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ABSTRACT

his thesis presents a dynamic study of the target

selection process of the current generation of U. S. Army

tank commanders. Eleven relevant factors were investigated
11~~ 

2 +0 ~~~utilizing a 1/16 Replication of the 2 factorial experi-

mental design. The development and basic characteristics

of this experimental design are discussed as an introduction

to the actual experiment conducted . The methodology used ~n

conducting the experiment as well as the major effort devoted

to establishing the data base are presented prior to the

discussion of the analysis. Factors and interactions

impacting significantly on the target selection process were

identified using analysis of variance techniques and an

interpretation of these is given . A target selection model

based on a best fit regression on the data is proposed as

a viable alternative to those target selection models

presently used in existing high resolution combined arms

simulation models.
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I .  INTRODUCT ION

Much emphasis has been placed in recent years on the use

of the combined arms simulation model in making decisions

regarding al ternative weapon sys tems . This emphas is , par-

ticularly in light of the vastly changing modern battle f ie ld ,

makes it imperative that every possible consideration be

given to the verification , modification , and continued

improvement of every facet of these important decision—

making tools. Verification of these models is at best

extremely difficult and in many aspects practically impos-

sible short of actual combat. Nevertheless , an intelligent

study based on sound statistical theory can provide invaluable

insight into the verification of numerous specific sub-models

inherent in these models.

The modeling of the target selection process of the

individual tank commander in combat is an inherent sub—model

of every existing high resolution combined arms simulation

model. This specific sub-model unquestionably impacts

greatly on the overall realism achieved in any combat

simulation involving an appreciable armor force. Simply

stated these models attempt to answer the following two

basic questions :

Given a situation in time where an individual tank
commander is faced wi th an array of poss ible tar gets :

1. What is the scheme used by the tank commander in
assigning engagement priorities to the individual
targets presented in the array?

10
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2. What decision is made by the tank commander with
respect to engaging or not engaging the targets
in his prioritized target list?

In all presen tly existing simula tion model s, the range

between target and observer is considered the paramount

f actor used by a tank commander in assi gning his engagement

pr ior i ties . The tar get selec tion model pres ently used in

the Dynamic Tactical Simulation Model (DYNTACS) for example

calculates an adjusted range (ADJR) for each target in the

array of possible targets , and then assigns engagement

priorities based on the minimum value of this adjusted

range. This adjusted target range is computed using the

following equation :

6

ADJR = 
RR ÷ y ~~1 - C  - 1

i=l

where ,

RR = target to observer range

C = cover fraction presently available to the target

RAF~ = range adjustment factor for factor i, where
i refers to the following :

1. target weapon type

2. whether the target is presently the observer ’ s
target

3. whether another fr iendly element is f i r ing
at the target

4.  whether the target fired in the observer ’ s
previous event

5. whether the target fired at the observer
in his previous event

~~ whether the target is in the observer ’s
sector of responsi bi lity 

~~- - - ~~~~~ •- — -  ---— --- -- -- --~~ — - - - ------ — - - - - --



It is important to note that the values of RAF1,

i = 1, 2 , . . .  , 6 are specified as input data and are thus

ass igned ar b i trary values based on the judgement of the

military analysts conducting the simulation study. Research

indicates that no prominent attempt has been made to ver i f y

this model nor to as cer tain those values of the range

adjustment factors that best relate to actual battlefield

conditions . Furthermore , the full impact of adjusting

range with regard to cover fraction of the enemy target ,

specifically 
~ 

in the model , although basically not

counter intuitive , is nonetheless riot substantiated either.

Range is also the paramount factor incorporated in the

target selection model presently used in the Simulation of

Tactical Alternative Responses (STAR) model. In STAR

priorities of targets are assigned solely on the basis of

danger state arrays specified as input data. These arrays

define a unique priority scheme for all possible target

types within each of the three distinct rangebands defined

as follows : less than 1000 meters , between 1000 and 2000

meters , and greater than 2000 meters. Thus in STAR a target

within a lesser rangeband will always receive higher priority

than a target within a greater rangeband . Additionally , if

two or more targets receive the same priority , which will

occur whenever two targets of the same type are encountered

within the same rangeband , priority is always given to the

target nearest the observer. It should be evident that in

the presen t version of STAR range is essen ti a l l y  the only

12
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fac tor consi dered in tar get selec tion and that qui te

possibly a very small range differential often becomes the

sole basis for selecting one target over another . Again as

in DYNTACS the pr iori ty scheme s established in the danger

state arrays reflect the judgement of the military analysts

conducting the simulation study.

Obvious shor tcomings exis t in ei ther of the tar get

sel ection models discusse d above . Additionally , another

major shortcoming which is perhaps not so obvious yet

considered very relevant characterizes both models . As

stated previously both models allow the military analyst

wide discretion in his selection of input values relative

to the target selection process. The lack of empirical

data forces the analyst to select these values based on

his own perception of current doctrine relating to the

target selection phenomenon. Thus the models at best tend

to predict ‘what should be done in the simulated situation ’

rather than t what would be done in the actual situation ’ .

This subtle difference directly impacts on the overall

real ism achiev ed by the model .

The general shor tcomings discusse d above , and in

particular the acknowledged inadequacy of the tar get selec-

tion mode l presen tly used in STAR, directly influenced the

ini tiation of the study incorporated in thj -
- thesis. The

immediate goal of this study was to investigate and to

identify the relative importance of the many factors

considered by a tank commander in his assignment of

13 
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engagement pr ior i ties and in his dec ision to engage or not

to engage a spec i f ic  tar get. The ultimate goal of the study

was to enhance the real ism achieved in STAR by developing a

realistic target selection model based on and substantiated

by current and well-founded empirical data.

This thesis discusses in detail the general methodology

used in conducting this study. Chapter II discusses the

general charac ter is tics and development of the 2 (n p)

Fractional Factorial experiment and relates directly to the

actual experimental plan used and discussed at length in

Chapter III. Chapter III also defines the specific dependent

and independent variables inves tigated in the study and

presents an in-depth discussion of the considerations and

ef f o r ts allocated to the estab lishment of the data base used

in the analysis. Chapter IV discusses the general methodology

used in the actual analysis and presents a basic theory of

the nature of the var ious s tatistical tools used in the

analys is.  Chapters V and VI s ummarize the actual analyses

that were conducted for each of the dependent variab les

inves tigated and identifies those factors and interactions

which were found to significantly impact on the target

selection process. An explanation of the nature and impact

of the fac tors and interac tions thus identi f ied is also

presented. A discussion of a proposed target selection

model as a possible enhancement to the STAR model is

pres ented in Chapter VII .  Appendices include a samp le of

14 
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the actual questionnaire used in the collection of data

and a s ummary of s tatis tics charac ter i z ing the ind iv i duals

who participated in the study . The listings of two computer

programs that were used extensively in the analysis are

also provided.

-- - 
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II . THE 2 (n-p) FRACTI ONAL FACTORIAL

A. THE 2n FACTORIAL

A factorial experiment is one in which all levels of a

given factor are combined with all levels of every other

factor in the experiment . This experimental design has

become widely accepted as an efficient way of carrying out

experiments involving many different factors . In general if

n factors are considered each at k1 Levels , then the total

number of treatment combinations required to conduct a

fac torial exper imen t, henceforth referred to as the size

of the experiment , is calculated as fo l lows :

n

Size = k~~k .k~~~ - k = ~~k.1 2 3  n 1
i= 1

The ~~~~~ Factorial is a special case where n factors are

considered each at two levels. It can easily be seen that

a 2n Factorial requires ~~ measureme nts for one comp lete

replication and that this size quickly becomes uneconomical

for most practical applications involving a large number of

factors. In a 211 Factorial for example , where 11 fac tors

are to be investigated each at two levels , a total of 2048

observations will be required for a single replication of the

experiment. Additionally, if the experiment is to yield

an es timate of random error , a pr imary cons idera tion in

16
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most practical problems , at least one additional replication

of the experiment will be required , thus increasing the

minimal size to 4096 observations.

An experiment that uses a ~~~~~~ subset of the original

measuremen ts is called a ~p replicate or a ~~~~~ Frac-

tional Factorial . This experimental design combines the

advantage of reduced experiment size with a corresponding

disadvantage of reduced information gained . As will be

shown in the following discussion , a well—designed ~~~~~
Frac tional Fac torial can , i f cer tain basic assumptions are

satisfied , provide a wealth of information while greatly

reducing the size of the experiment.

B. GENERAL CHARACTERISTICS AND NOTAT ION FOR THE FACTORIAL

A special notational scheme has been developed for the

2~ Factor ial which generalizes direc tly to the ~~~~~
- - - 4 -Fractional Factorial. Consider the 2 Factorial where the

four factors are designated by the upper case letters A , B,

C, and D. The 16 treatment combinations of high and low

levels of each of the four fac tors are des ignated with lowe r

case letters as fol lows : the presence of a letter indicates

the high level of that factor , i ts absence denotes the low

level. The symbol (1) denotes that treatment where all

factors are at the low level. Thus the treatment designation

bd indicates that factors B and D are at their high levels,

while factors A and C are at their low levels. Using this

scheme, the treatment combinations for the 2~ Factor ial are

as shown in Table 11.1.

17
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Table 11.1

Treatment Combinations in a 2~ Factorial

(1) c d cd
a ac ad acd
b bc bd bcd

ab abc abd abcd

It can be shown that in general there are precisely

or thogonal contras ts in a 2’~ Factorial , each corres-

ponding to a main or interaction effect. A contrast Cm
is defined for any linear combination of k treatment totals

as follows :

Cm = cimn1T 1 ÷ c2mfl2T 2 + + c]~~
nkT k

where

c~~n1 + C
2 

fl
2 

+ ... + C
~~~~

fl
k 

=

In this expression j = 1,2, ..., k and n~ is the number of

observations for treat1nent~ T~~ is the total of the n~
observations for treatnient~ ~ and Cjm is the contrast

coefficient for treatment~ . This can be stated more

compactly as follow s :

k

Cm is a contras t i f 
~ 

fl
j

C j m = 0 .

j=l

18 
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Two contrasts Cm and Cq are orthogonal if

= 0

An easy way to show how each contrast is estimated and

that orthogonality exists in a f~ Factorial is to assign
coefficients of + or - to treatment combinations whose effect

I-
being estimated is at a high level or low level respectively .

Here n1 = n2 = ... = nkl and C jm = +1 or -l accordingly.

Table 11.2 sh~~ s such a scheme for the 2~ Factorial.

It should be noted from Table 11.2 that the coefficient

of an interaction effect is obtained by taking the product

of the coefficients corresponding to the factors that make

up the interaction. It can easily be verified from Table 11.2

• that the coefficients in each row sum to zero and that the

vector dot product of any two rows equals zero , thus satis-

fying the definitions of contrast and orthogonal contrast.

Thus the contrast used to estimate the main effect of A in t
4 -a 2 Factorial would be as follows :

A = a + a b ~~-ac + abc + ad + abd + acd ÷ abcdcontrast

- ( l ) - b - c - b c - d - b d - c d — bcd.

Simply stated the contrast for A is the sum of all treatments

where A is at its high level minus the sum of all treatments

where A is at its low level. It is more convenient to

represent this contrast as follows :

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _~~~~~~
__ _ _
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+ + + + + + + + + + + + + + +

I + + + I I I + + + I I + I

+ I + + I + + I I + I I + I I

4. + + I I I I ~ + + I +
--4 0

o
t .

U .~~ + 4  -~~ + I + I + I I I i I

.~ I + I + I + I I + I + I + I +
(~-1 .~~~

-~~ 
.
~ + I I + I + + I I + I I + +

CM 

~~ + + + + + + + I L

0 I I + + I + + I + 1 + + I

+ + I I + I I I I + I I + + +

-~~~ I + I I I + + I I + + + I + I

~ + I I I I I I + + + + + + I I

~~

20

______ 

___________________ _____ _— -.----



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - ---- - — -  - ~--- 

ri ’ fl ’

Acontrast = ~~ A~~(high ) - 
~~ A~~(low) .

1=1 j=l

This expression generalizes directly to any effect in both

the 2~ and 2(n-p) Factorials.

C. DEVELOPMENT OF THE ~~~~~ FRACTIONAL FACTORIAL

The problem now becomes one of choosing a subset from

among the original 16 treatment combinations listed in

Table 11.1 in such a way that worthwhile information can be

gained from the measurements made. It should be evident that

each contrast listed in Table 11.2 defines two subsets of

treatments or a replicate of the original 2~~.

Choosing any contrast , one subset consists of those eight

treatments whose corresponding contrast coefficients are

positive and the second subset consists of those eight

treatments whose corresponding coefficients are negative.

Choosing the contrast ABCD as an example and using the subset

consisting of treatments whose corresponding contrast coeffi-

cierits in Table 11.2 are positive would result in a

Fractional Factorial where ABCD is a defining contrast. The

resulting contrast scheme is shown in Table 11.3.

The basic characteristics of the ~~~~~~ Fractional

Factorial can easily be seen by examining Table 11.3. First ,

it is readily apparent that no estimate of the ef fect  of the

H ABCD interaction exists. This effec t  which was arbi t rar ily

chosen as the defining contrast has become confounded with

21 
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Table 11.3 Def in i t ions  of Contrasts in the
1/2 Replicate of the 2~ Factorial

I = ABCD

Co~:trasts Treatments
(1) ab ac bc ad bd cd abcd

A — + + - + — — +

B — + — + — + — +

C — — + + — — + +

D — — — - + + + +

AD + + — - - - + +
AC + — + - - -I- — + I
AD + — — + + — - + •

BC + - - + + - - +

BD + — + - — + — +

CD + + - - — - + +

ABC — — — — + + + +

ADD — — + + — — + +
ACD - + - + - + - +

BCD — + + — + - - + F
ABCD + + + + + + + +

the estimate of the grand average of all observations. The

symbol I is normally used to denote the grand average and

I = ABCD is called the fundamental ident i ty  of our exam p le.

Secondly, the contrasts used to estimate AD and BC are

identical , and thus these two e f f ec t s  have become confounded .

AD and BC are called aliases since the same contrast is

used to estimate both the e f f ec t s  of AD and BC . Further

examination of Table 11.3 will show that in this fraction

every contrast estimates two different effects and thus

every e f fec t  is a1i~ sed with one other e f f ec t . Thus A and

22 

— ——•--- - - - - —------—~ 
-• - __•____J_ - . ___•__a___•. ?~__~•__•_• _ •~ — --—  ... ai -



BCD are aliases , C and ABD are aliases, AB and CD are

aliases, etc.

By selecting any of the remaining contrasts from Table

11. 3 , the same procedure used in developing the ~~
. fraction

will result  in a fraction . Choosing the contrast AR and

using the subset consisting of treatments whose corres—

ponding contrast coeff icients  in Table 11.3 are positive
- 1 - ( 4 — 2 )  -would resul t  in a ~ replicate or 2 Fractional Factorial

where the fundamental identity is I = ABCD = AB = CD. The

result ing contrast scheme is shown in Table 11.4.

Table 11.4 Definitions of Contrasts in the
1/4 Replicate of the 2~ Factorial

I ABCD=AB=CD

Contrasts Treatments
(1) ab cd abcd

A — + — +
• B - + - +

C — — + +

D - - + +

AR -4- - + +

AC + - - +
(IAD + — — +

BC + - — +

BD ÷ ÷ -

CD + - + +

ABC - - ÷ +

ADD - + + +

ACD - + - +

BCD - + - +

ABCD + ÷ + -
~~



Several generali t ies of the ~~~~~~ Fractional Factorial

can be real ized from examining Table 11.4. First , it can

easily be seen that the selection of AR as the defining

contrast , not only confounds AR with the grand average , but

automatically confounds its alias CD with the grand rr1ean ,

thus CD in this case becomes a defining contrast as well.

In general there wi l l  be precisely 2~ - 1 defining contrasts

in a ~~~~~~ Fractional Factor ia l .  Secondly, it can be seen

that  of the remaining twelve contrasts there are in fact

only three unique contrasts , each being used to estimate

four different effects , thus every effect is confounded or

aliased with three other effects . In general there will

be precisely ~~~~~ -1 unique contrasts in a ~~~~~ Fractional

Factorial. Furthermore , each effect in a 2~ ”~~~ Fractional

Factorial wil l  be aliased with precisely 2~~~ l other effects .

It should be noted from the above discussion that there

is a direct correlation between the number of def in ing  con-

trasts and the number of aliases per effect estimated . The

fundamental identity I not only lists all effects which are

confounded with the grand average but can be used to determine

the aliases of any effect in a ~~~~~ Fractional Factorial

as well. This is accomplished by multiplying the effect

by the terms in the fundamental identity modulus 2. Thus

in our example , where I=ABCD=AB=CD , the aliases of A could

be found as follows :

A•ABCD = A2BCD = BCD
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A~AB = A B = B

A .CD = ACD

~~. BLOCKING IN A 2 (n-p) FRACTIONAL FACTORIAL

It is often d i f f icul t  in large experiments to obtain

me~-surements for every treatment under identical conditions .

BJ ocking is a common technique used to account for thi s

heterogeneity , but its use results in a corresponding loss

of additional information. Consider the contrast scheme of

the 2 (4 1) Fractional Factorial shown in Table 11.3. Two

blocks can easily be formed by selecting any of the unique

contrasts remaining and placing those treatments with

corresponding positive coefficients in Block 1 and the

remaining treatments with corresponding negative coeff i—

cients in Block 2. For example , if AR is selected as the V

defining contrast for blocks , then the resulting plan would

be as shown in Table 11.5.

Table 11.5

Fractional Factor ial in
2 Blocks of 4 Units Each

Factors : A ,B, C ,D
I=ABCD
Block Confounding : AB

Block 1 Block 2

(1) ac

ab bc

cd ad

abcd bd

L - — _ _



_ _ _  

It should be evident from examining this plan that AB

as well as its alias CD have become confounded with the

block effect , and thus these effects can no longer be esti-

mated independent of the block effect. It is important

therefore that only effects which can be assumed negligible

be selected as defining contrasts for blocking . A four

block plan could easily be formed by using a similar

technique on the already existing blocks. For example , if

A is selected as the defining contrast then the resu1tin~

plan would be as shown in Table 11.6.

Table 11.6

)(4 1) Frac tional  Fac toria l  P l a n
in 4 Blocks c~f 2 units each

Factors: A ,B ,C ,D

Block Confounding : AB ,A ,B

Block 1 Block .2 Block 3 Block 4

ab ~1) ac bc

abcd cd ad bd

Again it is obvious from observing Table 11.6 that A

as well as its alias BCD become confounded with the block

effect and no clear estimate of either can be obtained .

Furthermore it should be noted that B as well as ~ts alias

ACD has also become confounded wi th blocks . M u l t L p l L c a t i o n

of the previously chosen defining contrasts for blocks with

the newly selected contrast for further blocking modulus .2
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will yield the additional effects confounded with blocks.

- - 2 -Thus in this example A B A  = A B = B is also confounded with

blocks. In general if there are k blocks in a

Fractional Factorial there will be precisely (k—l)21’ effects

confounded with blocks .

E. USEFULNESS OF THE 2 (n -p) FRACTIONAL FACTOR IAL

It should be obvious that the use of the fractional

factorial greatly reduces the size of the experiment but

also correspondingly reduces the amount of information that

can be gained from the experiment. Doubtful use at best

could be gained from the -
~~

. replicate shown in Table 11.4

since any inference made about a main effect, say A, would

require a bold assumption regarding the main effect of its

alias, B.

But consider the scheme represented by the replicate

shown in Table 11.3. Here again any inference made about

the main effect of A would require that an assumption be

made about its alias, BCD. But in this case this is not

nearly so bold an assumption as that required in the 2 ( 4 2 )

scheme shown in Table 11.4. In using the -
~~~ replicate shown

in Table 11.3, a clear estimate of the effect of all main

effects can be obtained if an assumption can be made that

the effects of 2nd order interaction aliases are insignifi-

cant. Thus the main effects are measurable assuming that

their aliases are negligible. In general, all eff ects in a

~~~~~ Fractional Factorial are considered measurable if

27
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they are aliased with no less than 2nd order interactions —-
3—factor interactions .

In using the ~~~~~ Fractional Factorial the assumption

is normally made that higher order interactions are negligi-

ble . These assumptions are in general realistic. In most

applications main effects are rather more important than

2-factor interactions which in turn are a good deal more

important than 3-factor interactions . Hi gher order inter-

actions normally do not o f ten  require consideration [11.
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III. THE EXPERIMENT

A. EXPERIMENTAL P LAN

Recall from Chapter I that the primary motivation for

this thesis was to investigate and to identify the relative

importance of the many factors impacting on the tank comman-

der ’s target selection process. The ultimate goal of this

thesis was to enhance the realism achieved in STAR by

developing a realistic target selection model based on and

substantiated by current and well-founded empirical data.

This motivation greatly influenced the choice of the

experimental plan used in the study , specifically one that

allowed for the investigation of many factors and one that

gave reasonable hope for a well—fitted and useful regression

model.

The experimental plan selected for the study was a

2
(j.1 4) Fractional Factorial in 8 blocks of 16 treatments

each and is shown in Table 111.1. The characteristics of

this plan made it particularly well—suited for the investi-

gation conducted in this study . These can be summarized

as follows:

1. The plan allows for the investigation of 11 unique

factors each at two levels while reducing the size of the

experiment from 2048 to 128 observations per replication.

2. The alias pattern is such that in the worst case all

main effects are aliased with no less than 4—factor interactions

29
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Table 111.1

E X P E R I M E N T A L  P L A N : 1/16 R E P L I C A F I 3 N  01 11 F& C~ 0 R S  IX
8 BLJ;KS JF 16 UN t~ 3 EACH.  19 1

FACTORS:  A ,B ,C ,D ,E ,F ,G ,H ,J , K ,L
I A B C DJK B E FJ L C D E F K L = 3 C JKI. = AD E G L = A C F G K = 8 D F G J = A B C D ~ FGH
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

BLOCK C0NFOUN DLN~~: DEFG ,B CF G ,BCDE , A C E F , A C D G , AB E G ,AB D F .
ALL T # i O — F A C T D R  INTER A TION S ARE ~1E A S U R A B L E .

B L O C K S  U
1 2 3

(1) BCE3 ABE?
ABCDEFGH EF~ H ?1D?H CDGH
DE F~ JL AB EFGJL ~CDF J L ABDGJL
A8CH.J L DHJL AEGHJL CE?H.JL ‘1
A CEF J K BD E F J K  A B F 3 J K  BCJK
BDGHJK A CGHJK ~ DE k1JK A DE F G HJ ~ • -

AC D~ K L BG KZ. A~~D E K L  BCDEPG iC.
B E F H K L A C D E F H K L  CFG H K I.  A H K L

CFJ DEJ
CE GR.~ A B D E G H J  AC D E?GJ &BCPGHJ
ABEG L CDE~ L 3DEFGk4 L FGL
CD?HL AB F HL A C L ABCD E HL
BCD E K AEK A3 C EF HK A CDF K

B C D F G H K  DGK B E G~fK
B CFGJ KL A DF3J K L A i3 CD GHJKL A C E G J K L
ADE~1JKL BCE~iJKL EPJKI. BD?HJKL

5 S 7 8

AD& CD EF A C ? G ~D FG
BCFH A3~ H BDEH ACEH
A FJL C~ J L PL~ DEJL.  B EJL
BLDEGHJL ABDEFHJL BF~ 1iJL ACDFGdJL
CDFGJ~ ADJK EGJK ABCDEGJic

BC E F~~HJ K A B C D F H J K FH. K
CEKZ. AEF KL )?KL ABC~ KL
A BO FG HKL BCDHK L &BC E GIIKL D E GHK L
A C D H J  ABC E J BC DGJ A G J
BE?33 DF~ HJ AEFHJ BCDEFHJ
A CEFGHI. ?.B2DF~~I. B CEF L A D E P t
BDL Elit. A DGHL BCGHL
D EFFI K BFK A 8 D .~FGK CEFG K
A5C~ K A C DE~~H K CHK ABDHK

BD~ 3 J K L  ABJ L~L C D J K L
AB C 3EL ~JKL AC F M J K L  C T h E ? G H J K L  A B E F G H J K L

30

_ _ _ _

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - • IEL f



and all 2—factor  interactions are aliased wi th  rio less than

3-factor interactions . Additionally several 3-factor inter—

actions are aliased with no less than 4-factor interactions.

Thus all main effects, 2-factor interactions , and several

3—factor interactions are measurable if 4-factor and higher

order interactions are neglig ible.

3. The block size of 16 treatments is quite manageable

and particularly well-suited to experiments treating

individual subjects as blocks. This particular aspect of

the plan is discussed in grea ter detail in the later section

dealing with data collection.

4. The factorial structure of the plan allows for the

analysis  of both main effects and interaction effects .

B. DEPENDENT AND INDEPENDENT VARIABLES

Two dependent variables re la t ing directly to the two

primary questions involved in the target selection process

were investigated in this study . The first of these varia—

bles will be referred to as the threat index , specifically

a measure of the degree of threat perceived by the tank

commander in each of the unique situations described by

the treatment combinations listed in Table 111.1. The

second variable investigated will be referred to as the

fire/no—fire decision index , specifically a measure of the

certainty with which a tank commander would choose to engage

or not engage in situations described by the treatment

combinations listed in Table 111.1. These variables will be
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described in much greater detail in the subsequent discussion

on data collection.

The choice of 1]. independent variables , hereafter

referred to as factors , reflected the maximum number con-

sidered possible given the resources available and the

information desired . This decision was based primarily on

the desire that numerous replications of the experiment be

made to insure the best possible estimate for any given

treatment combination. It should be noted here that the

consideration of a single additional factor , assuming a

similar blocking scheme and a desire for equivalent type

information, would have- doubled the size of the experiment

and thus yielded the number of repetitions per treatment

combination that were eventually obtained . The choice of

the 11 specific factors that were investigated was the

result of much deliberation among several U . S .  Army off icers

familiar with the Armor battlefield . Primary consideration

was given to the inclusion of those factors that were thought

to be the most relevant in the target selection process.

In the experimental plan shown in Table 111.1 and in

the remainder of this thesis , factors are designated by the

letters: A ,B,C, D ,E, F ,G ,H ,J ,K , L .  The factors that were

investigated in the study and designated by the letter

scheme shown above are as follows:

A -— on board rounds remaining

ALOW -- above critical level
-— at or below critical level
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B -— f r iendly tank s current  ac t iv i ty

BLOW -- stationary --hull defilade

5HIGH -- moving, ’pa r t i al ly  exposed F
C -- anticipated resupply

CLOW -- soon

CHI GH -- not soon
I) -- speed of enemy target

—— not fast

-- fa st

E -- cover/concealment of the enemy t ar~ et

-- f u l l y  exposed

-- riot fully exposed

F -— enemy target ’s position relative to friendly

tank ’s sector of responsibility

FLOW -- enemy target is not in the sector
-- enemy target is in the sector

-— in telligence on previous f i r i r ~a ac t iv i ty  of the

enemy target

GLOW -— target has not been detected firing in the

last 60 seconds

-— target has been detected f i r i n g  in the

last 60 seconds

H -- enemy target type

HLOW -— BMP/BRDM with sagger

-- Tank T72 p
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J -— turre t  or ienta t ion  of enemy ta rge t  re lat ive  to

the f r i end ly  tank

SLOW -- turret  pointed away from f r i end ly  tank

~HIGH 
-- turre t  pointed at f r i end ly  tank

K -- range to enemy target

KLOW -- 1050 meters

-- 1700 meters
L -- range adjustmen t factor

-- no adjustment of range

-— add 1300 meters to range

It should be noted that K and L are pseudo fac tors  for

range and that four distinct ranges were investigated . Thus

the three degrees cf freedom attributable to these four

levels of rang e are the ma in  e f f e c t  of K , the ma in  e f f e c t

of L, and the interaction of K and L. The four levels cf

range can easily be explained using the various combinations

of K and L as follows:

Factor L

L

K LOW 1050 rn .2350 m

Factor K
K 1700 m 3000 mHI~ H

Factor L thus r e f Le c t s  di fferences  b etween f a r  and near

ranges arid can be described as follows :

-— range is less than .2000 meters

—— range exceeds 2000 meters
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The jçL interaction reflects differences between the inter-

mediate ranges and the extreme ranges.

Additional comments are appropriate in regard to the

factors listed above . Factors A and C relate directly to

the immediate logistical problem faced by a tank commander

in combat . Available information indicates that no presently

existing combined arms simulation model considers these

important logistical questions . It should also be noted

that some of the factors are described in subjective terms ,

f actors C and D for example. These somewhat obscure des-

criptions are considered not unreal is t ic  with the immediate

intelligence that would be available to the tank commander

on the future high—intensity battlefield.

C. DATA COLLECTION

The absence of existing data at the start of this study

required that a major  e f fo rt be devoted to the collection

of such data. This e f fo r t  was undertaken with the realiza-

tion in mind that the credibility of eventual conclusions drawn

from the study would be directly attributable to the credi-

bility of the data collected for the study . This realization

implied the following two fundamental characteristics of

the data collection plan :

1. The sampling population should consist of the actual

decision makers directly involved with target selection .

2. The data should reflect as much as possible the

realistic measurements of the two dependent variables under
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investigation , specifically the threat index and the fire/

no—fire decision index discussed above . The use of a

questionnaire was considered the only feasible approach that

would permit the collection of data while still retaining

the desired characteristics stated above .

The selection of the experimental plan shown in Table

111.1 greatly facilitated the design of the questionnaire

used in data collection . It should be evident from observing

Table 111.1 that each treatment combination fully describes

a unique battlefield Situation . This fact , coupled with the

blocking scheme shown in Table 111.1, became the essence

of the questionnaire. Eight distinct questionnaires were

used in the actual data collection , each corresponding to

one of the eight experimental blocks of the experiment . A

modified version of the questionnaire corresponding to

Block 1 is shown in Appendix A. Each questionnaire was

identical to the one shown in Appendix A with the exception

that the particular situations presented were uniquely based

on the 16 distinct treatment combinations peculiar to the

experimental block corresponding to the questionnaire.

Additionally , situation 17 of each questionnaire was iden-

tical to situation 5 of that particular questionnaire , and

situation 18 was a unique situation that was identical

for all questionnaires.

Several a t t r ibutes  of the questionnaire are considered

deserving of further comment. The introductory comments
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r
that  are shown in Appendix A and that characterized each

questionnaire reflected a serious attempt to c l a r i f y  the

general nature and terminology of the questionnaire and to

familiarize the individua l with the specific requirements

expected of him in completing the questionnaire . It is

important to note that decisive individual action was

encouraged by instructing the individual to rapidly appraise

each situation and to respond accordingly with minimal

hesitation. The res~- --iction of the size of each question-

naire to 18 situations tended to reduce the lack of motiva-

tion and lack of interest commonly generated by lengthy

questionnaires . The inclusions of situations 17 and 18,

as d e f i ned above , gave some insight into the consistency

of each individual ’s responses as well as a general consis—

tency among the entire sample of individuals. Additionally,

the critique and personal history form greatly facilitated

the summarizing of important characteristics of the sample

from which the data was collected .

Sixty-four tank commanders presently serving on active

duty participated in the study , and thus 8 replications of

the experimen t were conducted . A summary of the important *

characteristics of these tank commanders is given in Appendix

B. The data base thus established, which became the ba sis

for the analysis  d scussed in the subsequent portions of

this thesis , is shown in Tables 111.2 and 111.3. Table

111.2 reflects observations obtained for response 1,

specifically measurements of the threat index standardized

37

_
~~
_. 

~~~~~~~~~~ —~~~~~~



F-

to a 0—1 scale . Table 111.3 reflects observations obtained

for response 2, specifically measurements of the fire,-

no-fire decision index. The organization of these tables

corresponds directly to the experimental plan shown in

Table 111.1. It should be noted from Tables 111.2 and

111.3 that there was in general much disagreement among the

tank commanders questioned concerning both the threat posed

by a specific enemy target and the decision to engage or

not to engage a specific target. The data thus substantiates

the very subjective nature of the two dependent variables

investigated.

It is the opinion of the author that the data base thus

established and discussed above is credible and does provide

insight into the relative importance of the factors inves-

tigated in th~ target selection process of the current

generation of tank commanders. This opinion is based in

part on the extensiveness of the data base and on the

generally favorable commen ts made by the tank commanders

who participated in the study . It is acknowledged that

numercus physical and psychological factors relevant to

actual combat and not directly considered in this study

could profoundly alter the naturally judgemental decisions

reflected in this data base. Unfortunately , to realistically

• measure the effect of such factors as stress , fear , fatigue ,

\

~ confusion , etc., is far beyond the capabilities of this

study , and would be doubtful at best short of actual combat.
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Table 111.2 Standardized Observations of Threat Index

BLI( aEPi. IC~~TI3 N
T R E A~l’t1ENT * 1 2 3 4 5 5 7 8

(1) 1 0.49 3.50 0.75 0.90 0.65 3.54 0.40 0.76

A BC D E7GH  1 0.3w 0.80 0.65 0.65 0.85 3. 42 0 .4 5  0 .65
DEPGJL 1 0.49 0.80 0.35 0.85 0.74 0.52 0.85 0.74

ABCHJL 1 0.68 0.80 0.60 0.55 0.74 3 .82 0.85 0.74

AC E F J K  1 0.29 0.80 0.50 3.77 0.84 0.92 0.86 0.83

BDGUJK 1 0.19 1.00 0.80 0.75 0.94 3.82 0.90 0.82

1.~~D GKL 1 0.68 3.50 0.30 0.35 0.67 0.32 ~~~~ 0.66 
—

8EFHKI. 1 0.97 0.60 0.140 3.50 0.57 0.52 0.40 0.64

A3DFJ 1 0.29 0.80 0.80 0.70 0.84 3.92 0.94 0.814

C3GUJ 1 0.28 1.00 0.65 3.75 0.95 1.00 0.90 0.74

~B E~GL 1 0.72 0.90 0.45 0.64 0.64 3.52 0.38 0.75

CDFHL 1 0.98 3.71 0.60 3.75 0.63 0.144 0.70 0.67

8CDEK 1 0.77 0.50 0.50 0.75 0.72 3.92 0.34 0.74

A F G H K  1 0 . 1 7  0 . 9 1  0 .6 0  3 .86  0.75 3 . 9 4  0 . 4 3  0. 76
3C~ ’G .JKL 1 0.6’S 0.90 0.40 3.55 0.75 0 .62 0.60 0.75

ADE H JKL  1 0.97 0.60 0.70 0.54 0.56 0 .62 3.60 0.64 H

A~~CD 2 0.45 0.70 0.83 0.63 3.60 0.52 0.35 0.20

~FGH 2 0.55 0.40 0.55 3.85 0.94 0.54 0.78 0.50

ABCEFGJL 2 0.83 0.60 0.65 3.40 0.86 0.82 0.84 0.60

DthJ L 2 0.93 0.70 0.76 0.38 3.74 1.00 0.65 0.74

8DEPJK 2 0.75 0.70 0.73 0.75 0.75 0.91 3.75 0.49

ACGHJK 2 0.95 0.40 0.35 0.90 0.94 J.~~2 3.814 0.38

BGi(L 2 0.45 3.70 0.96 0.28 0.87 3.42 ~~~~ 0.26

AC D E F~-IKL 2 0.35 3.60 0.66 3.30 0.75 0.72 0.57 0.40

CFJ 2 0.95 3.60 0.25 0.94 0.86 1.00 3.87 0.88

A3DEGHJ 2 0.90 0.40 0.55 3.80 0.96 0.62 0.34 0.90

CDE GL. 2 0.45 0.70 0.86 0.43 3.66 0.42 0.74 3.20

A 3 FH L 2 0 . 4 5  0 . 6 0  0 .74  0 . 43  0 .34 3 . 5 4  0. 75 0 . 6 0
A~ K 2 0.35 0.70 0.55 0.54 0.55 0.92 0.75 0.55

BCD?GHK 2 0.55 0.60 0.56 0.75 0.85 1.30 0.75 0.50

AO FGJKL 2 0.75 0.60 0.64 3.28 0.94 0.64 3.65 0.60

BCEHJKL 2 0.35 0.50 0.04 0.5ó 0.65 3.514 -0.65 0.50
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Table 111.2 (cont inued)

R~~P I . I . 2 A T L 3 N
TR~ A rM EN T * 1 2 3 5 7 8

3 0.81 0.72 0.82 0.70 0.68 0.72 0.bo 0.54

A D F~ 3 0.ol 0.b2 0.91 3.50 0.82 J.5o 0.60 0.b4

BC OFJ L. 3 0 . 9 5  0 . 9 1  0 .68 3 .80  0 .87  0 . 6 2  0 .9 0  0. 8 4
1Ir~~HJL 3 0 . 7 1  3 . 8 2  0 .4 0  3 . 80  0 .92  0 .36  0 .90  0 . 8 2
ABFGJK 3 1.00 1.00 0.75 0.90 0.96 3.63 0.94 0.94

CD~~HJ K 3 0.81 0.92 0.50 0.70 0.88 3.62 0.74 0.92

3 0.71 0.b2 0.25 ~ .J3 0.5. 0.3 8 0.55 0.414

.2FthiKL 3 0.51 0.80 0.30 0.30 0.4’s 3.45 0.73 0.44

8HJ 3 1.00 1 .00 0.90 3 .81 0.84 0.34 0.83 0.8~

~LDEF~3,J 3 1.00 0.81 1.00 3.30 0.95 ) . 4b  3.90 0.94

80E~’GHL 3 U . o l  0.72 0.40 0.40 0.37 3.57 0.70 0.o4

3 0.85 0.04 0.2b 0 . 3 3  0.58 0.45 0 . o4  0 . 5 o

ABC~~fUK 3 0.75 3.90 0.44 0.30 3.72 3.t4 ‘3.70 0.74

- - 3 0.91 0.~~2 0.83 0.30 0.57 0.52 1.74 0.74

A 8LD~ HJKL 3 0.85 1.00 0.19 0.20 0.38 3.36 -3. ’n~) 0.74

~FJt~L 3 1.0-3 3.9~) 0.63 3.5 1 0.3~ J.7~ J. -~0 0.74

14 0.62 3.75 ‘.‘~0 J .do 0.45 ).b4 ).55 0 . 9 3
CDOH 4 J.~~5 0.75 0.75 3.92 0.54 0.87 3.~~5 J.~~J

4 0.~~7 0.o5 0.32 ~~~~ 0.94 0.94 0.84 0.7t

C~ Fk1JL 14 0 . 5 0  0.65 0.51 0.40 0.~~ 3. 714 0 . -~4 3.80

B C J K  4 0.o5 J.~~5 0.65 3.5. 0.15 0.414 0.95 0.9o

14 3.80 3.75 0.90 J . -~5 0.84 3.77 J.’~ 0.~~8

3CDcf’ Ki~ 4 0 . 4 0  0 . 3 5  0 .b O  ) . .~3 0 . 3 4  0. 37 3.~~4 0.30

AHKL 4 0.140 0.45 0. 2 3  J...0 u .35 3.25 0.~~ 0.145

DZJ 4 0.óO 0.35 0.65 3 .8-3 0.75 3. ‘~2 3.35 0.78

‘4 U. -~0 0.95 1.00 1.30 0.54 3.90 J• )~ 1.00

4 0 . 5 9  0. 4 5 J . 14 3 .70 0.13 3.5’S 0.c3 0.13o

P~BCD ~~U L  14 ‘3 . 5 0  0.35 J • 74 3 . 3 )  0.4 1,  J . 5t  J . 5o  0 . SS

~CD 1K 14 0 . 6 5  3 . 4 5  3 . 32  0.43 3.o5 D .o5 0.74 3.55

~ 0.~~5 0.55 3.75 3.140 0.34 0.38 0.7 14 0 .8 0

AC~~~JKL 4 0 .4  0.55 0.50 0.75 J.7~ 0.8b 1.74 0.20

3 D F H J r ~L ‘4 0 . 5 5  3 .35 0 . 32  0 .30  0 . 7 4  3 . 3 5  J~~1~ 3 . 4 0
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Table 111.2 (continued)

BLK R E P L I C A TION
T R E a r ~iE~ T * 1 2 3 4 5 5 7 8

- 

- 
ADEG 5 0 .51 0 . 6 1  0 . 9 4  0 . 6 5  0 .75  0 .58  0 . 6 2  0 . 6 2
BCFH 5 0.80 0.78 0.24 0.ó4 0.60 0.70 0.54 0.74

AFJ L 5 0.80 0.90 0.75 0.86 0.80 3.62 0.63 0.92

BC D E G H J L  5 0.59 0.88 0.20 0.86 0.84 0.75 0.84 0.92

CDFGJK 5 0 . 7 0  0 . 9 6  0.83 0 .86  0.80 3. 1*6 1.00 1.0 0
A~ EHJK 5 0.90 0.99 0.15 0.34 0.90 0.74 0.85 0.92

CEKL 5 0.12 3.55 0.75 0.87 0.50 ~i.5O 0.33 0.2ó

~~Gr1KL 5 0.10 0.48 Q.145 3.85 0 .75 3 . 5 1  ) .6 5  0 . 6 7
A C D H J  5 0.35 0.9ó 0.15 0.34 0.98 0.70 0.84 1.00

BE~’GJ 5 0 . 8 3  0 . 8 7  0 .14  0 . 2 7  0 .93  3 . 6 0  0 . 8 3  1 . 0 0
AC~~~G8L 5 3 .50  0 . O 8  0 . 3 5  3 . 85  0 . 6 8  0 . 5 1  0.55 0 .74
BDL 5 0 . 6 0  3 .4 6  0 .75  0 . 7 5  0 . 7 0  3 .50  0 . 6 7  0 . 36

DE FMK 5 0 .85  0 . ó 8  0 . 5 4  0 . 2 4  0 .75  3 . 7 4  0 .75  0 . o 2
• ABCG~< 5 0.70 0.68 0.45 0.25 0.70 0.60 0.74 0.3o

~HJKL 5 0.76 0.80 0 .26  3 .75  0.75 3 . 5 6  0 . 6 4  0 . 5 6
AB CD ~ ?J~~L 5 0 . 7 0  0 . 9 0  0 . 2 6  0 . 8 3  0 .75  0 . o 4  0 . 7 5  0 . 8 2

C D E F  6 0.50 0.65 0.90 3.42 0.60 3.30 0.60 0.72

A BGH 6 0 .53  0 . 1 5  0 .80  0 . 3 5  0 . 7 )  0 . 6 0  0 . 4 8  0 . 8 5
CGJ L 6 0 . 7 0  3 . 7 5  3 . 1 40  0 . 74  0 .6 9  3.90 0.75 0.84

A8D E F~IJL 6 0.60 3.95 0 . 7 5  0 .83  0 .50  0 . 6 0  0 . 7 3  0 . 6 4

ADJK 6 0.80 3.65 0.90 3.84 0.70 3.50 0.75 0.72

3 CE FG H J K 6 1.0 0  0 . 9 7  0 . 74  0 . 9 2  1.00 0 . 60  0 .75  0.93

~EFGKL o 0.30 0.25 0.40 0.15 0.73 3.30 0.58 0.52

BCDHKL 6 0 . 4 0  0 . 1 5  0 . 6 0  0 . 1 2  0 .4 0  0 . 3 0  0 .55  0 . 1 0
?~BCEJ 6 0.70 0.75 0.70 0.34 0.70 3.60 0.So 0.70

DFGHJ 6 0 .9 0  0 . 9 8  0 . 9 4  0 . 9 4  1 .00  0 . 9 0  0 . 9 8  1 .00

A 8 C D F 3 L  5 0 .80  0 . 0 5  0 .33  3.~~~ 0 .6 0  0 . 3 0  0 .b 0  0 . 2 3

El-il. 6 0 . 6 0  3 . 3 5  0 . 60  3 . 5 3  0 .50  3 . 3 0  0 . 53  0 . 1 0

3FK 6 0 . 5 1  0 . 1 3  0 . 8 1  0 .54  0 .s8 0 . 3 0  0 .5k )  O.~~ó
A C D E G H K  6 0 . 5 0  3 . 1 5  0 .6 0  0 . 6 4  0 . 3 0  3 . 4 0  3 .53  0 . b 3
3DE~~JK L 6 0 . 5 1  0 . 5 5  0 . 60  3 .53  0 .40 0 . 6 0  0 .83  0 . 7 8

AC F F1J~(L 6 0. 90 0 . 9 8  0 .6 1  0 . 7 1 4  0.80 0 . 6 0  ) . s S  0 . 5 0
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Table 111.2 (continued)

BL.K ~EPLI.2ATDNT R E A r ~ E N T  * 1 2 3 -4 5 7 8

ACF ~ 7 0.93 0.55 0.83 3.42 0.65 3.96 0 . 7 2  J . b 5

B D E H  7 0.93 0.30 0.72 0.52 0.85 0.9(4 0.52 0.5o

ACDEJL 7 0.7o 0.50 0.57 0.92 3.75 1.00 0.80 0.55

BF aJL. 7 0.95 3.80 0.40 3.94 0.95 0.90 3.65 0.76

7 0.85 0.80 0.70 0.92 0.’Sb 0.90 0 . 3 2  0 .70
&BCDFHJK 7 1.00 3.85 0.55 0.72 0.914 1.00 0 . 6 8  0.94

)FKL 7 0.54 0.39 0.17 0.2~ 0.~~4 3 . 8 0  0 . ’4)  0.~~7

ABC~~-;1~NL 7 0.o2 3.25 0 .13 J.~~ 0.75 3.80 0.35 0.45

7 0.95 J.~~0 0.38 3.94 0.85 1.00 0.00 J. ’9

AEFL{J 7 0.9~ 0.95 0.50 0.3~ 0.96 1.00 0 . 9 2  3.80

BC~~FL 7 0.73 0.149 0.50 0.24 0.’~ 3.90 3. ~1 0. ~~~~~

A D H i. 7 0.79 0.80 - 3 . 3 0  J . 4 ~* J. -,~ 3. ~0 0.51 0.57

A 3DEFOK 7 J.8o 0.70 0.50 0.o~ 0.~~4 J . ’~) 0.~~0 0.7t)

7 ~~~ o.: ,-~ 3.60 J . 3 ~ O.~~4 o. -~o J.54 0.80

7 0 .c7 3.49 0.2 ~ J.o4 0.85 3.80 3.70 0.80

~D E F ~~(JC~L 7 3.85 3.40 0 .22 3 .72 0.34 3.90 0.7-i 0.65

‘S 0 . 8 3  0.70 0.78 0 . 2  0.814 0.146 0 . 72 0 . 4 3

8 0.58 J.~~5 3.78 3. 12 3 . 8 8  3 . 3 ~ J.~~ 3.75

BEJ L 8 0.~~2 0.73 3.45 0.52 0.30 0.26 0.~~8 0.35

?.CJF 1)HJL 8 0 . o 7  J . ’~5 0 .50  0 . 7 2  3.~~8 3 . 5 0 0 .9 -3  J . t h
ABC 0r~GJK 8 0.95 0.85 O.6~ 0. 42  0.~ 0 0.40 0.74 0.13 3

FHJ~ 13 3.88 3.75 0.64 0 . 2 2  0.30 3.81) 1.00 1.00

A B C F K L  8 0.84 3.45 0.70 3.82 0.50 0.20 3.55 0.25

DEGHK . 8 0.62 3.40 0.50 0.82 0.58 3 .30 0.55 0.75

AGJ 13 0.95 0.55 0.70 0.o2 0.84 3.81 3 . 8 3  0.7~t

B C D E F H J  8 0.98 0.75 0.98 3 . 2 2  0.74 0.’-~0 J.9~ 1.00

AD~~~. 13 0.82 0.55 0.50 0.72 0.83 ).-‘.S 0.45 0.314

BC~~UL ‘S 0.138 3.oS 3.50 3.3-4 0.89 0.’-e4 0.75 1.00

~EF~~ 3 0.’~ , 0.50 0.63 0.72 3.L5 3 . 3 6  0.~~ 0.55

13 0.92 3.45 ).o~ J.s2 0.72 3.45 0.b~-’ 0.814

8 0.84 0.45 3.70 0.72 J . t , 2 3 . 3 , )  3.64 Q . 3 3

A F ~~ JKi. 8 0 . 8 1  3.67 0.30 J .’~2 0.74 ) .~~~~~~~~ J . ’
~~~

-5 0 .7 5
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Table 111.3 Observations of Fire/No-fire Decision Index

SLK R E P L ICA TI ON
T RE A T ~1ENT * 1 - 2 3 4 5 6 7 8

(1) 1 YES NO YES Y E S YE S NO NO Y ES

A8CDEFGH 1 YES YES NO NO YES NO NO YES

DEFGJL 1 NO YES NO NO YES YES YES NO

A8CHJL 1 YES YES YES NO NO YES YES YES
-

~~~~ ACEF.IK 1 YES YES NO YES YES YES YES YES
BDGH JK 1 NO YES YES YES YES YES YES YES

ACDGKL 1 NO NO NO NO NO NO NO NO

BE~’HKL 1 NO NO NO NO NO YES NO NO
A B D F J  1 YES YES YES YES YES YES YES YES

CEGHJ 1 YES Y ES YES YES YES YES YES YES

~B E G L 1 Y ES YES NO NO NO Y E S NO NO
CD?~1L 1 NO. NO YES YES YES YES YES NO

BCDEX 1 YES NO NO YES YES YES NO NO

A ? G H K  1 Y E S YES YES Y ES YES Y E S  YES Y E S

BCFG .JKL 1 NO YES NO NO NO YES YES YES

A)EHJKL 1 NO NO NO NO NO YES YES NO

ASCD 2 NO NO NO YES NO NO NO NO

EFGR 2 YES YES NO YES YES NO YES YES

AS CEFGJ L 2 NO NO NO NO YES YES NO YES
Dd.J L 2 NO NO NO ND YES YES YES NO

3DEFJ~ 2 YES NO NO YES YES Y ES YES Y E S

ACGHJK 2 YES YES YES YES YES NO YES YES

BGKL 2 NO NO NO NO YES NO NO NO

A CDE F~iK L 2 NO NO NO NO NO Y ES NO NO

CPJ 2 YES YES YES YES YES YES YES YES

P L B D E G H J  2 YES NO YES YES YES Y E S  YES YES

CDE GL 2 NO NO NO NO YES YES NO NO
A3F~ L 2 NO Y E S NO NO YES YES NO YES
ASK 2 YES NO NO NO YES YES YES NO

BCDFGif K 2 YES NO YES Y~ S YES YES YES YES

A D F G J K L  2 NO NO YES NO YES YES  NO NO
BCE H JKL 2 NO NO NO NO NO Y ES NO NO

— ___________



Table 111.3 (continued) —

B L K  R E P L I C A TI ON
TE E A T 4 E N ~ * 1 2 3 4 5 6 7 8

BCE G 3 YES Y E S YES Y ES Y ES Y E S  Y ES NO

ADFH 3 NO YES YES YES YES NO NO NO

E CDFJL 3 YES NO NO YES YES NO YES NO

AEGHJL 3 YES NO NO YES YES NO YES NO

ABFGJK 3 YES YES YES YES YES NO YES YES - -

CDEMJK 3 YES YES NO YES YES YES YES YES

ABDEKL 3 140 NO 140 NO NO NO NO NO

C? GHKL 3 NO NO NO NO NO NO NO NO H
31W 3 YES YES YES YES YES YES YES YES

ACDE ?G J 3 Y ES Y E S YE S YES YE S YES YES Y E S

BD E FGH L 3 NO NO NO YES NO N O NO NO
A CL 3 NO NO NO NO NO 110 NO NO

A SCEFHK 3 Y E S  Y E S  N O YES NO NO NO YES

• DGK 3 YES YES YES NO YES 113 YES NO

A 3 C D Gi iJ KL  3 110 Y ES NO ND YES NO YES NO

EZJKL 3 YES NO NO NO YES NO YES NO

‘4 110 110 NO NO YES YES NO YES

CDG~ 1* YES YES YES YES YES YES NO YES

ASD GJL ‘4 NO NO NO NO YES YES NO YES

CEPHJL 4 110 NO NO NO YE S NO NO YES

3CJK 1* Y ES 140 110 YES YE S N O YES YES 3
A O E F G ~1JK ‘4 YES NO YES YE S YES NO YE S YES

SCDE P K L 4 NO NO NO NO YES NO NO NO

AHKL 4 143 NO NO NO NO NO NO YES

DEJ 1* YES NO NO YES YES YES YES YES

AE C FGRJ 14 YES Y E S  YES YES YES YES YES YES
FGL 4 YES YES 110 140 YES YES NO YES

A3CDE1I L 4 NO NO NO NO NO N O NO NO
A~ DFK 4 NO NO NO NO YES NO YES NO

BEGHK 4 YES YES YES YES YES YES NO YES

ACEGJKL 1* 110 NO NO NO YES NO NO NO

B D F ~~1KL ‘4 110 NO NO NO YES YES NO YES
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Table 111.3 (continued )

REPLIOATI ON
IRSAT.~ENT * 1 2 3 4 5 7 8

ADEG 5 NO YES NO ~l0 NJ YES YES YES

B~?H S YES YES YES NO YES YES NO YES

AFJ L 5 YES YES NO NO NO YES NO YES

BCDEI IWL 5 NO YES YES NO YES YES YES YES

CDFGJ~ 5 YES YES YES 140 YES YES YES YES

ASE1LJK 5 YES YES YES YES YES YES YES YES

CEKL 5 NO NO NO N O NO NO NO NO

&SDFGHKL 5 140 YES NO NO NO NO NO NO

L CD H J 5 YES YES YES YES YES YES YES YES

BE~~J 5 YES YES YES YES YES YES YE S YES
5 110 YES NO NO NO YES NO NO

BDL 5 NO YES YES NO YES YES YES YES

5 YES YES YES Y~ S YES Y E S  YES YES

~3CGK 5 YES YES MO YES NO N O YES N O
01IJ 1~L 5 NO YES YES NO NO N O Y E S  Y E S

ABCDEPJKL 5 NO YES YES 110 NJ YES NO NO

6 Y E S  YE S YE S N O Y E 5 ~ES NO N O

~3’8 6 YES YES YES NO YES YES YES YES

C~JL 0 YE S Y E S  NO YE S YES YES YES YES

A8DE?:iJL 6 YES YES NO YES YES YES NO NO

~JJK 3 YES YES YES YES YES Y~ S YES YES

BCEFGHJ N ~ YES YES NO IES YES YES YES YES

A E F G K L  6 NO YES 140 143 NO NO 110 140

SODHKL o NO YES NO 143 NO NJ NO

ASCEJ 8 140 YES NO Y E S Y E S Y E S  YES YE S
DFGHJ 6 YES YES YES YES YES YES YES YES

AE CDF O L 6 YES NO NO N O YES YES NO NO

EHL 6 Y E S  Y E S  140 143 Y ES NO NO NO
BFK 6 YES YES YES YES YES YES NO YES

AC DEGi-i K ó NO YES NO NO YES NO NO NO

ó YES YES NO NO 140 YES YES YES

AOFHJKL 6 YES YES YES YES NO YES NO NO
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Table 111.3 (continued)

B L K R E P L I C A T ION
TRE A TiI EN - T ; 1 2 3 4 5 6 7 8

AC?G 7 YES NO NO YES YES YES YES YES

BDEH 7 YES NO YES YES YES YES NO YES

ACDEJL 7 NO NO NO NO YES YES YES NO

3?GHJL 7 YES YES NO YES YES YES YES YES

EGJ K 7 YES YES NO YES YSS YES YES YES

ABCDFHJ K 7 YES YES NO YES YES YES YES YES

D F K L  7 NO NO NO YES YES YES NO NO

ASCEGHKL 7 110 NO NO NO YES NO NO NO

BCDGJ 7 YES YES 110 YES YES Y E S  YES YES
AEFHJ 7 YES YES YES YES YES YES YES YES

B C E F L  7 110 NO NO NO YES 140 NO NO

A~ GH L 7 NO NO 110 YES YES NO NO NO

ABDEFGK 7 YES YES NO YES YES YES NO NO
• CHK 7 YES NO NO YES YES 110 NO YES

ABJKL 7 140 110 110 YSS YES NO YES NO t
• CDEF~~H JKL 7 YES  N O NO YE S YE S N O NO NO

3DPG 8 YES YES YES YES YES YES NO YES

&CE~ 8 140 NO YES YES YES YES YES 110

BEJL 8 110 YES NO YES YES 140 YES NO

ACDFGEJL 8 NO YES NO NO YES Y E S  YES YES
AB CDE GJK 8 YES YES N O YES YES Y E S  NO Y E S
FHJ K 8 YES YES YES YES YES YES YES YES

&8CFKL 8 NO NO NO NO NO NO NO NO

DEG~ KL 8 NO YES NO NO YES NO NC YES

AGJ 8 YES YES YES YES YES YES YES Y E S

8CDE?~1J 8 Y E S  Y E S  YES YES YES Y E S  YES YES
AD E I L  S NO NO NO NO NO N O NO NO

8 YES YES NO NO YES NJ YES YES
C E FG K 8 Y E S  Y E S  YES NO YES Y E S  YES NO
ABDHK 8 YES YES YES YES YES YES NO YES

CDJK I . . 8 YES NO NO YES 110 110 YES NO

A8EF~k1JKL 8 NO YES 110 YES NO YES NO NO
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IV. GENERAL METHODO LOGY USED IN THE ANALYSIS

A. GENERAL COMMENTS CONCERNING THE ANALYSIS

The motivation for the analysis was to determine the

relative s ignif icance of each of the 11 factors  investigated

in regard to the two dependent variables considered in the

study . Accordingly,  two separate analyses were conducted .

Chapter V discusses the analysis of the threat  index , data

fo r  wh ich is shown in Table 111.2. Chapter VI discusses

the analysis of the fire. no—fire decision index , da ta for

which is shown in Table 111.3. The emphasis in both Chapters

V and VI is to first identify those effects which were found

to be significant and then to attempt to explain the si gni-

ficance of each of those effects identified .

The primary statistical tool used in the analysis was

the Analysis of Variance (ANOVA) , the proper use of which

is dependent upon the following three assumptions :

1. Observations are drawn from normally distributed
populations.

2 .  Observations represent random samples from the
population.

3. Variances of the populations are equal.

it is assumed that the observations shown in Tables 1II..

and III•3 represent a random sample f rom the current  popula-

tion of tank commanders thus j u s t i f y i n g  assumption 2 above .

The assumption that the observations were drawn f rom a

normally distributed population is equivalent to the
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assumption that the errors ~~~ are normally distributed,

since the errors are the only source of variation in the

general linear model hypothesized in the ANOVA . Assumption

3 implies that the variances associated wi th each treatment

combination are equal, specifically that the variance of

cell1, i = 1, 2, ..., 128, equals 
~e
2 for all i. Accordingly ,

the following hypotheses were tested relative to assumptions

1 and 3 above:

Assumption 1:

H : e~~. for a~l treatment combinations are distributed0 N ( O ,c )

H1
: H0 is false

Test procedure used : Kolmogorov-Smirnov 1-Sample Test

Assumption 3
2 2 2 2 2

H0: ~1 
= 02 = 03 = = 0128 = 0e

H1: some are not equal

Test procedure used : Bartlett ’s Test for Homogeneity
of Variance

The results of these tests are shown in Chapter V.

B. ANOVA TABLES

Various ANOVA tables appear as part of the discussion in

the remainder of this thesis. These were generated uti l izing

two computer programs specifically designed and programmed

to analyze experimental designs of the form used in this

- 
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st udy . The l is t ings of these programs are inc luded as the

f i n a l  portion of this thesis. Each of the various ANOVA

tables serves a unique purpose and a d i scuss ion  of these is

deemed appropriate .

1. General ized ANOVA

The generalized ANOVA , an example of wh ich  is shown

in Table IV. l , g ives a broad overview of the en t i re  a n a l y s i s .

The part i t ion of the total degrees of freedom is r e f l e ct e d  
- -~

in this ANOVA . Recall from the discussion ~resen ted in

Chapter II that  in ~eneral  the total  number of or th oaona i

contrasts in a 2~~ Fractional Factorial is ~~~~~~ - 1.

Furthermore , in a plan consisting of k blocks , precisely k-I

contrasts are confounded w i t h  blocks . The exper iment  des-

cribed in this thesis has -l or l2~ orthc~ onal  con-

trasts of which 7 are confounded with blocks, leavin~ 120

available to estimate var ious t rea tment  e f f e c t s . .\dd~ t i on a i lv ,

Table IV.1 Example of Generali:ed ANOVA

SOURCE SS DF MS

MEAN 963.836 1

BETWEEN BLOCKS & REPS 13.510 6 3
REPLICATIONS 3.320 7

BLOCKS 1.02 3  7

RESIDUAL (BETWEEN ) 9.167 49  3 .137

WITHIN BLOCKS & REPS 53.020 960

TREATMENTS 21.175 120

RESIDUAL (W ITHIN ) 31.844 843 3 . 03 3

TOTAL 1030.366 1024

____________



- 
~~~~~~~~~~~~~~~

it should be noted that  the variation due to differences

between subjects (64 in this case) is accounted for by the

63 degrees of freedom corresponding to the sources between

blocks and rep l ica t ions  ent ry  in the genera l ized ANOVA . The

remaining 840 degrees of freedom are allocated to the

residua l (with in  t rea tments)  and its calculated mean square

thus becomes the denominator of the F-ratio used in testing

all subsequent ANOVA hypotheses.

2. Treatment ANOVA

The treatment ANOVA , an example of which is shown

in Table IV.  2 , summarizes the testing of main and interaction

e f f e c t s .  rh~~s ANOVA th us becomes the p r imary  means of

ident~~fv in g  those fac tors  and int e rac t ion s  which had a

sicnif~ car,t effect on the appro~ r~ ate dependent variable

bein~ analyzed . Several :mportant items concernin~ the

source of variation 1~~sted in col umn 1 of the treatment

ANCVA are 1~~sted ~n coLumn s 2 — 
-

.

Table V. 2 Example of Treatment ANOVA

2 ‘S F! MEAN F PROB
SOU RCE A L IAS DF E FFECT S~ CARE STATISTIC (N.~~T . F~

BG 1 0.305 0.006 0.155 0.694
FJ

BR 1 0.004 0.305 3.130 0.718
1-;,

PEK

C o l u m n  2 ~~~ntifies all — factor int eraction and

3 - f a c t ~~r ~nter3ct1on ai~~ases of the source shown in column 1.
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All higher order interactions are assumed negligible and are

thus suppressed in the ANOVA . Column 3 of the ANOVA reflects

the s ingle degree of freedom that corresponds to the single

unique orthogonal contrast used to estimate the effect of

the source listed in column 1. Columns 4 and 5 represent

the calculated effect and mean square attributable to the

source shown in column 1. In general the effec t and sum

of squares corresponding to a factor or interaction in a

2 (1~~p) Fractional Factorial is calculated for A as follows :

A t t
Ef fec t  = _ _ _ _ _ _ _ _ _ _ _

A (n—p—l)r 2

Sum of Squares~ = 
coi~trast

where

r = number of replications of the experiment.

Thus th~ effect shown in column 4 represents the

mean difference between observations where the source of

column 1 is at its high level and observations where it is

at its low level. The mean squar e shown in column 5 is

equivalent in our particular case to the sum of squares as

calculated above and becomes the numerator of the F-ratio

used for significance testing . Thus the F—statistic shown

in column 6 and calculated as follows ,

Source Mean Sguare (column 4)
F-statistic (column 6) = Residual Mean Square
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will be distributed according to the F distribution with

1 and 840 degrees of freedom . The hypo thesis tested in

this ANOVA is as follows :

H0: The effect of the source shown in column 1 is
negligible.

H1: The effect of the source shown in column 1 is
si~ nificant .

The decision to reject or not to reject the null hypothesis

was based on comparing the ri~~ht-hand tail probability

associated with the calculated F—statistic , column 7 of the

ANOVA , with the siqn if i c a n c e  level selected fo r  the a n a l y s i s ,

spec i f i ca l ly  . 0 5 .

It can be noted from observinc the treatment ANOVA

(Table V .4) that all 11 main effects and all 55 2—factor

interactions were investigated in the ana lys i s .  The remain in~

54 degrees of freedom were used for testing the si~ n if i cance

of various 3-factor interactions. it is important tu note

from column 2 that the majority of 2-factor interactions are

-aliased with 3-factor interactions and that the majority

of remaining 3—fac tor interactioc~s are themselves a l iased

with  other 3-factor interactions. In this regard additional

tests were conducted as described below and special ~uali-

fications were made in all cases where such interactions

were found to be significant.

3. ANOVA for  S imple  Main E f f e c ts

The ANOVA for  s imple main  e f f e c ts , an example of

which is shown in Table IV.3, is used to further investicate
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Table IV.) Example of ANOVA for Simple Main Effect .s

SOU RCE 55 DF EFFECT F P~ X . C T . F )

E 0.091 1 —0.019 2.395 0.122

E AT K (0) 0 . 2 5 3  1 — 0 . 0 4 4  6 . 6 6 9  0 .010  
- 

-

E AT K(1) 0.006 1 0.007 0.155 0.694

K 1.001 1 — 0.0t~3 26.414 0.000 1 :

K AT E(0) 0.995 1 —0.088 26.23~ 0.000

K AT E ( l )  0 . 1 7 5  1 -0.037 4.b05 0.032

EK 0 . 168  1 0.026 4.430 0.036

and to e x p l a i n  the s ign i f i c an c e  of  those  2 - f a c t o r  in te r -

ac t ions  t h a t  were found  to be s i~~n i f i c an t  in the t r e a t m e n t

AN ’VA . The n a t u r e  of t h L s  ANOV A co r re sponds  d i re c t ly  to

the oener a l  n a t u r e  of i n t e r act i o n  be tween  two f a c t o r s .

S p e c i f i c a l l y ,  a m ea s u r a b l e  d i f f e r e n c e  e x i s t s  w h i c h  is

dependen t  upon the d i ff e r e n t  levels  of the fa c t o r s  invo lved .

A c c o r din g l y ,  t h  i s  ANOV .-\ r e f l e c t s  a f u r t he r -  p a r t  it i on  ~ no of

the  sum of squares thus a l l o w  i~ io f or  the  in ves t  L~~i t f o n  ot

the  e f f e c t s  of each f a c t o r  w i t h  respect  to the spec i fic

levels  of the  o ther  f a c t o r .

An example  u t il i zin q  the  c o n t r a s t  scheme of  the

r e p l i c a t e  of t h e  2~ f a c t o r ia l ,  as shown in Ta b le 1 1 . 3 , ~ -;

pr esen ted  here  to help c l ar i fy  the  point ~ iscussed above .

t f f o r  example  we des it ed  to f u r t h e r  invest i~ ate the

si~~n i f i c an c e  of the AB in t er a c ti on , i t  w o u l d  be d e s i r a bl e

to va lua to the t c I low i n q  nu I I h y p et h e  sos

53

~~~~~~~~~



H0 : A E f f ec t  = 0 for  both levels of B

H0: B Ef fec t = 0 for both levels of A

Ut i l i z ing  the contrast  scheme represented in Table 11.3 ,

the contrast used to estimate the sum of squares attributable

to factor A at the low level of factor B (SS
A at B LOW

) is

calculated as follows :

A t t  at BLOW = ac + ad - (1) - cd

2 2

= ~ A~~(hi~ h ) B~0~ - ~ A j
( low )B LOW

i=l j=1

and the sum of squares a t t r i b u t a b l e  to A at B LOW is thus

calculated as :

(A a tB  )
~~SS at B = 

contrast LOW
A LOW 4

The effect of A at 3LOW ’ which is called a simple main

e f f e c t , represents  the mean difference between observations

where A is at i ts high level and B at i ts  low level versus

observations where A and B are both at their  low levels .  Thus

the e f f e ct of A at B LOW is calculated as fol lows :

A a tB
contrast LOWEffectA 

at  
~~~~ 2

The calculations described above generalize directly

to any 2 (n-p) Fractional Factorial thus imply ing the fo1low~ no :

1
L ---~~~~~~ -- _j _ ---~~~~~~ ~- - ~~~~~~~~~~~~~~~~~~~~ -~~ - -~~~~ 
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Simple Main Ef fec tA at B~ 
= 

Acontrast at B~ 
i = 1,2

(A at B . ) 2
Sum of Squares~ at B

~ 
= 

cont ast i 
, i = 1,2

An F-statistic can be formed by dividing the sum of squares

thus calculated, equivalent in this case to the mean square ,

by the residual mean square. The F—statistic thus formed

is distributed according to the F distribution with 1 and

840 degrees of freedom and is used in testing the simple

hypotheses stated above .

In conducting tests of hypotheses of simple main

e f f ects , it can be shown that  SSA at BLOW + SSA at

equals SSA + SS~~~, thus each simple main—effects sum of

squares contains a portion of the corresponding interaction

sum of squares . The procedure recommended for such tests

[51 and which was used in the analysis discussed in Chapters

V and VI is to assign the same per—fami ly  significance

level to these tests as that which was used in testing

main effects and interactions . Accordingly, a significance

level of .025 was used in the analysis.

Further insight into the significance of simple

main effects can be gained by examining the individual cell

means corresponding to the various levels of the two factors

comprising the interaction. These cell means are included

as an integral part of the discussion presented in Chapter V.

___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



All previous discussion regarding the definition and com-

putation of main effec ts , interaction effects , and simple

main effects , can be verif ied by comparing the ef fects

listed in column 4 of the ANOVA with the previously defined

linear combinations of the appropriate cell means .

The reader is cautioned that tests for simple main

effects are based on non-orthogonal contrasts and thus are

not independent . A simple example is provided to clarify

this point . Consider the 2-factor interaction AR where the

cell means for  the various levels would be represented as

follows :

B

LOW HIGH

LOW ALQWBLQW ALQWBHIGH
A

HIGH AHIGHBLOW AHIGHBHIGH

As previously discussed , the effect of A at the low level of

B would be calculated as AHIGHBLQW 
- ALOWBLQW . Similarly,

the effec t of B at the high level of A would be calculated

as AHIGHBHI GH - AHIGH BLOw . It should be obvious that a very

large cell mean associated with the AHIGH ELOw cell would

almost certainly imply the significance of both simple

ef fec ts  A at BLOW and B at AHIGH ’ thus reflecting the lack

of independence .
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4.  ANOVA for Simple Simple Main and Simple
Interact ion E f f e c t s

The ANOVA for simple simple main and simple inter-

action e f f e cts, an example of which is shown in Table IV .4,

is a direct generalization of the ANOVA for simple main

e f f ec t s  discussed above . This ANOVA is used to fu r ther

investigate and to explain the si gnif icance of those 3-

factor interactions that were found to be sign i f i can t  in

the treatment ANOVA .

Tab le IV .4  Example

ANOVA for Simple Simple Main & Simple Interact ion E f f e c t s

SOURCE SS DF EFFECT F P ( X . G T . F )

A 0.024 1 -0.010 0.0634 0.4261

A at D K ( 0 0 )  0 . 0 3 9  1 0 . 0 2 5  1 .026 0.3 115

A at DK(0l) 0.057 1 —0.030 1.494 0.2220

A at D K ( l O )  0 . 2 2 5  1 -0 . 0 5 9  5 . 9 4 5  0 .0 150

A at DK(ll) 0.042 1 0.026 1.113 0.2917

The nature of this ANOVA corresponds directly to the general

nature of interaction among three factors , however this is

much more complex and much more d i f f i c u l t  to explain than

interaction between two factors . Interaction among three

factors can be a t t r ibuted  to one or both of the following :

1. A marked e f f e c t  exis ts  fo r  one or more of the f a c t o r s

which depends on the speci f ic  levels of the remaining two

fac to r s .

57 

—-—- -~~~~~~~~~~ -~~~~~~ - - -



_ _ _  - -

2. The interaction between two of the factors depends

on the specific level of the third factor .

The general nature of the 3—factor interaction

described above makes it desirable that tests of the

following type hypotheses be conducted when a significant

3-factor interaction is encountered :

1. H0 : The effect  of A is negligible for all combinations - 
-

of levels of B and C.

2.  H0 : The interaction of A and B is negligible for all
levels of C.

The ANOVA for simple simple main and simple interaction

effects reflects a further partitioning of the sum of squares

and thus allows for the testing of the above hypotheses.

An example utilizing the contrast scheme of the

replicate of the 2~ factorial, as shown in Table 11.3 , is

presented to c lar i fy  the nature of the ANOVA . If for example

we desired to further analyze the significance of the A.BC

interaction, we could begin by investigating the e f f ec t  of

A with respect to the various combinations of levels of B

and C, the four possible combinations being BLQWCLOW V

B
LQW

CHIGH I BHIGHCLOW I and BHI GHCUIGH . From Table 11.3 the

contrast used to estimate the e f fec t  of A when both B and

C are at their low levels would be as follows :

A t t  at BLOWCLOW 
= ad - (1)

= 
~~1 1~~~~~~~ LOW LOW 

- 

~~
A
i
(low)B LOWCLOW
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and the sum of squares attributable to A when both B and

C are at their  low levels is thus calculated as:

SS at B c = 

(A t t  at BLOWCLOW
) 2

A LOW LOW 2 .

The e f f ec t  of A at BLQW C LOW , which is called a simple simple

main e f f ec t , ref lec ts  the mean d i f fe rence  between observations

where A is at i ts high level ari d B and C are at their  low

levels versus observations where A is at i ts low leve l and

B and C are at their low levels. Thus in this elementary

case the simple simple main effect of A at BLOWCLOW would

be identical to the Acontrast at BLOWCLOW . A similar procedure

would then be used to compute the 3 remainin~ simple s imple

main e f f e c t s  of A at B LQw CHj ~ H , 
~ :.~~~H C LOW~ and BHIGH

C
HIGH .

Additionally , the s imple simp le main e f f e c t s  of B with

respect to all combinations of A and C and of C with respect

to all combinations of A and B could be s imi la r ly  computed.

The resu l t ing  sum of squares when divided by the p rev ious ly

calculated residua l mean square would form an F - s t a t i s t i c

whi ch cou ld be used in testing hypothesis 1.

A similar type computation is required to test

hypothesis 2. If  for  example we desired to investi~ ate the

interaction of A and B wi th respect to the low level of C ,

we would calculate the contrast from Table 11.3 as follows :
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ABco trast at CLOW 
= (1) + ab - ad - bd

= LOW 
- Z A B j ( low)C LQW

and the corresponding sum of squares would become

(ABcontrast at
SSAB a t C LOW 

— 
4

The ef fect  of the AR interaction at the low level of C ,

which is called a simple interaction e f f ec t , would be

calculated as

EffectAR at CLOW = 

AB
~~~~~~~~~t 

at CL~~

The sum of squares attributable to this simple interaction

e f f e c t  and as calculated above , divided by the residual mean V

square , thus forms an F-statistic which can be used for

testing hypothesis 2.

The calculations described above generalize directly

to any Fractional Factorial  thus implying th9 fol lowing :

Simple Simple Main EffectA at B1C~ 
= 

Acontrast atB iCj

i = 1, 2
j = 1,2

- 
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Sum of Squares~ at B
~
C
~ 

= 
ofltr t~~~~

)
BiC~~

) 2

i = 1,2
j = 1, 2

An F-statistic can be formed by dividing the sum of squares

thus calculated , equivalent  in this case to the mean square ,

by the residual mean square . In our analysis the F-statistic

thus calculated will be distributed according to the F

distribution with ]. and 840 degrees of freedom and can be

used to test hypothesis 1.

The calculat ions described above which were performed

in order to test for s ignif icance  of simple interact ion

e f f e cts also general ize directly to any 2~ ’~ Fra ctional

Factor ia l ,  thus imply ing  the fo l lowing :

Simple Int erac t ion  E f f e c t AR at c~ 
AR contrast at c~ 

, ~ =

Sum of Squares ~~ at C~ 
(AR contrast at c1) 

, =

In our analysis  the F-statistic formed by dividing the sum

of squares thus  calculated , equivalent  in this  case to the

mean square , by the res idual  mean square , w i l l  be di s t r ibu ted

according to the F d i s t r ibu t ion  wi th 1 and 840 degrees of

freedom and can be used to test hypothesis 2.
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In conducting tests of hypotheses invo1vin~ simple

s imple main e f f e c t s  and simple in terac t ion  e f f e c t s , it can

be shown [5 1 that

—
~ 

-
~

~
‘ 

SS~ at B . C .  SS A + SSAB + SS AC + SS~~~ ‘

i~ 1 j=1

and that  
*

~ SS~~~ at C = SS ;B + SS ;gc

An arcument s imi la r  to the one p rev ious ly  mentioned in the

discussion of the AN CVA f o r  simple ma in e f f e c t s  is appro-

p r i a t e  for  this ANOVA , and acccr~~ingly , the s ion if i can ce

levels used ~n the ANCVA were . 0 2 5  for  s imple i n t e r a c ti on

e f f e c t s  and .0125 for  simple  simple main e f f e c t s .

Fur the r insich t in to  the s i cn i f icance  of s imple - 

-

s :mple ma in e f f ec t s  and s imple  interact ion e ff e c t s  can be

gained by examin ing the i nd ividua l  cell means ccrrospc nd in~
to the various levels of the three fac to rs  compr is inc  the

Lnt eract~ on .  These cel l means are included as an i n t egra l

part  of the discussion prese nted ~n Chap te r  V . A ll  provious

discuss:on reoar d in~ the d e f i n it i o n and computa t ion  of m a i n

effects, interaction effects , simple simple main effects ,

and simple interact~on effects, can be ver~~f~ ed by com p a r i n c

_ _ _ _  ~~~~~~~~~~~~~~~~ .—*.
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the effects listed in column 4 of the ANOVA with previously

defined linear combinations of the appropriate cell means.

The reader is cautioned that tests for simple simple

main e f f ec t s  and simple in teract ion e f f e c t s  are based on

non— orthogonal contrasts and thus are not independent . A

similar argument as that  given previously in the discussion

of the ANOVA for s imple main e f fec ts  can be given here .

Specif ical ly, an exceptional ly large cell mean will  in

general imply the sign i f i cance  of two or more simple s imple

main e f fec t s  or simple interaction e f f ec t s .

5. Statistics for Selected Model

The computer program utilized in generating the

generalized ANOVA and treatment ANOVA also generates a I

best—fit regression model based on a forward stepwise algorithm .

The statistics for the model selected , an example of which

is shown in Table IV .5 , thus summarize the resul ts  of the

si gnif icance test ing conducted in the treatment AN OVA. It

should be no ted tha t  the regression coefficient shown in

column 2 of this table equals the e f f e c t  shown in column 4

of the treatment ANOVA , and additionally, columns 3-6

coincide directly with the appropriately labeled columns

of the treatment ANOVA .

Table IV.5 Example of Statistics for Selected Model

REGRESSION SUM OF F PROB
VARIABLE COEFFICIENT SQUARES DF STATISTIC ~X .~ T.F)

F 0.02410 0.595 1 15.694 0.0001

ADK 0.01743 0.311 1 9.204 0.0043
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~~~. General ANOVA for Selected Model

The general ANOVA for Selected Model , an example

of which is shown in Tab l e IV.6 , is a direct consequence of

the  selected regress ion model discussed above . It  should

be noted that  the sum of squares due to regression r e f l ec t s

that portion of the total treatment sum of squares attri-

butable to the factors and interactions that were found to

be significant in the treatment A N OVA . Similarly, the sum

of squares due to lack  of f i t  r e f l e c t s  the total sum of

squares a t t r i bu t ab l e  to all remaining factors and interactions .

Thu s it fol lows that  SS = SS - SS. - - -t rea tments  recressxon  .ack o~ :~~t

Accordincly , the F - s tat i s t : cs  formed by dividing the mean

squares attributable to regression and Lack of Fit and as

reflected in column 5 of the ANCVA can be used for testing

the significance of regression and lack of fit in regard to

the spec i f i c  model selected.

Table LV . 6 Example of Gene ra l ANOVA fo r  Selected Model

SUM CF MEAN F PROS
SOURCE SCUARES ‘F ~OUARES sTAT :~ T:C ~X . G T . F ’

MEAN 9 6 3 . 8 3 6  1 9 3 b . 8 3 6

REGRESSION (TERMS) 18.194 12 1.515 39 .~~’2 0 . 0 0 0 0

RESIDUAL 43.346 loll

LACK OF FIT 2 . 9 9 1  108 0 . 0 2 3  0 . 31 0 .~~~96

SOURCES (BETWEEN ) 13.510 63

ERROR( ADJU STED ) 3 1.344  840 0 . 0 3 3

TOTAL 1030.366 1024
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Various additional information is also included

w i t h  the ANOVA sh own in Chapter VII (Table VII.2). The

percent v a r i a b i l i t y  that  can be explained by regression

g ives an indicat ion of the relat ive dispersion of observations

within each cell , a small percentage reflecting widely

dispersed data.  The percent variability explained by the

selected model and the sample mu l t ip l e  correlation coeff i -

cient g ive an indicat ion of the total va r iab i l i ty  that  can

be accounted for by the selected regression model. Various

statistics concerning residuals are also provided , where

residuals as discussed here refer to the differences between

the mean of observations within each cell and the predicted

values as calculated by the model .
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V. ANALYSIS OF FACTORS RELEVANT TO THE THREAT INDEX

A. GENERAL COMME NT S CONCERNING THE ANALYSIS

The purpose of the analysis discussed in this chapter

was to provide insight into the relative importance of each

of the 11 factors investigated with respect to the tank

commander ’s assessment of the immediate threat posed by a

target on the battlefield . The analysis of variance (ANOVA )

was the primary statistical tool used in the analysis , and

all  ANOVA tables gen erat ed in the study ar e included in

this chapter. The discussion presented in this chapter is

limited to those factors and interactions which were found

to be significant at the selected significance level of .05.

In this respect, it is acknowledged that a great deal of

additional information is available to the interested reader

who chooses to further examine the ANOVA tables.

It can be recalled from Chapter III  that the data base

used in this analysis and shown in Table 111.2 consists of

1024 observations gathered from 64 different tank commanders .

The subjective nature of the observations and specifically

the inherent possibility of significant scaling differences

among the tank commanders surveyed implied that sensitivity

analysis be performed. Accordingly, an analysis similar to

the one discussed in the subsequent portions of this

chapter was repeated several times , each based on a unique

transformation applied to the data base. -These transformations

included the following :
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1. y ’ =

2.  y ’ =

3. y ’ = ln~~y

4. y ’ = arcsine 
~
y

Additional ly , the fo l lowing  two transformations were used

to test the sensitivity of the data with respect to possible Ii ’

scaling differences among individual tank commanders :

~i ,b1ock - 
- 

~
‘mi n imum

j  block 1- i , block . — 

RA.NGEb l k

1 i , b lock~ 
- 

~b1ock . -~

i , block .
j  block

1

where  j = 1, 2 , 3, ... , 64 r e f e r s  to each of the 64 d i s t inc t

blocks of 16 observat ions  corresponding to each of the 64 •1
ind ividual tank commanders; and i = 1, 2 , 3 , ... , = 16 refers

to the 16 obse rvat in s  pecul iar  to each p a r t i c ul a r  block 1.
4 It can eas i ly  be seen tha t tr ax~s fo rma tions S and 6 are

themselves  scaled r e l a t ive  to each tank commander and thus

tend to equalize d i f f e r e n c e s  in scaling that might exist

r e l a t i v e  to each individual. Transformation 5 causes the

minimum obse rvat ion  fo r  each individual  to be set to zero

and scales the r ema in in cT 15 observa tions f rom a m i n i m u m  of

zero to a maximum of one , depending on the specific ranco

of the 16 observations peculiar to the i n d i v i d u a l . T r an s f cr m a t ~~on

b7
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6 scales the 16 observations peculiar to each individual

from a minimum of about — 2 to a maximum of about +2.

The analysis discussed in the subsequent portions of this

chapter is based on data transformed by the inverse sine

transformation , specifically y ’ arcsine /y, where each

y is an observation of the raw data shown in Table 111.2.

The selection of this transformation was based solely on the

fact that the characteristics of the data thus transformed

favorably agreed with the assumptions required in the ANOVA .

The impact of this transformation , as reflected in Table V .1 ,

is to add increasingly more weight to those observations

reflecting a higher assessment of threat.

~~~ 
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A comparison of the treatment ANOVA based on the raw

data and the treatment ANOVA ’ s result ing from each of the

six transformations discussed above greatly substantiated

the conclusions discussed in the remainder of this chapter .

Those factors and interactions which are identified in the

treatment ANOVA in this chapter as being significant at the

.01 level were similarly identified in all treatment ANOVA ’s

regardless of the transformations used . Additionally , the

remaining factors and interactions which are identified in

this chapter as being significant at the .05 level were

in the majority of cases similarly identified , and would

have been identified in all cases at the significance level

of .06. These results tend to increase the level of confi-

dence associated with the conclusions discussed in this

chapter.

Two assumptions that are required in the proper use of

the ANOVA are the following :

1. Observations are drawn from normally d is t r ibuted
populations .

2. Variances of the populations are equal.

Accordingly the following hypotheses were tested relative

to these assumptions:

- . Assumption 1:

H : e. for a~ l treatment combinations are distributed0 1J

H1: H is false.

Test procedure used : Kolrnogorov—Smirnov 1-Sample Test
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Assumption 2:
2 2 2 2 2H0: 01 = 0

2 
= 0 3 

= • •~~ = 0 128 0e -

H1: some are not equal .

Test procedure used : Bartlett ’ s Test for  Homogeneity
of Varian ce.

The resul ts of these tests are shown in Table V .2 .  The

criteria for rejection of the null hypothesis in either of

the tests is as follows : Reject the null hypothesis if the

right hand tail probability associated with the calculated

test statistic is less than the selected significance level

of .05. Since the calculated probabilities associated with

the test statistics were greater than .05 , the null hypotheses

as stated above were accepted , thus substantiating the use

of the ANOVA in the analysis.

Table V.2

~ TA TI3 T i~ S F3R T E S P I N G  A N O V ~ ~ iSU T I I J NS ~

B A R T L E T T  T E ST FOR HJ~i 0 G E N E I P Y  OF C E L L  V A R I A N ~~~S
M / C (HI 3QUARE ) : 14.4.3~ 43
D E G R E E S  OF F R E E D O N  : 127
P~ O B (  X . G T .  N/C ) : 0 . 13 89 9 3

KS LES T FOR N O R M A L I T Y  AS SU ~1PTI3 ~J

KS STATISTIC (D~ A X )  : 0 .0 53o00

~4 U N B E R  OF P O I N T S  12 8
P~(OB ( X .GT. KS ) : 0.855580
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B. IDENTIF ICATION OF SIGNIFICANT FACTORS AND INTERACTIONS

The total partition of the sum of squares associa ted

with the transformed data is reflected in the generalized

ANOVA shown in Table V.3 .  The residual (within)  mean square

reflected in this ANOVA , specifically .038 , became the

denomina tor in all F-statistics used in the analysis.

Furthermore, the 840 degrees of freedom allocated to the

residual mean square as shown in Table V.3 , appropriately

identified the particular distribution of the F-statistics

thus calcul ated.

Table V.3

GEUERALIZED ANOVA

SOURCE SS 3?

SEAN 963.836 1

BETWEEN BLOCKS & REPS 13.510 63

REPLICATI3~1S 3.320 7

BLOCKS 1. 023 7

RESID (JAL(BETWEEN) 9 . 1 6 7  49 0 .187

AI T~iIN BLOCKS & REPS 53.020 960

T R E A T M E N T S  2 1. 175 120
RESIDCJAL (WITHflJ) 31.344 840 0.038

I 
TOTAL 1O3O .3~ 6 1024 

The treatment ANOVA shown in Tab le V 44 reflects the

investigation of 120 various treatment ef fec ts , of which
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Tab le V .4
T R E A T M E N I ’  A N O V A

2/3 Fl ~1EAN F PROB
S O U R C E  A L I A S  DF E F F E C T  S Q U A R E  S T A T I S F I C  ( X . G T . F )

A 1 — 0 . 0 1 0  3 .0 2 4  0 .5 3 4  3 .4 2 6
NONE

B 1 —0.0 07 0.011 0.23b 0.593
NONE

C 1 — 0 . 0 04 0 . 0 0 4  0 . 1 3 1  0 .751
NONE

0 1 -0.006 0.008 -) .2)9
NONE

E 1 — 3 .019 3 .091 2.395 3 .122
N O N E

F 1 0. 0 148 J .5~~S l 5.~~94 3 .0 30 **
NONE

.3 1 0 . 0 31 0 . 2 4 7  6 . 5 1 4  3 . 3 1 1  ~NONE
H 1 0.031 3.247 o. 521 3.0 11 *

NONE
.3 1 0 . 1 9 2  9 . 4 8 3  2 5 0 . 1 5 2  0 . 0 0 3  **

NONE
K 1 - 0 . 0 6 3  1 .30 1  2 o . 4 1 5  0 .300  ~~NON E
L 1 — 0 .  1 314 4 . 5 9 4  Ui . 1714 3.000 **

NONE
AS 1 -0.003 0.002 3.353 0.316

N O N E
AC 1 —0 .009 0.022 3.582

FGK-
EHJ

AD 1 —3 .007 3 .013 J.3~~ 3.558
E GL

A E  1 3.014 0.349 1 .292 J.25o
D.3L
CHJ

A ? 1 0.024 0. 144 3 . 8 0 5  3 .351
0.3K

1 — 0 . 3 - 1 9  3.389 2.351 0. 12b

CF K
1 —3. 035 0.007 0.133 J. r-~59

CEJ
AJ 1 3 .315 0.056 1.520 0.218

C EU
1 3 . 0 08 3 . 0 1 5  J . 3~~ 0 . 5 2 9

C FG
AL 1 0.010 0.024 0.624 0.433

DEG
BC I — 0 .003 3.002 3.356 3.314

FH L
3D 1 — 3 . 0 2 1  0. 118 3 . 10 1  0 .3 79

F 03
E9K

BE 1 - 0 .0 1 0  3 . 0 2 8  3 . 13 6  3 . 3 9 1
DHK

BF 1 —3 .008 3 .317 J . -4~e 1 3 . 5 3 7
D~ JC ~1L

* I N D L A I E S  T H A T  ? ( X . G T . F )  I S  LESS r~~A N  .35
t * I N D t ~ A t ES T H A T  ~~~~~~~~~ I S  L E S S  T H A N  .01

— —-- - ~~~~~~~~~~~~~~~~~~~~~~~~ - - - ---- - -  - ------.- 
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Table V.4  (continued) 

FT I C A N  P ROB
SOURC E ALIAS OF EFFECT S Q U A R E  S T A T I S T I C  ( X . G T . F )

BG 1 0 .005  3 .006  0 . 155  0 .694
DPi —

BH 1 0 . 0 0 1 4  0 .005  0 . 133  0 .718
CFL
DEK

83 1 — 0 . 0 0 6  3.008 0.222 0.638
D F G

BK 1 0 .0 0 8  0 .015  0 .385  0 .535
DEH

BL 1 0.004 3.004 0.099 J.75.~C F H
CD 1 -0.0014 0.003 0.034 0.772

NONE
CE 1 —0.001 0.000 0.007 0.934

AHJ
CF 1 0.011 3.329 3.776 3.379 -•

A GK
BH L

0.3 1 3.003 0.002 0.047 0.829
AFK

CII 1 3.301 0.000 C’.OlO 0.920
BFL
AE J

Ci 1 3.007 0.014 0.3 8 0.545
AEH

1 — 0 . 3 1 5  3. 060 1.5 ’3 1 0.2 -39
AF G

CL 1 -0 . 003 0 .0 32  3 . 3 5 3  3 .306
BFH

DE 1 0.000 0.000 0.001 0.982
AGL
B IlK

OF 1 —3. 005 3.006 0.147 3.701
BGJ

DG 1 3.001 0.000 0.307 0.9314
AEL
BFJ

D II 1 0 . 0 0 6  0 . 009 0 . 2 3 2  0 .630
B E K

DK 1 — 0 . 0 0 1  -3. 000 3 . 3 1 1  0 . 9 17
BEH

Di 1 0.005 0 .005  0 . 1 4 2  0.737
BF G

DL 1 - 0 .0 0 3  0 . 0 0 3  3 . 0 7 9  0 . 7 7 9
AEG

8? 1 — 0 . 009 0 . 3 2 2  0 . 5 7 5  3 .14 48
NONE

EG 1 — 0 . 0 19  3 .0 9 5  2 . 4 9 3  0 . 1 1 5
AOL

EH 1 — 0 . 011  3 . 0 3 2  0 . 851  3.357
83K
A CJ

83 1 — 0 . 0 2 0  3. 105 2 . 7 8 1  0 . 0 9 7
AC~i8K 1 0. 026 0 . 168  4 . 4 3 0  0 .036  *
BDII

• EL 1 —0 .3014 3 .004 0 .135 3 .747
ADG

* IN D I C A T E S  T H A T  P (X. T . F )  I S  LE SS T H A N  .05
** I N D ICA TES T H A T  P~~X. . T . F )  IS LE SS T H A N  .01
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Table V .4  (continued)

2/3 Fl N E A N  P PROS
SOURCE ALIAS OF EFFECT SQUAR E STATISTIC (X.Gr. F)

PG 1 —0.008 0.016 0.1419 0.517
ACK
BDJ

PH 1 0 . 0 2 3  3 . 134 3 . 5 2 7  0 .061
B CL

P.3 1 0 . 0 3 0  0 .231  5 . 0 3 4  3 .014  *
BDG

FK 1 0 . 0 1 2  0 . 0 3 4  0 . 9 0 6  0 .34 1
A C G

FL 1 -0 .013 3.345 1.236 0.273
BCH

GH 1 0.009 0.020 0.536 0.464
N O N E

GJ 1 0.001 0.000 3 . 3 0 6  3.941
SD?

GK 1 0.0014 3.004 3.136 0.745
A CF

GL 1 - 3 .015  0 .0 5 9  1.5~~1 3 . 2 1 2 L
A D E

Hi 1 0.011 3.033 0.874 3.350
ACE

11K 1 -0.015 0.059 1.553 0.213
BOB

Hi 1 — 0 . 0 1 7  0 . 0 7 6  2 .0 0 7  0 . 157
BC F

.3K 1 —0.006 3.008 3.210 0.647
N O N E

JL 1 — 0 . 0 1 5 3 .055 1. 4 55 0 .2 28• NONE H
KL 1 — 0 .0 3 2  0 .2 5 7  6 . 7 7 8  0 . 0 0 9  ~~

NONE
ABC 1 —0.017 3.071 1.875 3.171

DJK
A B D 1 — 0 . 0 0 3  0 . 0 0 3  0 . 0 5 9  0 . 7 9 3

CJK
A B E 1 — 0 . 0 1 6  0 .0 64  1 .5 8 3  3 .1 95

FJL .
ASP 1 0.013 0 . 0 1 45  1 . 1 7 7  0 . 2 7 8

8.11.
AS G 1 0 . 0 0 3  0 .0 0 2  0 . 0 1 44  0 .834

H KL
A SH 1 — 0 . 0 08 0 .0 18  3 . 4 3 7  3 .485

G I ~L
AB 3 1 0 . 009 0 . 02 1  3 . 5 145  ) . 4 ó 1

CDK
EF L

A SL 1 — 0 .0 0 3  3 . 003  0 . 0 7 8  0. 780
EFJ
GHK

A CD 1 - 0 .0 0 8  0 .015  3 . 4 3 8  0.523
8.3K

A OL 1 0. 016 0 .0 6 8  1 .7 9 2  0 . 18 1
NO N~AD F 1 -0. 0 12 3 .038 1.338  3 . 3 1 6
N ONE

1 —0.008 ~i.J16 3.419 0.516
N ONE

ADJ 1 0.001 0 .0 0 0  3 . 0 3 3  0.959
BCK

* INDICATE S THAT P (X..3I’.F) IS LESS THA N  .05

** I N D I C A T E S  T H AT P ( X . T . F )  IS  LE SS  T H A N  .31
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Table V .4  (continued )

2/3 Fl SEAN F PROS
E F F E CT S~ uA RE STArr SrIc

ADK 1 0.035 0.311 8 .2 014  0 .00 14 **
BCJ

AE P 1 — 0 . 0 1 0  0 .027  0 .7 34  0 . 4 0 2
B.J L

AEK 1 — 0 . 0 1 4 0  0 .4 0 9  10.787 0 .001  **N ONE
AFH 1 0 .0 0 5  0 .006 0 . 15 2  0 .687

N ONE
AFJ 1 — 0 . 0 0 4  3 . 0 0 3  0 . 0 8 4  0 .7 7 2

BEL
A G H 1 — 0 . 0 1 4  3 . 3 4 7  1.2 4 3  0 . 2 6 6

B K L
AHic  1 0.015 3.359 1.5144 0.214

3GL
AHL 1 0.011 0.032 0.355 0.355

83K
AiX 1 0 .0 0 1  0 . 3 0 0  0 .0 1 1  0 .915

BCD
kIl L 1 0 . 0 1 2 0.039 1. 32 4  0 . 3 1 2

BE?
A~CL 1 0.007 0 .011 0.297 0.566

B G Hsc~ 1 3 .007  3 .013  0 .33 1  ) .5ó5
NONE

BCG 1 0 . 0 0 5  J . O O ó  3 . 1 1 4 5  0 .703
N O N E

BEG 1 - 0 . 0 0 6  0 .009  0 . 2 4 6  0 .620
NONE

BFK 1 0 . 0 1 2 0 .0 3 8  0 . 9 9 1  0 .320
NONE

B}IJ 1 0.004 0.003 0 . 1 3 4  0 .715
NONE

CDE 1 0.003 3.002 3.058 0.810
FKL

CD? 1 0 . 0 1 9  0 .088  2 . 3 1 4  0 . 1 2 9
E K L

COG 1 — 0 . 0 2 3  0. 135 3 .5 6 3  0 .059
HJL

1 - 0 . 0 2 1  0 . 1 1 6  3 . 0 5 3  0 .080
GiL

CDL 1 3 . 0 09 0 . 0 1 9  3 . 5 0 7  0 . 1477
E?K
GHJ

CE? 1 — 0 . 011  0 . 3 2 9  3. 765 0 .382
DX L

CEG 1 3 . 00 5  3 .00 8 3 .2 3 2  0 .65 14
NONE

CEK 1 — 0.010 3.025 3.650 0.420
DPI.

C2J 1 0. 006 0 .3 10  0 . 2 7 5  3 .600
NONE

CG H 1 3. 008 3 . 0 1 6  0 . 42 5  3 .515
DJL

CGJ 1 3. 010  3 . 0 2 6  O . ó 5 7  0 . 4 0 7
0 IlL

CGL 1 —0.308 0.015 0.1408 3.523
DHJ

CJL 1 3. 003 0 .0 0 2  0 . 0 4 5  0 .832
DOff

* INDICATES THAT P ( X . G T . F )  IS  LESS T H A N  .05
** INDICATES THAT ?(X.3T.P) IS LESS THAN .01
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Table V.4 (continued)

2/ .3 FL i~E A N  F PRO S
SOURCE ALIAS DF EFFECT SI~~U A R E  sTArI srIc (X.GT.F)

CXL 1 0.003 0.303 0.066 0.794
DEl

DLI 1 0 . 0 0 9  3.319 3 .512 0.475
N O N E

1 0 . 0 0 4  J .J uJ 0 . 0 8 4  0 . 7 7 2
N O N E

DOK 1 0.005 3.007 3 .177 0.674
N O N E

1 — 0.0 13 3 .3 4 5  1 . 13 3  3 .277
HJt~ 1 3 .0 0 2  3 . 3 0 1  3 .3 3 6  J . 3 - ~9

1 — -3.001 0.000 3.003 J.9o1
FJK

1 3.007 3 .313 3.3~~5 0.357
11-1K

1 3 . 0 0 0  3 . 00 0  0 . 0 0 3  1 .00 0
N O N E

LIX 1 0.010 0.027 3 .712 0.399
FLkI

F O L 1 — 0 . 0 50 J.o41 1~~.914 3.000 *~~
N O N E

JA L 1 3 .010 3.325 ).6~~5 -3.fl5
N O N E

* I~ DITArE S THAI p ( x . . 3 : . F )  IS LESS THAN .35
** LNDLcA ~~~S T~-iA T ?~x .- r.l ) I S  .ESS THAN .01

I
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12 were identified as being significant at the .05 level ;

specif ical ly ,  the main e f fec t s  F , G , H , J , K , and L; the 2—factor

interactions EK , FJ , and KL; and the 3-factor interactions

ADK , AEK, and FGL . It should be noted that the total sum

of squares attributable to these 12 effects accounts for 86

percent of the total treatment sum of squares. A reordering

of the effects based on their relative importance , as indi-

cated by a comparison of their corresponding sums of squares ,

is as follows : J,L,K ,FGL ,F ,AEK ,ADK ,KL,H,G ,FJ , and EK.

The remaining portion of this chapter is devoted to the

physical interpretation of the factors and interactions that

were identified as being significant in the treatment ANOVA .

In this respect it is importan t to note that the effects

listed in column 4 of Table V.4 are in some cases positive

and in other cases negative . It can be recalled from

Chapter IV that the effects listed in column 4 of Table V.4

were calculated as follows :

E f f e ct
A 

(column 4, Table V . 4 )  = 
co rast 

= 

~HIGH 
- ALOW

Thus the effect shown in column 4 of Table V.4 reflects the

mean of all observations where the factor was at its high

level minus the mean of all observations where the factor

was at its low level. An identical argument holds for both

main effects and interaction effects . Thus a positive

effect shown in column 4 of Table V.4 indicates that the
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mean at the hi gh level was g reater tha n the  me an at the low

level , and a negative e f f e c t  in column 4 of Table V . 4  m di-

cates that the mean at the low level was greater than the

mean at the hi gh level. In the context of th is  a n al ys i s  a

positive e f fec t  indicates tha t a greater  degree of threat

is associated with the high level of the factor or i n t e rac t ion

while a negative effect indicates that a greater degree of

threat is associated with the low lev el of the fac tor  or

interaction .

The interpretat ion of main e f f e c t s  is very  strai~~htfo~~ ard

and in most cases the subsequent discussion of these w i l l  - - -

seem elementary . In terpre ta t ion  of i n ter ac t ions , p a r t i c u l a r l y

3—facto r interactions , is quite difficult and the discuss:on

will in general be qui te  involved.  The ANOVA for  simple

main effects and the ANOVA for simple simple main effects

and simple in te rac t ion  e f f e c t s , as discussed in Chap ter IV ,

were utilized in in terpret ing the si~ n i f i cance of the 2 — f a c t o r

in te ract ions EK , FJ , and X L , and the 3—factor interactions

ADK , AEK , and FGL. The ind iv idua l  cell means associated

wi th each in t e raction we re also u t i l i zed. The ex ten t  of

the discussion thus allocated to each factor or interaction

is in no way intended as a re f lec t ion  of its rela tive

importance.

It should also be noted from column 2 of Table  V.4 that

EK is aliased with BDH , FJ with BDG , and ADK with BCJ .

The discussion in this cha~’ter is based on the assumption

that the 2—factor interactions EK and FJ are more important

1
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than their 3-factor aliases BDH and BDG . An interpretation

of the ADK interaction is given in lieu of the BCJ inter -

action since ADK offered the simplest explanation . The

reader is cautioned that either ADK or BCJ or both might

be significant since the alias pattern of the experimental

plan allows no clear interpretation in this case.

C. INTERPRETAT ION OF SIGNIFI(’.ANT MAT ~J E~~ ECTS

1. Factor J

J -— turret orientation of enemy target relative
to the friendly tank

SLOW 
-— turret is pointed away from friendly tank

~HIGH 
-— turret is pointed at friendly tank

The turret orientation of the enemy target was found

to be ~~ques tionably  the single most important factor

impactinc on the tank commander ’s assessment of the io~ edia te

threat posed by an enemy target. The tank commander~ s

assessment of th r eat incre ases dr amat icall y when the turret

of the enemy target is pointed at him . Similarly , he feels

much less threatened when the turret of the enemy tar~ et ~s

pointed away from him.

2.  Factor L

L -— Range between observer and target

LLOW -— Range is wi thin .2000 meters

—- Range exceeds 2000 meters

The range between target and observer was the second

most critical factor impacting on the tank commander~ s
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assessment or the immediate threat posed by a target on the

battlefield. The tank commander feels much more threatened

by targets that are within 2000 meters of his position

than those that exceed 2000 meters .

3. Factor K

K -- Range between observer and target
KLQW —— 1050 meters

K. -. -— 1700 meters
~I~7H

The tank commander feels much more threatened by

a target at the 1050 meter range than one at the 1700 meter

range . It should be noted here that ohe impact of this

range factor is much less severe than the impact of range

factor L described above . This undoubtedly reflects the fact

that the tank commander , altho ugh associat ing a much ~reater

threat with targets at 1050 meters , also feels highly

threatened by targets at 1700 meters as well. It appears

that in the case of factor L described above that very little

immediate threat is assessed to targets whose range exceeds

2000 meters.

4 .  Factor F

F -- enemy target ’s position relative to friendly
tank ’ s sector of r espons ib i l i ty

FLOW -— enemy target is not in the sector

FHIGH -- enemy target is in the sector

The tank commander feels much more threatened when

confronted by a target within his sector than by one outside

of his sector.

L __
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5. Factor [-1

H -- enemy target type

HLOW -— BMP/BRDM with sagger

HHI GH -- Tank T72

The tank commander in general feels mo-re threatened

by an enemy tank than by a BMP or BRDM with sagger.

6 .  Factor G

0 -— intelligence on previous firing activity
of the target

GLOW -- target has not been detec ted f i r i n g  in the
previous 60 seconds

0H I GH -— target has been detected firing in the
previous 60 seconds

The tank commander feels relatively more threatened

by a target that is known to have fired in the last 60

seconds than by one that has not been detected firing in

the last 60 seconds .

D. INTERPRETATICN OF SIGNIFICANT 2-FACTOR INTERACTIQNS

1. EK I n t e r a c t i o n  ~Table V .5.1)

E -— cover/concealment of the enemy t-3roet

-- fully exposed

E -— not f u lly  exposedHI~ H

K - —  range to enemy target

— —  1050 met ers

-— 1700 mete r s

The tunk ccmmander feels siqnific.antlv more threatened

when confronted by a target that is f u l l y  exposed it  a range
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of 1050 meters than by one that is not fully exposed a t  a

range of 1050 meters. A much ~ire~iter threat is associated

with fully exposed targets at 1050 meters than similar

t argets at 1700 meters .  The degree of exposure of the ener.:

targe t has relatively little impact at ranges of 1700

meters .

2 .  FJ I n t e r a c t i o n  (Table  V . 5 . 2 )

F -— enemy target ’s position relative to the
friendly tanks sector of responsibility

F L O W -— enemy target is riot in the sector

FUIGH -— enemy tarc~et is in the sector

J —— turret orientation of enemy target re1at~ ve
to the friendly tank

GLOw -— turret is pointed away from the friendly
tank

—— turret is pointed ~it  the f riendl y tank

The tank commander feels much more threatened when

confronted by a target that is within his sector and whose

turret is pointed at him than by a similar tar-~et outside

his sector. Whether the tarcet is in or out of the tj~~k

commander ’ s sector of r e s p o n s i b i l i t y  has r e l at iv e l  little

impact i.E the turret of the target is pointed away from the

tank commander. Turret orientation of the enemy tarcret

relative to the friendly tank impacts qreatl on the tank

commander ’ s assessment of threat reqardless of the tarcet ’ s

position relative to the tank commander ’s sector of respon—

sibility . However , turret orientation O t r the enemy t~ir~ret

impacts much more severely if the ttr -T et is also in the sector

92
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of responsibility . Unquestionably, the tank commander

associates  the greatest threat with a target that is within

his sector of responsibility and whose turret is pointed

at him.

3. XL Interaction (Table V .5.3)

Recall from Chapter III that K and L are pseudo

factors for  range and tha t four  levels of range were in f ac t

investigated in the study . The contrast used to estimate

the XL i n t e r a c t i o n  thus  represents  one of the three decrees

of freedom a t t r ibu tab le  to the f o u r  levels of range . In

this respect this interaction is different than the .2-factor

interactions E’J and EK previously discussed.

The cell means shown in Table V . 5 .3  r e f l e ct the mean

of observations at four  d i s t i n c t  r anges .

(LO W ) ( H I G H )

(~~~W) 1050 m 2350 m

K

(HIGH ) l’OO m 3000 m

I
It  ca n eas i ly  be seen that there is a direct correlation

betwee n the threat assessed by the tank commander and the

range between r a rce t  and obse rve r .  S p e c i f i c a l l y ,  the t a n k

commander  f e e l s  very threatened when confronted by a target

at i range of 1050 meters , somewha t less threa tened by a

tar-iet at a range of L700 meters , much less threatened b\- 
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a target at a range of 2350 meters , and very much less

threatened by a target  at a r ange of 3000 meters .

E. INTERP RETATION OF SIGNIFICANT 3-FACTOR INTERACTIONS

1. ADK Interaction (Table V.6.1)

A -— on-board rounds remaining
ALOW 

-- above cr i t ical  level

-— at or below critical level

D -- speed of enemy target

—— not fast

D HIGH -— fast

K -- range to enemy target

-— 1050 meters

—— 1700 meters

Differences in ranges of 1Q50 meters and 1700 meters

greatly influence the tank commander ’s assessment of the

immediate threat posed by an enemy target , however the

relative impact of these range differences is highly dependent

up on the speed of the enemy target  and the on—board ammuni-

t ion ava i lab le  to the f r i e n d l y  tank . Given that  or -board

ammunition is above the c r i t i ca l  level and the speed of the

target is fast, the tank commander associates a much grea ter

threat if he target is at a range of 1050 meters than one

at a range of 1700 meters . A s imi lar  argument holds when

the on—board ammunition is below the critical level and the

speed of the target is not fast. In the two situations

described above , the d i f f erence in range impacts severely
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on the overall threat assessed . The impact of the range

d i f fe ren t ia l  is relatively small when on-board ammunition

is above the critical level and the speed of the enemy

target is slow . Similarly , the impact of the range differ-

ential is relatively small when the on—board ammunition is

below the critical level and the speed of the target is

fast .

2. AEK Interaction (Table V.6.2)

A —— on—board rounds remaining

ALOW -— above critical level

-— at or below critical level
E -— cover/concealment of the enemy target

ELOW -- fu l ly  exposed

—— not fully exposed

K -— range to enemy target
KLOW -— 1050 meters

-— 1700 meters

The relative threat which a tank commander assesses

to targets at ranges of 1050 meters and 1700 meters is highly

dependent upon his available ammunition and the degree of

cover or concealment afforded his target .  Given that the

tank commander ’ s on-board ammunition is above the critical

leve l and that he is confronted by a fu l ly  exposed target ,

the tank commander assesses a much greater threat if the

target is at the 1050 meter range rather than the 1700 meter

range. A similar situa~~n exists when the tank commander ’s
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on—board rounds remaining is below the cr i t ical  level and

his target is not fully exposed . Again , in this situation

a much greater threat  is assessed if the range to target is

1050 meters rather than 1700 meters .

It should be noted that the impact of the range L

d i f f e ren t i a l  becomes insignificant in those situations where

the tank commander ’ s on-board ammunition is above the criti-

cal level and his target is not f u l l y  exposed , or when his

on-board ammunition is below the critical level and his

target is fu l ly  exposed. Given either of these situations ,

the th reat as sessed to the target at a range of 1050 meters

differs very little from the threat assessed a similar

target at a range of 1700 meters.

3. FGL Interaction (Table V.6.3)

F -— enemy target ’s position relative to friendly
tank ’s sector of responsibility

FLOW -— enemy target is not in the sector

-— enemy target is in the sector

G -— intelligence on previous firing activity of
the enemy target

GLOW -— target has not been detected firing in the
last 60 seconds

GHI GH -— target has been detected firing in the
last 60 seconds

L -— range to targe t

-— range is less than 2000 meters

—— range exceeds 2000 meters

It is quite apparen t from observing the cell means

shown in Table V.6.3 that in general a much -~reater threat
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is assessed targets whose range is less than 2000 meters

than those whose range exceeds 2000 meters . However , the

relative impact of range as described here is very dependent

upon whether or not the target is in the tank commander ’s

sector of responsibility and whether or not the target has

been detected firing in the last 60 seconds.

Given tha t an enemy target is in the sector of

responsibility and has been detected firing in the last

60 seconds , the threat assessed this target is very much

greater if its range is within 2000 meters. A similar

situation exists when the enemy target is not in the tank

commander ’s sector of responsibility and has not been

detected f i r ing  in the last 60 seconds . Given this s i tua t ion

the tank commander again feels much more threatened if the

target is within 2000 meters than if its range exceeds 2000

meters. Range impacts much less severely in situations where

the enemy target is in the sector of responsibility but

has not been detected firing in the last 60 seconds , or

where the enemy target is outside the sector of responsibility

and has been detected firing in the last 60 seconds .

V
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Table V .5.1

ANOV A FOR SIMPLE ~1A I N  E F F E C T S

S O U R C E SS DF E F F E C T  F 2 ( X . G T .F)

E 0 . 0 9 1  1 — 0 . 0 19  2 .3 9 5  0 . 1 2 2

E A T K (0) 0 . 2 5 3  1 — 3.  )~~4 ó . 6 0 9  0 . 0 1 0  **

E AT ~ (1) 3 .OOb 1 0.307 0.155 0.69~

K 1.001 1 — 0.J~~3 2ó.41~ 0.000 ~~

K AT E(0) 0.995 1 —0.J~ d 26.239 0.000 ~~

K AT E (1) 0.175 1 — 0 .337 4.o05 3.032

EK 0.168 1 3.026 L~.43Q 0.036 ~~~ L

~~ I N D I C A T E S  THA I’ P~~~.GT.F) IS LESS T H A N  . 0 50 0  FO~ M A I N
A N D  I N T E R A CT I O N  E~’FE~ TS , AN~ L~~3S THAN .0250 Fc- R SI .~i P L E

- 
. ~~A IN rE?ECTS.

G R A N D  ‘IEAN = 0.9702

~ C ELL M E A N S  *
******  ******-**

(L3~ ) ( - i I G H )
(L 3 ~~) 1 . 3 2 3 6 7  0.93552 

- 
( ( u GH ) 0 . 9 7 9 2 3  0 .9~~233
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Table v. 5. 2
A N O V A  FOR S I M P L E  M A I N  E F F E C T S

SOURCE SS DF EFFECT F P(X.GT.F)

F 0.595 1 3. 3~ d 15.693 0.300 ~~

F A T J(0) 3.042 1 0.318 1. 1 17 0.291

F AT J(1) 0.783 1 0.378 20.~~59 0.003 ~~ t
J 9 . 4 8 3  1 0 . 19 2  2 5 0 . 1 4 8  3 .0 00  **

AT F (0) 3.378 1 0. th2 89.103 0. C O O  ~~

J AT F ( 1 )  5 .330  1 0 . 2 2 2  1 o7 . 1 2 5  0 . 0 0 0  **

FJ 0 . 2 3 1  1 3.330 6.384 0. 014 **

** I N D I C A T E S  T H A T  P~~X . G T .  F) Is LESS ‘ r i A N  .0 5 0 0  FO~ M A I N
A ND INTERACTION EFFE TS , AN~~ LESS H?~N .3250 FOR SLM~ LEMAIN EFFECTS.

GRA NJ MEAN = 0.9702

~ CELL MEAN S ~

(L 3W )  ( H IG H )

( L O u )  0 . 8 ó 4 8 5 l . J . 7 3 - J
F — 

— 
(nIGH) 0.88304 I. 10352



Table V.5.3

A N O V A  F D R  S I M P L E  M A I N  E F F E CTS 
S~ E F F E C T  

K 1.001 1 — 0.063 26.414 0.000 ~~

K AT L (O) 0.122 1 —0 .331 3.216 0.073

K AT L (1) 1.136 1 — 0.394 29.977 0.000 ~~

L 4.394 1 — 0 . 1 3 4  1 2 1 . 1 7 2  0 . 0 0 0  **

L AT K (0) 1 .339 1 — 0. 132 35.317 0.000 ~~*

I A T K (1) 3.512 1 —0. 15 - D 92.533 0.000 ~~

0 . 2 57 1 — 0 . 3 3 2  6 . 7 7 7  0 . 0 0 9  **

** I N D I C A T E S  T~~A X . G T . F )  IS LE S S  T H A N  .0 5 0 0  F O R  M A I N
AND INTERALTI ON rFELTS , A N U ~ESS i’(-IAN .0250 FOR 5Ii~P L E
M A I N E F F E C T S .

G R A N D  M E A N  0 . 9 7 0 2

* CELL M E A N S  ~
* ** **  ** * * ~

L

(L3~i )  (H I G H )

( L O W )  1 . 3 5 2 5 9  3. 95031  

( H i G H )  1 . 32 1 7 2  ) . 35 ó3 9

____  -.
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Table V .6.1

A N O V A  F O R  S I MP LE s :M p L E  M A I N  & 3I~ PLE INTERACT ION EFFECTS

SOURCE 55 DF EFFECT F ?(X.GT.F)

A 0 . 0 2 4  1 — 0 . 3 1 0  0 . 5 3 4  0 . 44 26 1
A AT DK 00 0.039 1 0.025 1.026 0.3115
A AT DK 01 0.057 1 —0. 030 1.494 0.2220
A AT DK 10 0.225 1 —0 .359 5.945 0.0150
A AT DK 11 0.042 1 0.326 1.113 0.2917

0 0.008 1 —0 .006 3.209 0.6478
D AT AK 00 0 . 0 9 1  1 3 . 0 3 8  2 . 4 0 0  0 . 1 217 ‘ -1
D AT A K  01 0 . 0 7 6  1 — 0 . 3 3 5  2 . 3  15 0 . 1 5 6 1
0 AT A K 10 3 .137 1 0.346 3 .bls 0.0576
0 AT AK 11 0.028 1 3 .321 -3.735 0.3913

K 1.001 1 -0.063 6.314 0.0000 **
K A T AD 00 -3.074 1 — 0.034 1 .?óJ 0.1619
K AT A D 01 0 . 7 2 4  1 — 0 . 1 3 6  13 .3 3 7  0 . 0 0 0 0  **
K AT A D 10 0 . 5 0 1  1 — 0 . 3 3 8  13 . 2 1 3  0 . 0 0 0 3  ** F
K AT A D 11 0 .02 9  1 —0 .021 0.767 0.381o

AD 0.013 1 —0 .007 3.344 0.5577
AD AT K ( 0) 3.225 1 —3 .042 5.954 0.0149 ~~“
AD A T  K C 1) 3.098 1 3.328 2.593 0. 1077

AK 0.315 1 3.008 3.395 3.5295
AK AT 0 ( 0) 0.095 1 —0.0 27 2.498 0.1144
AK AT 0 C 1) 0.231 1 3.343 5 .102 0.0137 **
OK 0 .000  1 -0 . 00 1  3 . 3 1 1  0 . 9 17 4
OK AT A ( 0) 0.1s7 1 — 3 .336 4.407 0.0361
0K AT A ( 1) 0 . 1 4 4  1 3.034 3.807 0.0514

ADK 0.311 1 3.035 8.234 0.0043 ~~

~~ I N D I C A T E S  t H A T  P ( K . 3 T . F )  IS LESS  T H A N  . 3 5 0 0 FO R ~1 A I N
E F F CT S, IS LES S ~~~~ 3 250  F O R  3 t M ?~~ i~ TER~~CrI3N :~~ 2c:~~,AND IS LESS THAN .0125 FOR SIMPLE SIMPLE MA I N EFFECTS .

ORA N D MEAN = 0. 9702

~ CELL M E A N S  ~** *** ~ * *~~ ** * * *

K

(LOW) (n13H)

D

( L O w )  
-

. 
( H I G H )  ( L O W )  

-

. 

- 
(H I 3 H )

(LOw) 0.9-9 13 1.0290 3.9572 J.922D

A

(HIGH) 1.315 9 0.9696 3.9274 3.9483

‘U. 
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Table V . 6 . 2

A N O VA FO~ SIMP LE SIMPLE MAIN & SIM ?LE INTERACTI ON EFF CTS

SOURCE SS OF EFL’ECT ? (X.GT.F) 
—

A 0.024 1 — 0 .010 3.634 0.4261
A AT EK 00 0.324 1 — 0 .071 3.545 0.0036 **
A AT EK 01 0.037 1 0 . 0 2 4  0.981 0.3224
A AT EK 10 3.085 1 0.336 2.244 0. 134 ~A Ar EK 11 0.051 1 —0.028 1.343 0.2474

E 0.091 1 —0.0 19 2.393 0. 1221
AT A K 00 -3 .618 1 —0 .398 1ó.294 0.0301 **
A ’  AK 01 3.069 1 3.033 1.32 ’1 0.17o6

E A ’  AK 10 3.30o 1 0.339 3. 143 0. 7-328
E AT AK(11 ) 3.024 1 — 0 .019 3.~~32 0. 42 67

K 1 .33 1 1 — J .3o3 2o .414 0.3330 ~~K A .’ AE 30 1.130 1 —0. 13o 31 . 124 0.0000 ~~*
K AE 01 3 .301 1 —0 .305 J.33~ ~~~~~~K A :- A~ 10 0 . 1 0 5  1 — 0 . 3 4 1  2.~~73 0 . 3 9 ~~2
K A ’  A E  11 3 . 30 7  1 — 0 . J b - ~ 3 . 3 9 4  0 . 0 0 4 5  ~~

0 . 04 9  1 J . J 1 - ~ 1 . 292  0. 25~~0
AE A K 0) 0.370 1 0 .3 54  3. 7 7 3  0 . 0 0 1 3  ~~AE A ’  K 1) 0.337 1 — J .J2o 2 .335 C’ .12 -9.

AK 3 .315 1 3.30 d J. 39~ 0 . 52 95
AK AT 0) 3. —~3 1 3 .  ) 4 3  1.o53 0.0358 ~~AK A r E 1~ 3.134 1 —J .~~~2 3.525 0.Cb-08

EX 0.1~~ 1 0 . O Co ~.. 4 3J  0 . 3 3 5 6  **
EK AT A ( 0 )  3 . 55 0  1 ) . O oo  13 . 521 0. 3001 *~~
EK A ’ A C 1) 0.325 1 — U . J 1 ~ ) . 3 - ~~s 0.4344

A E K  0. 4 3 — ~ 1 --3.3-a.  13. 7 3 7  3 . 3 3 1 1  ~~
** I N J I C A : E S  I ’ H A : ~~~~~ ~~•~ L ~~~~~~~~~ :~L~N .3503 FoR ~A L N
E F F E C S , :s LESS :‘HAN . ‘2 5-0  3~~ ~~~~~~ :N:ERAC ::ON F F E C T S ,
AND IS LESS T H A N  . 3 1 2 5  ~‘0~ S:~~P L~ S~~ . ? L ~ ~~~~N :FFEC rS .

G R A N D  M E A N  = 0. ~7 3 2

* * * * * * *~~~* * ** * *
‘ CELL.. M EAN S *
* * * * * * * * * ** * * g

K

(LOW)

(HIGH) tLOW) (~iI3d)

~LO~) 1.35’- ~2 3 . 9 h 1 0  3 . 9 2 3 5  : J . ’~~5 o4

A

~ri IGi -i ) 3. -~881 Q . 9 q 75 J . 9 4 7 ~ :

- ——



Table V . 6 . 3

A NOVA FOR SIMPLE SIMPLE MAI N & SIMPLE INTERACTION EFFECTS

SOU RCE SS OF EFFECT F P (X.GT.F)

F 0.595 1 0.048 15.693 0.0001 **
F AT  G L  00 0.024 1 0 . 0 1 9  0.636 0.4256
F AT GL 01 0.551 1 0.093 14.530 0.0001 ~~F AT GL 10 0.689 1 0.104 18.167 0.0000 **F AT GL 11 0.034 1 — 0.323 0.399 0.3433

O 0 .2 4 7  1 0 .0 3 1  6 .5 1 4  0 . 0 1 0 9  **
O AT FL 00 0.001 1 0.~JO 4 0.029 0.8664
0 AT FL 01 0.348 1 0.074 9.190 0.0025 ~~G AT FL 10 0.500 1 0.088 13.202 0.0003 **G AT F L  11 0 . 1 1 3  1 — 0 . 0 4 2  2 . 9 8 9  0 . 0 8 ’4 2
L 4.594 1 — 3.134 121. 172 0.0000 **

- - I AT FO (00 )  1 . 54 6  1 —- 3 . 155 4 0 .7 8 7  0 . 0 0 0 0  *~~
I AT FG~01) 0.471 1 —0 .086 12.414 0.0004 **
I AT FG (1O ) 0.431 1 —0.382 11.370 0.0008 **I A T FG~~11) 2 . 3 9 2  1 — 0 . 213  7 6 . 2 8 4 4  0 . 0000  **

FG 3.016 1 -0.308 0.419 0.5175
?G A L ( 01 0.228 1 0.042 6.003 0.0145 **
~‘G AT L 1) 0 . 4 2 9  1 — 0 .0 58  1 1 . 3 2 9  0 .00 0 8  ~~
FL 0.046 1 —0. 013 1.2 -06 0.2725
FL AT G ( 0) 0 . 1 7 2  1 3 . 3 3 7  4 . 5 4 4 4  0 . 0 3 3 3
FL AT G ~ 1) 0.515 1 —0 .363 13.575 0.0002 ~~
GL 0 .0 59 1 — 0 . 0 1 5  1.561  0 . 2 1 1 9
GL AT F ( 0) 0.155 1 0.035 4.099 0.04432
GL AT F 1) 0.545 1 — 0 . 0 6 5  14 . 3 7 6  0 . 0 0 0 2  **
F OL 0 . 6 4 1  1 — 0 . 0 5 0  l b . f l3  0 . 0 0 0 0  **

** INDICATES HAT P (X.GT .F) IS LESS THAN .0500 FOR MAIN
EFFECTS, IS LESS THAN .0250 PaR SIMPLE INTERACTION EFFECTS ,
AND IS LESS THI N .0125 FOR SIMPLE SLIPLE M A I N  E F F E C T S .

ORA N D MEAN = 0.9702

* CElL M E A N S *

1~

( L OW) ( H I G H )

G 3

( L O W )  ( H I G H )  ( L O W )  ( H I G H )

(LOW) 1.3043 1.0084 0.3489 0.9227

(HIGH) 1.0237 1.1122 0.9417 3.9996

93 
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VI. ANALYSIS OF FACTORS RELEVANT TO
THE FIRE/NO-FIRE DECISION INDEX

A. GENERAL COMMENTS CONCERNING THE ANALYSIS

The purpose of the analysis discussed in this chapter

was to provide insight into the relative importance of each

of the 11 factors investigated with respect to the tank

commander ’ s decision to engage or not engage a specific

target. Recall from Chapter 111 that the data base used in

this ana lys i s, as shown in Table 111.3, consists of 1024

observations of ‘yes ’ and ‘ no ’ responses reflecting the

tank commander ’s decision to engage (yes) or not engage -~nc)

in each of the situations described by the treatment ccrn—

binations of the experimental plan. The data was coded as

1 for ‘yes ’ and 0 for ‘no ’ . The primary statistical tool

used in the analysis was the Factorial Chi-S~~uare ~31

3. THE FACTORIAL CHI-SCUARE

The Factorial Chi-Square , although in general  not as

precise as the ANOVA , is very simple and very apprtpriate

for  a t t rib u t e  data of the type shown ~n Table 1 .3. The

hypothesis tested using this technique is identical to that

tested ~n the treatment ANOVA o~ Table  V . 4 , s~~ec i f i c a l~ the

fo l lowing :

H0 : E f f e c t  of A is negl ig ible .

H1: Effect of  A is s ig ni f ican t .

94
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It can be shown that in a 2n factorial the following

statistic is approximately distributed according to the

chi-square distribution with one degree of freedom [3]:

x N x contrast2
(1) CS) (F)

where:

I;

N is the total number of observations in the
experiment

S is the total number of occurrences , and

F is the total number of non-occurrences.

If we consider each observation in Table 111.3 as a Bernoulli

trial with two possible outcomes being ‘yes’ or ‘no ’ , then

the sum of all observations will be distributed Binomial

(NP ,NPQ), where P equals the probability of a ‘yes ’ and Q

equals the probability of a ‘not . Then the statistic
X - N P  is approximately Normal (O,l). Under the null hypothesis,
I/NPQ
the E[contrast] equals 0 and thus the statistic c~nt.~~st is

P/NPQ
approximately Normal(0,l). Accordingly , the statistic
contrast2 is approximately distributed as chi—square with

one degree of freedom. Since P = S/N and Q = F/N, the

statistic as defined above, specifically (S)~ F) x contrast2,

will under the null hypothesis be distributed chi—square with

one degree of freedom and can be used for testing the

hypothesis stated above. The only restriction that applies

95
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to the use of this technique in the 2~~~
’
~ fractional

factorial is in the interpretation of the results. Specif-

ically , the same arguments concerning the aliases of each

effect, as previously mentioned in the use of the ANOVA ,

also apply to the use of the factorial chi—square .

The results of this analysis are presented in Table VI.

Columns 1 and 2 of Table VI correspond directly to columns

1 and 2 of the treatment ANOVA shown in Table V.4. Column

3 reflects the single degree of freedom attributable to

the single unique contrast used in estimating the effect

listed in column 1. Column 4 reflects the contrast of the

source shown in column 1. Column 5 reflects the calculated

chi—square statistic as described above. Thus in our case,

(11—4) 2
Chi-square statistic = 

8.2 
(*YES) (*NO) .

The decision to reject or not to reject the null hypothesis

was based on comparing the right-hand tail probability

associated with the calculated chi—square statistic , column

• 6 of Table VI, with the significance level selected for the

analysis, specifically .05.

The remainder of this chapter is devoted to the identi—

fication and interpretation of those factors and interactions

that were found to significantly impact on the tank

commander ’s decision to engage or not engage a specific

target. It should be noted from Table VI that the contrasts

reflected in column 4 are in some cases positive and in other

96
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Table VI

FA CTORIAL CMI—S~~J A R E  AIJSI.3
2/3 Fl CUr SQUARE PROB

SOURCE ALIAS DF CONTRAST sTArI~ rtC (X.GT.CS)

A 1 —51.0000 10.31614 0.0013 *
N3H E

8 1 7.0000 0.1943 0.6593
N ON E

C 1 —37.0000 5.~4299 0.0198 *
NON E

D 1 — 1 7 .0000  1 . 1 46 3  0 .28~~3
NONE

1 —45.0000 8.0313 0.3046 *
NONEF F 1 19.0000 1 .14313 0.2315
N ON E

0 1 33.0000 14 .3193 0.3377 *
N O N Ea 1 35.3000 4.8587 0.0275 *
N O N E

1 127.0000 63.9725 0.0000 *
N O N E

K 1 —59.0000 13.8067 0.0002 *
NONE

L. 1 —223.0000 197.2te32 0.0 *
• N O N E

AS 1 1.0000 0.0040 0. 9~ 98NONE
AC 1 —3.0000 0.0357 0.8501

F,,K
EHU

AD 1 —23.0000 2.0982 0.11475
EGL

• A E  1 —3.0000 0.0357 0.8501
DGL.
cHJ• A F  1 9 . 0 0 0 0  3 .3 2 13  0 .57 0 8
23K

1 —11.0000 1.1463 0.2843
DEL
CFK

A k l  1 21.0000 1.71491 0.1860
2EJ

AU 1 41.0000 6.6~ 714 0.0098 *

A K  1 15.0000 3 .892~4 0 . 3 4 4 8
CFG

AL 1 —1 .0000 3.00140
D E G

BC 1 — 1 3 . 0 0 0 0  0 . 6 7 0 3  0 . 4 12 9
FHL

3D 1 3 .0000  0 .3357  0 .350 1
FGJ

SE 1 — 1 . 3 0 0 0  0 . 004 0  0 . 9 1 4 9 8
0 UK

SF 1 — 1 7 .0000 1 . 14 6 3  0 . 2 8 1 4 3
D~ J

* IN DICATES THAT P ( ~~.U T . CS) IS L E ~ 3 T H A N  .35

97
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Table VI (continued)

2/3 Fl 2H1 SQUARE PRO B
SOURCE ALIAS DF CONTRAST SrArISrI2 (X.;r.Cs~

BG 
— 

5.0000 0.0992 0.7528
DFJ

R H  1 7 .0000 0 . 1 9 4 3  0 . 6 593

08K
BU 1 — 5 . 0 0 0 0  0 . 0 9 9 2  0 .7 5 2 8

DIG
8K 1 — 7 . 0 0 0 0  0 . 19 ( 1 3 0 . 65 9 3

D E H
BL 1 9.0000 0.3213 0.5708

CFH
CD 1 11 .0000  0 . 4 7 9 9  0 . 4 885

N O N E
LE 1 3.0000 0.0357 0.8501

A MJ
1 11 .0000  3 .419 9  0 .4 885

AG K
SIL L

CG 1 17.0000 1. 1 4 o 3  0 . 2 8 1 4 3
A F K

C U  1 7 .0 0 00  0 . 1 94 3  0 .63 9 3
BIt
A

CU 1 2 7 . 0 0 0 0  2 . 8 9 1 4  0 . 0 3 9 1
AE H

CK 1 — 2 7 . 0 0 0 0  2 .89 114  0 . 0 89 1
AIG

CL 1 9.0000 3.3213 0.~~708
BFH

DE 1 11.0000  0 .4 7 9 9  0 .4 885
A G L

D F  1 3 .0000  0 .0357 0 .3501
SGJ

00 1 —23.0000 2.0982 0.1475
A R t
BFJ

D li  1 — 5 .0 0 0 0  0 . 0 9 9 2  0 .7 5 2 8
B EK

DK 1 1 7 . 000 0  1 . 14 6 3  0 . 2 8 4 3
SEa

DJ 1 3 .0000 0 .3357 0 .3501
BIG

DL 1 13.3000 0 . 67 0 3  3 . 4 1 2 9

• El  1 — 1 7 . 0 0 0 0  1 .1463  0 .2 8 4 3
N O N E

EG 1 1 .0300 0 .3 04 )  0 . 9 4 9 8
AD L.

E U  1 — 9 . 0 0 0 0  0 . 3 2 1 3  0 . 5 7 0 8
60K

EU 1 3 . 00 0 0  0 .0357 3 .3501
• ACH

E K 1 2 1 . 0 0 0 0  1 . 74 9 1  0 . 1 86 0

EL 1 —19.000 0 1.4313 0 . 23 1 5
A D O

* INDICATES THAT P (X .~~T.2S) i~ LR SS THAN .35

98 
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Tab le VI (continued)

2/3 Fl CH I  S Q U A R E  PROB
SOURCE ALIAS DI CONTRAST STATISTIC (X.GT.CS)

PG 1 —11.0000 0.14799 0.4885
ACK
BDJ

III 1 — 9 . 0 0 0 0  0 .3213  0 .5708
B L

13 1 — 1 . 0 0 0 0  0.00 140 0 . 94 9 8
BDG

1K 1 13.0000 0 .6703  0 . 1 4 12 9

FL 1 — 1 1 . 0 0 0 0  0 .14 79 9 0 .4885
BC~ 1 — 1 9 . 0 0 0 0  1.143 13  0 .2 3 1 5
N3~~E

1 — 1 1 . 3 0 0 0  0 .4 7 9 9  0 .4 885
RD F

OK 1 — 2 1 . 0 0 0 0  1. 7 1491 0 .1860
A:?

• GL 1 — 1 . 0 0 0 0  3 .304 0 0 . 9 4 9 8
AD S

1 —9 .0000 0.3213 0.5708
A E

UK 1 —3.0000 0.0357 0.8501
• RO E

at i —15.0000 0.99214 0.3448

3K 1 — 7 .3 0 0 0  0 .19 (4 3 0 . 6 5 9 3
N O N E

Ut 1 — 3 .0000  0 .0357  0 .8501
N O N E

K!. 1 —37 .0000 5.4299 0.3198 *
N O N E

ABC 1 —7 .0000 0.1943 0.6593
03K

AB D 1 9 .3000 0 .32 13  0 .5708
CU K

ABE 1 5.0000 0.0992 0.7528
?JL

• P.3? 1 1 .0000 0 .0040  0 .9498
EU L

AB G 1 — 9 . 0 0 0 0  0 .32 13 0.5708
HK L

A S H  1 5 .0000 0 .0992  0 . 7 5 2 8
OK!.

• AS.! 1 —7 .0000  0 . 1 9 4 3  0 . 6 5 9 3
:0K
EFT..

A Rt 1 11.0000 0.14799 0.14885• EFJ
AC O 1 — 7 . 0 0 0 0  0 . 1 9 4 3  0 . 65 9 3

33K
ACt 1 19.0000 1.4313 0.23 15

N O N E
AD? 1 5 .0000 0 .0992 0 .752 8

N O N E
A D H  1 — 2 3 . 0 0 0 0  2 . 09 82  0. 14 75

N O N E
P.03 1 25.0000 2 . 4 789  0 . 1 1 54

R CK

* INDICA TES THA T P ( X . G T . 2 5 )  15 L553 T l i A N  .33 — —

-

• 99 
—

~~~~~~~~~~ 

- 
-



Table VI (continued ) 
-

2/3 Fl Clii SQUARE PROS
SOURCE A LIA S OF CONTRAST STArISrI: (X.Ur .Cs)

A DK 1 — 9.0003 0.3213 0.5708 
—

3CJ
AEF 1 17.0000 1.14~~3 0.2843

331.
AEK 1 —21.0000 1.7(491 0.1860

• NONE
A IR 1 1.3000 0.304) 0.9498

NONE
• £13 1 1.0000 0.3043 0.91493

SEt
1 —17 .0000 1. 1463 0.2843

SKI.
1 —5.3000 0.3992 0.7528

AR L 1 19.0000 1.43 13 0.2315
BGK

A JK 1 —~~.000J 3.3213 0.5703

AO L 1 —17.0000 1 .1463 0.2343
BE ?

AKL 1 5.0000 0.3992 0.7528
-3CE 1 7.0003 3.1943 0.o 3

NONE
I 21.000o 1. 7.~91NONE

SEO 1 17.3003 1.14z 3 3. 23i 1 3
• NONE

31K 1 —3.0300 3.3357 0.3501
NONE

B H J  1 15.3000 0.3924 0.3443
NONE

CDE 1 3.3000 0.0357 0.853 1
FKI.

20? 1 19.0300 1.4313 3 .2315
EKL

CDG 1 9.0000 0.3213
HUt

2 D F I  1 23.0000 2 . 3 9 8 2  0. 1475
~~IJL

CDL 1 13.0300 0.~~703ElK

CE? 1 11.0000 3.14799 0.4833
DKL

1 —11.000 3 3.4799 0.4885
NON E

~ EK 1 1. 0000 0.0040 0.9498
OFt

CF.! 1 —9.3003 0 . 3 2 1 3  3.5708
N O N E

• COIL 1 — 11.3003 0.479~ 0.4385
DJL.

CGJ 1 — 11.0000 0.47~~9 0.4885

COt 1 —5.0003 3.3992 0.7523
DR.!

CUT. 1 —3.3000 0.3357 0.~~501

* I N L ) I C A I E S  T H A T  P ( X . O T . C S )  25 L. ES S ~~~A N  .J~

1.00

____________________________________________________________ _______________ ______ -~~~~~~• - • .



Table VI (continued ) 

— 

2/ 3  II Clii 3~~UARE P~0~sOU~~Cs AL.IA CON STAEi~ iIC . ~T.CS)

1 15.0300 0.89..4 0.3443
DEl

DR.! 1 23.0000 2.3982 0.1475
NON E

1 7.3000 0.1943 0.o393
NONE

1 7.0000 3.1943 0.0593
NONE

RIG 1 -1 1.0000 0.4799 0.4885
NJK

EIH 1 3.0300 3.0357 0.3501
00K

ROd 1 —11. 3000 0.4799 0.4885
• FUN

1 5.0003 3 . 0 9 9 2  3.7528
F Ht~ 1 5.3300 0 . 0 9 9 2  3.7523• NONE

~JK 1 —15.3300 3.~~924 0.3.443
FGH

1 —13.0000 0 .o7 3 3  0 . 4 1 2 9
N O N E

JKI.  19.0300 1.4313 0 . 2 3 1 5
NON E

s i N D I C A T E S  r a ir  ? (~C . U T . C S )  i.~ L ESS ~~ A N .05

1.
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cases negative. Recall from Chapter II that this contrast

represents the difference between the sum of all observations

where the source listed in column 1 was at its high level

and the sum of all observations where the source listed in

column 1 was at its low level. Thus, in the context of

this analysis, a positive contrast in column 4 of Table VI

indicates that the tank commander places greater emphasis

on engaging targets where the corresponding source shown in

column 1 is at the high level . Similarly , a negative con-

trast in column 4 of Table VI indicates that the tank

comutander places greater emphasis on engaging targets where

the corresponding source shown in column 1 is at LtS low

level.

C. IDENTIFICATION OF SIGNIFICANT FACTORS AND INTERACTICNS

The factorial chi-square analysis shown in Table VI

reflects the in~esti~ation of 120 varicus treatment effects ,

of which 13 were identified as being si~ nificant at the

.05 level; specifically , the main effects A ,C,E,G,H,J,K , and

L; and the 2-factor interactions AJ and KL. It should be

noted from column 2 cf Table VI that AU is aliased with CElL .

• It is assumed that the 2—factor interaction AU is more

important than the 3-factor interaction CEH and that the

contrast corresponding to AU in Table VI was in fact due

to the AJ interaction rather than the CElL interaction . All

other significant effects are free of 3—factor aliases and

• thus provide a clear interpretation A reordering of the
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significant effects based on their relative importance , as

indicated by a comparison of the magnitude of their corres-

ponding contrasts , is as follows: L,J,K ,A ,E,AJ ,C,KL,H,

and G.

D. INTERPRETATION OF SIGNIFICANT MAIN EFFECTS

1. Factor L

L -— range to enemy target
-- range is less than 2000 meters

IGH -— range exceeds 2000 meters

This range factor was by far the most significant

factor identified in the analysis. It appears that tank

commanders rarely choose to engage targets at ranges exceeding

2000 meters while in the majority of cases most will choose

• to engage targets within 2000 meters. This undoubtedly

reflects the fact that the probability of hitting a target

is greatly reduced at ranges exceeding 2000 meters.

2. Factor J

J -— turret orientation of the enemy target relative
to the friendly tank

SLOW -— turret is pointed away from friendly tank

~HIGH 
-- turret is pointed at friendly tank

The turret orientation of the enemy target seriously

impacts on the tank commander ’s decision to engage or not

engage the target. In general tank commanders are much

more likely to engage a target whose turret is pointed at

them than one whose turret is pointed away from them.
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3. Factor K

K -- range between observer and target
-— 1050 meters

-- 1700 meters

Tank commanders are much more likely to engage

targets at ranges of 1050 meters than targets at ranges

of 1700 meters. Tank commanders will in the great majority

of cases choose to engage targets at ranges of 1050 meters

but are much more selective in choosing to engage targets

at the 1700 meter range.

4. Factor A

A -- on-board ammunition remaining
ALOW -- above critical level

-— at or below critical level

On-board ammunition available impacts significantly

on the tank commander ’s decision to engage or not engage

a target. Tank commanders are much more selective in

choosing to engage targets when their on-board ammunition

is below the critical level.

5. Factor E

E -— cover/concealmen t of the enemy target
-- fu l ly  exposed

-- not fully exposed
The tank commander in general is much less likely

to engage a target that is afforded cover or concealment

than one that is fully exposed . Thus the tank commander is
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more selective in choosing to engage targets that are not

fully exposed as compared to those that are fully exposed .

6 . Factor C

C -- antici pated resup ply

C soo n

CHIGH -— no t soon

Anticipated resupply significantly impacts on the

tank commander ’s decision to engage or not engage an enemy

target. The tank commander is more selective in choosing

to engage targets when his anticipated resupply is not

soon.

7. Factor H

• H -— enemy target type
I
t 

HLQW -- BMP/BRDM with sagger

-— Tank T72
• Tank commanders will in general choose to engage a

tank target more frequently than a BNP or BRDM . It is

important to remember that engagement in this sense refers

to the main gun and does not consider the secondary armament

that is available to the tank commander.

8. Factor G

G -— intelli gence on previous firin g activi ty of
the enemy target

GLOW -— target has not been detected firing in
the previous 60 seconds

GHIGH -— target has been detected firing in the
previous 60 seconds
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A tank commander i~ more likely to engage a target

if he has detected the target firing in the previous 60

seconds than if no detec~ ion of f irin g has been made.

E. INTERPRETATION OF SIGNIFICANT 2-FACTOR INTERACTIONS

1. AJ Interaction

A -- on-board altununition remaining
A
~~w 

-- above cri tical level

-— at or below cri tical level

5 -— turret orientation of the enemy target
relative to the friendly tank

SLOw -— turre t is pointed away from the frien dly
tank

~HIGH 
-— turret is pointed at the friendly tank

Percentage of ‘YES ’ Responses

J

(LOW) (HIGH)

(LOW) 52.7% 69.5%

A

(HIGH) 34.8% 67.6%

It appears that significantly more tank commanders

choose to engage targets whose turret is pointed at them

than targets whose turret is pointed away from them. On—

boar d ammun ition in general has little impac t in situations

where the tank comman der is confron ted by a tar get whose

turret is pointed at him. However , on-board ammunition impacts

severely when the tank commander is confronted by a target
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whose turret is pointed away from him. In this situation

the tank comman der becomes very selec tive in choosi ng to
• engage such a target when his on-board amm’~ütion is below

the critical level. Many tank commanders choose not to

engage such a target when their ammunition is below the

cri tic al level.

2. KL Interac tion

Recall from Chapter III that K and L are pseudo

fac tors for range and that four levels of range were in

fac t inves tigated in the study . The con tras t used to esti-

mate the KL interaction thus represents one of the three

degree s of freedom attri butable to the four levels of range.

• In this respect this interaction is different from the 2—

f actor interaction AJ. The four distinct ranges investigated

in the study are re presented by the followin g combina tions

of K and L:

L

(LOW) (HIGH)

(LOW) 1050 m 2350 m

K

(HIGH) 1700 in 3000 m

Percentage of ‘YES ’ Responses

L

(LOW) (HIGH) 
•

(LOW) 80.0% 43.8%

K

(HIGH ) 7 5 . 8 %  2 5 . 0 %
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• It can easily be seen that there is a direct

correlation between the decision to engage or not engage

• an enemy target and the range between target and observer.

Tank commanders will in the great majority of cases choose

to engage targets at ranges of 1050 meters and 1700 meters ,

I and will in the great majori ty of cases choose not to

engage targets beyond the 1700 meter range.

I .
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VII . TUE TARGET SELECTI~ N M OPEL

A. GENERAL

A primary goal of this thesis was to enhance the Simu-

lation of Tactical Alternative Responses (STAR) model by

developing a realistic target selection model. Recall from

Chapter 1 that the major problem of the target selection

mode l used in the present version of STAR is  its failure to

realistically prioriti~e the various threat levels associated

w i t h  t argets w i t h i n  a ~iven array . The mode l. presented in

this chapter concerns itseLf with this task and is a best
I

fit regression model based on the t h r ea t  index data  shown

in Table II . .. The model is thus a direct consequence of

the th rea t  inde x a n a l y s is  presented in Chapter V .

B. TUE ~tODEL

• Table V I I . l  depicts  the model that was dove L~1ped from

the a n a l y s i s  of Chapter  V.  The var ious  st at i 3 t i cs  presented

in t h L s  t ab le  thus  sum m a n i . ~o the sio n i f i ca nt  r e s ult s  of

the treatment ANOVA shown in TabLe V .4. The ent~~ics in

either table are identical with the exception of the

regression coefficients in colum n ~ of Table V Ir .I . It can

be verified that these equa l ~- the effect. shown in column 4

of the t reatment  AN ’VA ~Tabl.e V .4 
‘
~ . The model. thus ~h~p i c t~~d

• I is based on n inc di fforent t a c t I ’rs if lLi  ~‘ .i f l  be ~escr i 1’(~~I~

I_ ~) I)
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Table VII.l

STATISTICS FOR ~EL E CT~~D ~1ODEL
REGRESSION SU~ O F F PR OB

VA RIA BLE COEFFIC IENT SQUARES OF STATIS~ I~ (X.GT.F)

S EAN 0.97018 963.836 1

F 0.021410 0.595 1 15.6914 0.0001 *

G 0.01553 0.214 7 1 6.5114 0.0109 *

H 0.015514 0.247 1 6.521 0.0108 *

J 0.09623 9.483 1 250. 152 0.0000 *

K —0. 03127 1.00 1 1 2b .415 0.0000 ~
L — 0 . 0 b 6 9 8  4 . 5 9 1 4  1 121. 1714 0.0000 *

EK 0.01281 0.168 1 4.430 0.035b

FJ 0.01501 0.241 1 6.084 0.0138 *

—0 .015814 0.257 1 6.778 0.0094 S

ADK 0.01743 0.311 1 8.2014 0.0043 *

—0.01998 0.409 1 10.787 0.0011 *

FGL —0.02502 0.64 1 1 16.9114 0.0000 *

* INDICATES SIGNIFICANCE AT .025
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ADJT (Adjusted Threat) = .97018 + .O 24l0X1 + .0155 3X
2

+ .0l554x 3 + .09623X4 
— .03l27X5 

— .06698X 6

+ .01281X5X7 + .0l50lX 1x4 
— .01584x5x6

+ .01743X 5X8X9 
— .01998X5X7X8 

— .02502X1X2X6

where :

+1 if target is in sector of responsibility
xl =

-l if target is not in sector

+1 if target has been detected firing in
previous 60 secon ds

x2 =

—l if target has not been detected firing
in prev ious 60 secon ds

+1 if target is an enemy tank
x =3

—1 if targe t is a BMP or BRDM

+1 if turret of target pointed at friendly tank
x4 =

-l if turret pointed away from fr iendly tank

• 
• +1 if 1400 in < RANGE ‘z 2000 in or RANGE ‘ 2600 in

x 5 =

• -l if RANGE < 1400 in or 2000 in < RANGE 2600 in
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+1 if RANGE ‘ 2000 m

x 6
—l if RANGE 2000 in

+1 if target is not fully exposed

x7 =

—l if target is fully exposed

+1 if on-board ammunition is at or below
cri tical level

x 8 =

-l if on-board ammunition is above critical
level

+1 if speed of target is fast

x9 =

—1 if speed of target is not fast

Various statistics based on the model are shown in the

general ANOVA , Table VII.2. Recall from Chapter V that the

sum of squares due to regression accounted for 86 percent

of the total trea tment sum of squ ares. The regression (terms )

entry in the ANOVA is significant at the .0001 level while

the lack of fit is very insignificant. This indicates that

the model is an adequate representation of the data. It

should be noted that only 31.8 percent of the total varia-

bility could possibly be explained by regression with a

model of 120 terms because of the lar ge varia bili ty over

the eight replications of each treatment. The seclected

model accounts for 27.3 percent of the total variability
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Table VII.2

GENERAL A N O V A  FOR SELECTED MODEL

S U M  OF MEA N F PROB 
—

SOUR C E SQ U A RE S 0~ S Q U A R ES S T Ar I S T I c  ( X . G T . F )

~EAt1 963.836 1 963.836

BEGt~ESSI0N(TRRMS ) 18.184 12 1.515 39.972 0.3000 •~
RESIDUAL 48.3(46 101 1

I IA C K OF FI~ 2.991 108 0.028 0.731 0.9796

SOURCES (BETWEEN) 13 .510 t 3

ERROR(AD JUSTED) 31.844 8140 0 .03 8

TOTAL 1030 .366  1024
* IN D ICA ES S I G N I F I C A N C E  AT .05 

—

** t~ DICArES SIGNIFICAN CE AT .01

PER CEN T VARIABILI rY FRA T CAN BE
EX?LAINE D BY REG R ESSION : 31.8284 %

P E R CEN T V A R IA B I L I T Y  E Z P L A I N ED BY 5~~L E C T E D  ~13D~~..: 27 .33 .2 2 %

3A~1PLE ~ULTIPL.E CORRELATI ON CO&FF LCIENT: 0.5228

STAN DARO DEV:ATION OF RESIDUALS: 0.0629

SEAN ~E3IDUAL. MAG NITUDE : 0.0503

ML i I M U M  DE V I A T I ON BE T W EEN P R E OI CTE D
MIi~ ~SAN OF OBSERVED VALUES:

PERcENT AGE ~J~’ OBSERVED VAL U ES FALLING ~iT~ I N
1 (ONE) STAND A RO OEV IATION OF R~ GRESSL0 N I . I N E :  71.09 %

PERCENTAGE OF OBS ERVED VAL UES FAL ~~ING W ITHIN
2 (TWO) STANDARD DEVIA ION S OF RE L~~~SSI0N LINE : 9~~.J9 ~

N U M B~~ OF R E S I D U A L S  W H O S E  ~A G~~t~~U DE IS G R E A r E R
T H A N  2 (TWO) STANDARD DEVIATIONS : S

113

:~_..—- ~~~~~~~~~~~



~27.3/31.8 a 85.8% of possibl& using only twelve terms ,

thus leading to a considerably simpler interpretati.on than

one with 120.

The residuals of differences between the mean of obser-

vations for each treatment and the value predicted by the

model are given in Table VII.3. The statistics based on these

residuals , shown in Table VII .2, indicate that the predicted

values do in general closely agree with the observed average

values. This is indicated by the very small mean residual

magnitude of .0503 and a simi larly small standard deviation

of .0629. A high positive correlation was reali:ed in corn—

paring the priority ranking based on average observed value s

and the priority ranking based on predicted values. ‘iffer-

ences in the two rankings were srutini.~ed 5y experienced

Armor officers on a situation by situation l~as i s.  The

priority schemes generated by the mode l were in aL l such

cases deemed reasonable and i n tu i t i ve.

It  is the author ’ s opinion that  the mode l thus de~~~cted

does represent the current state of the art and is a v ablo

alternative to the target selection models presently ~sed ~n

either STAR or DYNTACS. This opinion is based in part not

only on the fact that the model fits the data well , but also

on the fac t, as previously stated in Chapter I , that the

data base ~s credible and current. The model is suiiple and

can be easily implemented in most ex is ting  high-reso ution ~imu-

lation models. Its use , particular ly in the simulation o~

combat involving a large armor force , shou~~. impact cons~~ e r t h y

on the overall realism achieved in the simulation .
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Table VII .3
Comparison of Predicted Versus Observed Values

SEAN OF
TR EAIMENr OBSERVED VALUES PREDICTED VALUE RESIDUAL

1 .01o 2 1 .1627 —0 .114 7 *
CE?HJ L 0.9304 1.0605 —0. 130 ~
AC DE GH K 0.8075 0.9327 — 0 .125
A B G U 3.8142 (4 0.9635 — 0 .121
~DF HJKL 0 .8481 0.9662 —0.1 18
ABC DEFGH 3.8998 1.0113 —0. 112
ABCDFt.L 0.7073 0.8135 —0 .106
8CEHJKL 3.8347 0.93814
£BCD 0.8193 0.91 66 — 0.098
ABCE J 1.0306 1 .1283 —0 .098
AHKL 0.o206 0.7155 —0.395
A~ JEFH.JL 1.0059 1.1004 —0.094
A8CDEUL 0.7227 0.8097 —0.087

1.0307 1 .1163 —0.08b
A8CEFGJ~ 1.3025 1.0852 —0.083
3CDHK ~. 3 .5930 0 .6755 — 0.383

3. 959 8 1 .0 4 0 7  — 0 . 0 8 1
0.9673 1 .0453 —0 .018

B CDEFU !c . O .b 8 15 0 .1593 —0. 078
1.018 ~ 1 .0883 — 0 .0b 9
0.88b~ 0.9536 0.0o7

A)J~ 1.0363 1.0974 —0 .Obl
1.0295 1.388 1 —0 .059
0.7116 J.7b98 —0.058
0.8077 J .8b31 —0.055
3.9174 0.9727 —0.055

AOF~ JKL 0.93bb 0.9910 —0 .054
A B CDE GJK 1 .01b8 1 .0b41 — 0 .047
BCJ K 1 .0132 1.0574 —0 .344
~D!HJK 1.07th) 1.1192 — 0 .341
c;JL 1.00~~ 1.3478 —0 .0141

3.6785 3 . 7 1 93  — 0 . 0 4 1
0.8b37 J . 9 Q 3 1  — 0 . 0 3 9
1.3385 1.07t’’i — 0 . 0 3 8
3.9750 1 .0128 —0.038

~1) 0.~~20S J. ’~5o~1 .0701 1. IOSD —0 .035
1.039b 1.J 7~~ —0 .035

3CFH 0.920~ 0.9558 —0 .035
ABCGK 3 . 84 7 0  0 . 8 8 1 1  — 0 . 0 3 4
CEFGK 0.9800 1.0098 — 0 . 0 3 0
~PGH 0.94,32 0.9713 —0.028

1 .067~i 1.J’~~9 —0 .025
HJKL 0.9282 0.95 39

0.7752 0.8004 —0.325
1 .0 8 9 1  1 . 1 1 0 1  — 0 . 3 2 1

A Z G ~iKL 0.7b25 0.7822 —0.320
AB~ FJ 1.0875 1.1~ 72 —0 .020
AB~ HJK 1.0b02 1.0793 —0.319
AÔCDG8JXL 3.~~755 0 . 9 9 3 9  — 0 .018
ACEG JKL 0.8957 O .913t, —0. 016
ASDHK 0.9510 3.9ooJ

0.8833 3.8940 —0 .0114
3CEFGHJK 1.2550 1.2D34 —0 .008
CD~~H 0 .995o 1 .003 5  — 3 . 0 0 8
A3EFGHJ~ 1 . 2 1 b 3  1 . 2 2 3 4  - 0 . 00 7
CDEGL 0.8477 0.854~ —0 .037
CIiK J .92J’~ 0.92b 1 — 0 . 0 0 2

~ IND ICAT E S R E S I D U A L  ~A GN:T U DE ~~CEEDS
(TWO) STA N DARD DEVIATI0~lS
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Table \‘II.3 (continued )

M E A N  OF
~REAI~1~ Nr OBSERVED VALUES PREOICTED VA LUE RESIDUAL

A 8 E F G H J K L  0 . 9 7 1 4  0 . 9 7 2 9  — 0 . 0 0 1
BCDE~.fl4JL 1.0492 1.3482 0.001
BCFGJK L 0 .9532 0 .9513 0.002
LSDU JL 1.0 119 1.3078 0.0014
A?GHK 0.98(48 0.980~s 0.004
LCRF~ 8L 0.8997 0.8938
F~ L 0 . 8603  0.8535 0.007
CF.] 1.15ó9 1.1472 0 .0 10
AFJ L 1.1007 1.0899 0.311
ACF~ 1 .Ollb 1.0007 3 .011
ADOHL 3.8876 0.87b5 0.01 1
AD!FL 0.8596 J.84o9 0.013
F H J K  1 . 12 9 5  1 . 1 1 o 7  0 . 0 13
ABFH L 0 .9113 3 .8985 0.013
A 8CDE FJKL 1.0094 3.9956 0.014
D E F H K  J .939b 0.9249 0 .015
DPKL 0.7’77 3.7127 0.015
A8~ P 0 . 9 ~~34 0 .9 3 4 3  0 . 0 1 9
AC EH 1 . 3 1~~3 3 .9969 0 . 0 19
3CDFJ L 1 .1506 1.1298 0.021

3 . 7 8 1 1  0 .759 ó  0 . 0 2 1
0 .8~ 39 0 . 0 2 3

A8DE F.]K 0 .9931 0.9b99 0.023
0.9252 0.9011 0.024
3 .9811 0.95b9 3.024

3F0~1J~.. 1 . 1 3 14 1 .10 71 0 .024
0 .823b 0.7991 0.024

CEKL 0.7~~9S 0.7449 0.025
AEK 0.9109 0.8857 0.025
A 3 EG L 0 .9211 J.894~ 0.027
A~ 3EFdKL 3.8310 3.8042 3.027
ABCHJI. 1.0219 0.9927 3 . 0 2 9
5CDEK 0.9555 0.925 7 3.330
DEGHK L 0.8547 3.8222 0.032
3E F d K L 0 . 87 82  0 . 8 4 4 2  3.034
AC FH IJ K L 1 .3 4 0 6  1 . 0 0 o2  0 .0 35
E.]JK 1.1394 1.1040 0.035
A3CD F~WK 1 . 1 9 30 1 . 1 56 7  3 . 0 3 b
A D F H  0 .9557  0 . 9 1 5 8  3 .04 0
BCDGJ 1 . 17 6 7  1.1349 3.042
D8JL 1.3747 1.3325 3.342
SCEFL 0.8528 J.80~ 9ASCFK ~. 0.7993 0.7527 0.047

3 .9599 0.9 120 0.048
~DL 0.8881 0.839 1 0.049
A CDFUaJ I.. 1. 1167 1.3671 0.053
AaDEKL 3 .7553 0.704 9 3.050
ACDEFGJ 1.253~ 1.2027 0.051
ABDF GHKL 3.8545 J.799~ 0.055
CDF~U. 0.994b 0.9364 0.056
A DE H JKL 0.9581 0.3964
A5 CEF k4K 0.94b1 0 .3850 3.061
CDJKL J.8e8’ 0.30~ 9 0 .Oo t
ÔCDE?~ J 1.2O 9~ 1.1 ~s7

1.26b 3 1.1 37 5 3 .079
CDF .]JK 1 .2 110 1 . 1 3 1 9  0.079
8CD FGUK 1 .023 8 0.9405 0.083
EFJKL 1 .126 1 1.035~

* INJ~CUES RESI DUAL ~AGNiTU3S EXCEEDS
2 (‘rWD ) S~ A~4 D A R )  D E V I A 1 ’ IONS
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Table VII.3 (continued)

~1EAN OF
TREAT ~ EN T 

BD GHJ K 1 .1267 1.0347 0 .092
CEGHJ 1 .1643 1.0655 0 .099
DFGHJ 1 .3930 1 .29 42 0 .099
ABJKL 0.9469 0.8469 0.100
A ñCFGHJ 1.3566 1.254 3 0.102
RH.] 1.2654 1.1501 0.115
BGKL 0.8779 0.7ó0L4 0.117
DGK 0.9623 0.8411 0.121
AB?GJK 1.2964 1.1718 0.125
ACDEJL 1.0681 0.9411 0.127 *
3CEG 1.0017 0.8720 0.130 *
SCGHL 1.0529 0.9164 0.136 *

* INOICA TES RESIDUAL M A GNITU D E EXCEEDS
2 (TWO) STANDARD DEVIATIONS
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APPENDIX A

SAMPLE QUESTIONNAIRE
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E X A f l P L E  2 .
* * *5*  * * * *5 * * *
* SITUAT ION ‘

ON B O A R D  R O U N D S  a E ~~A I N I N G :  A T DR 3 E L O J  CRIT ICAL L EVEL
YOUR CUER~~NT A C T I V I T Y :  S IAT IONARY/ i IuLL DEIILADE fl
A NTICIPATED RESUPPLY :  NOT SOON

/ YOUR T A R G E T  /

VEHICLE T Y P E :  P/ 3 R D~ W / S A G G E I 1 / S W A r T E R
T A R G E T  IS 114 YOUR S E C T O R  OF R E S P O N S I B I L I T Y ? :  NO
R A N G E  TO 1A U G 11 : 1050 .‘IETE RS

a T UItRIT O R I E N TA T I O N  R E L A T I V E  TO Y OUR T A N K :  ? OIDJTE D A J A Y  FRON YOU
SPE E D OF T A R G E T : N OT F1s 2
CQVEU/CONCZALIIEI1 T O F T A S G E T :  FULLY EXPOSED
T A R G E T  HAS 3EEN DET ECTED F IR ING IN TH E L A S T  I IMUTE?:  YES

1. GIVEN THE S I T U A T I O N  PRESE NT ED A B O V E . . .
H O W CRIT ICAL IS 11415 t A R G E T  TO Y O U R  S U R V I VA L . .

* — — — — + — — — — + — — — — + — — — — + — — — — + — — — — + — — — — + —  — — + — — — — + — — — — *

3 1 2 3 4 5 6 8 9 1 0

2. GIVEN IRE SITUATION PRESENTED A DO V E ,
W O U L D  Y OU ENGAGE THE TA R G E T  AT THIS T IRE ?

Y~~S ( ) NO

R !IIARKS ON EXA.IPLE 2. THE TA NK CC~ .4ANDER IN ‘tIlTS SITUATION A GA IN R A T E D  THE
T HE DETECTED 13111 IA R 3 Z T  A S A S I R I D O S  1413151 20 915 S U S V ’ J A L .  NOT E d I R E  T H A T  ç
A L T HO UG H  THE ~N E:-1 Y V~~~ ICL: ~~~s S1G1 : IF IcASTL I  LL3 S~~3. 20 T UE ~~~LC’ DLY T1N6 ‘ s
P O S L I ’ 1 O 4 , “-IE T A l K  C O 1 1 , . 4 D 2 R ’~~ D2CI~~IJ4  ~.,FL CTS 130(3’” “92 , A ’ S  D E G R E E  OF ‘HP AT
A,~ .As l c . r L 2 C I I D  FOR 192 ~ t J A T ” D ’4 15 . ( A ’~?.. . .  1 1 IS  ~0SSIB..2 11112 T H I S
“ A 1 4 e~ 2O~~1A IOER iS ‘iI..HC( 1O1~~ID5 JP HIS 0..~?A ~~~~. IC Y  O~

’ DE””4~~i ““12 2 A ’ ~G ET
:4011 5150 14111 A L T ’-iOUG’cl 244 1 T A R G E T  IS O U IS I D E  3 S  S E C T O R  OF A E S 2 C M S I D I L L T Y ,
AN D T~1AT THE TANK 20 AND ~~R IS LRIT ICAL ~~Y 55052  OF A11 U .ITIJN , ~~~S OEc1~~LoN IS
TO I 1’~ 2DIATIL ’f 2 (GAGE 291 “ AR G E ”  A~ ‘4 Y O u  A R C  91 1 I’~ ED ~H A THIS DCCIS tON
‘ S A Y  DIFFER G R E A T L Y  FROI TH E DE~~1StO N T~1A T Y O U  W O U LD H A V E  IYA DE O IVEN THIS
3110121014. AGAIN  T H E R E  1HZ NO RIGHT JR WR ONG A N S W E R S .  IT IS YOU R INDEPENDENT
DECISION THAT W E  A R E  SEEK I NG.
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(1) 1/ 1
* SITUATION 1 *

/ YOUR TANK /

ON BOARD ROUNDS REMAINING: A BOVE CRITICAL LEVEL

Y’JU~ CURRENT ACTIVITY: STATIONARY/H ULL DEFILADE

A N T I C I P A T E D  R E SU P P L Y :  SOON

~~~~~~~~~ 
VEHICLE TYPE: BMP/BRDZ’I I~/SAGGER /SWA TER

TARGET IS IN YOUR SECTOR OF RESPONSIBILITY ?: NO

RANGE TO TARGET: 1050 METERS

TURRET ORIENTATION RE LATIVE TO YOUR TANK : POINTED A W A Y  PR OM YOU
SPEED OF TARGET : NOT FAST
COV E R/CONCEAL M~~ T OF TARGET : FULLY EXPOSED

TARGET HAS BEEN DETECTED FIRIN3 IN THE LAST MINUTE?: NO

1. GIVEN THE SITUATION PRESENTED ABOVE...
HOW CRITICAL IS THIS T~ RGET TO YOUR SURVIVAL.. 

+ — — — — .- + — — —— —  + + + + + 
- 
*

0 1 2 3 4 5 ó 7 8 ‘ 10

2. GIVEN THE SITtJATIO~i PRESENTED ABOVE ,
~OULD YOU ENGAGE THE TARGET AT THIS TIM E?

( ) YES ( NI)

122
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~)N ~3OA~ L) ~OUN US U EMA LN IN S,;: AL’ J~ U1~L~~W ,
~1U ~t~~A L L E V E L

YOUd CU R RE NF A c r x v t r y :  ~iJV tNG /PARTtA LL Y l~X PJ3L ~D

A N T L C L ~~A r ~~) RESU~~PL.Y : NLYF 5u3ON
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D~ F~ J 1. 1/ 3
* SITUATION 3 •

/ Y O U R  T A N K  /

ON ~OLRD ROUNDS R~ MAINING: AB ,~VE CRITICAL LEVEL

Y O U a  C U R R E N T  A C T I V I T Y :  S T A T I O N A R Y / H U L L  D E F I L A D E

A N T I C I P A T E D  R E S U P P L Y :  SOON

VEHICL E T Y P E :  3MP/ ~~RD M ~/S AG~~E R / S W A C t E R

‘T A R G E T  IS IN YOUR 3 E C T O R  OF R E S P O N S I B I L L T Y ~’ : Y E S
RA N G~ TO TARGET: 2350 METERS

‘rUR~~ET JHIEN TAT ION ~~LATIYE TO Y OUR TANK: POINTED AT L’~U

SPE~~D 0? TARGET : FAS T

COVt.R/CONCEALMEN T OF TARGEr : NC~ FULLY EXPOSED

TARGET HAS 3EEN DETECTED FIRIN IN THE LAS ’r M INUTE?: ~f E S

1. GIVEN THE SITUATION PRESEN TED ~33 VE. .HOW CR ITICAL IS THIS TAR 3EL ’ TO YCUR SU~.VIYA L..

* + + + + + + + + *o - i 2 3 4 5 b 7 d 10

2.  GIVEN THE SITUATION PRESENTED A JOV E ,
WOULD YOU ENGAGE TUE TA RGET AT THIS TIM E?

( ) YES ( ) NO

124
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A CO ~ K L 1/ 7
* S I T U A T I O N  7 *** ***** **** **** **

ON BOARD ROUNDS REMAINING: AT OR BELOW CRITICAL LEVEL

YOUR CURRENT ACTIVITY: STATIONARY/HULL DEFILADE

A N T I C I P A T E D  R E S U P P L Y :  NO T SOON

/ YOUR TAROET /

VEHICLE TYPE: BMP/BRDM W/SAGGER/SWATT ER N
T A R G E T  15 IN YOU R S ECT OR OF R E S P O N S I B I L I T Y ? :  NO

R A N G E  TO T A R G E T :  3000 METE RS

T U R R E T  O R I E N T A T I O N R E L A T I V E  TO Y O U R  T A N K :  POI .4 T 5 3  ~~ AY F R O M  YOJ
SPEED OF TARGET : FAST

COVER/CONCEALMEN T OF TAUGET : FULLY EXPOSED

TARGET HAS BEEN QETE T~ D ?ERI N~ IN THE LAST MINJTE? : US

1.  G I V E N  T H E  SITUATION PRESENTED ABOVE..
HO~4 C R I T I C A L  IS THIS  T A R G E T  TO Y O U R  S U R V I V A L . .

* + + + + + + + + 
0 1 2 3 4 5 6 7 8 1 3

2.  GIVEN T H E S I T U A T I O N  P R E S E N T E D  A B O V E ,
WOULD YOU ENGAGE THE TARG ET AT THIS TIME?

( ) YES ( ) NJ
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3 L 1 / 1 1
* SITUATION 11 *

****** *  * *** * *** **

/ YOUR TANK /

ON BOARD ROUNDS R EMAINING : AT OR BELO W CRITICAL LEVEL

YOUR CURRENT ACTIVITY: MOVING/PARTI ALLY EXPOSED F

ANTICIPATED RESUPPLY: SOON

/ Y OUR TAR3Er / h
V EHICLE TYPE: BMP /BRDM ~/SAGGER/S~ A T T E R

TARGET IS IN YOUR SECTOR OF RESPONSIBIL ITY?: NO

RANGE TO TARGET: 2350 METE RS

TURRET ORI ENTATI ON RELATIVE TO YOUR TANK: POINTED AdA ~ FROM YOJ

S P E E D  OF T A R G E T :  NO T F A S T

COVER/CONCEALMEN T OF TARGET : NO T FULLY EX POSED

TARGET HAS BEEN DETECTED FIRIN IN THE ~A3T MINUTE?: YES

1. GIVEN THE SITUATION PRESEN TED ABOVE...
HO~ CRITICAL IS THIS TARO !T CO YOUR SU RVIVAL..

* + + + + + — — — — +  + + + *

0 1 2 3 4 5 6 7 8 1-3

2. GIVEN TUE SITUATION PRESENTED ABOVE ,
W O U L D  YOU E N G A G E  T H E  T A R G E T  AT T H I S  T I M E ?

( ) YES ( ) N J
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BC FG JKL 1/15
* S I T U A T I O N  15 *

/ YOUR TANK /

ON BOARD ROUNDS REMAINING : ABOVE CR ITICA L LEVEL

YOU R C U R R E N T  ACTIVITY:  M O V I N G / P A R T I ALLY E X P O S E D

ANTICIPATED RESUPPLY: NOT SOON

/ IOUR TAR3Er /

VEHICLE TYPE: BMP/BRDM W/SAGGER/SW &TTER
• TAR G ET IS IN YOUR SECTOR OF RESPONSIBILITY?: YES

RANGE TO TAR GET: 3000 METE RS
TURRET ORIENTATION RELATIVE TO YOUR TANK: POINTED A T TOJ

SPEED OF T A R G E T :  NOT F A S T

COVER /CONCEALMEN T OF TARGET : FULLY EXPOSED

T ARG ET HAS B E E N DE T!TED F L R I N ~ IN THE LAST M I N U T E ? :  Y E S  

1. GIVEN THE SITUATION PRESENTED ABOVE...
HOW CRITICAL Ii THIS TARGET TO YOUR SURVIVAL. .

* + + — — — — +  + + + + + + *
0 1 2 3 14 5 7 8 9 10

2. GIVEN THE SITUATION PRESENTED ABOVE ,
WOULD YOU ENGAGE THE TARGET AT THIS TIME?

( ) Y ES 
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A DE H J K L  1/1 6
* SITUATION 16 * I

V
ON BOARD ROUNDS REMAINING : AT O R BEL OW CRITI CAL LEVEL
TOUR CURRENT ACTIVITY: STATIONARY/HULL DEFILADE

ANTICIPATED RESUPPLY: SOON

/ TOUR TAR ET / L

VEHI CLE TYPE: TAN K T7 2
TARGET IS IN YOUR SECTOR OF RESPONSIBILITY?: NO

R A N G E  TO TARGET: 3000 METE RS

TURRET ORIENTATIO N RELATIVE TO YOUR TANK: ?OINTED AT YOU

SPE E D OF T A R G E T :  FAST

COVER/CONCEALMEN T OF TARGET : NOT FULLY EXPOSED

TAR G ET HA S B E E N DB TE~ TED FIRI NG IN THE LAST MINUTE? : NO 

.

1. GIVEN THE SITUATION PRESENTED ABOVE... r
HOW CRITICAL IS THIS TARGET TO YOUR SUR VIVAL. .

V

* + + + + — — — — —+ — — — —+  + 4. + *
0 1 2 3 4 5 6 7 8 9 10

2.  GIVEN THE SITUATION PRESENTED ABOVE ,
dOULD YOU ENGAGE THE TARGET AT THIS LIN E?

( ) YES ( ) N O
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~R I ~~t Q UE AND P ER S ONAL 1 IE S TO RT ?OR~

PL EAS E C0flPL E~~E THE FOLLOWEN ~ F3Rl ~ 8! ENT E R E N G  tH E A P P R O P R I A T E  RESPO NSES :

1 .  ?I ~~E ON A C T I V E  DUTY : ( TEARS ( ) M O N T H S

I A.  tU~E S P E N T  AS A T A N K  CO 1~~A N D E R :  ( ) T E A R S  ( ) ~ON tt ( S

2. ~RES!N T R A N K :
3. aow Fk~~i.IAR K3E IOU ~~ T H T H E  X~~I ?

3 A N D S  ON E X P E R I E N C E

NO ~A N D S  ON E X P E R I E N C E .  3U~ V E R Y  K N O W LE D G E A 3 L E or :is ~ A P . ~ 3I L I T I ZS

N I N E I A L KNOW L E DGE

I ) NO KNOW LEDGE

4 . 313 Y O U R  ~~~A R E N E S S  0? THE I NC REA S ED ~.~ eAa1t. t~::S or r~~~ x~i~ ~~~uS~ YO U TO
~1AK E j~~CISIONS ~~IAT YOU IDULD ~1A V ~ J - t d E R I ~~~ E I A D E  4 A 3  Y O U R  J N I ?  lA D  ~ 6O r A N K S .

) Y ES ( ) NO
N O T  A P P L I C A B L E

S. ~l&)~ F A t L L I A R  &~~~ ‘~3U ~ tT~1 T~~E ~t bOA 3?
) l A N D S ON EX P E R I E N C E

( ) NO lA N D S  ON E X P E R I E N C E , 3U? V E R Y  K N O 4 LE D G E A B L E  0? TS Ci~P &~~ILI T IE S

NINI~1AL KNOWL E DG E

( ) NO K NOW LED GE
SA.  T O TA L  EX P E a I E N C E  ON E I T H E R  ~I IE X~~1 J R  M 6 O A J : ( ) Y E A R S  ( ) ~C NTH S

6. ~~~~ T~jE 3 I T U A ~~I O N 3  paisEN r~3 J N D E R S T A N 3 A B L E ?  ( ) YES ( ) NO

7.  WüUL ~ Y OU SA Y  T H A T  THE S IT U A T I O N S  ~ EHE R E A L I S r t~ OF A M  A R M O R  SAE~~LEFIELD?

( ~~ TSS ( ) N O
C3MMEN IS :

3 .  30 IOU ?EEL THA:  T~4IS ,�UEsTIONNAIRE ~ AS A N O R T H ~~I L E  L E A R N I N G  E X ? : ~~IE N C E?

( ) TES ( ) M O

9.  P L E A S E  N A K E  ANY A D D I T I O N A L  : 0 M H E N ~~S ~H A r  YO U F E E L  A P P ~~ ’P R 1 A T E  A r  r~ii s  T I M E :



- -~~
--- 

•.. -

APPENDIX B

SUMMARY OF CRITIQUE AND PERSONAL HISTORY FORMS

1. and 2. Personnel Surveyed in Sample

Average Time Average Time
Spent on Active Duty Spent as a Tank Commander

Rank Years / Months Years ,‘ Months

ES 12 4 / 7 1 / 9

E6 26 9 / 0 4 / 2

E7 14 15 ~‘1O 9 / 0

01 1 1 -‘ 5  1 / 1

1 4 / 0 / 0

03 9 S / 7 2 / 5

04 1 12 / 5 1 / 3

TOTAL 64 9 / 7 4 / 1

3. How familiar are you with the LM1~

11 ) hands on experience

9 ) no hands on experience but very knowledceable
of its capabilities

25 ) minimal knowledge

( 19 “ ~o knowle dge

4. Did your awareness of the increased capabilities of
the LM1 cause you to make decisions that you wou .d have
otherwLse made had your unLt had M60 tanks~

24) Yes ( 19 ) No ~, 11 Not App1~ cable
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5. How familiar are you with the M60A3?

12 ) hands on experience

11 ) no hands on experience , but very knowled geable
of its capabilities

20 ) minimal knowled ge

21 ) no knowled ge

5.a. Total experience on either the XMl or the M60A3?

Eleven personnel had an average of 6.5 months experience
on the XMl . r
Twelve personnel had an avera ge of 4 months experience
on the M60A3 .

6. Were the situations presented understandable?

58 ) Yes ( 4 ) No

Two personnel chose not to answer.

7. Would you say that the situations were realistic of
an armor battlefield?

51 ) Yes ( 10 ) No

Three personnel chose not to answer.

8. Do you feel that this questionnaire was a worthwhile
learning experience?

46 ) Yes ( 15 ) No

Three personnel chose not to answer

Indivi duals were asked to make general comments in

regard to the que stionnaire and specifically in regard to

questions 6, 7, and 8 listed above. All comments are listed

below . The great majority of these are quoted directly from

the critique sheets. Others have been slightly modified
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to make them more presentable . In all cases every effort H

was made to preserve the integrity of the individual making

the comment and to convey the correct meaning implied by

the comment.

6. Yes —— They were vague. The stress factor could vary

decisions on an actual battlefield.

6. Yes -— This was an enjoyable questionnaire. There should

be even more emphas is on time allo tted to answer each

question.

6. No -- Direction vehicle is moving is a very impor tant

factor in determining whether to engage or not to engage. L
A target moving in or out or away from your sector is

very important. You may want to withhold an engagement

and notif y adjacen t vehicles or elemen ts responsible

for that sector.

6. Yes —— I question the frequency of moving , movin g and

would consider coming to a halt on a long—range fast-

moving target .

6. Yes -— The situations were extremely clear although

extremely simplified.

7. Yes -— If a gun tube is pointed at me and if it is a

major threat , I’ m goin g to shoo t . There is no room for

‘maybes ’ on the battlefield .

7. No answer -— I have never been on a battlefield so I 
•

canno t give a yes or no answer.
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7. No -- On many of the BMP5 and BRDM5 I would have used H
the 50 Cal Machine Gun .

7. Yes —— The situations were particularly realistic of

the European battlefiel d .

7. No -— I would expect numerous armored vehicles to be

in my sector , all aiming at me. This is what this

questionnaire should have incorporated .

7. No -— Ranges were probably too long to observe.
7. Yes —— Some of the situations were close.

7. Yes -— More various ranges should have been included .
P

Too many vehicles were observed shooting prior to the

present situation. This made one more willing to engage .

• 7. No -— The situations presented here were all one on one.

On the modern battlefield we can expect to be greatly

outnumbered.

7. Yes -— However , in the European situation , the ranges

will probab ly be generally closer and the situations

much more critical.

7. Yes —— In my position other vehicles besides vehicles

capable of kil ling me woul d be high priori ty tar gets ,

i.e. command tracks , anti—air weapons , etc.

7. Yes -— There should have been some representation of

artillery smoke and tactical air being used by the

attacking force.

7. No -— Ranges were too far in many cases.
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7. Yes —— with the exception that there was nothing said

about what the battlefield condition was: light, time

of day , weather , observation and fields of fire , size

of OPFORS, etc.; with more informa~ ion I may have

answere d differen tly.

8. Yes -- Had I been critiqued as to something which I
may have overloo ked , or failed to consider , I would have

answered yes. No critique or comparison is being made ,

no answers are being changed , whatever I do on the real

battlefield is probably better than hesitating or doing

nothing .

8. Yes —— However , it was designed for an XMl . The M6OA1

is still the main battle tank for most 19E’s.

8. Yes -— Somewhat , it makes one stop and think when
presented similar situations with different factors being

varied .

8. No —— It did make one think what you woul d do , but

without any fee dback there is no learn ing ex perience .

8. Yes -— As far as making a snap decision was concerned ,

the situations were extremely well written and provide

an excellen t prac tice for this type of lesson and cr itique.

8. Yes —— It made one consider rounds on board , something

not usually thought o f .

8. Yes -— It was interesting, but based on the exact number

of actual rounds remaining, some of my answers mi ght

have change d .
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8. Yes —- Publish the results in Armor Magazine. It would

be ver y enl ightening and educational.

9. Some mention of am munition types on board the XMl , if

different from the M60, would have perhaps influenced

my decis ion to fire.

9. If I had artillery on call, as I probably would , I would

suppress BRDM ’s at 3000 meters by field artillery .

9 . Some answers may seem to contradict others. However ,

picturing myself on the battlefield I know exactly what

I would do and how to go about doing it.
Fl

9. The survey should have been based on the M6OA1, not the

XMl , simply because it is the tank we presently have

fielded .

9. I feel as an XMl platoon sergeant that I can do much

more than if I were with the M60A1. V

9. I have to be there at the time in order to make a

correct decision.

9. Knowing the capability of threat armor and anti-armor

vehicles, I felt that none of the situations were of the

10 (extremely critical) rating. Also , the direction of

movement of enemy vehicles should have been noted .

9. Not enough information on XMl capabilities was given .

Also there was no mention of terrain , support available ,

defensive position , attack , etc.

9. I was not thinking XMl during the questionnaire , only

rounds remaining and my chances of hitting a target at

different ranges.
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9. The ranges in this survey were not applicable from my

own exper iences in Euro pe , where I had a maximum range

of 800 to 1000 meters. Thus in that situation every

target was a great threat and I don ’t think I would have

any choice but to engage and to hope that our resupply

were soon in all classes .
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COt•IPUTER PROGRAMS
L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ * * * * ** * * * * * * *s * *~~t * * * * * * *a * * * *s  * * * * * * * * * *  *s .

C ~ i R O G R A i  TJ A N A L Y Z E  A D E S I G N  J& T H E  F O R M  .~~~~$ (N—P)
C ~ A T  LEAST TW O M E A S U R E M E N T S  P E R  CEL L .
C *~********************** ********************~~~~~~***********$*

L

C T H I S  ?RO G RA~4 IS D E S I G N E D  TO C A L C U L AT E T H E  G E N E R A L  AN OV A
C FO~ A N Y  2** ( N — P )  FA C~~3 R I A L  D E S I G N . I T  IS P A R T I C U L A R L Y
C ~A ZLORED IN ITS T E R ~~I N O L O 3 Y A N D  D A T A  I N P U T  F O R  THOS E
C F R A C T I O N A L  F A C T O R I A L  P L A N S  P R E S E N T E D  I N  T H E  N A T I O N A L
C ~UREA U OF STAND A RDS MATHEMATICS SERIES VO L JM E ~8 1957 ,
C ‘F R A C T :J N A L  F A C T O R I A L  E X P E R I M E N T D E S I G f 4 S FOR F A C T 6 R S
C ~ T T WO LEVELS ’ . H O W E V E R , I T  IS ALS O E~ 1J A L L Y  APPLI CABLE
C FOR A F U L L  F A C T O R I A L  2 * *N  D E S I G N , W I T H  OR W I T H O U T
C 3LJ CK C O N F O U N D I N G .  r H i s  P R O G R A M  ~I L L ~ W H E N  O P T I O N  C oR
C .3 15 SEL ECTED P R J D J ! A F U L L  A N A L Y S I . ~ OF R E G R E S S I O N
C TO INC LJDE 2H ~ G E N E R A L  A N O V A  A I T H  S T A T I S T I C S  C J N C E R N f N G
C P R E D I C T ED V E R S U S  O B S E R V E D  V A L U E S  A N D  A N O V A  J N  E A C H
C R E~~L~ES S ION C E F ? I C I E N T .  B A s I s  F~~R D E L E T I ON FR O M T H E
C M O D E L  IS D E S I G N A T E D  BY THE I N P U T V A R I A B L E  ‘ A , P H A ’ . IT
C SHO U LD SE N O T E D  H E R E  T H A T  ALL V A R I A B L E S  L I S T E D
C ( D A T A  GROUP III) CA N BE FORCED tNI O TUE MOD EL 3Y SE rr ING
C ‘ALPHA = 1.0’ . ALL CALCULATIONS .~~E P E R F O R M E D  IN D O U 3 L E
C PRECISION. FACTO RS/TREATM ENTS ARE DES IGNATED BY THE
C LETTERS —— &, B ,C , D , E , F , G ,H ,J , K , L , M .
L

C THE PROGRA~ GILL ALS O CAL CULATE AN D DISPLAY P E R T NE NT
C STATISTICS THAT ARE COMM O N L Y U S E D  EN TESTIN tdE BAS :C
C A S S U ~~2 T t J N S  OF T H E  G E N E R A L  L I N E A R  M O D E L .  r :-i
C S T A T I S T I C S  A R E :  B A R T L E T T ’ S T E S T  S T A T I S T I C  C F - J R r e s T : N G
C T H A T  I N D I V I D U A L  C E L L  V A R I A N C E S  A~~E H O M O G E N E J J S )  , T H E
C F — M A X  R A T I O ( A N O T H E R  C O M M O N L Y  U S E D  S T A T I S T I C  I N  - T E S T I N G
C FOR aD M O G E N E I T Y  OF VARIANCE) AND THE KOLMOGORO V SMIRNO V
C STATIS TIC (FDR TESTING THAT O~ SER~~A rtONS ARF NCR M A L L Y
C DISTRI8UT~ D) . T H E  USER CF THIS PROGR AM IS CAUTI ON ED 1’~iAIC THE F—MAX RATIO SHOULD BE USED IN L I E U  OF THE BART LE T T
C TE ST S T A T I S T I C  F O R  S M A L L  ‘ N ’ . C O N V E R S E L Y , F ) R  L A R G E  ‘ N ’ ,
C B A R L E T T ’ S  TEST S T A 1 ’ I S T I C  S H O U L D  SE  U S E D .  T H E  P R O G R A M
C W I L L  P R I N T  T H E  FO LL O~~L N G  M E S S A G E w h E N  A N  : N D : J I D U A L  C E L L
C V A R I A N C E  IS C A L C U L A T E D  TO BE 1.)  ( C E R O )
L
C * * * B A R T L E T T  TEST S T A T I S T I C  A N D  F — M A X  R A T I O  CANNOT BE
C CALC~JLATZ D*~~C S A M P L E  VA RIANCE = 0.0, C E L L  ——— ( r R E A C ~~E N T CODE
L DISP LAYF D )

C THE FOLLOWING RESTRICTIONS APPLY TO THE J~ E iF THIS
C PR OGRAM:

2 1. ‘N ’  IS L E S S  T H A N  13
C 2. NUM 3ER OF REPLICA TIONS IS OREA r ER THAN I
C 3. A L L  F A C T O R S  A R E  F I X E D
C 4.  NO M I S S I N G  OB S E R V A T I O N S
L
L
C PROGRAM USAGE:
L
C CALL ZNOYA (BRT FTC~T ,DUM1Y , ALL~HA , IOTT ,N N ,NP , N~~,Nr3 ,SIR , NTS , N000, I Ai~ I AS , I TA)

C 4 M E R E  THE ABOVE ARGU M ENTS ARE DEF INED AS FOLLi~ S:C
C N N  —— IN T E 3 E R  V A R A 3 L E  E 0 U A ~~S N U M B E R  OF ~‘A ~~~O R : ~;C T R E A T M E N T S .  I .~~ . C O R R E S P ) N L ) S ro ‘ N ’  ~NC N P  —— I N T E G E R  V A R I A B L E , C O R R E S P O N DS TO ‘ i ’  E N  .~~~~~~~ ( N — r )

13T
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C NE —— INTEGER VARIABLE , EQUALS NUM BER OF REPLICATIONS.
C NS —— INTEGER VARIABLE !QUALS NUMBER OF BLOCKS.
C N T B  —— INT EG E R V A R I A B L E  E Q U A L S  N U M B E R  OF T R E A T M E N T
C C O M B I N A T I O N S  PER B L O C K .
C NT S —— I N T E G E R  V A R I A B L E  EQUALS NUL4BER OF TREATMENT
C C O M B I N A T I O N S  P~~R R E P L I C A T I O N .  I . E . 2 * * ( N N ~~N P )
C NAS —— INTE3ER VA R IABLE , EQUALS 1 (ONE) DR NUM BER OF
C D E F I N I N G  C O N T R A S T S  D E S I G N A T E D  BY S IX OR F E W E R
C LETTERS . (WHICHEVER IS GREATER)
C NODC —— INT~ GER VA R E PL B LE, EQUALS 1 (ONE) IF THE DESIGN
C IS A FULL FACTORIAL. (I.E. N2 0)
C EQUALS 0 (ZERO) I F  THE DESIGN TO BE ANALYZED
C IS A F R A C T I O N A L  F A C T O R I A L .  ( I .E .  N P  IS
C GaEATER THAN 0)
C IOPT —— INTEGER VARIABLE DESIGNATING THE DESIRED
C ANALYSIS OPTION , WHERE:
C
C IOPT=1 YIELDS ANALYSIS OF TREATMENTS ONLY.
C IOPT=2 Y I E L D S  A N A L Y SI S OF R E G R E S S I O N  O N L Y .
C IOPT=3 YIELD S ANALYSI S OF BOTH TREA TMENTS AND
C REGRESSION.

C A L P H A  —— REAL INPUT VARIABLE DESIGNATING THE LEVEL OF
C SIGNIFICANCE FOR THE DELETION OF TERMS FROM
C THE MODEL IS CUSTOMARILY .05. ALPHA MUST
C BE I N I T I A L I Z E D  R E G A R D L E S S  OF T H E  O P T I O N
C H O S E N .
C
C B E T —— REAL*8 WORK ARRAY DIMENSIONED AS B R T ( N B  NT B N E )
C TTOT —— REAL *8 WORK ARRAY DI3ENSI3.1ED ~s r r o r  (f ~r s ,~~)
C ON O U T P U T , T T O T (I 1) C O N T A I N S  THE M E A N  OF
C O B S E R V A T I O N S  ~~~ E A C H  T R E A T M E N T  O M 3 I N A T I O N .
C T r O r (I ,2~ C O N T A I N S  T H E  P R E D I C T E D  ~ A L U E FOR
C E ACH TREATMENT COiIBINATION .
C TT OT (I , 3) C O N T A I N S  T HE R E S I D U A L S  OF P R E D I C T E D
C V E R S U S  T H E  M E A N  OF OBSERVATI ONS FOR EACH
C T R E A T M E N T  C O M B I N A T I O N .
C D U M M Y  —— REA L* L~ WORK ARRAY DIMENSIONED AS DUMMY(NTS ,~ )C I TA —— IN T E S E R *2  W O R K  A R R A Y  D I M E N S I O N E D  AS I T A ( N T S , N N)
C IALIA S —— I N T E G E R *2  W O R K  A R R A Y  D1~~E N S I O N E D  AS
C IALI AS (N AS ,NN)
C
C
C
C ERROR CODES ARE AS FOLLOWS :
C
C ERROR = 1 INDICATES THAT THE NUMBER OF TREATMENT
C COMBINATIONS READ (DATA GROUP I)
C DOES NOT = 2** (N—P )
C
C E R R O R  = 2 INDICATES THE N U M B E R  OF D E F I N I N G  C O N T R A S T S
C R E A D  ( D A T A  GRO UP II) E X C E E D S  ‘ H A S ’  AS
C S P E C IF I E D  IN THE M A I N P R O G R A M .
C
C E R R O R  = 3 ~~~~~~~~~~~~ INDICATES THAT AN IMPROPER C O N T R A S T
C WAS E N C O U N T E R E D  U P O N  A T T E M P T I N G  T O C A L C U L A T E
C THE SUM OF S Q U A R E S  FO E **** ( D A T A  G R O U P I I I ) .
C THIS IS M OST P R O B A B L Y  CAUSED BY IMPROPER
C DATA INPUT IN TYPiNG TREATMENT C O D E S  IN
C DATA GROUP I.
C
C E R R O R  = L~ INDICATES THAT THE CUMUL A TIVE SUM OF S Q U A R E S
C FOR F A C T O R I A L  E F F E C T S  L I S T E D  IN D A T A
C GROUP I I I  E X C E E D S  TH E T R E A T M E N T  S U M  OF
C SQUARES .
C THIS IS MOST PROBABLY C A U S E D  BY A L I A S E D
C EFFECTS B E I N G  I N C L U D E D  O N  TWO J R M O R E  D A T A
C C A R D S  IN D A T A  G R O U P  III , THUS CAUSING THE
C S U M  OF S Q U A R E S  D U E  TO T H I S  E F F E C T  TO BE
C C O U N T E D  M O R E  T H A N  O N C E .
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C DATA INPUT IS ACCOMPLISHED IN H R E E .  GROUPS AS FOLLOWS:
C NOTE THAT IN THE DATA DEC K EACH OF THESE DATA GROUPS IS
C FOLLOWED 8! THE FOLLOWING 5ATA CARD:
C
C cc 12345b789O1234567BYO12345ó789O12345~~7 8 9 O
C 0000000000000000000000000000000000030000
C (ZERO’S)
L
C 1. DA TA GROUP I LISTS BLOC K NUM BER POSITION WIT HIN BLOCK
C NUMBER AND TREAT MENT CODE ON CAR D AND OBSERVATIONS
C ON CAR 6 2.
C
C FORMATS USED ARE:

H C FOR CARD 1 —— ~~~~ FORMA r(2~~5 lOX 12A 1 )
H C ~OR CAR D 2 —— ~~~*~~~~* F O R M A T ( 1 D~~O . 5 f

C
C
C EXAMPLE WHERE TREATMENT CODE IS ‘ ACE GH’ BLOCK NO. IS 3,
C POSITION W/BLOCK IS B , 2 OBSERVATIONS A~ E 200.45 & 235.67.C
C CC l2 3~4 5 ó l 8 9 O 1 2 3 4 5 6 7 8 ’~O l C 3 4 5 b 7 B 9 O 1 2 3 4 5 b 7 S ’~C CARD 1 3 5 ACEGH
C CAR D 2 200.L45 2 3 5 . 67
C
C
C 2 .  D A T A  G R O U P  I I  L I S T S  A L L  D E F I N I N G  C O N T R A S T S  W I T H
C 5 OR F E W E R  L E T T E R S .
C
C F O R M A T  U S E D  15 ~~~~~ F O R M A T  (~ A l)C
C E X A M P L E  W H E R E  D E F I N I N G  C O N T R A S T  IS A E G H J K .
L.
C CC l23~456739Ol2345S7B9O 1 234so7e.~ o 1234567590
C AEGHJK
C
C 3. DATA GEDU? Itt LISTS ALL FA TOR LA L EFFECTS (NOT
C TO EXCEED 4—LEV EL INTERACTION S) WHICH IOU DESIE~ TO
~ EVAL UATE IN THE ANO VA .

C ~- O R M A T  U S E D  IS ~~~~~~~~~~~ FORMA T( 14A 1 ) AND INPUT IS AS
C SHOWN ABOVE.
C
C TO D E M O N S T R A T E  DA TA I N P U T , THE F O L L O W I N G  E X A M P L E S  A R E
C P R E S E N T E D :
C
C
C EXAMPLE 1: 2** ( _2p WITH 2 REPLICATIONS
C (2 OBSERVATIONS PER CELL)
C I~ 4 3LD KS OF 4 TREA TMEN T COM3INATION S EACH
C ( 1/4 REPLICATION OF 0 FACTORS IN 4 BLOCK S 0? 4
C TREATMEN T COMBINATIONS)
.5-
C FACTORS: A B C D,E,F
C L =AB CD AB E~~~~ D~~G ( D E F I N I N G  C O N T R A S T S )
C
C BLOCKS
C 1 2 3
C POSITION W/BLOC K
C 1 (1) AB CDEF A C F B DE
C 2 &BCD EF BOF ACE
C 3 ABE? CD BCE AD F
C 4 STOEF AB ADE BO F
L.
C OBSERVATIONS:
C TRT. COMBINATIONS RBP I REP II
C (1) 14 .1 l b .2
C AB~ D 21 .2 32.5
C ABE? 35.o 45. 1
L.
C .

C BCF bl. 3 72 .6
.5.
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C MAIN FROGRA M DECK WOULD BE AS FOLLOWS:
C
C EEAL~ 8 BRT (4,4(2) ,TTOT(ló ,3)C REAL~4 DUMMY (1o , L4~C INTEGER*2 tTA (l3 ,b ),tALIAS (J ,~~)C NN=6
C
C N8=4
C ?JR 2
C NT8 4
C NTSZ16
C NA S=3
C NODCZO
C IOPT 3
C ALPHA .05
C CALL ZNOV&(BRT C TT OT,DUMMY, A L PHA, I OPT, NN , NP ,NB ,NT8,
C ~NR NTS ,NODC ,NA~ ,IALI AS ,ITA)
C ST6P
C END

C DATA DECK WOULD BE AS FOLLOWS:
C
C CC l2345t~789O12345b7BC i j
C /00000000000000000i)
C
C
C

-~~ C / 8  

/00000000000000000000000000

C /CDEG
C
C /AøEF
C
C /ABCD
C - - — —  

C /0000000000000000000030000000000000

C /61.3

C / 4 4 BC?
C
C 

C /21.2 32.5
C
C / 1 2 A B C D
C
C /14.1 16.2
C
C CARD 1 / 1 1 (1)
L
C
(5-
C
C EXAMPLE 2: 2~-~~2 F U L L  F A C T 3 R X A ~ ( W I T H  3 OB SERVATIO N S
C P E R  C E L L  A N D  NO ~ i~J~~K C J N F O U N D t N )
C
C F A C T O R S :  A , B

C BLOCK
C
C P O S I T I O N  W/ B LO CK
C 1 (1~C 2 A
C .3 B
C 4
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C OBSERVATIONS:
C
C T R T . C O M B I N A T I O N  R E P  I R E P  II R E P  I I I
C (1) 6.3 7.1 6.7
C A 4.8 5.2 6.3
C B 7.4 7.5 8.1
C 5.6 6.2 7.1
C
C
C MAIN PROGRAM DECK WOGLD BE AS FOLLOWS :
C
C REAL*8 BRT(1 ,4,3),TTOT(L4,3)
C REAL*4 D (JNMY(4 4)
C INTEGER*2 IAtILS (1 ,2),ITA (~e ,2)C N N 2
C N P 0
C NB= 1
C NTB L&
C N R 3
C NAS 1
C NODC 1
C IQPT 1
C ALPHA .05
C CALL ZNOVA (BRT ,TTOT DUMMY &LPHA ,IOPT ,NN ,NP ,NB ,NTB,
C *NR ,NTS,NODC ,NA S,IAL~ AS ,IT~)c s-ro p
C END
C
C
C DATA DECK WOULD BE AS F O L L O W S :
C
C CC 123LI5678~ O123456789012 

C /000000000000000000000t)
C
C /A3
(5-

C /8
C
C /A

C
C /0 0 0 0 0 0 0 0 0 0 0 000000000000
C
C /5.o 6.2 7.1
C
C / 1 4 AB
C
C
C — 

C /6.3 7.1 6.7
C — 

C CARD 1 / 1 1 (1)

C
C * *  * * * * *  * *  k *  * * * *  * * * * *  *

C * DESI GNED ~ P R O G R A M M E D  31 BROUSSARD ,G N P S 1979
C * * ~~ * * * *  * *  * *  * * * * * * * * * * * * * * * * *  *

I

i~
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MAI N PROGRA M

R EAL *8  B t ( T ( 8 , 16 8) , T T O T ( 1 2 5 , 3)
REAL*4 DUMMY (12~ 4)tNT ~~~E9*2 ITA (12~~,l1), t A L I A S ( 1 2 ,11)
42=4
N8=8
NT5 16
N R 8
NT S =128
NAS 12
NODC=0
IOP T 3
ALPHA= .05
CALL ZN 3V& (BR T,rrOT,D U M M Y ,AL~ H A  I OPT ,

STOP
END
SUBROUTINE ~N OVA (XB T ,TT OT ,DUMMY ,ALPHA IOPT ,

* NN NP NB,NTB NR,~JrS ,NO DC,NAS,IA~ IAS ,I~A )
tM~ LI~ IT REAL *8(O-Z)
DIMENSION TToT (N-? S,3),xDuM (12) ,~~8T(NB ,N TB ,N R )  ,

*B A S E ( 12 )  D U M M Y ( N T S  4 1 C O D E ( 1 4 )
INTE&,ER~~ IND EX (12f, I6ENT (4),IT~~(NTs ,N N ) ,

* I A L I A S ( N k S , N N )
DATA KX/0/,KN/O/,TOT/O .ODO/,TSQ/0.ODQ/,zPURE/O.QDO/
OAT A CODE/1 ~~ ‘ 8’ , C’ , D’ , R’ , F’ , 0’ , H , ‘ C’ , ‘ K ’ , ‘ L’ ,

* • 1* 1/
DA TA AZERO/’0’/,FLAG /9999.J/,FLAG1 /O.’3/,S2/O.000/
DATA 521/0. 3D0/,sMIN/999.DD0,’,s.~iAx/—99 g . )DJ/IAL lAS (1, 1) =0
NR 1 =NR— 1
NTS1 NTS—l

900 FO R MAT 215 , 1OX 15 A 1 L
901 F O R M A T  / / / / 1 X  i 0 X , ’~~R R O R  = ‘ ,I2,L4X ,15&1)
9 0 2  F O R M A T  1 5D 1 0 .~~)
904 FO R MAT ‘ 1 ’ )
905 F O R M A T  / / 1X  T2 0 , I ***  BA RTLET T TEST STATISTIC & F MAX

*R A T I O  ~ A N N O f  BE C A L C U L A T E D ’  ,/ 1X , r 2 0 , ’ S & M P L E  V A R I A N C E  =
*0 .0  C E L L :  ‘ , 12 A 1 )
WRI~ E(6 904)5 REA0 (5,~ 00)IB ,IP (BASE(IX) IX= 1 ,NN)
IF (BASE(1) .EQ .A3~ RO) GO TO~~~O
READ 5 02) (XDUM (K) ,K 1 , N R )
K N K ~ +~312=0. OD D
X 0.ODO
03 20 0= 1  N R  P

C TRANS FOR3ATL5N CARD GOES HERE I.E. XDUM(J1 F(XDUM (J) )
XDUM (0) = D A R S I N ( D S Q R T  ( X D U M  ( 3 ) )
X X+XDUM (J)
312=512,(XD (Jtl (JI)**2
XBT (IB IP,J) XDUM (J)

20 CJNTIN6E
TSO TSQ+SI2
SI2=SI2~ X**2,DFLOAT(NRIF(S12.GT.0.000)30 ~O ~ 3
WR ITE (6,9 05)  ( B A S E  ( J K X )  , J K X ~ 1 , R N )
F~.A~~1= 1. 0
.5,0 TO .~423 32=32.DL)G10(312/DFLOA T (NRI) )
S2 1=S21+312/D FLOAT (NR1)
1? (512. Gr .SMA X) SMA ~~~SI2IF (312. Lr.SMI N) SMIN SIC

2-4 TTOT(KN ,1 ) X
TOT =roT.X
Ks= 1
KC 0 U NT = 0

21 KCOUNT=KCOUNT +1
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JS KS
IF(JS.GT. NN )GO TO 25
DO 25 J=JS , NN
ITA (KN 0) — 1
I F(~~AS~~(~~C O U N T ) . N E . C O D E ( J ) ) GD TO 25
K 3 = J + 1
ITA (KN 3) =1
GO 1’0 ~ 1

25 CONTINUE
GO TO 5

50 I? (KN.EQ.NB*NTB) GO TO 55
NERROR= I
WR I T E (6,901)NERROR
STOP

55 TOT=TOT**2/DFLOAT(NB*NR*NTB)
I?’FLAG1.EQ .0.O)~~O T0 56
XA~~ 9.ODO
GO TO 57

56 S2=52*DFLOAT (NR1) S

s2l=D?Lo& T (NR1*NI~S)*DLOoiJ(S21/DFLoAr(Nr S ) )
XMM 2. 302600* (521 —52)
X C C = 1 . O D O  + ( 1 .  G D O / D F L O A T  ( 3 *N T S 1 )  ) * ( D F L O A T  ( H I S )

/D?LO&r (NR1) — 1 .0D0/~~ LiAr (NR 1~~N T S )
= XNM/XCC

CS = X MC
AZ ?LOAT ( NTS1)

C THIS PROGRAM USES THE IMSL SUBROUTINE
C ‘MDCH’ TO CALCULATE THE PROBABALITY ASSOCIATED
C WITH THE CHI—S QUARE STATISTIC ‘N/C ’

CALL MDCH (CS ,A Z ,&Q,1~~R)
XAQ 1. 0—AQ
SMM=SMAX /SMIN

57 YS~ =0.0D3
DO 80 K 1  ,NT B
DO 70 J= 1 , N B
I 0 .t ) D t )
00 60 t=1 ,NR
!=T.XBT (J,K ,I)

60 CONTINUE
YSQ YSO+Y**2

73 co~1TINO E
C O N T I N U E
~P U R E = T S~~— Y S Q / D F L O & T ( N R )
00 100 K 1 ,N~DO 100 I=1 ,NB
X 0 .000
DO 90 J= 1 ,N T B
X=X+XBT (I ,J,K)

93 CONTINUg
X B T ( I  1 K ) X

100 CONTI ~1U~L3 0.003
X=O.DDO p
00 120 1 1 ,N8
Y=O.DDO
DO l i t )  J= 1 , N &
X=X+(XBT(I 1 J))**2
!YIXBT (r ,i ,5)

110 CONTINUE
)cB = XB +Y**2

120 CONTINUE
S S W B R = T S O — X / D F L O A T ( N T B )
SSBB R X/D F L O A T  ( N I B )  — TO T
S S E = X B / D F L O A r ( ~~R * N T B )  — T OT
X = 0 .  ODO
DO 140 1 1 ,NR
!=0.ODO
DO 130 0=1 NB
Y=Y+XBT (J,~~,t)130 CONTINU g

140 CONTINUE
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S3REP=X/0FLOAT(NTB~ NB) — TOT
SSTOT TS)-T3T
SSRB SSBBR—SSREP—SSB
S S R W = Z P U R E — S S R B — S S R E ?
SSTRT SSWBR—S SRW
X3T (1 ,i ,1) 0.3D0
TS = IS .~ZAD J ZPURE

ZPORE=O.0 00
CALL PRINT1(SSBBR SSREP ,SSB SSRB ,SSWc3R ,SSTRT ,

*SSRW ,TS ~MS ZD?D FOT ,N B ,NRJITB,NN ,N2)
CALL CALC (X~ T TT~~T SN M ,XMC ,X A Q  R M S ,Z D FD ,TOT ,TSQ
*Z2URE ,ZTR A 5T,~~S,lA6J DUMMY BA SL FLAG1 ALPHA NODE
*NN NP ,NAS ,NB , NB ,NTS ,cJT3,1O~ r,KN ,KX ,KC3UNr ,FLAG ,I!~0EX ,IALIA S)
RET U R
END
SJ B R O U I I . ~E P R I N T 1  ( X A , X 3 ,XC , XO , kE , XF , XG , X~~, R N S , Z D F D ,
*TOT NB HR N T B , NN , NP
IMPLICIT áEAL*8(-3—Z

100 FORMA T (’ 1 ‘I/I/I//f//I)101 FORMA T I’ ‘ 1(40 ‘GENERA LIZED ANO V A ‘*,1x T2 1, ’ 3 óURC ~~’ 1(4 9 ‘35’ T61 ,’D f’ ~ 11 ,’~~s’*/lBf ,58(’—I) //ik ,T25’MEAN ’~~T42,Fi2. 3 ,T 2 ,1 1’ ,
*//iX 120 ‘BE~~WEEN BLO~ KS 0

16 //1X ,T24,’REPLICATI ONS’ ,r-4 2,P12. 3 ,
*157 ,Io ,//1X ,r~~l4,

f BLOCKSI 142 F12 .3
*T57 ,16 //1X ,r24,’RESIDUAL~ sEf~W E E N )1 (r42 F 12.3 :57,:b , -‘

*T66,F1ó.3 ,///iX ,T20 ‘WITH .~N t h L J C K S ~*T57 ,16 //1X 124 ‘TRhTMENTS ’ ,T~42 ,F12.J ,T57 ,I6 ,//1~~,*T2 4,’ R~~5TDU1L (W±rHtN )’ TL& 2,?12 .3~~T5 7 t o ,Tbo ,~~~1J.3 ,*// i 8X 5 8 ( ’ — ’ )  /1X , T20 , 1TO TA .. ’ ,C 4 2 ,F1~~. 3 , :57 ,
*Ib ,/iâx ~8 (’— ~ j)

N 1rN B *N &_ 1
HR— i

N3=NB— 1

N5=NB*NR* (NTB— 1)
M6=IFIX (2 .** (NH—N?) —NB
N7=N8* U~rB—1 ) * (SR—1~Nd =NB *~ R NIB

FD=DF L OAT (N 7)
RMS XG/DFLOAT (~47)1=0.000
IF (N4 .NE.0)Y=XD/DFLOAT (N4)
WRITE (ó , 100)
WR ITE ~6, 101) TOT ,X& , N1 ,X3 ,N2 ,XC ,N3 ,XJ ,N4 ,Y ,XE , N5 ,U~, No ,*XG ,N7,RMS ,Xff , N8
RET URN
END
SUBROUTINE CALC(XBT ,TTOT 5MM XMC XA~ ~MS :~~?~~, rcT ‘S 2 ,
*Z?URE ZT3ASI ,TS ,Z A D J ,D U M ~ Y 3A SE ,tLA L,f A L A ,NUDC,~~N ,*Hp ,NA~~,NB ,Na,NT S,N T B ,IOp T ,kN ,K X ,KCOuN~f,FLAo ,INoEX ,*IDENT, IALIAS , ITA)
IMPLICIT REAL *8 (Q—Z)
DIMENSION TTOT (NIS ,3),XB T (NB N T 3,Na) ,3ASE (l2 )
*CODE(l4) D U M M Y ( N T S , 4) AD UL1(1~~)INT EGER*~ INDEX (12), T6ENT (4), I1A(NTS ,N~ ),*~~~L I A 5 ( N & 5  R N )

D A T A  CODE / ’  A~ ,~~3s , C’ , I ~~I ~~I I ~~ 1 9 1  , 
I t

* ‘ N ’  ,~~ I~~~~I*~~~/

DATA AZ CR O /’O’/
901 F O R M A T ( / / / / 1 X ,1OX , ’ E R R O R  = ‘ ,12 ,4X ,15A I
900 POR MAT L1S A 1 )
9 02  FORNAT (1X ,I16 67(’— ’),/1X ,rI 3 ,

rN0ICAT~ S 1’HAT P (X.’GT.F) 13 LESS rH.~N .O5 ’,/lX ,
*T18,I **** INDICATES flAt 2 (X. S2.F) 13 LESS THAN .01’)

5 KX=~ X+1
R E A D ( 5 , 9 0 0 ) ( A D U M ( t ) , I = 1 , N N
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IFtADUM I1) .E~~.ACERO ) 00 TC 19
I?(KX .C..NAS )GO 23 1)
1 (5= 1
KCOUNT~ )0 KCOUHT K ZOLJN r *1

IL~’ ( J S . CT .  NN) ~O 1,3 9
1k) -

~ IzJS ,NN
IALIAS( KX t) —1
I?(&DUS (1 (COUNC).NE .CJDE (I)L3 TO 9
IALIAS (KX ,t)= 1
KS=I.1
~ ) 10

9 CONTINUE
.510 10

i t )

~RIrE (6,-1O 1)N:Y p
~ 2 C?

1 4  ~X=023  ~~A J (D ,9J.4 4~ AS~~(tJK) ,tJK = 1 ,NN )
t :~ ~B A s E  (1). .0 .ACERO ) ~o 10 233

C UN 2= 3
KC3JN~~~r~~JJH1+ 1

2 KS
I? tJS . 31. NH) GO 20 30
~J 30 J=JS ~NtNJ~~X~ J) i
t F A ~~~~K COUNT ).NE.CCDE(J ))CJ ‘~)  3 -)
;~~~~ : (~ _ JU N t ) 0

33 13 25
33 CJN r:Nu E

:?~~( C o u N r . o T . 4 ) ; o  TO 3o
20 3~:’i J Z K C J U N I, 4

1- I3EN1 (0) 13
Jo ~~RASr = 0 . 0D02 = 3 . 3 3 0

JNT KCC UN — 1
~J 37 J i ,r~C 3JNt37
30 38 0=1 NN
~A S~~(i) = : D ( 5 0 )

~ 3 C O N  1’INJE
X Y= N s * N TB

30 130 I=1 ,NC.~T1=1. 330
33 -1%.) .# = 1  ,K CJ IJNT
1 Y~~t T A~~ ,I)ENT (3)CO N I N U
C 2 R ~~3 T = 2 2 R A 3 1 ~~1~~r r O T ( I , 1)

130 CO N T I N U E
I? t D A B S t ~~) .L . 1 . 3 ) 0 ) 3 3  10 1 1 3
NZRi O R J
4R lIE &b ,9t) 1) NERROR , (CCDE(IOEN 1) ) , I 1 ,~~~3JNT )310?

1 1 3 CALL ?RINICtXB T rIOT R N S , ZD~~) 1,31 £ S 2 , C P J R E  Z T~~A S r ~
~~S 3ADJ ,DJMM Y ,3~ SE ,F (.AG1 AL2~~ ,NJ~ C ,~ N ~~~~~~~~~~~~~

;o ~-o ~o
230 3 S ) A S ’J X B T  tI 1 ,1) •TOT

3PT.N..~ WR~ L’!(o ‘~J2)I’~~t 3 ? r .~~r . 1  CA L L .
• .‘( J R E , A D J  S S R E G . ~IS z r ~~A~~r S M M , X~1.. X A C IJ~~MY , 3AS~~,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~
END
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3 U B R O U T I ~~E p R I N I 2 ( x B T , rTo -T , R M s , z 3 F D ,T3T , rs~~, z PcJRE ,
*Z T R A S T  T S , Z A D J  D O M M Y ,B ASE ,FLA G 1,AL?HA NOD C , N N  NP ,N A S ,
*N3 , MR ,~~TS , N I B , ± O p T , i(N , K X ,K C 3 U N T , F L A G ,~~N D E X , ID~~N T ,
*IALIA S I T A )
IMPLICh REAL *8 (0—Z)
DIMENSION rroT (gTS 3),X D U M ( 1 2~~,XB T (NB ,NT B ,NR) ,

*dA5~ (12) CODE (14) ~NONE (4)~ DUMM Y (NTS ,(4)
IN TEGER*~ IND&X (1~~),IDENT (4), ITA(NTS ,NN ),*IALIAS (NA S NH)
DATA CODE/’A’ ,i5 1  , ‘C’ ,~ 0’ ,‘E’ ~~~~ ,‘G’ ~~~~ ,~~

JI , ‘K ’ , ’ L’ ,
* 

I~~~~i , l 1 , 1* 1/

DATA ANONE/ ’N’,’O’ ‘N’ ‘E’/
DATA PROB /’ ‘/,~~R0Bi/’** ~/,PROB2/*****~ /900 FORMAT(’l’//////)

901 FDRNAT (1X n o  67(’—’) /1X 125 ‘2/3 P11 T52,’MEAN’
*T53,’F’ ,rf2 ,’~~ROB’ ,/ 1~~,Ti~~,’SóIJRCE ALIASE OF EFñCT’, —

*51 ‘SQUARE STATISTIC (X.GT. P)’,/1X ,T 15 ,67(’— ’))
903 FD~~MAT /11 T42 ‘TREATME HT ANOV A’)
904 FORMAT 1X ,~~19 ,4A1 ,T34,’1’ ,T36 ,2(?10.3 ,1X ),2F9.3 ,2X ,A4)
905 FORMAT 11 ,127 ,6A1 )
906 F)RMAT (////1X ,T1 0,’E RROR = ‘,12 ,L4X ,15A1)  H

907 FORMAT(1 X T16 ,67(’—’),/lX £18 ,
*‘~~~~~ IN D I~~ATE S flAT ?(X.GL FI IS LESS THA N .05’ ,/lX ,
*T 18 ,i**** INDI A.TES THAT ?(x.Gr.F) IS LESS THA N .3 1’ j
IP (IOPT.EQ.2~~G0 TO 10
IF(FLAG T.6~~.0~ 3O TO 10 -5

If (FLAG.HE.9999.3) WRITE (6,907)
WR ITE (6 , -9 0 0)
I F ( ? L A G . E 0 .9 99 9 . 3 ) A R I T E ( 6 , 03)
W a ± T E ( 6 , 9~~1)
FL A G= 11.3

1 3 ZFCT=ZTRAST/ (DFLOAT(NR) *2.** (NN_N p_ 1
XMS=ZTRA3T**2/ (DFLOkT(NR ) *2 .**(NN .~N P
ZP U 3 E = Z P U R E + ~C ?1S
I P ( Z ? U R E . G T . T S Q + . O O 1D O ) GO TO 500
FS=XMS/RMS
DFD=SNGL (ZDFD )

C ThIS PROGRA M USES SUBROUTINE ‘ iDFDRE’
C FROM T~iE EMSL LI3RARY TO CALCULA TEC THE T A I L  A R E A  P R O B A 3 I L I T Y  A S S O C I A T E D
C W IT H T H E  A L C U L A T E D  F — S T A T I S T I C

CALL M D F D R E ( F S  1. , DF D , PTEST , I E R )
2TEST=1.3—PTES±
IP (IOPT. LI. 2) GO TO 35
IF IPTE ST. G T . A L ? H A )  GO 10 35
TIOT ( K X + 1  , 3) XMS
T T O T ( K X + 1 ,2 ) = Z F C T / 2 . O D ’ 0
DO 30 0=1 4
DUMMY (KX+ ~,J) =IDENT(J)30 CONTINUE-
i(X= KX+ 1
X B T ( l  I 1 J 1B 1 ( 1 , 1 , i ) + I M S

35 A Y X = P ~~0~IF (?TEST.LE..05) A YX PROB1
IF(PTEST.LE. .01)AYX PROB2

50 IF1IOPT.Ec~.2)RET’JRNWR± E(6 9~ L&) (CODE (IDENT (I)),I=1 ,4),ZFCT , ?CMS ,FS ,
*PTEST , Ah
FLA31=0 . 0
F L A G F L A G + 1 . J
IF (NODC.EQ .i)RETIJRN
IF (IALIAS (1 ,1) .EQ.O) RETJRN
DO 100 1 1 ,NA S
NK= 1
DO 80 J=1 ,NN
I7 (BASE (J) *IALIAS(I ,J).GT .3.3)GO 1080
IRLiEX (N~ ) =0RK NK+1

80 CONTINUE
NK NI— 1
IP4NK.0T. 3.3R.NK.LE .O)~~O 13 1- 3 0
WR~~rE (6,905) (CODE (IND~~X (NI ) ) , NI= 1 , NK)
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FLAG1 = 1 .)
FLA G=FL.A 0+1 .3

130 C O N T I N U E
i ? 1? L A 0 1 . 0T . 0 . 0~~~E T U ~~N
~iUTE(o 905) AN ON Ez~’LAG LlG+1 .3
~~TURN503 NERR OR=4
~R1TE (o,9Ob )NERROR310?
END

SUBROUTINE PRINT3 (TTOT, RMS ,Z D F D ,T0T ,rS~~, ?U~~E~a~~ DJ SSR~ TS Z T R A S I  SNN ,X~ C,XA ~ D U N M Y ,SAS E ,N A s ,KX ,
IIPLICII REAL*8(3— )
DIMEN SION TrOT (N~ S ,3),CODE(14 ), 3A SE~~12) ,JUNN Y (NTS ,~~)L N T E G E R * 2  I N D E X ( 1 2 ) , I D E N T ( 4 - ) ,  I I A ( N~~5 , N N ) ,

* I L I A S ( N A S  R N )
3A T A  C J D E .-’ ’A ’  , ~~~~~ C ’ , ’ 0’ , ~~ ‘ , ‘F ’  , ‘0 ’ , ~ 9I  ~~~~~J i ~~~~ I ~~~ I j i

* ‘N ’ , ’ ‘ ‘ * ‘ /
0A~’A P R O B / ’  ‘/  ? RO 5 1 / ~~*~ 

I ,

OATA ?Ai ~~ ’’ (‘  ‘ , ?A. -~R/’~ ‘ / P A ~~.’t/ ’ ‘ /

~~ JI~J ‘JR’R I ( ’  1 ’/ ? 1 ~( , 2~ ~, ‘ ~~~~~~~ ~ N O~~ t ~J-~ ~~~~ C ’~~ ‘~CD~~~’,* / 1 X ,123 0 8 ( l — l ) ; 1 X  r -4 4 L ’ S J S’l C~~’ :~~2 ,’~~~A N ’  r~ 3 ‘ f ’ ,
~-I’9 1 ,’?~ 38’ ~,/1.’( :30~~

t
~ 3J.-~CE’ 1 ,L~~S4 ‘3 J~ RE S’ ,~~~~~4 ,’ f ’?’

* T ~~~ 1 , I U A ~~~~_~~ ~f A : ~~r~~. ( t  ~~~ F ) ( , ~~ ,T_ 3 , t ’ — ’) ~901 fu
~~N A 1 t , 1

~~~
I21 ‘~~~~A N ’ , T. -4 0 ,F 1 L 3 T ~~ 5 , ’1 ’  :57~~F13. ,,

-~J 2  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ F~~2 ’ , I -4 J ,~~ 1 1 . 0 , I , :-4 ,~~~~ ,
~~~_~;: 1). 3 ,.- - ‘ ..-e , ~~~~~933  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~904 

~AT t / 1 ~~,
C4 ,’~~~~~~~t A3JJ3 ))’, 4J ,~

’ 1 i .3 ,T5 .,t4 ,
~~~ ,F 1 - .~~,

-)~~~ ?0~ ~A I y 1 ( , . C , ~ ‘ — ‘1  , / 1 ~ , 23 ~~, IC 1,AL ‘ , ‘3 ‘ , 1 4 . ~~,

93o Y ’~~~A r  
~~
‘ 1’ / ~~~~ , :~~

- , ‘ :2~~I Z 3  C5 F 3 ~ S C I  ~3~~~L’•, 1X ,:l,,~~ ~~ ‘ — ‘1 , 1 ~, ~~ 1 ,~ ~ z ~~~ .~3 s : 3 N ’  ,
* T 4 - , 13 ~J~~ ~ ?‘  ,I- ’,’ F’ ,17e- ,’ ~~3.’ , 

- 1: ,rH , ‘v ~~R:.;~~L.~ ’ ,
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2 F ’ , :’~~3 ,
~ ‘3 T A I 5~~~~. 

~~
• .

~~~~~~~~~~~
‘

L
/ iX f

’ l
~~ 

D (’—’), //1~C ,T. 1 ,
* ‘ .~ £.\ :~ ‘ , I , . ~~~, I ~ ~ 12 .  , , ~~~~ 5 , ‘ 1 ’ )

?07 ~‘ I 1 ~~~~ i~~ ,2 _ , 1 ,I_ 4 ,? 1 . . , 4 4 ,F 1 2 . 3 ,IDJ ,’ 1 ’ ,~~ 1i . 3 ,
• ? 1~~~. -4 T I ., \ .4~~ 

S

~08 ~~~~~~~~~ i t , 1’ 
.-~~~‘ — ‘

~~~ ,/ it , 1,1 ~~, ‘ ~~~~~ ~~:~~s :ss~~ o \ ’  ,

fl9 ‘J~~ A ~~~~~~~~ 1 ,’ ~.) ~A ~~~~ ~~ jN L I L L - N C  ~ 0 .. ’ ’)
1 1  F3~~1AI ~/ ‘, / 11 , ‘20 ,

* I :) :
.:
~ ~~~~~~

“ .-.~~~~~~ ~A ’  .. -
~~~~ ..1 \~~~~:N :~ ~Y~:-1 C .  -~~~, ‘ , / 1 .~, I..),

~~~~~~~~ ~~~~~~~~~ 
“~ _~Y’L 1~~L’D 3Y 13

,F 13 . -~ 
‘ , ‘/  i :~ :23~

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ C ~~~~~~~~ .. J N  ~02 L .1 N ”  ‘ ~‘o -fl
~ 1.. ‘3F’~A (5 1t ,’. 1 ,l** N T h L~~~~ ’~~~ ~:~~NI~~15 \NC ~ ~~~

“ 
~~~~~~~~~~

~~ 1X ,”2f 1~ •*~~~~ ~~~~. N L F l ~.~. N C  ~‘ 3 1 ’ )
913 7J~~1AI(, /1x ,:2J ,’3r .~M3;~~o )~~~:A: :oN JF~~~E 5i ’U \L~~: ‘ ,

*?i3. ,//’i ,1.3 ,’~~3AN ~~~:2JAL ‘IA3NIT JIE: ‘ ,F T C . -.,
* ‘, ~~~~~~ ‘ ~~~~~~~~ ~~~~~~~~ ~~ ~~:‘~~~~_ . ‘i ~~:::~~ ‘ I
•)3S~ RVE3 ~lAL J :’ ,?13. 4,//’i~~,C..3 ,*l ? CENrAo ~ o~ ).s.5ERV:: i~~~J~~s ~A 3L:N~; ‘~~~ 1x ,T.0,
* ‘ ~ ~ i (~ ‘r’ ) ~~~“\  ‘~ 3 DE i: ~ ‘ ‘4 ~ F ~ .~ I. ‘4 L N ‘

~~ ~~~~~~~~ V~~~JF~ ~ A L4..
*IRo i~~’1~~, 3,l

~~t r~~~N ~~ 1~ 0) 3 A .’ 4 D A t 3  3EV :A r ICN ~ 0’
* R ~ .S 5 i~~~N LIN2 : ’ , F~i .2 , ’ ~~,

/// 1X ,2.3~*‘ ~0 3 : ~ F ~~~~~~~~~~~~~~ ~ 13.... 1~~,~~~TJ32 — ~~ 
‘ ,

* / 1~~ , r30~~l T . 9 A ’ 4  C ( 2 ~~J )  S A N 7 ~~.i~ 2~~Y t A I L 3 N S :  1
, I s l

~ 1-4 F O R N k I  ( ‘ 1 ’ )
~1j F0~~NA1 (’ l’////’/i( (118 ,~~~~’—’) ,, 1 ( ,Ci’~,’’1CAN C F ’ !./ lX ,

-
~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~*V .\.~J E ’ , T 7 3 , l R 3 r T i f ~

,
, , 1X , 1 , 1j  ~~‘~~ ‘ — ‘ ) T

91o F) T ( i . ( , 2 i $ , 1 3 \ 1 , r3 , , F i . . ..~, 3, ?1 2 . 4 , 7 , F~ - .4 , 3.t , A . -~)
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f l 7  FJEMA T (/ 1X ,T18 ,59j ’— ’) ,/1x ,T23 ,
~~~~~~~ I N J I C A T E S  R E s I D U A L  M A 0 N I 2 J D ~ ~XC~~E 3 5 4 , / 1X , r 2~~,*‘~~ TWO ) STA N DARD DEVIAT IJIIS’ )

919 FJR’fAr~ ////1x , r25,’ R~~S ‘ ,~‘2D .1o ,i5~~,’2.?. =

*~~‘5~ 10)
IX KX+ 1
3~{A SSR 3-TOT
1,3 X=T S— T O T
X~ Z=DS~ RT (r3r/DPL0AT (NB*N ~ *NT5) )
~RITE (o 9G6)XYZ TOT
I F ( K X . L f .  1)LI O r~ 100
1)0 100 J=1 ,KX
A ? PR O S
F S = T T O T  (0 3) /RMS
D F D = 3 N G t ( Z D ? t ~)
CALL ND FDRE (?~~,1.3 ,DFD ,PTEST ,IER)?TE ST 1 . 3— P I E  ST
i~’ ( P T E S T .  L E . .  025) A Y = P R O B 1
3. -) 33 K K = i  4

33 l N D E X ( K K ~~=i F :~~t D u M ~1Y ( J  KK ) )
WR ITEt ó ,~~J7) (CiDE RDEk (r~)),~~~

1 ,4),
*12T0-T(J ~~~~~~~~~~~~~~~~~~~~~~~~~~130 ~J N T I~~U 2
WRI1E (~~,i08 SSR3 ,:x
W R I T E ( ó , ~09
WR ITS 16 ,-

~0O
Af  PR~~B

FS 3. 0
I? (KX.LT. 1)00 TO ~4 1

?S X M S / R M S
CALL. MDFDRE(FS ~,D F D ,?1ES2 , S)
?TE 3T 1 .3— 2rES1~’I F ( P T E S 1 . LE . . 3 5 ) A Y = ? R C B 1
IF ( P T E S T . L E . . 0 1~~A Y = P S 3 3 2

41 Z=TS—SSR3
RT IFIX (2.** (NN~~N P)* FL3A T (1~~))N T — I X
W R I T E ( O , 9 3 1 ) T O T ,~~OT ,S R A ,K : ,~~M 5 , , ~~r Es: , A~~, :,::
I X X = I F I X  2. ** ~NN- NP) ) — (RBt .--~X)53 LOP = IS ~ — SS R 231
I? (III. LZ.3) 30 10 30
x=D?LOAT (Ifl)
XMS SSLOF/X
FS ’(MS/RMS
C A L L  MDFDRE( ’3 ,~~,D F D ,~’rESr , IE~~)?TEST 1 .3—PIE ST
AY PR OS
L? (?T~1ST.LE..05~ ~Y=?RO 3i
I F ( ? T E S T . L E . . 3 1 ) ~~ ’1- = ? R O B 2
WRITES6 ,902)SSLOF :xx , x M s , F 3 , E s : ,~ .1

33 i Z_ S~~L O F _ R M S *Z D F 6
IXY NB *HR— 1
I F ( I X Y . 3 1 . 0 ) W R : : E ( b , 903) x , IX I
~~ R 1 3 * Z D F D
R Z D F D
JR ITE (b ,904 X ,N ~ NS
W R I T E ~ o,905 r 5,~~:W R I T E ~ 6 ~~12

Z1E~~T O .  0 DO
~(DAV 3. 3D)
YIEST=0.300
STD-3 . -033
XD MA X — 100.003
00 150 I= 1 ,HTS
~ XYZI F  ( K X . L I .  1) 3 3  13 12 0
20 123 J=1 ,K X
3=1.003
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- -5-- 5 —.~~~~-- .- — W~W’~ ~
5
~~~~~~’ - s -  i.J., L~s ~~- - -

N= IF IX (D- JMMY (0,1))
? . Z .~~ITA(t N
00 110 K=~N~- I F I X ( D U M ~1Y ( J K ) )
£FJN.GT .NN) 0J ~‘O 1 1 1
Z=~..*ITA (t ,N)

110 CUNPINU ~11 1  X X+Z*TIJT(J ,2)
1 20 CO N T I N U E

XM=rT OT (I ,1)/DFLOAT (NR ) ‘~~~~
XY= XM— X
T T O T ( I ,3) =X1
)CD S~~~X D S Q + X Y * X Y
STD STD+XY
ID A V X D A  DA d S ( X Y )

1 50 CO N T I N U E  - 
-~

X=DFL OAT(NTS)
Z?IEAN= STD/X - 

-

AN = XD A V/X
i)~ DSQRr ((XDSQ_X *ZMEAM** 2)/(X_ 1.0D0) )

03 200 1 1  NTS
IF DABS LT:ST(I,3)) .oT .XDNAX )X D ~~A X = JA 3S (r~~3r (1 ,3))IF D A B S T T O T (I ,3)) .LE.2.ODo *5r2) N2 N2+ T
1? DABS tTOI(I ,3~ ) .L~~.STD) N 1 N 1 - ~ 1
L ’T O r ( I, ) = T T C T (t , 1 ) / D F L O A T ( N R )
£ T 3 r ( I ,2) =TTJ T (E , 1)— rTOT (t ,3~200 c J N r r N u E
NX =N TS—N 2
:= 1 J J . 3 D J * D F L J ~~r ( N 1 )~/D ? L O A r ( M r S )
~x = 1 J u . o D o * D ~~L o A r ( N . . . ) / o F L o A r ( N r s )
X A =  100 . J D 0 * T S Q/rS~1C3 10 0 . 3 0 0 * SR A / 1 5X
XC=DSQRT~ SRA/ 131)W i ~I 2 E ( b , 9 1 1 )  X A , X B , XC
W R I T E ( b  9 13 ) S1 ’ l) X N E A N , X D MA X , 2 ,~ .X , R X
~CA L L  K S S T (T TO’r , C , M , )~A~~,SID , Z~ N , D~3~ S1’~11 NTS , N i ~)
W R I T E (b, 915)
KCCUN’f= 11
Di 300 I=1 ,NrS
t L = L F I X ( D U N N Y  (1 , 3 ) )
c=0
03 2(40 J = 1 ,NN
iF ( I T A (II ,J).LT.3)GO 10 240
I N D E X  ( K )  = 0

2 4 0  C ) N r I H ~J~IF (1(.E.~2. 1 2) 30 13 CoO —

DO 250 J K  12
2~~3 LRDEX (J) =i ~.-~~~) AY ?ROB

IF DAB S (ITOT (1,3)) .3T.. .0D0*310) A’i= PRO B1
IFlKC0UNT.LE.o~ )G0 TO 270
d~4trE(o ,317 

-
‘

~é~1TE(b 915
KC0UNT~~ 127-0 t ? (DUMMY (I 1 3) .E~~.1.0) 3O 13 290
WRI rE(o ,4 ib ) (CODE (IN~~ X (K1 () , ~~~ 1 ,12)

~C 0 U N T = K C O U N T + 1
;J 10 3 0 - )

2~~Q :4 R I T E ( o , ~ l o ) P ’ t R L , P A R M , [‘A u , ( C O D ~~( L N D E~ ( K c l ) )  , ~K 4 , 12~
~~( T T O T ( I , r~K ) , K i ( = 1 , 3 ) , AY
~COuNT= ,.-~.-2 OUR 1’ +1300 CO N T I NUE
WAITE (~~~,

) 17)
W R I T E  ~o , ~) 14)
Wi~I1Eio ,)19 )R.’1S,3D ? D
E N D
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SUBROUTINE KSTEST(TTOT, XN C ,S ,KAQ ,SIG ,C M E A N ,D U M M Y ,
*N r s  N E)

I M P L I C I T  R E A L * 8 ( 3 — Z )
DIMENSION TTOT (H~ 3 3) ,DUMMYçITS ,4)

901 FOR AT (////lX ,fll,’KS TEST rO R HOP.MAL LTY A SSUMPTION’ ,
*/1X, 12T ,32 (’— l) //1X 125 ‘KS STATISTIC (OMA X )
*p 9 . b  /1X T25 , ’’Ph OB ( ~ .G ~~. K S )  : ‘,F9.6)

902  F o R M L T ( ’~~ ’ , // //////// 1x,T22 ,~~Z 4 ( ’ * 1 ) , / 1x , r2 2 ,
* 1*  STATISTICS FOR TESTING AN O VA ASSU M PTIONS * l~~
*/1X,T22,44 ( 1*  I ) )

903 FOR MAT(///tX 12’),
*I~~~RT L~ Tr TEST FOR HOMOGENEITY OF CELL VA R IANCES’ /11 ,
*T2 1 (47(’-’) /1X 125 ‘M / C (CHI SQUARE) : ‘,F1~~.L4 ,
*//1~~,r25 ,’~~~GRE~ S of’ F R E E D O M  : ‘,IlO ,
*//IX T25,’PROB ( X .GT . M/C ) ‘,F10.6 ,///1X ,T21 ,
* ‘ F  Nh RATIO ’ ,/1X ,T2 1 ,11 (’—’ ) /11,125 ,
*lS**2 (MAX ) / 5**2 (MIN) ‘,F 1~~.4 ,//1X ,T25 ,
* 13  (N~T M B E R  OF CE L L S ) ‘ I 1 0 ,//1X 12s
*‘JEL,REES OF F R E E D O M  F O R  ~ AC~ s : ~,r 13)
~1=NT S— 1N R I NE— I
DO 10 I 1 , N T S

13 011N’IY (I,3)=FL OAT (I)
DO 20 I= 1 ,R 1
11= 1+ 1
DO 20 0=1 1 NI S
IF (TTOT (J .~).oE.rToT(I ,3))oo 10 23r s A v E 3 = V r 5 T  1, 3)
T S A V E 1 = r r O T  1, 1
£SA VE 2 TTOT 1 ,2
D S A V E = D U M . M Y ( I , 3
I’TOT (1, 3) 1’TOT (3 ,3
ITOT (1,1) TT O T ~J, 1TTOT(i 2) TTOT (J,2
DUMI?~~! 3)=D CJ NMY (J,3)
TTOT(J ,’2)=TSA VE2
TTOT (J ,1) =TSAVE1
1101 (0 , 3) T S A V E 3
DUMM ’t(J 3)=DSAVE

20 C O N r I N U ~DO 5t) I 1 ,NT S
XX Z~~(TT 31 (I,3 )—ZMEAN ) /SIG
DiJ M I , 1) =. 5 b 0 E Z ) E R F C  (— . 737 i0~~3DO” 1CX2)
D U M M Y  (1,2) =FL OAT (I) /FLOAT (N IS)
C3NrINU~.DMA 1 999.0
DO 100 I 1 ,N TS
. = A ~~S~~DU M N Y ( I , 1 ) — D r J N M Y (I , C ) )
I f ( A Z .  .~T. D t I A X ) D N A X = A Z
tF~~I.EQ .NTS )GO 13 100
AZ=AB S~~DJNMY(I+ 1 ,1 )—DUMMY(t ,2))
IF (AZ. ~T. DMAX ) DMAX &Z

130 CONTINUE
DKS D M A X * S Q R T ~~F L 3 A r ( N T S ) )

C THI S  SU8R~ U TI~ E U S E S  T H E  INSL S J B R O U T I N E
C ‘MDSMR ’ TO CA LC U LA TE 1~-1E P R O B A B I L I T Y
C ASCOCIATED WITH THE KS S T A T I S T I C .

CALL M D S M R (DKS ,P1 ,22)
• ?RO 5 1.0~~P 2

WRITE (6 902)
IF (XAI ~.LE.1.)D0)WRITE (6,933) C,N1 ,XA~~,S~~1 ,NTS ,RR 1WE ITE (ó ,9 01)  0 M AX , HI S , PROS
RETURN
E N D
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C ************* *******~~~*************************************
C * PRO G RAM TO ANALYZE SIGNIFICANT 2—FACTOR AND 3—FACTOR
C * INTERACTIONS IN A 2**(M—P) FACTORIAL DESIGN
C *********~~~************* ********** ************* ********* ***

C
C
C THIS PROGRAM IS DESIGNED TO ANAL YZE SIGNIFICANT 2—FACTOR
C AND 3—FACTOR INTE RACTIONS IN A N Y  2** ( N — P t  F A C T O R I A L
C DESIGN . TH IS I N C L U D E S  THE FULL F A C T Q R I A ~ WITH OR
C WITHOUT BLOCK CONFOUNDING AND THE FRACT IONAL FACTORIAL
C WITH OR WITHO UT BLOCK CONf ’OUNDING . AS SUCH THE PROGRA M
C WILL CALCULATE THE ANO VA FOR SIMPLE MAIN EFtECTS IN
C 2—FACTOR INTERACTIONS ; AND SIMPLE SIMPLE MAIN EFFECTS
C AND SIMPLE INTERACTION EFFECTS IN 3—FACTOR INTERACTIONS .
C

C THIS PROGRA M IS DESIGNED TO BE USED IN CONJUNCTION WITH
C ‘ZNOVA ’ ,AND AS SUCH DATA ENTRY IS IDENTICAL W ITH THAT OF
C ‘ZN OVA ’. FACT ORS/TREATMENTS ARE DESIGNATED BY THE
C L E T T E R S —— A , B ,C , D ,Z , F , G ,H ,J ,K , L , M .
‘5.
C
C THIS P R O G R A M  R E Q U I R E S  THAT THE RESIDUAL MEAN SQUARE AND
C THE DEGREES OF F R E E D O M  FOR TH E R E S I D U A L  M E A N  S Q U A R E  BE
C DESIGNATED AS INPUT IN THE MAIN PROGRAM , A ND AS SUCH ,
C THE O N L Y  R E S T R I C T I O N S  THAT APPLY IN T H E  USE OF THIS
C P R O G R A M  A R E  t H E  F O L L O W I N G :
C
C 1. ‘N ’  IS LESS T H A N  1 3
C 2.  ALL FACTO RS ARE FIXED
C 3. HO MISSING OBSERVATIONS
C
C
C P R O G R A M  U S A G E :
C
C CALL ZEPCTS(TA ,DcJNMY ,TTOT,BA SE ,A L P H A ,DF D ,EM S ,N N , NR ,N TS)
L
C WHERE THE ABOVE ARGUMENTS ARE DEFINED AS F O L L O W S :
C
C ALPHA —— REAL VARIABLE , EQUAL S D E S I R E D  LEV E L OF
C SIGNIFICANCE FOR P—TEST.
C RMS —— REAL VARIABLE , EQUALS RESIDUAL MEAN SQUARE .
C DFD —— REAL VARIABLE , EQUALS DEGREES OF F R E E D O M  F O R
C THE RES IDUAL M EAN SQUARE.
C NN — — I N TEGER V A R I ABLE , EQUALS N U M B E R  OF F A C T O R S / T R E A T M E N T S
C CORRES PONDS T O ‘ N ’  IN  2 * * ( N — 2 )
C N R — — I N T E G E R  V A R I A B L E  E Q U A L S  N U M S E R  OF  R E P L I C A T I O N S .
C NTS —— INTEGER VARIABLE EQUALS NUMBER OF TREATMENT
C COMBINAIIONS PER ~EPLICA1I3N. I.E. NIS = 2**(N_P)
C
C TA ——REAL WORK ARRAY DIMENSIONED AS TA (NTS ,N N )
C TTOT ——REAL W OR K ARRAY DIMENSIONED AS TTOT (HIS )
C DUMMY ——REAL WORK ARRAY DIMENSIONED AS DUMSY (N~~).C BASE ——REAL WORK ARRA Y DIMENS IONED AS BASE (NH )
C
C
C ERR OR CODES ARE AS F O L L O W S :
C
C ERROR = 1 INDICA TES THAT THE NUMB ER OF TREATMENT
C COMBINATIONS READ (DATA GR OUP I) DOES NOT EQUAL
C NTS .
C
C E R R O R  = 2 **~~~ * I N D I C A T E S  T H A T  AN I M P R O P E R  C O N T R A S T  W AS
C ENCOUN TERED IN COMPUT I NG IdE SUM OF SQUARES FOR
C FACTORIAL EFFECT *~~~~~* • (DATA GROUP II) THIS IS
C MOST P R O B A B L Y  D U E  Ti M 2R O ?ER T Y P I N G  OF
C TREATMENT CODES IN DATA GROUP I.
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C DA2A INPUT IS ACCOMPLISHED IN TW O GROUPS AS FOLLOWS :
C
C NOTE -THAT IN THE DATA DECK EACH OF THESE DATA GROUPS
C IS FOLLO WED BY THE FJLLOWI~~G DATA C A R D :
L
C CC 123q~567890123456789012345o7d9012345o789O123456789OC 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 00 00 0000 0 000000 00000
C (ZERO’S)
C
C
C
C 1. DATA GROUP I LISTS THE TREATM ENT CODE ON CARD 1 , A N D
C OBSERVATIONS ON CARD 2.
C
C F O R M A T S  U S E D  A R E :
L
C FOR CARD 1 —— *~~~** FORMAT (20X ,12A1 )

C FOR C A R D  2 — — *~~~** FORMAI(15F1O. (4)

C EXAM PLE WHERE TREATMENT COMBINAT ION IS ‘ACDEFLM ’ AND
C 3 OBSERVATIONS ARE: 1102.36 , 1205.1 , 12~~1.~~5.C
C CC 1234567890123 5ó78901234567890123 567890
C CARD 1 ACDEFLM
C CARD 2 1102.36 1205.1 1261.56
C
C
C ~~~. DATA GROUP II LISTS ANY SIGNIFICANT 2—FACTOR AND
C 3—FACTOR INTERACTIONS WHICH YOU DESIR E TO FURTHER A NA L Y E.
C
C FORMAT USED 13 *~~~*~~~ F O R M A T ( 3 A 1 )
L
C E X A M P L E  W H E R E  IT IS D E S I R E D  TO F U R T H E R  A N & L Y ~~E T H E
C 3—FACT OR INTERACTION ‘GJM ’.
C
C CC 1234561890 123U56 789O123L43ó139O1 23t$5s73-~3 12345o7890C GJM
.5-
C
C TO DEMONSTRAT E DATA INPUT THE FOLLOWING EXA MPL E IS
C PRESENTED:

.5-

C EXAM PLE: Z**2 FULL FACTOR IAL W ITH 3 REPLICA TIONS
C (3 OBSERVATIONS PER CELL) , W H E R E  T H E  R E S I D U AL
C MEA N SQUARE WA S PREVIOUSLY CALCULA TED TO B E
C 4 . 5 8  A N D  D E G R E E S  OP F R E E D O M  FOR r H E  R E S I D U A L
C M E A N  3~ UARE Is 8. IT IS DES IRED To FURTHER

AN A LY Z THE ‘AS’ INTERACTI ON.
C
C OBSERVATIONS:
C TREATMENT COMBINATIONS REP I REP I I  REP I I I
C (1) 0.0 2.3 1.0
C A 4.0 6.3 2.0
C B —1.0 —3.0 1.0
C A B — 1 . 0  5~~3 • )  — 7 . 0

C M A I N  PROG R A M  D E C K  W O U L D  BE AS F O L L O W S :
‘5-

C DIMENSIO N TA (4,2, ,D U M t I Y ( 3 )  , rrJT (4) ,BASE (2)
C A L PKA= .O5
C
C DFD 8.0
C NN=2
C N R 3
C N1S 4
C CALL ZEFCTS~ TA ,DU1NY ,TTOT,3ASE ,A L ?HA ,DFD ,RMS ,N N ,NR ,N C S )
C STO P
C END
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C DATA DECK WOU LD BE AS FOLLOWS:

C CC 123L45o78~~O12345b789O123L456789O1

C /000000000u000000030000000000000
C
C /AB
C
C /000000000000th)000000000000000030 000
‘5.
C /—l .0 —3.0 —7.3
C
C / AS
C
C
‘5.
C / 0 . 0  2.0 1.0
C ---— 
C CARD 1 / (1)
C
L5.
C *  * * *  * * *  * * * *  * * * *  * * * * * * * * * * * * * *

C * DESIGNED AND PROGRAMMED BY BR O U S S A R D ,G N P S  19 79
C * *  * *  * **  * *  * *  * * * * *  * * *  * * * *  * * * **  *

D I M E N S I O N  TA (128 ,11 ), TTOT(129) ,BASE (11) ,00MMY (8)
NN 11
NR~~3NT S = 1 28
DFD 8’40.0
RMS .03790987
ALPHA .05
CALL ZEF TS (TA , D U M M Y ,TTOT ,BAS E , A L P H A ,D F D ,

*RMS NN ,N R ,N T S )
3TO~’END

S U B R O U T I N E Z E F CT S ( T A ,D U M M Y ,TT OT,B A S E ,A L P M A ,D F D ,RMS ,
*NN Na NTS)

DI~~EN~ I0N TA (N TS ,NN ) DUMMY ( HR ) ,TTO T (H I S )  , B A S E  ( SN ) ,
*C A S E ( 3 )  I D ( 3 ) , ID~~NT (2) ,COD~~(14)D A T A  CObE/ ’  A ’ ,’ Bl ,~ CI , ‘D ’  , ‘ ~~ , ‘F ’ , ~~~~ ‘9 ’ , ‘J’ ,‘K’ , ‘L ’
* $ 1 ,1* 1/

D A T A  KN/0/,ZE RO/’ 0’/,TBAR/ó .3/
800 FORMAT(2 0X ,15A1)
801 FORMAT (////1X 10X ,’ERROR ‘,12 ,3x ,15A1 )
802 FO R MAT(15 F10.4)
803 PORMAT (15A1)
S READ (O2,8O0~~(BASE (I) i=1 ,NN )

IF (SASE (1 .E.~.ZE R~ )G6 TO 50
R E A D ( 0 2 ,8~~2) ( D U M M Y ( I ) , t=1 ,NR)
KN=K N+1
X=O • 0
DO 20 0=1 SR

C TRAN 3FORMA TI3N CARD GOES HERE I.E. DUMMY(J )=F (DUMMY (J ))
DUMMY (0) ARSIN (SQRT (DUMMY (0)
X=X +DUMMY (0)

20 CONTINUE
TT OT ( K N ) X
TBAR=TBAR +~~KS= 1
K CO UN T O

35 KCOUNT=K COUNT+1
Js KS
.11 (0 5. 0 1.  NN)GO ID 40
DO 40 J J S  NM
TA(KN
IF ( BA~~E ( K C O U N T )  . N E . C O D E ( J ) ) Gi Ti 40
KS J+ 1
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1•
TA (KN ,J) =1.0
GO 10 35

43 CONTINUE
GO 10 5

50 TBAR=TBAR/FLJAT (NTS*NR )
IF (KN.EQ.NTS)GO 10 55
NERROR 1
WRITE (6,801)  N E R R O R
STOP

55 READ (02,803) (CASE(I) 1=1 3)
IF (CASE(1) .~EQ .ZER O) B~TUR~1KENDSO
KSTA RT 1

60 JSTART KSTART
Kc~ND=KEND+1IF (JSTART.GT. 3)00 TO 80
DO 80 I J S T A R T  N H
IF (CASE (KEND) . ~1E. CODE (I)) GO 10 80ID (KEND ) =1
KS~ ART~~ + 1
GO TO 60

80 CONTINUE
KEN D=KEND—1
IF (KEND.EQ.2) CALL PRINT 1(TA ,TTOr ,C O D E ,BA S E ,C A S E ,T B A R .

*ID ,IDEN T A L P H A  RNS DFD N N ,N R ,N TS )
I F ( K E N D . ~~Q. 3 ) C ~~LL ~ RIN ~~2 (T A TT OT , C O D E , 3 A S E , CA S E ,T 8 A R ,

*ID , IDE N T , A L P H A ,R M S , DFD , NN , H~~, N T S)
00 10 55
END

SUB ROUTINE PRINT1 (TA TTOT ,C0DE,.BASE ,CASE ,TBAR ,ID,
*I D E N T  A L P U A ,R M S  D F D ,~ 1N N R ,N T S )

DIN .EN~~I ON TA (N T ~ S N )  T~f O T ( N T S ) , C O D E ( 1 4 ) , B A S E ( N N ) ,
*CA SE (3)  ID  (3) ,ID~~NT (

~) CBAR 
(4)

900 F O R M A T ( ’ 1 ’ ,////1~~, r35 ‘AN OVA POR SIMPLE MAIN EFFECTS’ ,
*/ 1X ,120 59(’—’) /1X ,ñ2 ‘SOURCE’ 137,’SS DF’,
*TL49 ‘EFFECT’ T6~ ‘ F  ~~(LGT.F )1 /1X 120 59 (’— ’))

9 01 FO R~~AT (//1X ,f21~~~A 1  T3 3,F9.3 ,TL45 ,t 1’ ,~~4b ,~’9.3,*156,F9.3 ,F8.3 r~~5,oL1)902 FORMAT (//1X ,121 ,A 1 ,’ ~T ‘ A 1 ,’(0)’,T33 ,F9.3 ,TL45,’ 1’ , p

*146 ,F9.3,T5b F9.3 F8.3 T7~ 6 A 1 )
903 FORMA I (//1X ,F21 ,Ai ‘ A t  ‘1A i ‘(1)’ ,T33 ,?~~.3 ,T45,’1 ’ ,

*146 F9.3 ISo F9.3 ,f’8.3 ,T7~~,ó~~1)904 FOR~ AT (/l~~,T~~0,59(’— ’),/1~~,r21 ,*‘** INDICATE S THAT P ( X . G r . F )  I S  L E S S  T H A N  ‘,F5.4,
*1  FOR MA IN ’ ,/IX 121 ‘AND INTERACTION EFFECTS AND LESS
*TH A N ‘ ,F5.L4 ,’ hR ~IMPLE ’, f l X  12 1 ,’MAI N EFF~~CTS. ’)

905 F O R M A T (/1 OX ,’ERROR = ‘,I2 ,4X ,1~~A 1}906 F0RMAfl /1X ,124 ‘GRAND M EAN = ‘ F12.~ //1 X ,142 14 (’*’),
*/1X ,TL42, ’* CELL M EANS *I ,/1X ,142,14 (I*$ ),///lk ,1L4d ,A1 ,
*,1X ,Tt&7, ‘ —— — ‘ ,13S ‘ (LOW) $ ,154 ,’ (HIG H)’ ,/1X , T 4 8  ‘ : ‘ ,
*/1X ,126 ,’ (LOW)’ r~~2,F1 4.5,r-4d ‘:‘,Fl Le. /1X ,T4L ’:’,
*/1X ,124 A 1 ,132 33 (’—’),/1x ,r2L’——— ’ ,rL$~~,

3=0.0
DO 1 1 1  4

1
SETA ALPHA/2. 0
CHECK1 O. 0
CHECK2 O .0
00 150 1 1  HI S
A A+TA tI, i6 (1)) *TTOT (I
B B.TA ~. I I D  ( 2 ) )  *TT OT(I
Aa=AB+ rr5T(r *TA(I IO (1))*rA (I ,ID(2) )
IF CTA (I,L D ( 2  ) . ; 1~.~~ .J) ;o ~o 33
IF (TA (I ,tD (1 ).GT.0.0) GO Ci 15
CBAR (I) =CBAR ( 1) .. TIOT (I)
00 10 30

15 CBAR (3) CBAR( 3)+TTOT (I)
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30 I? (TA (I ,tD (2)).LT.O.O)’~O TO 1 49
IF (TA1I ,ID(1))~.GT .O.O) GO TO 40
CB A R 12) CB AR (

~~~) 
+FTOT (I)

GO rd 149
40 CBAR (4) CBAR’’4)+TTOT (I)
149 C~fECK1=CHECKt+rA (I ,I1i 11 ” )

CHECK 2 CRECK2+TA (I, ID ~2$j150 CONTINUE
IF (ABS (CHECK1)+ABS (CHECK2) .LE..O01) GO 10 160
NERROR 2
W R I T E (6 ,9 0 5 ) N E R R O R ,(CODE(ID(I)),I=1 ,2)
ST OP

160 Z=FLOAT I NR) *FLOAT(NTS)
Zi 1Z/2.O
ZY Z/4. 0
AATB1 CBAR (4~ —CEAR (2) 

- -
AAT BO CBAR 13~ —CB&R ii)BAT A O CBA R~2~ —C BA R ?11BA TA1 CB4R(4j —CBAR~ 35
00 170 1=1 ‘4

170 CBARII) CBAR(I )/ZY
WR I T~~’6,900)1X
L A**2/Z
?s=A /aNs
CALL FTESTIIDENT ,FS ,D FD ,PTEST(A L P H A
W R I T E ( 6  9 Q~ ) CODE (ID (1)) ,C0D E ( u 3) , A ,)CX ,?S ,PTEST ,

*(CODE(I~ E N T ( I ) )  ,f=1 ,2)
XX=AA~ B0/ZYAATBO AATBO**2/ZX
FS AATBO/RMS
CALL F T E S T ( I D E N T  P S DF D ,PTEST ~~B E T A )
W R I T E ( 6 , 02) (C0D~~(I6 .-~I)),I 1 ,2),A A T B O ,X X ,FS ,PTEST ,

*I000EIID E NT (I)),t 1 ,2)
~X AA1~B1/ZYAAT 31 AA2B1**2/Z~FS AATB1/RMS
CALL FTESTjIDENT ?S DFD ,PTE ST~ BETA”WRITE (6 90i) ‘COD~.(I~ jI)),I=1 ,4),AA~ B1 ,XX ,FS ,PTEST ,

*1C O DE 1I~~ E N T ( ± ) ) , I 1 ,2) —

8 B**2/Z
FS B/RMS
CALL FTEST (IDENT,FS ,D F D ,PT E SF ,& L P H A )
WR I T E (6 90~ )CODE’ID (9),CODE(13) ,B,XX ,FS ,P TE ST ,

* i C 0 D E f I f , E N T ( I ) ) ,
~~

= 1 , 2
~X~~3A1~A0/ZYBAT AO BATLO**2/Z X
FS BATAO /RMS
CALL FTEST (IDENT ,FS ,DF D ,PTE ST tBETA )
WRITE ’6 90z)CODE tD (2?)s CODE (J.D(1))f B A T A O l X X

~~
FS f P T E S T ,

*(CODE?I~ ENT(I)) ,f=i ,~
~X 5 A ~ A 1/ZYBATA 1 8&TA 1’~ 2/ZXFS BATA 1/RMS
CALL PT EST~ I D E N T ,FS ,DFD ,PTEST,BE TA)
WRITE’6 90i)CODEjID (2)),CODE (ID (1)),B A T A 1 ,XX ,FS,P TE ST ,

* 1CODE~ I~~~NT(I)) ,i=1 ,2)
h=A3/ZX
A3 A8**2/Z
FS A B/RM S
CALL FTEST (IDENT ,FS ,D F D ,P TEST LA L P H A )
WRITE (6 9O1)CODE~~ID (1~~) ,CODE (iD (2)) ,AB ,XX ,FS ,PTE S T ,

* I 0 0 0 E ( 1 6 E 5 T ( I  =

i~R I T E 16 , 9OL4 AU ’4A BE TA
WRITE ~6,906~ T 3A R ,.~ODE~~ID’2) ) , C SAR ( 1 )  ,C B A R  (2 )  ,

sCQDE (~ D(1)) ,CBAR (3) ,C~ &R~4)RET U ~ NEND
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SUBROUTINE FTEST(IDEMT FS,DF .~~PTEsT ,AL PHA )C THIS SUBRO~ TINE UsES AN IMSL SUBROU T INE
C ‘MDPDRE’ TO CALCULA TE THE P R O B A B I L I T Y
C THAT THE F—STATI STIC EICEEDS THE ALPHA
C LEV EL DESIGNATED.

DIMENSION IDEN1’ (C)
CA LL M D F D R E (F S,1.O ,DF D ,PTESI,I E R )
PIE SIZ1 .J—PTEST
I D E N T  (1) 13
tDE NT (2~~~13tF (PT~.S~ .GT.ALPHA ) RETURN
DENT (1) 14
IDENT j2) 1’4
R E T U R N ’
END

S U B R OU T I N E  P R I N T 2 (TA TTO T ,C O DE ,B A S E ,C A S E ,T B A R ,ID ,
* I JE N T ~~A L P H A  R M S ~~D ? D ,~~N N R , N T S )

D I M E N ~~I J N  TA~~N Ts~~N N )  T f O T ( H T S ) , CO D E ( 1 L 4 ) , B A S E ( N N )
* C A S E ( 3 ) , r j ( 3) , 1D . N T  (2 )  , Z ( 2 ~~) ,~~X N 1  (4) ,IS~ 3) ,X~~N2 (2), —*C 3 A R (25 )
DATA 0/0. 3,, XXN1 / ‘ J O’  ‘ 01 ’ ‘ 1 0 ’  , ‘ 1 1 ’  / XXN C/ ’ 0’ ‘ 1’

900 FURMAT (’l’////////lX ho  ‘~~N 3 V A  F O R S~~MN~E SIM PLE MA t S
*EFF SCT S 0 S I M P L E  I N T ~~R A d I J N  E F F E C T S ’ , / l X  r i o
* o ’, ( ’— ’)  / 1 X  121 ‘ S O U R C E ’  T38 , ’SS ’ , T ’44  ‘ O F 1 T S 5  -~* $ 5 ~~FEC~~l ro~ ‘?~ I b i  ‘ P ( L G r .  F ) ’  ,/ 11 ~ 18 o~ ( ‘ — i ) )

9 01  F’ORMAT(1.’~ 12~ 2A~ ‘ ‘ CA 1 , ’ ( ‘ , AC , t ) ‘ ,~ ‘34 , F~~.) ,
*145 , ’ 1’ ,2 h 0.  ~~~~~~~ F .  4 ~Th ,~~A f )

902 F O R M A T ( / 1 X ,T 1 , 3A 1 , T 34 ,~~9 .3 , T 4 5 , ’ i ’ , 2 F 1 3 . 3 , T b B , F b . 4 ,
*170 ,OA 1)

903 F O R M A T ~~1X T 1 8 ~~b 1 ( ’ — ’ ) , / 1 X , T 1 9  ‘~~~~~~ I N D I C A T E S  T H A T ’  l x ,
*‘ P (X.~~?.~~~ I~ LESS T H A N  ‘ , F~~. 4  ‘ FO~ M AI N ’  /1X ,h9,
~~~ ‘ EFFECTS, ~5 LESS THAN ‘~~~5.4 ,, ‘ ~O R SI M P L E  IN~f E R A C r I O N

/1X ,TH ‘AND I~ LES~ THAN ‘,FS.’4,
•‘ FOR SL1~~LE SIMPLE MAIN EFFECTS. ‘

~~904 FORMA T (’ * ’)
90~ FJRMAT(////1OX ‘~~RROR ‘,IC ,SX, lDAl)
90o FORMAr (////1X ,~ 21 ,’GRA N D M E A N  = ‘,F12. .4~ //lx, rL 4 5, r.

*14 (1*1 ) ,/1X 145,’* CELL MEANS *‘ /1X ,T4. ,14 ($*~~) // 1X ,

~~~~~~~~~~~~~~~~~~~ / 1X , r 3 7 , ’ — —— ’ T~ 4,’—— -’ ,/1X ,
*130 ~ (LOW) ‘ ,143 ‘ (~~IGH) ‘ , T51 , ‘ ~L~S W) ‘ ,110
*‘ ( U ~~G~() ‘ / IX ‘ : ‘ lbS $ : ‘ , ,- - ‘t x , 121 ‘ (L5W) ‘*F1l. 4 r3~ ,’ :~~ , F 1 L 4 ,~~52 , t 1 2 . 4  T~~~ , ’ :~~~~~l I . 4 ,

,Io S,’ : ‘ ,/IX ,T19 A l ICo 25(’ ’)
*153 25( — ‘)  ,‘IX rIB ‘ — — — ‘  ~38 ~ :‘ ¶~~5 , ’ :‘ ,‘lX rCl ,

00 It) J z ) , 25

13 CJNI’rNUE
~3ETA zALPHA /2 . 3T H E T A ~~AL2HA /L4 .O
0K1 0.0
CK2~ 0.0CK3 0.O
00 50 I~~1 HIS
A 1 TA(I ,~~ 1
A2~ TA (I ,IO 2
A 3 1A (I D 3
XA= A1* r f3r I
x3=A 2t-112T I

I
XA B_ A 1*A2* T0T I
C3C A C~ A3 *TTiT IXA C=A 1*A.i*TTO r I

~~~~~~~~~~~~ :~= 1 ( 3 ) +XC
~ ( 4  C ( 4 )  +XA 3

_______
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Z~ 5 =~~ 5)+XAL
.‘. lb  =~~ b )  #XBC

=Z 7j +A1 *A2*A3*TTOT (I)
t:(A2 .LT.D.AND .k3.LT.D)~~O 13 1 7
00 10 12

1 1 IF(A1.LT .0.0) CBAR( l )=CB&R(1)+- TTOT(I
IF~~A1.GT.0.0)CB&R (5) CBAR t5) ’- T’T0T(I

12 IF (A2.Lr.D .AND.A3 .G ’r.O)GO 13 13
00 10 14

13 1P(A 1.LT.0.0) CBAR(3 ) CBAR (3)*TTOT(t
I!(A1.GT.0.O)CBAR (7)=CBkR (7)+T~ t3T (I

14 IF (A2.Gr.D.AND ..A3.L.T.D) GO r~ i~GO TO 16
i s  IF (A1.LT.O.O )CBAR (2) CBAR (2)-+TTJT(I)

IF IA 1.01. 0. 0) 03kB (6) =CBAR (~) + 1101 (I )
IF(A2.GT.D.AND.A3.Gr.D)GO 10 17
GO TO 34

17 EF (A1.LT .0 .O )CBAR(L4) CBAR(4 +1 101( 1
t F ( A 1 . G T . 0 . O ) C B A R ~~8) C B A R (B + r T J r ( I
IF A 3 . L I . D Z CO . (2 0  + X A S
IF A 3 . S T . 0  2 .21 = 1( 2 1  + X A B
IF A2.LT .D 2 22 =2 (22 ~~ ACIF A2.Gr.D Z 23 =3 2 3 +XAC
IF A 1.LT.D I 24 =2 24 4XBC
IF A 1.OT.D 1 25 25 ~~ BC
OK =CK1 +A . I
CK2 CK2+A2
0 K 3 0 K 3 + A 3
C O N T I N U E
IF L A B S  (CK 1) •A B S  ( C K 2 )  + A 3 S  (Cr ~3) .LE . .00 1) 03 ro 53
N E R R O R 2
W R I T E  (6 , 9 0 5 )  N E R R O R , ( C O D E ( I D  ( I ) )  , I = 1 , 3)
STOP

D3 W R I T E (6 90~C L 8 ) CB~~H t ~ — C B A R I J )
2(9) CBAR (7 —CB AR
Z~~10 =CBA~ 6 —06kB —

1 (11 CBAR B — CBA R ‘4
Z~~12 =CBAR 2 — OBA R 1
1 13 =CBAR ‘4 — C B & R  3
3 14 =CBAR 6 — O B A R  5
1 15 CBA R B — OBA R 7
1 16 =CBA R 3 — C B I t R 1
1 t1 7 =CBA R ‘4 — C B A R  C
zl ia =CBAR 7 —OBAR 5
Z~~1 9 =C BA R B — CSAR 6
X= FL kT (H~~) * L.3AT (. TS)
Y X/2.0
X X/(4.0

ZY=X/8.O
DO 90 J~~i ,3X (J)/Y
ZtJ), 1(J ) **2/ x  k
?s= .(J) /~~!1S
CALL. F’TEST’IDEHT, F3 ,D F O ,P T E 3T A L P H A ~
~RITE (b ,,,9O2)CJDE (tD~ J)),C3DEI,l3) ,CJbE (13) ,Z ( J ) , XX ,F3 ,
DO 30 t % ,4
K~~ 74.I+(J 1)*4
XX= Z(KK)/~ Y
Z,~K K )  

~~ (~~
ç) * */ ~~~‘(

F~~~Z (7(K) /RNSCALL. FTEST (IDENT FS ,D F O ,PrES 2,rHETA )
I?IJ.NE .1 )t0 TO
IS ~ I) 10 ~~..IS ~2) =10 ( 3

— - 
00 10 70

:~~ IF J.NE .2~~0J 10 10
IS l)~~ I D ( ’1)
IS 2 =ID~~3)00 10 70

o.) I S ( 1 ) t 0 ( 1 )

15’
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IS ~ ID 2)
70 WR~~T~~(6,4Ol )CODE (ID (J)), C3DE(13) (030E(IS (K)), K= l , 2 ) ,
30 Ct)N1INU~90 CONTINUE

00 200 3=1 ,3
Ii (3 ) 13
X X Z  (3+3) /Y
Z~ 3+J) Z(3+J) ~*2/xFs 2(3+J) /R~~SCALL FTES’T (IDENT , ?S ,DF D ,PTESr ,A~ p H A )
WRITE (6,904)
IF J.NE. 1)0~ TO 100
IS 1) 10(1
IS 2)=ID (2
0.) TO 1 43

100 IF tJ .NE.2)GO TO 110
IS (1) ID (1
IS ~2) 1(30) TO 1 40

110 iSLl )=I D(2)
IS ( 2 )  =1 013)

lUt) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ H
DO 190 K 1 ,2
K K - 1 9 - + K + - ( 3 — 1 )  •2
X X I  ( 7 ( K )  /21
1~~K 7 ( )  = 2 ( 7 ( K )  **C/ y
P s = Z ( K K ) / R M S
CALL FTZS T LIDEN T FS DFD ,PTES-1’,bETA )
IF (J.E0. 1)1S 13 = E o ~~IF (J. E~~. 2 ) 1 3 ( 3  1 ( 2
IF (3. EQ. 3 15(3 I0 11
WR±TE (o 9~~1) (CODE (~~S (J )) J1= 1 3 )  ,000E ( 1 3 )  , X X N C  (K)  ,

*1(7(K) ,X~~,FS ,PTEST, (CJDE(I5ENr ~~~1)) ,JZ= T ,2)190 CONTINUE
200 C O N T I N U E

XX~~1 ( 7 ) (Y
Z ( 7 ) ~~ Z ( 7)  *s2 / ’ (  rFs~~~ ( 7 ) / ~~MS
C A L L  F~ EST IDENT FS OFD ,P:EST ALPHA)
W~iITE(o ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~K~~~1 2)
~RITEj6 903~~AL.PH~~,BET~~,rHEj’ADi 23 ~ = 1

233 C 3 A 3 ( I ) = C B~~R ( I ) / Z Y
~R I T ! ( O , 9 t ) b )  T3~~R , C o D E 10(3  ) , C O D E  1 0( 2 )  , CO D E ( D ( ) )
R E T U R N
E N D
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