.

Numbeér cf hi“s received by dz=fender vehicles.

Number cf kills cf defender vehiclas.
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ARREWDIX B
2X2 ANOVA WITHS REPLICATIONS

A. ABROV) NCDEL

Tke 2x2 analysis of variance modal with <+hree replica-

tions per cell is

Yijk i 3 ij ijk

1]
b
+
w
+
<
+
<
+
m

where i = 1,ee.,0 ; D=2
lyaaeeld ; O=2

lgeeeep : P=3

A U
]

The mcdel parameters are

n = tte grand mean !
B, = the first factor effect r
Yj = tke second factor effect :
¥;; = the interacticn effect !

= | ]
Eljk = the error term ;

This mcdel assumes that the error “erms are indspendent and
Normally distributed with a mean of zerc and variance of g4

It may te used to test the following hypotheses
I

1. All 31 = 0., (There is nec 2ffa2ct due to the first
factcr)

2. All Yj = Q. (There 1is no =2ff=2ct due to the seccnd
factor)

3. all wij = 0. {Ther2 is 10 1interaction effect) The

fcllcwing terss are Jefined in order tc clarify the
ANCVA table on the following page.
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ARPENDIX C
DATA ANALYSIS RESULTS

A. CLOS TCATA

The results cf tie "goodness of fi=" tes=s for the data
¢n  Ccnditicral 1line of sight is listed in Table XIII.
Histcgrars ars provided as Pigures C.1, C.2, ard C.3.

B. ACUISITICN DATA

The results cf fit+ting the Aquisition data 1is provided
in twc var:s. Table XIV provides the results Zor "Time to
Detect™ while Table IV provides the results for "“Time to
Engage". Ra+ther than include all histogram, three *ypical
histcgrams are provided as PFigures C.4, C.5, and C.6.

C. AINM ERRCR DATA

Histograms for aim 23rrors are provided as Figuras C.7

and C.8.

D. SCATTER DIAGRAMS FOR TIBE AND PATH SEGMENT LENGHTS

14

for Tim

0]

Figuzes C.9 *hrcugh C.11 show the sca%ter piot

(=)

ard Path segment leng*hs against <¢ime and range to ini+tia-

+ion cf cecnditional 1line.

|
|
|
:
E
‘ﬂ

P U OPITNDV . TSR, SR o, v




pronen g |

-

B S N

TABLE XIII
RESULT OF FITTING CLOS DATA

TINBE SEGMENT DATA

SET

D.F. x*> (DF)

TEST
STAT

CIST. PARAN.

CELLS

[+ o o4
3o

o~

~-—0h
"
N

-

5.991

5.52

0 e~
(o) Vel Y ITa ) o
—O ¢ o~

nunnnn
<O NIV

oV~
no

9.488

-

6
5
4

~MeN
O

0N
™~ o
oun

5.089

QOme My
oMo OO
Lad =18 [} 4
QOOMMNIOW
o e 0 WD e
nenuwun
<O M DO

o
1 9]
[ &}
e~

~®
(@1 o]

[3=4
- .
-

7.851

S
4
3

1
6.395

O DN
VRN MO
NOom™M oy
OO0 svv™1N

o e N o
nwnnwnn
<O NP8

-
no
U0
[a T} o
o

PATH SEGMENT DATA:

(DF)

2
l-a

X

D.F.

e+

P
=0

CELLS DIST. PARAN.

SET

o™~
"no

¢ ®
N~
Lol od

9.488

on =

E o

o]
W
o e
(018 ]

8.67

oor- -
= N NN
—OMm ¢ v
OONO =N

e 0 X e
nuanun
~ O > B

MY =

8
9
3.84

3
2
1

~oy
O

L
[]e]
(2,1 od

18. 25

o o
O\ON O
oM M

Houwwnn
~<D N> Ba

4
8
5.991

4
3
2

Laad |
(s ]

o™
™M o
[Va]a]

6.278

DI ©

33N ~N
-Qm (172}
OO DO

no
(W ATe)
[
A(

56




-

R

200

NO OF SAMPLES

‘00

+
CLOS TME SEGMENTS FOR ATTALKER TANKS CLOS PATH SEGMENTS FOP ATTACKER TANKS . “
o ,
~ I ]
| il - |
% = i
o e
o} }
H & H
8 L] u
n g ol
“ -
3 »
W 4
2 a
- >3 ¢
t o
o
o8 @
N e s
s -
»
- a
Jlf.f F_r [-Y
T
S S . i 1 " o W\..rf\sp}ktl - 1 N 1 .M
0 4no 800 1200 o 400 800 1200 © ~
TIME SEGMENT LENGTH PATH SEGMENT LENGTH ® o
" 1
) |
& i
’ © CTKTIS X . CTROSC .~
SELECTION T AL SELECT 1ON . ALy ._O. :
X LABEL © TIME SECMENT LENGTH X LABEL . PATH SEOMNT LEMGTH -
MD. OF CLEMENTS : 829 ND. OF CLFMENTS - 829 (3]
X WEAN .51 7 X MEAN L)
SID. DEVIATION : 85.9 STD. DEVIATION : 177 o
SVEWNESS © 5.44 SHEWNE SS . 3.87 8
nRIOS1S : 48.7 wURTOSIS . 18 2 &~
S -PERCENTILE . 5 .PERCENTILE )
25-PERCENTILE  : 9 25-PEACENTILE ;¢
VED1AN 1 2% MEDTAN =
75 PERCENTILE  : S7 75-PERCENTILE  : 80
9%5-PEPCENTILE  : 183 95-PLRCENTILE  : 450
X MIN, R | X MIN. : 000
X MAX . . V19E3 740 %593 X MAX, : 1.53E3 1. 48F) 1.3%3

Pigure C.1

v ey v



Y ————— i o XN

a. RN S

[ J
0
]
TR TR BALR £16 2/6 €32 ¢ - rvm % u
000 : ENLE. trec LR -
€01 : 3V INIDBIISE 0ZY © NLINDUISSE o
[ IWANIDEIG-GL 66 FU L IMW-GL »
R Nvian 9 : NYIOW w
o IUINIDYNIS ST 8 N1INIE-SZ .
0:  NINIDEI-S €1 NLNINIAS ™
NI S1501 8 RO SIS0 o
882 SSININS ve SSIMDS £
v o NOTLVIAIG Q1S Gl 1 NDLLYIAXD QIS @
[ XTEE N W X oo N x .d—.
@91 : SINMI] JO ON 91 © SINMI13 10 ON b4
SHLINIT ININD IS MV © 13av1 x SHITNIY INDMOIS 1) 1Iev) x (>4
My ND113313S Ny NOL1D313S
9%5aMD X SIML] y ....m
8
SH1IONIT ININD]IS Hivd SHIONIT ININD3S I ..lw ®
t 021 08 oy ° GO0\ 008 009 a0y 00z o = P4
L B~ o o ——r= ams 2 T Y iﬂ]lﬂHﬁj
Ll 1l ] T “
! — -t
N &
IR 1 .
S g ., 9
3 5 =
M2 O ©
m 2= »
8 m L £ a
)
! o r N
wn r v o~
- [ J
3 T 8 v
o
{ H
%]
- — o
i et
” -

SMOL ¥3xJvily 804 .—zm_}ou.m Hivd SOOI SMOL ¥3AOViEY 804 tN3IND3S ImiL SO




€89 0¢9 ¢ - rem X
000" NI X
o IINIDY I G6
<6 JITAINIDY G SL
1 NYlOW
A ERRAU R0 "2~ I -14
[ JUINIY IS S
Lty - S{SOLuMm
v Z SSIMINS
6C1 ¢ NOILYIAIG QIS
[J-1* NY I X
091 ° SINWIN] 4O ON
SHIONI! INIDIS Mivd 18v) x
AR1 2 NOL13313S
95ddYD - X
SHIONIT ININDIS HiYd
003 00 002 0
TTIT o 1Ty Y ﬂﬂr Y
M
\
L

SIdY ¥INJVLILY ¥O4 ININO3S Hivd SO

[+24

Qor
S31dAYS 30 ON

SOdV ¥INJVLLY NOJ IN3ND3S 3L 501D

|

1,

667 82t £05 Yym x
L R A W Him X
LLt ILIMI4- 6%
9¢ - N NI4 14 §¢
| 9 wiawn
9 : EARFURDYRE K
€ IIM34-G
[ & I S{01HM
[ 728 9 SMINS
T (9 " ‘luvir a1s
y 8 WIW
091 :© SINWIN] 40 On
SHIONIY INDIS I 139y7Y x
Ty WIS
Slidvd ¢ x
SHIONIT ININDIS Nt
00% 00y oot 1,074 oct )
s | v T LAREEAN SRAEE B s ﬂ-.ud« ﬁ.ﬁ.r

——

or

SNanvsS 4O ON

APC CICS Time and Path Segment Histograas.

Pigure C.3
Rk J




P s R

e ——— S ——

DATA FCR ATTACKER TO DEFPENDER VEHICLES:

TABLE XIV

RESULTS FOR TINE TO ENGAGE DATA

TYEE LIST.
FORM
Tarnk _=A(t=2)
ta l-e
Tank
(87
THEK i
ToN
(15)
Tank -\ (t=-3)
tc 1-e
Drag.
)

Tow  1-gr(t-3)

+0 Tank

ow 1-82 (t-3)

¢ Tow
(8)

DEFENCER T0
Tank ;.

ék(t-l)

1-gA(£=3)

A

. 076

. 2414

. 146

« 2857

. 1213

.C719

TEST TEST
TIYPE STAT

chi 5.41
sq.

Lilfor. .1u497

Lilfor. .2857

chi 3.843
Sq.

Lilfor. .25

ATTACKER VEHICLES.

Chi 7.29
5q.

Chi 3.415
Sq.

Lilfor. .35u44

Lilfor. .24

NA

N2

NA

.5€< 4

.75<4

ac<

=
1]

.70

<69

60

Bay” oan o B o o
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! Twc extrece da+a pcints were delasted from the data.

"
TABLE XV
RESULTS FOR TINE TO DETECT DATA
DATA ECR ATTACKER TO DEPENDER VEHICLES:
TYEE DIST. A TEST TEST D.P. CRITICAL
FORM TYPE STAT VALIOQOER

Tark j-gh(t-1) <037 Chi 13.59 7 9< 4 <, 55

to sq.

Tark

(87

I%nk 1-aMt . 0092 Lilfor. .1642 NA G <.50

c
Tow

(15

Tow 1-32(£-33)  .005 Chi 3.44 3 4 <.75

tgsyank £q.
409 . 0047 Lilfer. .2458 NA 8 =.548
tc Tow

(8)

DEFENDER TO ATTACKER VEHICLES.

Tacrk? - « 0275 Chi 4,206 5 <75 !
to  1-@°F $q. & :
Tagk f
(155) '
Tow st 0196 Chi 1.385 4 & < .8 |
tc Sq. ¥
Tark

(20) .
Tow 1-art .CC37 Lilfor. 4147 NA &= .825

tc Tcw

(4)

R |
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ARPENDIX D
GLOSSARY AND ABBREVIATIONS

A. ABBREVIATIONS

ARCCMS - Armor Cchat Operaticns Model Suppert
(field =xperimant)

AT - Anti-tank
CLCS - Conditional Line of Sigat

CPPOR - Oppcsing Forces

TCATA - TRADOC Ccmbined Arms Test Activisy

TOW- Tube launched, optically tracked,
wire gquided missile systenm i

TRALCC - (United Sta<es Army) Training ;
and Deoctrine Ccmmand

TRASANA - TRADOC Systems Analysis Ac+ivity

B. GIlOSSARY

The fcllewing definitions are extracted Zrom gioasary é
that was cttained frcm TRASANA. g
1. Altermate position - A vehicular firirg position
which covered <¢he same “arget arsa a primary posi-
» +icn. It was used when a primary position received
; intensive fire, or +¢o confuse +the 2nemy's +“arge+
acquisiticn efforts.
2. Acgqguisition -~ The activity of discovering and
. lccating an actual +arget in sufficiant detai ¢o
permi+ the effective employment of weapomns.
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3. Becund - That wmovement an individual vekicle o
paneuver slement made from ocne positicn tc another.
Ideally bounds were made from one covered ard conc-
€aled positicr to ancther as rapidly as possible. B

4. Ccnditional Line of Sight (CLOS) - CLOS existed when
tuc sensor LCS conditions were met. PFirs+, 108
existed between a defending 1laser transmitter and an
attacking vehicle DAS. Secondly, LOS existed be*ween
ar offensive laser transmitter and a defensive vehi-
cle's DAS. when these conditions vwere met beth
vehicles were assumed %0 have LOS with cach othrer.

S. L[AS- A laser energy receiving uni+ functioning on *op
of each attacking and dzfending vehicle, and on the
searchlight mcunt of defending tanks.

6. Detection - When an observer was alerted *o the gres-
ence of something ¢f possible military interest that
warrants further evaluation.

7. Engagement - The activity of laying on ;and £firing at
an actual targe=. An engagement can be one oor many
firings a%+ a single <targer.

8. False Target =-Any target which was not of military §
value or not a live player of the opposing side.

9. Lline of sight rath segment - A porticr of the path a
mcving target <took over wahich LOS existed cenrtinu-

ously to <the sensor being considerszd. The path
segnent was a distance in meters over which an
at*acker traveled with LOS between an SLT and “he [aS
mounted on top of the vehicle.

10. Line of sight “ime segment - That length of time a

target was on 10S path segment.
11. Overvatch elament - The tactical role of an 2lement
positioned to cbserve the movament of another slement
. and +c support it with fires.

SR,
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12.

13.

Tipe to acquire - The time for an observer to acgquirs
a target rtased on lire of sight. It szarted when [0S

€xists betwean an SLT (colocated with <+¢he olbserver) i *4
and the vehicle's DAS. It ended when ar ckserver
ccamands "target"™ cr "gunner". (See time to engage)
Time to engage - The time for an engagement which
began with the vehicle commander's command of
“cunner" or the gunner's command "target®, until the
tige of the first fiting at that specific +arget.

True %*arget - Any tartet which wes of military valua

and proper and correct for +the weapon sys*em to
sngage.
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