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PREFACE \~H- . --

This is the final report of research by Vector Research , Incorporated ,

under contract number DAAG39-76-C-0027. The research was concerned with

two topics in the broad area of the interactions of terrain and tactics in

small L!nit armored and mechanized combat engagements. One part , descri bed

in part I of this volume , addressed the problem of identifying specific

quantitative elements of tactical exposure which predict combat results

(as estimated by combat models). The second part , described in part II of

this volume , examined the degree to which systematic interpersonal varia-

tions in tactical decision makin g may cause variations in engagement

P conditions , and therefore possibly in combat results.

The results of the first part strongly suggest that fine details of

the control and coordination of the exposure periods of the individual

weapon systems engaged in a battle are a principal determinant of the

predicted combat results of the engagement. The results indicate the

need for further research in the area of detailed tactical control of

fire and maneuver , inc l uding field experimentation concerned with the

feasibility of and benefits to be derived from increased degrees of

maneuver coordinati on in small unit armored or mechanized combat. The

research conducted and the results obtained are described in the five

chapters of part I. Chapter 1 presents the background of the current

research. Chapter 2 describes the specific research problem addressed

in this study . Chapter 3 discusses the design of the research. Chapter
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4 presents the research results , and chapter 5 suni~arizes the conclusions

derived from the research. Readers interested in a brief presentation of

the research should read chapters 2 , 4, and 5.

The results of the second part of the research , which involved

experiments conducted with Army officers at the Armor and Infantry

Schools, show a large variability in the design of tactical organizations

for combat, but no significant systematic officer—to-officer variation in

this or any other of the major tactical variables examined . The results

suggest some minor changes in Army study methodology to improve validity ,

The organization of part II is exactly parallel to that of part I , having

five chapters with similar contents. In this part , however , readers

interested only in a brief sumary of the research are encouraged to read

chapter 1 as well as chapters 2, 4, and 5, omitting only chapter 3.
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PART I, CH APTER 1: BA CKGROUND

For the last decade or sli ghtly longer , military operations analysts

in many countries have been measuring statistics concerning terrain

line-of-si ght opportunities . Measurements have been conducted by the

French , Germans, Bri tish , and Ameri cans , wi th some of the most sophisti-

cated measurements being made in Phase I of the recent US TETAM field

experiments. These experimental measurements have been designed to

provide basic data for analyses of alternative weapon system designs ,

force mixes and structures , and force sizes. The statistical measure-

ments taken have generally centered on the distri bution of the number and

length of exposures of attackers to defenders (or vice-versa ) on tactically

selected advance routes approaching a basically linear defensive position

occupied by several defender weapon systems.

A summary of some of the major history of such measurements can

be found in [Hardison , l974J. As is explained in that paper and the

other papers of the seminar at which it was given , the principal concerns

behind the measurements of terrain characteristics are two:

(1) the direct use 0f the resulting measurements in

studi es or analyses of the val ue of various weapon

system designs (generally using simple statistical

models or “time line ” simulations as the basic
P

anal ytic tools);

(2) the analysis of the diversity of terrain classes

P
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which may be expected , so that reasonably representative

terrains may be chosen from each class for more detailed

analysis and use in high-resolution analyses of the

potential contributions of weapon system or force

changes to force effectiveness. (These detailed studies

typically use a dig itized representation of a specific

piece of terrain chosen as a representative of a larger

class of possible engagement sites.)

A typical aggregate set of exposure statistics from severa l experi-

ments is shown in figures 1 and 2. More detailed data , including a

breakdown of the distribution of exposures by range, are available from

several of the experiments . Of course , given the use for which the data

are desi gned , these measurements have been made on the basis of a major

assumption :

Terrains which are similar with respect to measured line-of-

sig ht sta tistics produce simi lar distributions of combat

results when fought on by identical forces using constant

tactics .

If this assumption is not true for a particular set of line-of — .~ight

statistics , then it is clear that a different set of statistica l measure-

ments of exposure is needed--one which will make the assumption true.

That is , any classification of terrain by exposure characteristics is

useful only to the extent that it provides information regarding the

potential outcomes of combat on all terrains in a class; to the extent

‘As predicted by high-resolution combat models.
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Number of
Init iat ions of Mean Segment

Study Line of Sight Length (meters)

NATO Range Study 3.5 ’ 385

HELAST I 4.2 393

HELAST II 7.0 59

Lost Horizon 2.7 326

Experiment 11.8

Fu lda Gap 4.0 357

North German Plain 3.0 183

FIGURE 1: EXAMPLE EXPOSURE DATA

P

‘Data not available from this experiment , estimated on basis of 11 .8
Fulda data .

IP
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that it leaves the outcome s uncertain , a change or refinement in the

class ification is necessary .

Starting in  1970 , a series of experiments have called this assump-

tion into serious question . The research program reported on here was

designed to go beyond these negative results by designing and investi-

gating alternative l ine—of-sight c lassi f icat ion stat is t ics which would

be more closely associated with combat results , structuring the deter-

mination of the new l ine-of-sight stat ist ics in terms of the interaction

of terrain (land form and vegetation) and tactics (weapon siting and

maneuver , etc.) and evaluating the contributions of interpersonal

variations in tactical interpretations to line-of-sight and comba t

result variability. The remainder of part I of this report discusses

the research on the new measures of exposure , and part II discusses the

evaluation of interpersonal variabil i ty . Within part I, the remainder j
of this background chapter reviews the previous results , chapter 2

provides a concise description of the goa ls of this research , chapter 3

describes the act ivi t ies undertaken in this research , chapter 4 discusses

the results of this phase of the project , and chapter 5 summarizes the

• main conclusions .

The initial 1970 work [VRI , 1970] analyzed whether or not combat

results for line -of-sight realizations drawn at random from a single

• statistical population would be similar. A typical case from the analysis

is shown in figures 3 and 4 , where five different line-of-sight realizations

drawn at random from a single statistical population were played in a high-

• resolution deterministic combat model . As can be seen from the figures ,

P
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Group Weapon Initial Realization Number
Type Number 1 2 3 4 5

Red
1 APAT 1 0 0 0 0 0

2 APC 3 2.52 0 .40 1.65 1.13

3 MBT 3 1.74 1.11 .27 0 .41

4 ATRL 3 0 0 0 0 0

5 ATGM 1 0 0 0 0 0
• 6 ATRL 3 0 0 0 0 1.17

7 MBT 3 0 0.76 0 0.41 0.52

8 APC 3 0 0 1.83 0.63 0

9 APAT 1 0 0 0 0 0

(% Red MBT : .29 .31 .045 .068 .155Survivors)

Blu e
1 MBT 5 2.05 0.98 2.94 2.07 1.70

2 APC 8 7.46 6.71 6.43 7.02 6.47

3 MRT81 3 3.00 3.00 3.00 3.00 3.00

4 APC 8 5.89 5.63 6.55 4.93 6.41

5 MBT 5 2.57 0 2.01 1.88 0.77

(% Blue MBT .563 .098 .595 .393 .247Survivors)

FIGURE 3: SURVIVING FORCES AT THE FEBA FOR
FIVE LOS REAL IZATIONS

~ ~~~~~~~~~~~~~~~~~~~~~~ 
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Analysis Realization Surviving Fract ion Surviving Fraction
Point Number Red MBT Surviving Blue MBT Surviving

Red MBT Blue MBT

- • 1 2.33 .39 5 .50

50% Blue 2 3.33 .55 5 .50

F MBT 3 0.33 .055 5 .50
4 1.98 .3 3  5 .50

5 2.99 .50 5 .50

1 2 .33  4 . 8 6  .4 8 6

33% Red 2 2 .33 1.44 .144

MBT 3 2 .33 6.04 .604

4 2 .33 5.02 .502
5 2 .33 3.07 .307

Initial Number Red MBT 6

Initial Number Blue MBT 10

$
FI(URE 4: SURV IVING FORCES AT FIXED LEVELS OF

ENEMY FORCE SURVIVAL FOR FIVE LOS
REALIZATIONS

P
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there was extremely high variabi l i ty in surv ivor ratios, loss ratios ,

and absolute numbers of systems across the five stat is t ical ly identical

line-of-sight realizations. The case-to-case s tandard  d e v i a t i o n  of the

number of Red tank survivors is of the order of magn itude of the mean

number of survivors .

This particular analysis -- based on random draws from a statistical

population -- resulted in similar but not identical line-of-sight statistics

in the five scenarios , and it was followed by an analysis of cases with

terrain line-of-sight realizatio ns with identical samp le statistics

(instead of random sample statistics drawn from a population with a

constant copu lat ion statistic). The results continued to show strong

variability comparable to that in the origina l cases. This remained

true even when exposure window l ength , masked l ength , and the average

number of attackers simultaneously intervisible to a defender were held

constant.

These results cal led into serious question the appropriateness of

the particular terrain line-o f-sight statistics being used to summarize

and c lassify terrain. However; they were themselves limited in two

s i g n i f i c a n t  ways :

(1) they were produced using a deterministic combat model , and

thus did not compare the intra-terrain variability with

the stochastic variation expected simply due to the randomness

of comba t, and

(2) they confounded and possibly misrepresented the effects of

terrain proper (land form and vegetation , etc.) with those

of the ta c tics of deployment and maneuver on the terrain by

operating directly on the resulting line-of-si ght histories.

• -~~~~~ —----  •
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In order to be certain that these study limi tations did not drive the results ,

a more detailed study was performed in 1973 and 1974 [Farrell and Freedma n,

1975].

The genera l methodology of that study , sponsored by the Army

Materiel Systems Analysis Agency (AMSAA), was as follows :

(1) AMSAA selection of terrain areas for examination. Five areas

were selected in each of two genera l roughness categories .

The specific samples were chosen to be as similar as possible

from the point of view of the military and operations research

analysts selecting them , and to be , as closely as possible ,

actua l alternative locations for the simulated actions of a

potential weapon system or force design study .

(2) The design , by AMSAA personnel , of specific defensive positions

for two groups of three weapons each and of attack tactics for

three platoons of five tanks each. The defensive weapons

were assumed to be three tanks and three (mounted ) anti-tank

missile launchers . The AMSAA staff who participated in this

• design are staff normally engaged in similar activities for

actual studies i nvestigating the operational effectiveness of

alternative systems and force designs for both the Army

• “developer ” and “user” comunities .

(3) Use of these AMSAA scenarios wi th representative actual weapon

system data in a Monte-Carlo combat simulation to produce

combat results . At least 50 replications were run on every

scenario in order to achieve tight statistical estimates .

I

•1
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(4) Analysis of the simulation results in order to determine the

extent of inter-scenario variance . (Inter-scenario variance

included the combined effects of the terrain area selection ,

the defender location selection , and the attacker route

selection.)

The overall approach was to use methods as closely identical as

possible to those of actual weapon system and force design studies (which

are , in turn , intended to provide as close an image of rea l comba t pro-

cesses as possible). These methods , used to generate combat results on

terrain scenarios as identical as possible , allow relatively strong

conclusions to be drawn concerning the impact of terrain. Care was

taken at every stage of the process that the terrains and tactics of

the scenarios were as militarily real as possible , including the care-

ful design of separate intelligent tactics 1 for each terrain sample

investigated . This care was intended to prevent any possibility of con-

fusing realistic sensitivity to terrain with mere sensitivity to mathe- J
matical terrain parameters whose variability could be controlled in

reality by the milita ry decision -making process.

The results of this research bore out and , if anything , strengthened

the earlier conclusions . Specifically, the analysis indicated that:

(1) There is extreme variability (sensitivity) in comba t model

results as the scenarios (terrain and movement assumptions)

are varied , even when this variation is wi thin a class of

scenarios chosen for their a pri ori equivalence.

~~~ term “intelligent tactics ” is used in this report to connote tactics
that take account of terrain , intelligence about enemy strength and
location(s), fields of fire , weapons characteristics, etc .
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• (2) This variability can be slightly reduced , but remains extreme

(with probabilities of w in estimable only within plus or

minus 25% ) ~~~~ i f  battle results ~u~e used to redesign the

scve~~1rj•)s.

(3) The observed variability is generally independent of the degree

of detail or sophistication of the combat process models

(although the exact combat results on each scenario are not).

This Is true even when smoke is used to deliberately control

line of sight.

(4) This sensitivity does not produce uniform or monotone variations

in results for changes in weapon system design parameters , but

is such that weapon system or force design choices made on a

cost—effectiveness basis may be reversed between equivalent or

equally likely terrain and scenario choices.

Figure 5 shows an example of the results of this analysis for five

terrains , label led Al through AS. Each battle was considered terminated

whenever the surviving force ratio was greater than 5 or less than 1

• or when the attacking forces reached the defenders .’ The figure shows

for the five terrains the probabilities of the various outcomes and the

conditional mean numbers and standard deviations of the surv i vors for

each outcome (overall means and standard deviations of survivors i nde-

pendent of outcome can be computed from this data , but are not presented
I

explicit ly). The high va~ lability of the win probabilities is the most

remarkable feature of the results and was the strongest determinant of

the study conclusions listed above.
P _ _ _ _ _ _ _ _

1The Initial force ratio was 15 to 6 (2.5 to 1).

P
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DEF. WIN
(RATIO ~ 1) .01 4.00 4.00 0 0

Al ATT. W IN
(RATIO ~ 5) .99 12.78 2.19 2.58 .61

OVERRUN 0 -- -- --
DEF. WIN

(RATIO ~ 1) .70 5.17 5.17 1.08 1.08

A2 AlT . WIN
( RATIO ~ 5) .28 8.64 1.46 2.97 .63

OVERR UN .02 3.0 2.0 1.0 1.0

DEF. WIN
(RATIO ~ 1) .22 4.73 4.73 1.29 1.29

• ATT. WIN
(RAl~I0 ~ 5) .76 10.64 1.72 3.11 .74

OVERR UN .02 3.50 2.50 .50 .50

DEF. WIN
(RATiO ~ 1) .39 3.79 3.79 1.52 1.52

A4 (~~TIO>5 ) 
.57 9.11 1.44 3.41 • ..70

OVERRUN .04 3.25 1.25 .43 .43

DEF. W IN
(RATIO ~ 1) .64 4.37 4.37 1.42 1.42

A5 AlT. WIN
(RATI O ~ 5) .33 9.24 1.52 3.52 .78

OVERRUN .03 3.0 1.0 .82 0

FIGURE 5: RESULTS OF COMBAT IN SCENARIOS Al THROUGH A5
USING SIMULATION VERSION 1

- -~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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These two studies , taken together , indicate that present methods for

classifying scenarios as similar do not result in scenarios which are

actually similar with respect to the prediction of comba t results and

suggest the need for the design of improved measures of terrain line-

of-sight behavior. It is from this point that the research project

described in this report coninenced .

P

P
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PART I , CHAPTER 2: RESEARCH PROBLEM

Past methods of classifying tactical exposure histories (scenarios) as

similar have had the property that similar forces fighting simulated battles

in similar scenarios would have widely diverse combat results. The research

problem for this project was the identification of measures of tactical

exposure which would cure this problem .

Past research [Farrell and Freedman, 1975] had indicated that the

probabilities of win in “s i m i l a r ” scenarios as then defined had a standard

deviation due to suppressed scenario di’fferences of about 20 to 30% , and

were therefore predictable to withtn only ~ 40 to 60%. Other measures of

combat results all showed similar , unacceptably large variations , all of

which were caused in large part by the variability in probabilities of win.

The goal of the current research was to identify measures of exposure

similarity which would halvethe residual variance ( reducing the standard

deviation by 30% ) so that probabilities of win on similar

scenarios would vary by no more than about 15% (standard deviation).

It was felt that this level of residual variability would generally

contribute no more variation in the results of Army studies than that

contributed by the residua l errors of estimation caused by the limited

numbers of Monte-Carlo replications typical of such studies.

In addition to this basic goal , it was desired that the new method

for classifying terrain exposure scenarios as similar would be ~isab1e

on existing terrain data , rather than requiring new measurements to be

taken in order for it to be used . It was also hoped that the new measures

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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might permit some separation of the contributions of terrain itself (including

landform and vegetation) from those of the tactical use of terrain.

Specifically, this project set out to identify a set of measures

of exposure scenarios such that:

(1) the standard deviation of the probability of win for identical

forces fighting simulated combats on different scenarios with

identical measures M~is no greater than 15 to 20% (with comparably

improved accuracy on other combat result measures),

(2) the measures M1 could be determined for such already-measured

terrains as those of the TETAM study by using existing terrain

line-of-si ght data without new field measurements ,

and

(3) straightforward procedures can be used to estimate the separate

contributions of terrain and of the tactica l use of terrain to

the overall measures M~ of the exposure histories .

Chapter 3 describes the research design used to address this problem ,

including the identification of the initial set of measures for testing and

the conceptual strategy designed for adaptive modification of these measures

if the initial set did not offer sufficient improvement in the variance re-

sults , Chapter 4 describes the results of the research (which was successful).

It includes definitions of the successfu l measures M1, statistical estimates

of the variability of the probability of win for simulated battles on terrains

with identical M., a discussion of the limitations of the measures , a des-

cription of methods for using existing data to estimate the 
~~ 

and a dis-

cussion of methods for separating the contributions of attacker tactics from

those of terrain and defender location. Chapter 5 summarizes the major

conclusions derived from these results .

_ _ _ _ _ _ _ _ _  •
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PART I , CHAPTER 3: RESEARCH DESIGN

In order to search for measures of tactical exposure which would

classify scenarios in the sense described in chapter 2 , it was necessary

to make preliminary decisions on several areas of research designs. A

method had to be chosen for generating exposure scenarios to be used in

testing the validity of various classifications. A combat model or models

had to be selected with which to generate the combat results for each

scenario. The quantitative measures of combat results to be used had to be

specified . An initial class of terrain measures for study had to be selected ,

and a conceptual method was required for the identification of additional

measures , should the initial candidates fail to satisfy the study criteria.

This chapter discusses the research design decisions made in each of these

areas.

4

1 E~r.’ . ~~y ~~~~~~~~~~~

Several alternative possibilities were available in the design of

scenarios for the study . Existing scenarios from actual Army weapon system

and force design studies could be used . New scenarios could be generated

using map exercise and computer-aided exposure analysis techniques . This

study could use statistical techniques similar to those used in the first

study of exposure-induced variability of combat results (see chapter 1 and

[VR I , 1970] . Such statistical techniques could be used , not to generate

scenarios ~i~: ~~~~~~~ but to provide a statistical population in addition to

and based on an existing set of study scenarios . The scenarios from the

1973-74 study could be used (see chapter 1 and [Farrel l and Freedman , 1975]).

I
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It was initially felt that the use of actual weapon system study

scenarios would be most appropriate for this research. These scenarios

have generally had a great deal of military analysis go into their

initial design , and have evolved into more and more satisfying forms

as they have been exposed to-- and improved after-- generations of

criticism. However , the project team could not identi fy more than

five such scenarios which were available and contained sufficient

information on detailed exposure histories for use in this research.

No more than three of these could be used , without modification , wi th

a single Monte-Carlo combat model (although one deterministic combat

model could be used with all five). Five scenarios was clearly an

insufficient statistical base for this study . There were other

detailed reasons why some of them were not suitable for this project.

New scenario generation by map exercise techniques , supported

• by computer-aided exposure analysis , was felt to be inappropriate for

this research because of the lack of sufficient expertise on the study

team to produce scenarios which would be reasonably representative.

New scenario generation by statistical means suffered from the same

potential problems -- its possible tactical unrealit y —- that had led

to the 1973 extension of the original 1970, statistically based , work.

Statistical extension of the five available weapon system study

scenarios would not ensure any broader actual coverage than the five

scenarios themselves .

The process of elimination of the alternatives outlined above left

one-- the use of the 14 exposure scenarios from the 1973-74 study . 

—•-•—-•— •~ —• - —iuIIl~~
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These were still available. They had been significantly criticized

and revised in that study , and appea red to offer a reasonable base for

the present research . The number of scenarios was enough that some

hope could be held out for stat ist ical ly significant conclusions. The

project team considered using both these and some or all of the actual

weapon system study scenarios , but no combat mode l was available which

could be used with both kinds of scenarios wi thout major efforts

being called for in either data transformation or model modification .

The final choice was to use the 14 1973-74 scenarios , supplemented

wherever useful by a statistically generated population similar to

themselves .

3.2 &omba t Models

This choice of scenarios somewhat reduced the problem of choosing

a combat model . Because the scenarios included smoke and more ex-

posure detail than most models can treat, only three combat model s

- 

were potential choices . One of these was a deterministic model and

was elimi nated on that grounds . The other two, differing in the

details of the submodels involving acquisition and suppression , had

both been used in the 1975 study . It was decided , as in that study ,

to use both models in this study also, although making measurements

of combat result variability only for a single model at a time , to

avoid compounding model-induced variability with exposure-induced

variability .

—. —- .-•-— • —---- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The models used are fully documented in appendix A of

[Farrel l and Freedman . 1975] and only a brief description will he

given here . The models are based on the ra te-based (Markov)

Monte-Carlo simu lation methodolo gy , prev iously exemplified by COMAN

[Clark , 1969] (of which a variant called COMANEX is in use at

General Research Corporation (GRC)) and an unnamed model by

Andrighetti [1973]. These models have been shown in recent work by

Clark and GRC to portray combat dynamics essentia lly identical to

those of more complex Monte-Carlo simulations , and any minor differ

ences appeared to be unimportant for the purposes of this study .

The overall computational structure adopted , as shown in figure tI , is

comprised of four (4 ) processors : the attrition rate processor , the

scenario processor , the simulation processor . and the stati stical

processor.

The function of the attrition ra te proces sor is to ca l cu la te t he

individual attrition and firin g rates for each of the weapon systems

under consideration . Input data for this processor consist of

detailed weapon system performance data (e .g ., tates of fire , h i t

probabilities , muzzle veloc ity . etc.). The output of this processor

is stored on maqnetjc tape for la t et - use by the scenario processor.

Both models share a common attrition rate processor .

--~~~~~~~~~~~~~ -
-
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The function of the scenario processor is to convert the tactical

scenario description data orig inally supplied by AMSAA into the format

required by the simulation processor. This involves calculating the

locations , attrition rates , and acquisition rates of all defender and

attacker weapons at one-second t ime i ntervals . The output of the

processor is a magnetic tape that is later input to the simulation

processor. Both models share a common scenario processor. In addi-

tion , an alternative , statistically based scenario generator may be

used wi th either model .

The two models have two simulation processors . Both processors

are Monte-Carlo combat simulations that “act out” the tactical situa-

tion descri bed by the scenario processor. They differ primarily in

the manner in which acquisition and suppression are treated . In

version 1 of the simulation processor all acquisitions occur instan-

taneously and the enemy weapon closest to each firer is assigned as

the current target. No suppression occurs in this version . Version

2 differs in that both visual and pinpoint acquisitions are treated

as stochastic processes . It also plays suppression of the defenders

by causing them to “pop-down ” (i.e., to cease firing , lose their

target acquisitions , and be lost as acquisitions to all enemy systems

all assumed to be caused by a local movement to an alternate position).

The output of both vers i ons is a data file or tape that contains a

chronological history of when casualties occurred ~urinq each re;ili-

cation of the battle. This casualty history is later input to the

statistical processor.

• .~~~~~~~ ,- ~~~~~~~~~~~ 
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The function of the statistical processor is to produce

statistical reports that summarize the casualty history data produced

by the simulation processor. The basic output of this processor is

a time history of each battle. This history incl udes . (a) the mean

• number of survivors , (b) the standard deviation of the number of

survivors , and (c) the probabilities that each side is annihilated.

Since all casualty data is stored on the casualty history tape . it

is possible to produce any type of statistical report without

re-running the simulation processor.

3.3 Combat Result  Measures

As with any combat analysis , a wide variety of possible combat

result measures were potentially usable in this research. These

included probabilities of defender (or attacker) win for various win

criteria , surviving weapons , losses , exchange ratios , and other

measures . A preliminary analysis of these measures was run , using the

exposure scenarios and combat forces (and therefore results ) from the

1973-74 study . This anal ysis indicated that the conditional variabil-

ity in survivors , losses , or exchange ratios , given an attacker win

(or a defender win), was less than one-fourth of the total variability .

That is, the variability of the probability of win explained 75% of

the variability of the other measures . Accordingly, the probability

of defender win (POFWIN) was selected as the principal combat result

$ measure whose variability was to be reduced .

P
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.-; . 1 i .~ ~~~~ :es ~~~~~~~~~~~ ~~~~ .~ t ~on •~ !t

The choice of candidate measures of exposure for testing was

considered critical to the success of this project. In order to give

the project the greatest possible i~!~~ ’i probability of success , a

broad group of approaches was taken to the problem of designing terrain

measures .

First , several statistics which have been historically used to

quantify the degree of tactical exposure in a situation were selected ,

so that any good classification schemes which could be developed based

on past work would be discovered and used . Since earlier work had

made clear that many of the past measures would not perform adequately

in classifying exposure scenarios consistently with the predicted

combat results in them , slightly modified forms were also generated

in order to retain the greatest possible consistency wi th prior work .

A second approach which was taken was to examine the logic of

representative combat models and derive mathematical approximations

to the effects of exposure on attrition in these models. The combat

models which were selected for use in this research project were not

used in these mathematical pre-analyses , in order to take no chance

of des i gning exposure measures around any model-specific features in

its treatment of exposure .

The third approach -- which generated the largest class of

alternative measures , but also the least simple-- was to identify the

• ,- -•- - --
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most detailed class of exposure data , short  of complete , weapon-by-

weapon exposure traces, which were available from field experimental

measurements such as those of TETAM , and to generate a wide class of

parametric functions of these data as candida te measures . Summaries

of the results of each of the three approaches are given in individ-

ual sections (3.4.1 , 3.4.2, and 3.4.3) below .

3.4.1 Expp sure Measures Selected Based on Prior Use

Earlier studies (see chapter 1 and [VRI , 1970] and [Farrell and

Freedman, 1975]) had shown that predicted combat results showed no

correlation with the average exposure length in (in meters) of an attacker ,

the average fraction of a random attacker path exposed to a random

defender,’ or the average number of simultaneous exposures in a

scenario. These resul ts held even when range-interval dependent

versions of these measures were examined. These measures had been

used directly on classif ication measures in the 1970 work and were

also used as control checks on the subjective classifications of the

1973-74 study . According ly, no direct work wi th them was undertaken

in this research.

• However , no past work had been done on the variability question with

opening range or last covered range statistics. Accordingl y, both the

opening range and the last covered range -- defined as the maximum range

below which attackers were 90% exoosed -- were considered as candidate

• measures . On the 14 scenarios involved , 75% of the attri tion fell ~ 4t-e :~ iI ’

‘A statistic often called PLOS. As will be discussed bel ow, the symbol
PLOS was used for a variant of this measure in this research project.
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covered range , however , and this measure was therefore dropped from

considerOLion as not explaining the high variability .

In addition to the opening range , a time-oriented variation of

the more normally range-oriented average exposure measure , P105, was

adopted as a candidate . This measure was defined as the average

fraction of an attacker time -line exposed to a random defender.1

The use of duration , rather than path -length , as the basis of measure-

ment allowed for explicit treatment of planned overwatch fires and

similar periods in which some portion of an attacker force was stopped

in a firing position. The average PLOS over an entire scenario was

one candidate measure . A second was the PLOS of a range interval from

the opening range , O.R., to O.R. - 1000 m. (This scenario-dependent

1000 m. range interval will be referred to as the opening range

interval).

3.4.2 E~p~~ure Measures Suggested by Combat Model Analysis

Mathematical analysis of the DYNTACS model was conducted in order

to obtain approximate formulae relating exposure to attri tion . The

DYNTACS model [Clark , 197112 was chosen on two bases : it is one of

the five most detailed high-resolution combat models in use in the

United States , and it was the least similar of these five to the

‘Using time-line durations , rather than path lengths, as the basis of
the measure distinguishes this use of the PLOS notation from that
used by CACDA and CDEC in presenting TETAM results .

2The mathematica l analysis was conducted on the basis of the extant
DYNTACS model documentation , even where it differed with current
implementations of the model , in order that a consistent picture
of the model could be obtained.

- - - 
~~~~~~~~~~~~~~
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Monte-Carlo combat models adopted for this research , thus assuring the

least possible chance of designing model idiosyncrasies into the

candidate measure and then having the measure pass the research tests

which used the Farrell-Freedman [1975] model).

The analysis , which is reported here only in summary , led to

observations listed below. In the cases where the abstract mathe-

matical analysis was confirmed by analysis of actual model results

(as obtained from CACDA during the conduct of the CLGP and HELLFIRE

COEA studies), this fact Is noted .

Ob8ervation 1: Firing Determines Attrition. It  was

observed that Blue losses were essentially directly

proportional to Red firing and Red losses to Blue

firing , with constants of proportionality determi ned

from weapon system perfo rmance parameters . Al though

the exact relation shows range-dependent constants of

proportionality , the mathematical analysis suggested

that the effects of range dependence (and the various

probabilistic variations which could be expected)

on these relationships would be minor (of the order

of 10% to 20%). This observation was confirmed from

actual DYNTACS run outputs . Simply restating this

observation in different form gives : the ratio of j
actua l Blue f i r ing to actua l Red firin g determinee

the force exchange ratio f ’~ combat: the ra tes deter-

mine f 1i~’ rate of zi  tr ition and even tua ll?i  f z c

, ej ’ ! z t  t.

— 
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Obsep~,ati~’z, 
0
: )-~z 1 z ~i e  1~’~ t ‘ T ) - t 7 ’ ’l i~ ieo PW J N . The

mathematical analysis of DYNTACS suggested that , apart from

cases where force effectiveness was domi nated by a single

weapon or two, there should be an extremely high correla-

tion between the probability of win (defined either in

terms of numbers of losses or of survivor ratios) and the

expected exchange ratio. Combined with observation 1 ,

this gives: the ratio of •:~~~‘:~~:~
‘ R?:~ • e:~.: ~~ •~t :4 :~ ! ? - :

• 
• • 

!~ e- •
~ •

‘ 
~~~~ ~ ~ :~: •z i :  t

Observation 3: Tactics and Detection Limit Firing.

Pursuing the determinants of actual firing , it was clear

that fi ring in DYNTACS was negatively controlled : all

weapons would engage in continuous firing except when

(a) they were tactically constrained (out of effective

range, moving, etc.) or (b) they had not detected any

targets. There was some interaction between these, in

which the decision to move (or to stop) was governed

partly by the availability of targets, so that detections

seemed a slightly more powerful determinant. The inclu-

sion of tactical controls , however , suggested that any

final measure of exposure should treat periods of expo-

sure which were tactically suitable for firing

differently than those in which one or both of the —

Ii 
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mutually exposed weapons would be tactically constrained

not to fire .

• ‘!~~~?~‘~z t i~ ’i 1: - -1
. j~

-
~ 

t ~ - . t ~~‘t ~e~i . I n  t r a c i n g

the relation between exposure and detection , it became

clear that there were three determinants of detection in

DYNTACS: exposure , survival (dead observers have no

detections , and dead targets are not detected), and

weapon system performance. Summarizing the relations in

a simple approximate mathematical formulation , one obtains

= 

~E ,l ~S,l ,l ~d l

+ 
~E,2 

(P5 2 1  ~d ,l 
+ P5 ,2 ,2 ( 1 - 

~~~~~

where

P0 is the probability that a weapon tactically

able to fire has a suitable detected target ,

~E ,i 
is the probability that such a weapon has i

targets exposed to his view ,

is the probability that of i such exposed

targets , j have survived to this point in

the battle, and

is the probability that such an exposed

• surviving target will have been detected .

• 
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Because this formulation included survivability and detec-

tion parameters which could not reasonably be included in

a measure of exposure , the following even simpler para-

metric approximation to the true relation was projected :

= k 
~~E ,i

i

where

k is an unknown proportionality constant , and

N0 can be varied parametrically among the small

integers (say, 1 , 2. 3) to provide alternative

possible parametri c approxima tions to the

exact relation. -

For a given N0, P~~O
1 is proportional to the average frac-

D
tion of time for which a random wea pon has a t least N0
targets exposed to view .

Putting these observations on the approxi lliate structure of the

DYNTACS model toget her , an exposure measure of the following form was

suggested .

ALOS(N0)MN DLOS(N0)

where

ALOS (N 0) Is the mea n number of seconds (in a range band) in

which an attacker weapon system would have N0 or

I 
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more exposed targets and would be tactically

permi tted to fire , and

DLOS (N Q) is the mean number of seconds (in a range band ) in

which a defender weapon system would have N0 or

more exposed targets and would be tactically permitted

to fire.

The cases N0 
= 1 , 2 , or 3 are of particular interest. These candidate

measures are producible for the TETAM exposure scenarios from the data

measured in TETAM -- assuming constant average velocities (as has

typically been done in interpretations of the TETAM data) and making

some assumptions concerning the firing tactics and capabilities to fire

on the move of the attacker. Some further separation of terrain and

tact ics seemed possible , and a discussion of this wil l be found in

chapter 4. Accordingly, these measures were taken as candidates for 4

examination . Initial testing was to be on ALOS(l)/DLOS(l) for the

opening range interval (defined in section 3.4.1).

3.4.3 A Broad Class of Parametric Measures

The most detailed class of available exposure data (short of complete

weapon-by-weapon exposure histories) is of the form F0(a,i), FA (d,i)

where

F0(a,i) is the fraction of the defending weapons which

have at least a fraction a of the attacking

force exposed to their view at range (or time ) i ,

and

• ••~~~~~~~~~~~~~~~~~~~~~~~~~ •~~-~~~~ - - •
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F
A

( d , i) is the fraction of the attacking weapons which

have at least  a f r ac t ion  d of t he defen d in g

force exposed to their view at range (or time ) i .~

A very broad class of measures of exposure can be generated from the

linear rational functions of these , i.e.,

CA + E I FA (d,i) d~1 (d)

C0+ F0(a ,i) d71 1 (a )

In the event that no previous measure or group of measures of exposure

should prove adequate for classifi cation of exposure scenarios , this

class of parametric measures was selected for investigation. (It should

be noted that AL O S(l) /DLOS ( l )  is one example of such measures wi th

CA 
= C0 

= 0, and and atoms at 0.)

1We consider FD(O.i) and FA (O,i) to be lim F 0 (r , i )  and l i r n  F
A

( t - , i ) ,

rather than identically 1.0. That is
~~

FD(O,i) (or FA (O,i)) is the
fraction of defending (or attacking ) weapons with any of the attacking
(or defending) force exposed to them at range (or time) i.
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P ART I , CHAPTER 4: RESEARCH RESULTS

This chapter is organized in three sections. The firs t reports on

the statistical estimation of the efficiency of candidate exposure classi-

fication methods and the resulting identification of a single promising

classification technique. The second summarizes sensitivity analyses of

the method , discusses the limitations of the method discovered in these

analyses , and describes possible extensions which may be used in cases where

the basic method is inapplicable. The third discusses the separation of

the effects of terrain and tactics and a resultin g problem in the anal ysis

of certain details of tactical control and coordination of forces . The

major conclusions derived from these results are summarized in chapter 5.

• . 1 St~z t t ~~~~~~ 1 •- 2 L’.r :a~- - 
-
- w~

; ‘
~

As was discussed in chapter 3, the initial phase of this research was

directed to i dentifying measures of tactical exposure which would reduce

the conditional variability of the probability of (defender) win , PDFWIN ,’

given knowledge of the exposure measure , to acceptable levels. Two Monte-

Carlo combat models, differing in their submodels of acquisition and sup-

pression , were used . A preliminary analysis was made of the degree of

agreement of the two models. Figure 7 displays the results , in terms of

PDFWIN , of a hundred replications of each model on each of the ten

10efender win occurs in these scenarios when the surviving force ratio has
2. reached 1 to 1 (the initial ratio is 2.5 to 1; attacker win is a ratio of

5 to 1).
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p
scenarios suited to both models. ’ (Four of the 14 available scenarios were

in formats usable only by model 1.) As is plain from figure 7, the dif-

p ference between the models is not significant in comparison with the varia-

bility introduced by exposure scenarios. (In fact, the R2 value of .92 for

the squared correlation between PDFWIN (model 1) and PDFWIN (model 2)

indicates that either model result explains 92% of the variation in the

other. ) Because of this good agreement between the models, the remaining

graphical displays in this section will involve only model 1 , although all

analyses were performed on both models.

The first exposure statistic examined for possible association with

predicted combat results in this study was the opening range , defined as

‘Chapter 3 discusses the selection of the basic scenarios.

~R2 is defined as

Iv’ - -

L 4—’ 
(x
~ 

- x)(y
~ 

- y)

_~~ ) :~ — )  
-

for a set of data points (x1 ,y 1 ). It is a standard statistical variable
measuring the fraction of the total variance in some variable which is
explained by variations in another variable. Similar formulae exist with
the same meaning for cases where variation in a single variable z1 is
being analyzed in terms of several explanatory variables 

~~~~~~~~~~~
A variance explanation of R2 corresponds to a reduction in the standard
deviation of the explained variable by a factor ~‘TR~ , so that an ex-
planation of 50% of the variance reduces the standard deviation by 30’ ,

p and an explanation of 25% of the variance reduces the standard deviation
by l3~- .
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the maximum range at which any attacker-defender exposure occurred . A

plot of this opening range versus POFWIN for 100-replication samples

of 14 exposure scenarios is shown in figure 8. As is apparent from the

graph , opening range does not serve as a good predictor of PDFWIN in

these scenarios. As is indicated by the R2 value of .29, opening range

explains only 29% of the variation In win probabilit y . In fact, the R2

value for only those cases with opening ranges under 2500 meters is only

.07, which indicates that what little explanatory power opening range

does have is due almost entirely to its association with the two cases in

which the opening range is significantly beyond the range of the attacker

weapons. The results for model 2 are essentiall y identical. In inter-

preting these R2 values , it should be noted that R’~ values less than .23

are statistically not distinguishable from 0 at the 5’l level , and all R~
values less than .37 are statistically not distinguishable from 0 at the

1% level . 1

The statistic PLOS , defined in this research as the average fraction

of the time a random attacker was mutually intervisible with a random

defender in the exposure scenario ,2 was examined next. Figure 9 shows the

correlation between PLOS and PDFWIN. There is no signi ficant association .

The R2 value of .0036 is not significant. A modified vers ion of PLOS ,

‘On our 14 point samples .
21t should be noted that, in the company-scale actions in our scenarios ,
essentiall y all exposures were within weapon range , so that alternate
versions of PLOS taking range coverage into account showed no differ-
ences from thi s definition .
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emphasizing the portions of the battlefield where attrition actually

takes place , is PLOS restricted to the opening range i nterval , defined

for this research as a range interval of 1 ,000 meters beginning at the

opening range. Figure 10 plots this modified PLOS statistic against PDFWIN.

Again , as is apparent on inspection , there is no statistically significant

association between PLOS in the opening range band and PDFWIN. The R2

value of .11 would be statistically distinguishable from 0 at about the

13% level . Even if there is a non-zero correlation , it is not of the order

of magnitude which was sought in this study .

As was discussed in chapter 3 , the research design for this study also

ca l led  for examinat ion  of the statistic ALOS(1)/DLOS (l) in the opening range

interval , where

AL O S(N 0) = mean number of seconds (in a range band) in which

an attacker weapon system would have N0 or more

exposed targets and would be tactically permitted

to fi re , and

DLOS(N0) 
= mean number of seconds (in a range band) in which

a defender weapon would have N0 or more exposed

targets and would be tactically permitted to fire .1

Figure 11 plots this statistic against PDFWIN for 100-replication samples of

our 14 exposure scenarios .2 As is clear on inspection , this measure provides

1The derivation of this candidate measure was described in some depth in
chapter 3.
Hgure 12 contains a table of the data plotted on fi gures 8 through 11 , f o r
reference. It also contains rank oroer data for each statistic.

•

- - -~~~~~~~
---— 

-
~~~~

-—
~

•
~ 

—•—
~~~ 

- ~~~~~~~~~



— 
— -—•—-~~~~~~~~~~~ .•—-—-—-—-—--•-—•- —-—•— - -  c c t - rCr~~~ ”~~~~ • ~~~~~~~~~~~~~~~~~~~~~ --a,r~ 

- - —,
- -

42

1.0

0.

0.8( x x

PLOS IN O.7(
OPENING

RANGE x
INTERVAL 0.60

x x x
0.50

0.40 x

0.30

x
0.20

O •lO ,~ 
x 

X 
R’=111

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.0
PDF W IN

FIGURE 10: CORRELATION OF PDFWIN WITH PLOS IN
OPENIN G RANG E INTERVAL 

-“-
~ -—~

- - - - 
ff_ •_

~~_ _ -
~~~~~~~~~~~ •._ - = - - - ~~~~~~~~- • •_ -

~~ - - __ - _ - _ • _ _



- -  - -•--—--.—- - ---- —— -—----
--. -

~~
-

~~~~-::
- 

-

43

1 . 001

901

. 801

.701

ALOS(l)
DLOS(l) .601 x

IN xOPENING
x x xI NTERVAL

.4O (

3O( x

.2O(

.100

R2=.55 X

0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.0

PDFWIN

FIGURE 11: CORRELATION OF PDFWIN WITH ALOS(l)/DLOS(l)
IN OPENING RANGE INTERVAL



— ~~~~~~~~~~~~~~~~~~~~ - -

_
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

44

— L i

c~~ Co ~~~
- 0 0 C~ C) — 04 N. U) ~~~~ C) C)

-~~ c~ ~~ 
Co CO U) 04 CO ( )  N. 0i U) 0. ~~- Co

C) ~~~ O~ ~~~ U) C’) (fl 0b ~~~ 
.— ~~ C~~ 

U) C’)

U)v 1~~~0~~~ -.

~~~~~
U)o
-4

~~ (‘4 Co C’ U) U) U) U) N. C’) .- LI) U) ~~
— .- . . . . .- . . Li.— U) U) C’) 0) ~- L)

5- 5.— U)

-ii

(fl >. C)

~ 4 W

~~ 0) 0) s- C) C’) 0) 04 c~j  0) CO C) 04 0 ~~~
- .-

~~~ — C) 04 .- 0) Il) U) 0 ~~~ 
(.0 - .- C) 0) ‘4)-4 . . . . . . . . . . .

Li
C’

__i .~~ >-
-4

-4
CO

U) ~~~ N. - 0) U) U) (.0 0) 0) CO (‘4 ~~ C) U) ~~ COo = .- . — I- — 0
__j .

~~ 5— 5.-
0~
C)

U) U) C’) N. C) 0) CO 0) 0) (‘4 0 (.0 (.0 0 ~~ U)
0 ~~~ 04 (‘4 CO LI) ~~ .- ‘.0 C’) 04 - c’~i CO LI) -.

(I)
-4
I—

>< U) CD ~~ 0) LI) ‘.0 LI) U) ~- U) C~) U) (4) ‘4) C) LI) U)
Li

N. 0) — .- .- N. C’) .—
5.- 5- 5.—

U)
C)
0.

Li
>< (I) CD 0 0 C) C) C) C) C) C) C) C) C) C) C) C)
0 (4) Co C’) C) U) CO (.0 (4) 0 0 CO ‘.0 0 U)

~~ ~~ ‘.0 ‘.0 N. N. CO 0) N. ~- C) 0 ‘.0 ~~ N. CO
I- — r- C~4 C’) 0) — — (‘4

Li

= CD
-4

~~~ .- CO LI) N. (‘4 .- 0) (‘4 0) C’) 0 ‘.0
LL~ .~~ ~~

. — —

0~

-. .- 0 (‘4 0) 
~~ 04 CO C) U) 0) 0) U) ~~

~~~ 
0 N. 04 0) (0 ~~~ C) • 0) 0) (‘4 0 (‘4

LL . . . 5— . .C)
0.

— .i ~~ , 04 C’) ~~~ (4) .- 04 C’) ~~ U) (‘4 0) ~~ U)
c~ .~~ ~~ ~~~ CO CO CO CO CO (.) ~~~~

Li
C-)U)

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

- —-- -5’---——



- -
~~ 4—,—- ~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - --~~~~~~ ‘ -

45

a significant association with PDFWIN . In fact , the R2 of .55 is statis-

tically distinguishable from 0 at the 0.25 level. If a single additional

indicator -- whether the opening range is greater than the attacker weapon

range -- is used to ~rovide a slightly finer classification , the R2 value

becomes .65 , and is statistically significant at the 0.05 . level . The

model-2 R2 (without the fine classification by opening range distinctions)

is .52 (on a sample of ten scenarios) and is also significant at the l’~
level.

W h i l e  the use of the R-~ stat i s ti c to measure assoc i at ion  would  no r-

mal ly  im ply a continuous and approximately linear relationship between

variables was expected , no such implication is intended here . With the

currently limited evidence , the only conclusion that can be reached is

that ALOS/DLOS strongly influences the battle probability of win. The

relationship between these variables obviousl y does not account for all

of the scenario effects on the win probability , and the effects which it 
r

does explain may be highly non-linear. Further , the proportion of scenario

effects which it does explain may vary in different regions of ALOS/OLOS .

A hint of such variation in the variability in the quanti tative tight-

ness of the relation between ALOS/DLOS and the win probability exists in the

current data . At the more extreme ends of ALOS/DLOS values , the prediction

is quite good , while for more moderate va l ues of ALOS/OLOS there appears to

be a wider remaining variability caused by other effects . Any analysis of

this effect will , however, require additional research with larger data sets.

In any case, the capability of the ALOS/DLOS statistic to allow the identi-

fication of the extremes--that is . the stratification of the games into even

the three categories of clea r defender wins , clea r attacker wins , and cases

- ~~~~~~~~ - - 
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in which other scenario details will influence the probability of win -- is

a major step forward in the production of operationall y significant measures

of line of sight.

Since the target for variance reduction was approximately 50~, and

this has been achieved by the ALOS(1)/DLOS(l) statisti c in the opening

range band , the basic exposure measurement problem appears to have at

least a partial solution. ’ The next section will discuss sensitivity

analyses performed on this measure in an attempt to identify its limi tation s.

:: -
~~~~~~~

-
~ t i :’ :t t • ,-~~~~~~~~~

-
~~

Sensitivi ty analyses of the association of ALOS( l)/DLOS(l) in the

opening range band with PDFWIN were performed to identify sensitivities

with respect to

(1) the exact sample exposure scenario used ,

(2) the exposure statist ics of the scenarios used ,

(3) the details of the definition of the measure , and

(4) the weapon tacti cs and performance data and assumptions

used in the combat simulation .-~

In no case ~. - the intent of these analyses to improve the performance of

the ALOS (l)/DLLc (1~ exposure classification measure ,~ but rather to

identif y potential areas where its classificatory performance would suffer,

and , if possible , to suggest appropriate treatments for such cases .

1This finding is borne out by the fact tha t the associa tion  between
ALOS(1)/DLOS(l) in the opening range band and the loss ratio (defender
losses divided by attacker losses) is even stronger , with an R ’ of .68.

2As well as the nx del 1 versus model 2 sensitivity reported on in the
earlier section.

3See chapter 3 for a description of the reasoning behind the selected
target performance .

• ~~~~~— • - —~~~~~—--— 
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The fi rst sensitivity analysis i nvolved the statistical generation of

100 exposure scenarios with exposure duration and total exposure statistics

similar to those of the original fourteen scenarios. 1 Twenty-five replica-

tion samples of the combat model (combat model 1) were run on each scenario ,

and ALOS(l)/DLOS(l) for the opening range interval was computed for each.

The resulting statistics had an R2 of .52 , indicating that the particular

selection of scenarios was not a determinant of the effectiveness of

ALOS ( l) / DL OS ( l) at predicting PDFWIN.

A similar sensitivity analysis was then conducted with three addi-

tional sets of 25 statistically generated scenarios in which sensitivity

to average total exposure and average exposure duration ( ‘wi ndow length”)

was tested. In one set, average exposure duration was reduced 25% , in one

average total exposure was reduced by 25~, and in one both were reduced by

25%. The R2 for ALOS(1)/DLOS(l) on the composite set including all three

of these sets and the base set was .53. This indicated that -- within

reasonably small variations -- the explanatory power of ALOS (l)/DLOS(l)

in explaining variations of combat resul ts wi th exposure scenario is not

affected by changes in exposure characteristics .2

‘Chapter 3 discusses the selection of the basic scenarios .
2lhis conclusion is obviously invalid in the extremes, as can be observed by
strictly mathemati cal sensitivity analyses. If the mean window length approaches
O while ALOS/DLOS remains constant, the combat clearly changes significantly.
All the cases used in this research involved mean durations of exposure (in-
cluding stopped as well as moving times) which were greater than 60 seconds .
Use of the ALOS/DLOS statistic as a single classifier for scenarios wi th mean
exposure durations significantly less than this (say, 30 seconds or below)
should be viewed as questionable. Similar mathematical sensitivity analyses
indicate that cases in wh i ch some sections of an attacking force have signifi-
cantly less tota l exposure than others may not group well with cases with more
even exposure . This effect is insignificant unless the standa rd deviation of
the amount of exposure of individual attackers is more than 1.5 times the mean
exposure (a condition we have found in none of our scenarios).

_ _  
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Two kinds of sensitivity analyses were conducted with respect to the

definition of ALOS(l)/DLOS(l) in the opening range band. First , the

degree to which the 1 ,000 meter length of the opening range band could

be changed was examined . The R ’ value for ALOS(l)/DLOS(l) on 100 scenari -s

as the range band changed was as follows :

Range Band

1 ,500 m . .40

l ,25O m. .49

1 ,000 m . .52

750 m . .54

500 m . .51

These results indicate that the explanatory power of the statistic is not

affected by changes in the definition of the range band size from 500 m.

to 1 ,250 m ., but may decrease for longer bands . (The difference between

-40 and .52 is not statistically significant at the 5~ level , but would

be at the l 0~ level.)  The use of AL O S( l) / DLOS(l) rather than AL O S(2) /

DLOS(2) or ALOS(3)/DLOS(3) was also examined . As with the range band size,

P no statist ically significant differences were observed between the three

measures. (The R2 values were .52, .54, and .55, respectively.) Accord-

ingly, this research cannot be said to have provided any basis for selec-

tion among the several possible ALOS/DLOS statistics as exposure classi-

flers.

~~li..u.r - -  
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In order to avoid potential dependencies of the exposur2 classification

statistic on precise force sizes involved , it seems reasonabl e  to a dopt a

defi nit ion of ALOS/DLOS with

ALOS = mean number of seconds in the opening 1 ,000 meter

range band in which an attacker weapon system would

have 10- or more of the defender weapons exposed in

areas in wh ich it was tactically permitted to fire ,

and

OLOS = mean number of seconds in the opening 1 ,000 meter

ran ge ban d in  whi ch a defen der wea pon system would

have 10- - or more of the attacker weapons exposed in

areas in which it was tactically permitted to fire.

(On the basis of this study, any fraction from 1 -  to about 30 could

reasonabl y be use d . The choice of 10 - is arbitrary , as i s the use of the

1 ,000 meter band leng th .) This general form , whic h is equivalent to the

definition used for all the research done in this study , seems to be

slightly preferable as a general form for two reasons: it seems to avoid

the risk of a sensitivity to force size , an d i t  is eas i er to anal yze the

separate effects of terrain and tactics in this definitional form . (This

latter area is discussed in section 4.3.)
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Additional sensitivity analyses were run with respect to two important

weapon system data i tems which seemed likely to interact with ALOS/DLOS in

explaining results: one involved chan ges in acquis ition parameters (and

the use of model 2 versus model 1). The results were reported in section

4.1 , and showed no si gnificant reduction in the exp lana tory power of ALOS/

DLOS for model 2 (and moderate acquisition rates) as compared to model 1

(and instantaneous acquisitions). A second sensitivity analysis involved

the use of local defender movement (through covered areas to alternate

fir ing positions). This sensitivity analysis involved 100 replications

of the combat model on each of five scenarios , and produced an R- of .83.

(The difference from .50 is not statistically significant on the small

number of scenarios.)

-~~ii ~. ~~- j  ~/ z~: ~~r~zi~ t1 /~~ ‘~~ t oj [
~~~‘ z- Z n ~~~~~ ~~~ ~

4

The exam ination of the separate effects of terrain and tactics in • 

-

this project was conducted as a three stage effort . First simple anal ytic

models of the ways in which terrain and tactics interact to produce

ALOS/DLOS were sought. These were then analyzed to suggest possible

hypotheses for experimental investigation , and finally experimental

investigation was conducted to confirm the hypothesis which had been

generated .

In  order to describe briefl y how the hypothesis tha t was finally

experimented with was derived , the anal ytic model that was desi gned

-- -~~~~~~~~— •
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for this research will be presented here without any derivation of the

mathematical forms involved. None of the conclusions or results of this

study were derived from this model ; it served only as a method of focusing

the invest igatio ~ on particular topics. For this reason , the considera-

t ions wh ich led to i ts exac t mat hema t i ca l  form are no t necessar y for under-

standing the results of this project.

The model related the effects of three types of attacker tactical

controls to the resulting ALOS/DLOS exposure statistic. 1 Specificall y it

assumed that

ALOS 
- 

(1-h) mp 1 T + f

DLOS (1-h) (l~ (l .-p2
)C )T  + f

where

h the degree to which the attacker manages to use covered

routes of advance

p 1 
= the fraction of the opening range band in which a random

po i nt in the area (1 ,000 in. deep and as wide as the defender

front) is within tactical range of and has line -o f-s ight

to at least 10. - of the defenders

in the fraction of the t ime an attacker is able to spend

f i r i n g wh i le advanc i n g

t No methods for separating defende ,- deployment tact ics from terrain
parameter ; were discovered in this project.

~~~~~ ~~ -- - -—• , ~~~~~ • - - . —~~
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I = the time required for an attacker to advance 1 ,000 ni.

f = the average amount of time an attacker spends stopped

in a firing position

= the average fracti on of the openin g range band area

visible to a random defender

c = the attacker ’ s degree of exposure coordina tion , a n um ber

between 1 and the number of attackers representing the

average number of ~~~ ‘: i -~ targets provided by the

attacker

When sensitivity analyses of this model were run with what were felt to

be reasonable ranges of data , the greatest sensitivity observed was

always to the pa rameter c , representing the details of the control and

coordination of attacker exposure . This suggested the hypothesis that

the effec ts of at tacker maneuver con trol tact ics  dom i na te the effec ts

of terra in. Tha t is , this high sensitivity to the details of exposure

control and coordination led to an examination of the possibility that

this area alone was the major source of variabilit y on predicted comba t

results which this study had set out to analyze. In order to examine

this possibility , a sample of six scenarios from the 14 human-generated

scenarios used in this study was selected at random after eliminating

the two scenarios in which the opening ranges were beyond the attack er

weapon range. In each of these cases , an investigator then used a computer

interactively to adjus t the combat movement and observe the effects.

adjust i ng onl y the ti me t ra ce , and never the routes selec ted or the

exposures at g iven posit ion. In order not to v io la te  sys tem pe rf o rmance



— - 5  
-U—— ~~~~~~~~ ~~~~

53

hm i ts , no movement speed was ever increased. In every case it proved

possible by one set of such adjus tments to force the probabilities of

w i n to less than 17 1 and by ano ther se t of suc h a djus tmen ts to force

them to more than 83. (Thirty replications of each adjusted scenario

were run , and sets with 5 or fewer wins or 25 or more were accepted.)

It required an average of approximat ely 3 to 3.5 interactive adjus tments

to achieve both cases . All variations were deliberately designed to

increase or decrease ALOS/OLOS as was appropriate to the variation being

made . That such variations did manage to accomplish the expected changes

further confi rms the importance of the ALOS/DLOS statistic in predicting

coritat resul ts , as wel l  as offer i n g new informa ti on .

This experiment confirmed that the variation of tactical details of

movement coordination , without variation in terrain or in route selection .

can cause variations in predicted combat results of the order of maqni-

H tude observed in this and past research. It did not prove that this area

of tactics was the cause of all the variations observed , but did show

that whatever the cause , tactical control of the details of maneuver

coordination , / f  J Y w / ! - , can control (remove) the variation. This work

has thus finally proven a modified form of the hypothesis that Keith Myers

of AMSAA stated when he was first acquainted with the initial [VRI, 1970]

investigations of this topic. This hypothesis in its original form - -

that military design of the tactics on different but reasonably similar

terrains would eliminate any major variations in combat results on them --

was disproved in the 1973-74 research. We have now shown , however , th at

adaptive control of the details of fire and maneuver ‘~n con trol the

_______________________- • - - 
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undue variah i cy of (predicted ) combat results which has been oI”~ervr ’ J

in practice.

The fact that a player usin c, such detailed control can bea t the

opponent in a simulation does not indicate

(1) that the info rmation needed to formulate such deta iled con-

t ro l s  i s ava i la b le on a bat t lef i eld ,

(2) that , even if the info rmation required is available , the

k i n ds of de t a i l ed  coor d i na ti on measures coul d be per forme d

i n ac tua l  com ba t , w i t h it s alread y extreme deman ds on

comman der an d troo ps , or

(3) that there are not defensive counter—tactics or unsimu lated

penalties (such as might be involved in delays caused by

coord ination), wh i c h would cause real coman ders to choose

the risks of non-coordination over the dangers of coordination.

It is therefore not proven that such controls would be practicable or

usefu l on the ba t t l e f i e l d , an d thus a l so  no t p roven tha t suc h con trols

should be simulated in Army studies. However , the large potential

util ity which such control and coordination would seem to have on the

basis of the present limited research seems to clearly justif y further

research on this topic. ’ Because of the complex human performance

questions invo l ved , this future researc h should clearl y involve field

experiments in which the performance demands on commanders and troops

1 lnterested parties may wish to compare the results of this study with
those of field experimental studie s of the effects of platoon size on
combat performance of units.

- 
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correlation are mo st  benefic ial.
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PART I , CHAPTER 5: CONCLUSIONS

There are three major conclusions from the research results

reported in chapter 4. The first is that quantitative measures of

exposure patterns exist which strongly associate with predicted combat

results in the engagement. The specific measures found are discussed

-in chapter 4, together with a discussion of their limi tations. The

measures do not themselves separate the effects of terrain from the

effects of tactics.

The second conclusion was derived during investi gations of the

separate effects of terrain and tactics discussed in section 4.3. The

conclusion is that variations in the degree of correlation of the

exposure of attacker weapons is the most dominant identifiabl e effect

in producing the variations of combat results with terrain and tactics.

The research further indicates that contro l of the correlation of

exposure by the attacker improves predicted combat results for the

attacker significantly , as wel l  as reducing the previously unexplained

variations in combat results on terrains thought to be similar.

The third conclusion is that the potential value of improved

control of exposure coordination in attacks justifies a program

of analysis and field experimentation of the feasibility of such con-

trol and on potential defender responses which could counter attacker

initiatives. Field experimentation is necessary because of the serious

questions of human information processing and decision making

— - - 
-- - - - ------— ---- - -
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performance involved in the control of individual weapon exposure by

hi gher levels of commanders. 
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PART I I

EVALUATING INTERPERSONAL DIFFERENCES IN THE

TACTICAL USE OF COVER AND EXPOSURE BY

INFANTRY AND ARMOR OFFICERS

~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~
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PART II , CHAPTER 1: BAC KGROUND

The Army makes predict ions of the probable combat results of hypothetical

engagements , and of the comparative results of different engagements , for many

purposes . Most of these involve attempting to determine and compare the

possible contributions which could be made to Army performance through alter-

nati ve changes in weapon systems or force structure . In order to properly

understand the information whic h his studies generate , the analyst must under-

stand the factors which contribute to the predicted combat result and see to it

that the measurements and comparisons he makes include only the data in which

he is interested . —

When one analyzes the predictions made in Army studies , one can breakout

the contributing factors in the following conceptual equation: ’

Predicted combat results

= predicted average combat results of a standard force on a standard
terrain using standard tactics

+ differences due to variations in weapon systems characteristics in
the force from those in the standard

+ differences due to variations in force structure from those of the 
—

standard
+ differences due to variations in terrain from those in the standard

+ differences due to variations in tactical decision making from that
of the standard

+ differences due to variat ions in the interaction of terrain and
tactics from those interactions in the standard case

+ differences due to variations in the interaction of weapon systems
and/or force structures wi th terrain and/or tactics from those inter-
pretations in the standard case

+ differences due to random varia tions in the details of the comba t 
—

events (which rounds hit , etc.)

1This equation is intended as strictly conceptual -- any real equation would
almost certainly be non-linea r in nature and wo uld proba b ly involve a sl i ghtly
different set of terms .

—--

~
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With such an equation , one can analyze what happens when one takes

the difference in predicted combat results for two situations -- say cases

which d i ffer only in weapon systems designs. The first term disappears as a common

element wh ich is subtracted from itself. So do the third , four th , fi f th

and sixth . This leaves the following:

Predicted difference in combat results due to
a change in weapon systems design

differences due to variations in weapon systems
characteristics

differences due to vari ations in the interaction
of weapon systems , terrain , and tact i cs

+ cifferences due to random variations in the details
of the combat events .

The use of averages of severa l Monte-Carlo samples for each case can reduce

the magnitude of the last term . Alternatively, deterministic combat models

which attem p t to pred ict avera ge resul ts , rather than a random sampling of

results within their own computations ,may be used to control thi s term

Historicall y in Army studies , the second term has then been neglected as un-

important,and the comparison of results for the cases of i nteres t has been

taken to reflect differences actually due to the weapons changes of interest.

Recent research work (see part I , cha pter l,and the reports referenced there )

has shown that the second term can be si gnificant , and in fact tha t comba t

model results and di fferences between cases may be more due to interactions

between the terrain and tactics chosen for a study and the weapons and force

structure studied than to the principal effec t of rea l in teres t -- the

systematic variation in effects which can be produced by a change ii weapons

or force structure .
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This has suggested that some techniques or policies designed to control

the magn i tude of the second term may be required in Army studies. Such policies

could involve the use of severa l terrain and/or tactical scenarios , rather

than the typical sing le one or two samples that are presently used . In con-

sidering such policies , it is important to ask whether several individuals

or teams should be involved in creating the tactical scenarios , or whether

scenarios from one tactical planner or team could be expected to provide

coverage of the real variability involved . Past studies of the relation be-

tween combat resul ts and terrain and tactics have used in dividual scenario

planners , and have therefore provided no information on this issue . This

study was therefore undertaken to explore the kinds of systematic differences

in tactical use of terra in which could be expected to occur in scenario design .

While limited to map work and thus not specifically addressing the question of

whether similar differences could be expected in real combat actions , it was

thought that the results of the study might also sugges t areas where field

experimenta l investigation of possible real effects might be undertaken.
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PART I I , CHAPTER 2: RESEARCH PROBLEM

Previous research efforts investigating the relation between tac-

tical exposure and predicted combat results in vari ous scenarios have

show n that significant variability can be expected between the predicted

combat results achieved on different scenarios , even when the scenarios

were designed on pieces of terrain chosen to be as militarily identical

as possible and the scenarios were designed by a single individual. In

view of the fairly surprising degree of variabili ty shown in the original

work, the project reported here was undertaken to explore the possibility

that some kinds of variability in predicted combat results were associated

with systematic differences in interpersonal tactical designs .1

The specific goals of this proj ect , the fi rst measurement of inter-

personal di fferences in tactical behavior , were to determine whether

systemati c interpersonal differences in tactical decision making exist ,

and , if they exist , to identify the types of differences on each of five

areas, specifically:

(1) task force organization ,

(2) defender deployments ,

(3) defender maneuver tactics ,

(4) attacker route selection , and

(5) attacker maneuver coordination techniques.

‘An -additional research effort (described in part I of this report) was
also conducted to provide a better quantitative , analytic understanding
of the originally observed variability , and to provide statistical
measurements of exposure scenarios which can more closely predict combat
model results on the scenarios. This statistical research , performed
in the same period as these interpersonal variability experiments , did
not address the interpersonal variation question . 
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In ad di t ion , because the experiments which would ~e performed ~sould

contain a significant base of data concern ing tactical behavior unli ke

any which had been gathered in any earlier research , it was thought

possible that some unplanned observations would be made that would

improve anal ytic understanding of military tactical behavior.

Chapter 3 discusses the design of the experimer~ta l tasks , the choice

of the experimental subject population , and the select i on of the cen tral

quantitative analyses and contains as appendices copies of the experimental

instructions which were used and reduced copies of the map materials which

were used in the experiments. Chapter 4 describes the experimental re-

sults . Chapter 5 summarizes the major conclusions from the experiments.

—
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PAR! I I , CHAM I R 3 : RESt ARCH DI SI (N

The des i tin of (lie research proqraiii on i ntei -p etso n al d if t ereilies in

t a c t  i ca l  dec is ions qoVernin q t h e  use of t err a i n  ~nd exposute will he

di s c t i ,sed in th is  cha pt er  in two sec t ions : f i r s t , the cit ’ S iqn of t he e s —

per iment wh i c ft would pioduce data for ana l ys 1 and , set end . t he des i qn e

the aria lys is of the resu lt i nq data .

The ti i st quest. ion wh i c It  cen t rented the research team tot this pro —

j ec t w as the select ion of the appropri ate subjec t pooi t or the expenitne n—

tat ion . The research cal led for sampi es of :‘~ to 50 persons in  two

sep arate  q roup s • t o work on defensive and at tack i nq tactics. (The sample

si :es were ident. i fi ed as t ie minimum si :es in whi ( l i  m t  erpensona l

c u t  terences i nvol vi eq ‘
~~~ of th e subject popul ati on cou ld reasonably be

espec ted to be detected. ) In order th a t this base would he as uset ul as

possible for (ft ~s s t tidy , it was hoped that it would be i epresen at i V O of

Army of t i t ens who actual ly wou I t t  make t he tactical dec is ions i nvo l veil in

pt’act i c e  and ~t1 so ot those who would be used in scenario des i qns in

st udies . W i t h  the a s s i s t a n c e of the stud y sponsor ’s of t ice , the o f t  ice r

students comp let i eq t he advanc ed o f f  I cer courses at t he itS Army An nor

Srhool and the 115 Army I itt ant iv ~ t h eel were i dent it i ecf as appropriat e poe 1 s

of subj cc! s . Wit H t he oopera t ion o t t he schools , it was aqreed th at a

~I roup Of  at i p rox  1111 ,1 t ely 30 to 3h of f i ( ‘ t~ 5 at t’ac H school WOU 1 d part i ci pate

in two day t’xper ~~~~ t t oward t hi’ end of t he ( OUF\ t ’ .
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Given t h i s  so ut - e of o tt i or as exp et -ime nt al participants , the

ques t ion  of how to m l>~ th e work on defensive tac t i c s  w i th that - on

attack i eq tact ics a rose. The two majo r a 1 terna t i y e s cons i der-ed involved

( 1) assi qn inq the ( ie ten s iv e  ex periment to one school and the at t~~k

oxper intent , to another or ( 
~ 

) ciii i tti n each school ‘ s p a r t  i c pants i nt o

two qi-oups , w ith one ass iqnecl the defensive problem and one ass iqned the

attack. The second groupi eq was appea ii t i n  , sinc e i t  appea i~0t l  I hat hot H

inter— branch and in t et-ponsona 1 di fferenc c ’s would be analy zable. HOWeVer

wh en prel i iii nary statist i cal analyses were conducted of t Ito degree to wh i cli

s ta t is t ic a l ly  si gni f icant  resu l t s  could he expect ed in such ar t e\peri’~ien t

it was found that the t educ t ion in the homogeneous sanrp 1~ si ;Os ma de p l a n  —

sible dif ferences s t a t i s t i c a l l y  unl ikely to be d e t e c t e d . Th e f i r s t  uroup ino ,

even though it did not all ow for work on inter—branch d i f f e r e n c e s  , was

therefore used . The rnfa nt,- v School par t i c ipan ts  were se lec ted for - the

~ defense exper iment and I I to Armor School pa r-ti ci pants fo t - t h e  a t t a c k  esper i —

went.

In order to obta i ii I nformati on on sys tewa f  ic interpersonal di f f et-ences

and separate these front in et - ac lions between I tid I v I dua ls ~nd spec I f i c

t e t - t - a ins . the experimental design had to prov i tie for each pa ,~f ic ’i pa n t  t o

work on more than one terrain. Wi th  the limited amount of time whi cli coul ii

be expec ted from each part I ci pant , the use of three ter r a ins lo t - each par —

i ci pant was chosen . In order to make the informal ion ob t a i nod in thi s

experiment as (Ippi i cable as possible to curi-ent A rmy study proc sces and

interest s . it wa s dcc i ded t hat a l l  I he f ot t-a in samp les should c owe I row

I t i  rope .
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Originally, it was hoped to use terrain areas for which detailed

exposure overlays could be provided . Assuming such overlays were

~

used by the experimenta l participants in generating their tactical infor-

mation , the experiments could then involve the production of quantitative

information on individual weapon system exposures . Such information ,

while not necessary to the general exploratory nature of the experiments ,

would provide potentially usefu l detailed information on some quantitative

measures of the tactical control of exposure . Without the use of such

overlays in the experiments themselves , data reduction from the experimental

results could not be expected to provide useful information at the level

of detail involved , since the experimental participants ’ decisions would

be governed by their estimates of line-of-sight characteristics wh i ch would

almos t certainly differ in detail from the characteristics which might be

measured in attempts at quantitative data reduction . This inconsistency

between the line-of-sights assumed by the decision makers and those used

in the analysis of their decisions would make any conclusions concerning

the details of exposure behavior meaningless.

A review of the ava ilability of overlay data indicated , however , that

overlays includ ing the effects of vegetation could not be available within

the poss ible time period during which the experimental participants would

be available. Accord i ngly , i t was decid ed to use one area for w hi c h a

large number of overlays excluding vegetation effects were available, and

to provide these to the partici pants along with standard mil itary maps of

the area . The other two areas would have no overlay information available.

~
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The specific overlays used were provided by the US A rmy Systems Analysis

Agency (AMSAA). They were i dentical with overlays which had been used

in the Anti-Armor Systems Program Review.

The availability of these overlays dictated the selection of the

first terrain for the experiment. This terrain area was selected in the

area near Hunfield , Germany , on m ap sheet L5324. A reduced-scale repro-

duction of this 1:50,000 map sheet is containe d in  appendix C to t hi s

chapter. The other two terrain areas were selected as areas in which

somewhat similar military situations could be presented (as to the length

of the defensive FEBA , the size of the defensive force and attacking force ,

the general mission of the forces , etc.) so that inter-terrain comparisons

would be meaningful. They were , however , selected to represent greater and

lesser degrees of relief , visibility , and trafficabi lity , so as not to un-

duly restrict the applicability of the study results . One area chosen was

imediately west of the Hunfield area , an area surrounding Schlitz , Germany ,

on map sheet L5322. The third area was considerably north of the first two ,

and represented terrain wi th significantly less relief and with significant

marshy areas. This terrain was in the Schneverdingen , Germany , area, and

is represented on map sheet L2924. Reduced-scale reproductions of both

these 1:50,000 map sheets are alse contained in appendix C to this chapter .

1Wh ile higher-resolution map materials were desired for this study , the
research team was unable to identify sources of 1:25 ,000 or 1:12 ,500
maps except for those of areas on which the experimenta l participants
could reasonably be expected to have worked tactical problems in their
course work. It was felt that the use of areas with which the students
had already worked would suppress the interpersonal differences with
wh ich the study was concerned , an d the use of 1 :50 ,000 maps was therefore
accepted .

-5= ~~—~
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The basic experimental design for both the attack and the defense

experiments was similar. Each participant would be given map materials ,

and both verbal and written information describin g a force structure , a

brief , genera l description of the force mission , and instructions and

materials for recording their solutions to the tactical problems presented

(including both written responses on paper an d gra phical  res ponses on

acetate map overlays).

The Infantry School participants were expected to design a battalion

task force defense of an approximately 15 kilometer front on each map

sheet. The task force contained three mechanized rifle companies and one

tank company . Their responses included i nformation on possible enemy

avenues of advance , defense team organization , defense team deployment ,

weapon system deployment , and movement. The Armor School participants

were expected to design one to five battalion advances and attacks in the

same general areas as the defense experiments ,’ with objectives to the

rear of any enemy defenses. The ba ttalion task forces contained three tank

companies and one mechanized rifle company . They worked with each battalion

individually, wi thout being asked to provide informat ion on any brigade-

l evel structure or coordination measures . They were asked to identif y

team organization of the battalion task force, to identif y avenues of ad-

vance and individual routes of movement of subordinate units , an d to specif y

1With the number of battalion designs depend i ng on the availability of time
to design the attacks. Each battalion-level response was for a different
avenue of advance.
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the types of coordination and control measures that would be employed to

control the separate units. Copies of the written instruction materials

provided each experimental participant are conta i ned in appendices A

(for the Infantry School ) and B ( for the Armo r School).

3 . 2,] Sri ~~t~~is - -: t~~ ’ ~Z - $

The research area pursued in this experimentation is so new that

well -defined quantitative measures of the i nteresting variables do not

yet exist. Thus the aniilysis design for the project began by taking the

five genera l areas of interest (organization for combat, defensive deploy-

nie—~~, defensive maneuver , attacker route selection , and attack coordination) ’

and formulating i n i t i a l  hy potheses to be tested in  eac h of t hem . In

addition , because of the lack of previous research on the topics addressed ,

a very genera l procedure of data analysis was designed to attempt to dis-

cover additional hypotheses or variables of interest and provide the

possibility of making appropriate measurements , even though they had riot

been formulated in advance of the experiment.

In the organization for combat area , the initial hypothesis for test

in the defensive experiment was: the organization will uniformly i nvolve

four teams (one per company in the task force). In addition to this

‘The sixth area , quantitative measures of weapon exposure , had been elimi-
nated due to the problems discussed in section 3.1.  
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hypothesis for test, it was planned to measure the frequency distribution

of the use of various company team structures and to examine (using the

general methods discussed below ) whether any systematic inter-terrain or

interpersonal variations could be discovered . It was felt that the

artificiality of the conditions of the attack experiment, in which five

identical battalion task forces (each with four companies) were to be

addressed , would limit the degree to which useful , realistic information

on interpersonal variations in attack o rganizations would be obtained , and

no measurements in this area were planned .

In the area of defense deployments , the single hypothesis selected

initially for test was tha t Dragon deployments would be significantly more

uniform than TOW deployments . It was planned to measure this in two ways:

quantitatively, by taking the maximum distance between adjacent TOWs i n a

deployment and comparing it with 1.5 times the maximum distance between

Dragons (the factor of 1.5 representing the difference i n overall numbers

of the two weapons), and qualitatively , by visual judgments . In addition

to this hypothesis test, it was planned to measure the degree to which

Dragon emplacements were forward or rearward of TOW positions . It was

planned to examine , using the general techniques discussed below , the

degree to which interpersonal differences in the exact deployments of

platoon and company units and of TOWs could be discovered . These techniques

were also planned to be used to examine the degree to which the estimates

of defender unit positions in the attacker experiment agreed with the actual

positions selected in the defense experiment.

—4 ~~~~~~~~~~~~~~~~~~~ _______
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In the area of defensive movement , it was p lanned to test the hypo-

thesis that the distance to designated alternate or succeeding positions

from their predecessors would be uniformly less than 500 meters . It was

planned to use the general techniques discussed below to examine the

amount and type of movement for interpersonal variations .

In the area of attacker route selection , it was planned to use the

genera l techniques discussed below to identify interpersonal differences

in the identification of routes of advance and , if possible , of specific

attack routes against particular defensive positions . It was also planned

to examine the deg ree to which the avenues of advance described by partici-

pants in the attack experiment agreed with the avenues of enemy advance

described by the participants in the defense experiment.

In the area of attacker coordination measures , it was planned to test

the hypothesis that coordination measures would be taken no more than once

at each un it l evel (that is , company coordination would be specified at no

more than one phase line for a battalion attack , and inter-platoon coordi-

nation at no more than one phase line per company attack). In addition ,

it was planned to examine coordination measures for interpers onal differ-

ences .

In each area where an examination of i nter personal variation i n some

i tem of interest was specified , the following genera l procedure was estab-

lished for the examination:

(1) the data item involved would be examined for all the sub-

jects on each terrain. Where the item involved graphical

data , this would be done by examination of as many over-

lays as possible at one time (generally about 20). This
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would give a picture of two things : the overall distribution

of the data and the degree of agreement on various aspects.

(2) On this basis , one or more properties would be defined which

appeared to divide the population involved . (Examples

included the use of avenues of attack along roads.) These

properties had to be formulated in some set of terms which

could be translated to the other terrains (so that the use of

a particular defensive position was not an acceptable property ,

although the use of the highest hill mass was).

(3) The results on all terrains would then be sorted on this pro-

perty , and a statistical test would be performed to determine

whether there were distinguishable systematic differences in

individual subject s ’ responses .

(4) The specific statistical test applied was the ~~~~ test of the

hypothesis that the probabilities of a response satisfying

the property involved were the same for each participant in

the experiment. A rejection of this hypothesis at the five

percent level was taken to indicate a confirmation of the

existence of interpersonal differences . This test is des-

cribed in most standard statistical texts (see, for example ,

chapter 9 of [Fleiss , 1973]). The statistic computed is

= ~~ 
— 1 

n~(p1 -

where

m = the number of participants ,

n.~ = the number of terrains for which participant i gave

data ,
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= the fraction of participant i ’ s responses

which satisfied the property under test ,

the fraction of all responses which satis-

fied the property ~ = 1 -

and the test is significant at the 5°~ level if X2 > k m~1 ,.O5

the 95-percentile point of the \~ distri bution with rn-l degrees

of freedom.

As the first experiment ever conducted on its topic , th i s stu dy was

not abl e to draw on a set of tested definitions of data items and quantitative

measures which were known to measure the subjects of interest. As made

clear above , although some quantitative data i tems were formulated in ad-

vance , much of the study process was designed to first identif y interesting

hypotheses to be further examined by qualitative and subjective review of

the experimental results , and then to use statistical techniques to measure j

them . This method makes the usual performance properties of standard

statistical tests, including the x2 test used , in this research , meaningless,

because statistical performance measures are conditional on the test having

been formulated without review of the data .

To illustrate this problem , consider a case in which an experimenter

desires to determine whether a particular probability is greater than 5ft -

Standard tests for the value of a proportion are available such that they

will conclude that the hypothesis is true when in fact it is false no more

than 5% of the time . Now suppose that there were , in fact , 30 d if ferent

probabilities which one might have chosen to test and tha t one first

chooses to examine the data to identify which probability
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among them seemed most likely to be greater than 50?], and then appli ed

the standard test to this probability only. This composite process will

have a probability of concluding the hypothesis is true when , in fact , it

is false of up to 79% , rather than the 5% error rate which the formal

test was designed to produce. In our research , where there are an alm ost

i n f i n i t e  number of measurements which could be made on the data and only

those which the data suggests will be made , this problem is signi ficant.

In every case O’i this kind where data was reviewed before the measurements

applied to it were defined , this report will make clear that this occurred .

In such cases , the statistical levels of significance reported for any data

analysis must be considered only as descriptions of the degree of conformity

between the data and the hypothesis involved , rather than as formal limits

on error rates .

Chapter 4 describes the results of these experiments , and chapter 5

sunuarizes the major conclusions reached from them .

~



- 

:

-

i~~~~_
—ii 

~~~~
I - ~~~~ 

ThECIDUöQ P~~ 
. 

. 
-

79

APPENDIX A

TO PART II, CHAPTER 3

1NFANTRY SCHOOL EXPERIMENT MATERIALS 
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BACK’~PS0UNI)

Major questions have recently b - -en rdised concernin n the methods

currently used to represent terrain ef fects  in mar q~wi ng and simlatiun

analyses of armored and mechanized cowpany arid battalion combat. We are

presently studying some of these questions for the Off ice of the Deputy

Undersecretary of the Pa-ny. Among the questions we are addressing is the

degree to which individual decisions on weapon deployments differ , and the

potentia l effects of such d if fe rence~; on the resu lts of Army studies which

use oniy one deployment . To ass is t  in answering this question , we have

asked T RADOC to a l low us to run art e>~periment in which you will determ ine

we&pon dep loyments w hich we wi l l  use in  standard war gaming and simu lation 4

methods . You wi l l  be asked to do th is in each of three s i tuat ions . In

all cases , the forces involved are those shown on t~ie f igure on the next

page.

_
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SITUA rI UN : I hroe s I t,ua t Ions ~: i l l  ho pi-osen t od, in t i ~.h 0 which a

Ii nih S1II iI d  ~trmitor ~utid miiei ’h1iiii .od in f~irit .ry at . t 1nl . is 0 \ i ) ’C I Oi l

act-oss a w ide tro ut w i t h  tho I nt emm t  ion  of L lr e~4ki mi q I ii - oiiqli

de fending US forces - In noi~ of the three ca ’.oc in this

expe rits ’ut. ~5 i i (‘\I)t ’cf(’lI tha t t.ht-’ major O 4OH V at -i ~IiJ , w i l l

he in the briqade area it i vo l  ved , a l t  houqli s r i t ; 5 0 i  on d a- t-y -

‘

a t t a c L ’ -. an ’  e xpec t e d , w i t h  fo rce m-a t - ins of appr ox im1i tel ,~

three o t - 10111’ to t u b  pm - ol tah le .  In a l l  L ’ .I~~C5 , I ho 5ed~ Otl  is

S UmIIICr , t he we.i I hem - and hr t r a f f ic  a h iii t v a I-P qood , and
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ASS uME D SITUATION . -

(Con Li mined )

SUPPORT : Because the ma i n  at tack- -expected in a di f ferent area-- is

antic ipated to involve force ratios of five or six to one ,

each deployui~nt in the three experimen tal si tua ti ot is shou ld

depend only  on the organic and at tached forces of the task

force involved and on artillery support for final protectiv e

fires onl y. No other air , ar t i l le ry , or other support , should

he expected . Norma l resupply may be ant ic ipated . No

miii nefirl d~; or other barr ors , or demol i t ions may be assumed

to have been constructed or prepared for any of the areas.

~ 
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GENER A L INST RUCTIONS

For each s i tuation , you wi l l  be asked to:

Designate an organization for comba t.

Designate areas for company - and platoon -level force elements .

Designate the most threatening avenues of attack.

Desi gnate areas for final protective fires .

Locate headquarters , forward observers , and major weapon systems ,

including : -

battalion and company head qu ar ters

forward observers

I’ll 1 3/TOWs

tanks

dragon AT weapons

mortars

— ~tl l3s , and

machine guns ,

including any mov ements or alternate positions .

Specific instructions on formats for these are on the next page.

~~~~~~ —-~~~~~~~~~~~~ - 
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SPECIFIC INSTRUCTION S

1. ORGAN IZAIION FOR COMBAT. Please sketch the organization of company tea--;s and!
-:  or other force elements wh ich you woul d antici pa te us ing in such a de fen se on

the Organization for Combat response sheet provided. Please place your i ’lenti-
fying number and the letter code for the situation in the upper right Lb rtd
corner of the sheet.

2. ORGAN IZAT IONAL AREAS . Please identify on an overlay in BLUE the areas to be
occupied by each platoon-level and above force el ement. Any form of sketching
and labeling is acceptable. In order to permi t correlation of the overlay with
the map , please place BLACK X ’ s on three coord in ate in tersec t ions  and
identify their coord inates on the overl ay . Place the printed l abel identifying
you , this situation , and overlay #1 on the overl ay. Do not put the overlay
aside ; you wi l l  be using it further.

3. AVENUES OF ADVANCE. Please identify in RED on the same cverlay used for  the
organizational areas da ta the major enemy avenues of advance which you are
defending against. Do not put the overlay aside; you will be using it further .

4. FINAL PROTECTIVE FIRES. Please identi fy in GREEN on the same overlay the areas
for artillery and mortar fires in the final protective fi res. Put this over ldv
aside , being carefu l not to smear the ink used to record the data on i t .

5. COMMANDERS AND FORWARD OBSERVERS . On a new overlay, please ident if y in Bft[
the locations of the battalion and company commanders and in  GREEN thc lo ,if ion
of forward observers . Identify in GREEN also the general areas in ;-, ‘uic h t o
greatest degree of each forward observer ’s attention would be directe d .
Please ident ify on the overlay in BLACK three coordinate intersect i ons and
place your overlay 2 label for this situation on this overlay .

6. M113/TOW LOCATIONS . On a new overlay , i dentif y in BLUE the positi ons ,- ,h i h
your M 1l3 / TOW vehicles would occupy , with alternate locat ions in C~ I t .  a’ 1
d isplaced positions , i f  movement w i l l  occur , in  RED. Where de ploy~er tc ~-~~i 1
involve severa l weapons within 50 meters of one another , a s i ng le  p o i r ’ ( ) ,

may be used to identify the location , which should be labeled wit h t 1 r n ” ,
of systems involved . Please identify three coordinate locations iii RL . -’- - . ~ndplace your overlay 3 label for this situation on this overlay .

7. TANK LOCATIONS . On a new overlay, identify tank locat ions in the s a - ’ ‘~~~

used for TOW locations previously. Identify three coordinate locatio r’ a -i
place your overlay 4 label for this situation on this overlay .

8. DRAGON LOCATIONS. On a new overlay , identif y dragon locations in the s,i ‘

manner used for TOW locations previousl y. Identify three coordi natr locat ’ uns
and place your overlay 5 label for this situation on this overlay .

9. MORTAR LOCATIONS. On a new overlay , identify mortar locations in the sa’re
m anner used for T OW locations previously. Identify three coordin~ te loca t ions
and place your overlay 6 label for this situation on this overlay .

10. M113 LOCATIONS . On a new overlay , i~dentify M 113 locations in the same r’jn’~t’rused for TOW locations previously. Identify three coordinate locations and
place your overlay 7 label for this situation on this overlay .

1 1. MACHINE GUN LOCATIONS. On a new overlay , identify heavy machin e guns locations
in the same manner used for TOW locations previously. Identify three coo rdInate
locations and place your overlay 8 label for this situation on th is 0l. L P ’ l O i .

~ 
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SITUATIO N C

This situation is on the HUNFELD map sheet (L5324). The battalion

defense is to be conducted along the genera l line from Arze ll to

Hofaschenbach (NB 555240 to NB 600100).

In this situation, some additional materials are available which riig~ t

possibly assist you -
~~~~ your analysis of the situation. T~ese are a so

of transparent overlays showing the line-of--sight propci’ties of t’- r-ic:~s

locations on the map . Each separate overlay shows the area which is

intervisible with a particular point on the map-- VISRECART) ING ALL VEC ’7’A.7’ION

EF’FECTS AN!) ACCOUNTING ONLY FOR A CTIJAL TERRAIN INTER VENTf lN . po i ts

fo r  with which such overlay s are available include both road points ~su’

off-road points, and might be either enemy or friendly positions at came

point in any combat action. The points for which overZa ~s are avai~~~ 7- e

are listed on the following page. On each overlay , the clear ar~~

visible (disregarding vegetation) to the observer or weap on at t~ c 1coa ~ ion

of the triang le. Other areas labeled “2 ” will a llow vis ib i l i ty  of t : e  top

of vehicles, but not of the entire hull. Other areas are total l ~1 mas~< ed.

These overlays were designed for another use entirely, and may prove zweio~ s

or too diff icul t  to use for  this exp er iment. Their p r  - - r - ~e in this

materia l should not be taken as an indication of pot enti~ 1 loc a~. a n ~-~ TO’

a suggestion tha t they wil l  he f ac t  prove use fu l .

____________ - 
- 
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SITUATION C

POSITIONS FOR WHICH OVERLAY S ARE AVAILABLE
(listed in order that overlays are stacked )

5869 1732
6272 1194
5777 2320
6052 2500
5962 2180
5613 1653
5632 1567
5772 1732
5771 1572
5986 1081
6169 1084
6091 1150
6160 1180
6156 1093
5446 2412
5627 2425
5745 2389
5628 2302
5502 2456
5715 2556
5727 2507
5826 2377
5889 2452
5967 2426
5778 2239
5821 2368
5783 2252
5873 2182
5687 1640
6116 1131
5669 2356
5824 2480
5843 2240
6253 1574
5697 1388
5372 1935
5692 1976
5664 1945
5897 2062

- 
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SIT UATI ON N

This situation is on the SCHNEVERD INGEN map sheet. The battalion defense

is to be conducted along the general line of the major north-south road -

from the intersection at approximately ND 568897 to the intersection at

approximately NO 572758.

p
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SITUATION X

This situation is on the LAUTERBACH map sheet, although you may wish to use

the neighboring HUNFELD map sheet for reference also. The defense is to

be conducted along the general line of the Fulda river from a position

roughly between tinter Wegfurth and Ober Wegfurth on the North to a positi on -

roughly between ti llershausen and Hartershausen on the South .
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APPENDIX B

TO PART II , CHAPTER 3

ARMOR SCHOOL EX PER IMEN T MATERIAL
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BACKG ROUND A ND INTRODUCT ION

Maj or questions have recently been raised concerning the methods

currently used to represent terrain effects in war gaming and simulation

ana lyses of a rmored amid mechanized company and battalion combat. We are

presently studying some of these questions for the Office of the Deputy

Undersecretary of the A rmy . Among the problems we are addressing is the

degree to which individua l decisions on tactics for utilizing terrain for

weapon deploymen t and m ovement differ , the nature of the common elements in

such decis ions , and potential ways to improve the representation of these

tactics in the Army study process. To assist in answering this question ,

we are conducting , with TRADOC ’s assis tance , exper i ments at the armor

and infantry schools in which you and other qualified officers will

determine weapon maneuvers and deployments which we will use in standard

war gamin g and simulation methods . In doing this , you w ill be asked to

address questions which woul d normally be analyzed at several levels of

command , from bri gade to platoon , with the greatest attention spent at

the battalion and company levels.

You wil l  be asked to do this for several battalions in each of

three general situations--designated cases D, L , and X. Each of these

deals with a different map area. Case 0 deals wi th areas on the 1-IUNFELD

map sheet, case L with areas on the SCHNEVERDI NGEN sheet , and case X w i th

the LAUTERBACH sheet. You should have one of these map sheets at your

location. You should also have a set of preprinted labels with a unique

number identifying you , a case code , and an overlay number. You w i l l

use these to attach to the overlays you produce on this experiment. The

--——— - — -
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case code of the fi rst column of labels shoul d co rres pond to the ma p at

your pos ition. In each of the three cases you will be p~rformiug portions

of a terrain analysis to support an East—to—West attack in certain portions

of the m ap, and then outlining the details of one or more battalion attacks

on the basis of this analys i s.

If your number (see preprinted l abel s) is 1 ,4,7,10 ,13 ,16,19 ,22 ,25,

28 , or 31. you will work with the cases i n the order 0, L , X. If your number

is 2 ,5,3,11 .14,17 ,20 ,23 ,26 ,29, or 32, you w ill work with them in the

order L, X , D. If your number is 3,6,9,l2 ,l5 ,l8 ,~fl .24 ,27,30, or 33, you

will work with them in the order X , 0, L.

Case D is concerned wi th an area on the HUNFELD map sheet . You should

assume that friendl y forces of interest begin in various locations near

the Uls ter river from coordinate 120 on the south to 280 on the north ari d

attack generally to the west with a sli ght southerly direction , leaving

the map sheet at locations from coordinate 060 on the south to 220 on the

north. You shou ld assume that no defensive forces w i l l  be encountered

east of the 640 coordinate .

Case L is concerned with an area on the SCHNEVERD 1NG E~1 map sheet.

You should assume that friendly forces of interest begin in var i ous loca-

tions near or off the eastern edge of the map from coordinate 750 on the

south to 900 on the north. The attack is di rectly to the west. You

should assume that there will be no enemy forces east of coordinate 630.

Case X is concerned with an area on the LAUTER BACH map sheet. You

should assume that friendly forces of interest beg in off the eastern ~dcie

of the map from coordina te 100 on the south to coordinate 250 on the north

and that they are to attack directly to the west. You may assume that

there are no major enemy forces east of the Fulda river .

- -5—-- ~~~-
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In all cases , you should assume that each bat ta1i~~i w i t h  w hiJi  ~‘ou

become concerned is a ba t t a l i on  task force co nsi ;t . inq of an arm o r h~t t t ~ lj on

augmented wi th a mechani~ vd r i f le company, includi nq t- ; j F-1113/TOW veh ic les .

Afl of the attacks are to be conducted wi th the m iss i m  of breakie~
th rough the defensive posit ions and penetrating to a depth of 30 to 50

kilometers within 2 days . This experiment is not conc erned wi th  ihe entire

p rocess , but principall y with the encounter wi th  the main defensive posi t ion.

According ly , you should assume in each case that ~‘our forces b9gin in con-

venient locations just east of the area of interest for the s i tuat ion as

outl ined above , and that their obj ect ives a re w est  o f the area of interest.

Your problem in this experiment is concerned w~ th at tack ing.  de feat in c ,

and breaking through or disorgani! ing the Jefend ino fo rces. The ensuing

pursuit, exploitation , and/or continued drive to the e5jectives are n o t  to be

ad dressed. It should he assumed that all successes w ill be follo~s~d up

by major reserve elements which wi ll both enlarge the hreakt hrouqh and

perform extensive explo i t at ion .

In all cases you should disregard all present po l i t i ca l  bounda ries .

You may assume , in spite of the direction of a t tack , that the enemy forces

are Sovie t and Wa rsaw Pact forces. For each ba t ta l ion  it should be

assume d that a main attack is being made elsewhere , and that no air ,

attac k hel icopter , or other support beyond limi ted art i l lery support shou ld

be anticipated. Wherever relevant , a l l  use ful engi noer support for

bridging rivers should be assumed . In all cases , the season is summer ,

the weather and trafficability are good , and the atta k is a day liob t. attack.

The overlays and other information to be p ro du ced for each case are

s i mi l ar , and a single set of general instruct ions is given on the fo l lowing

pages.
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OVERLAYS 1 AND 2-- PREL IMIN-~RY TERRAI N ANALYSES

Please identi fy at least fi ve avenues of Eas t-to-west movement

suitable for the use of battal ion -level  forces in the genera l mission

and area described earl ier. Sketch these on an acetate sheet , qro Ap in g

them until they f inal ly show areas for exact ly f ive bat ta l ions;  mark

three coordinate positions so that the acetate may be correlated wi th the

map again; and place your preprinted identifi cation lable for OVERLAY 1

for this situation on the overl ay.

On a second acetate , please identi fy in different colors , at leas t

one and up to three alternative defensive deployments which might be

employed to defend against such an attack. If you cannot find three

reasonable defensive deployments which differ througho -~t , these may be

identical in some areas and different in  others . If y ou can identify more

than three alternatives, please use the strongest ones which differ

significantl y. If you cannot identify three alternatives within the

terra in area of interest , please outl ine at least one - For each defense ,

sketch the general line of the defense , identify major strongpoints

wi thin it , and show the part icular points which you would expect to be the

greates t threat to forces attacking alon g the aven ues you identif i ed in

overl ay 1. Label this overlay with your appropriate OVERLAY 2 label and

make sure that three coordinate posit ions have been marked so that it can

be correlated with the map again.

--5 -~~ —~~- --—-5——
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OVERLAYS 3 , 4, 5 AND 6--PLANNED ATTACKS

From your work with avenues of attack (OVERLAY 1) and defensive

positions (OVERLAY 2), you should now have five battalion attack situa-

tions against each of three pos ible separate defensive lines . The next

three overla ys are concerned with these situations , one overla y for

each defensive line . For each overlay , please desi gn an a ttack for a t

least one of the five battalions , considering for each attack the prob-

l ems of the battalion commander and staff officers involved. Attacks

should be designed for as many battalions as time permits . Assume that

good intelli gence repor ts have located the enemy i n the general pos iti ons

involved . Your ovcrlaL’ should only deal with the last 3 to 6 kilometers

in front of the defense. In addition to the battalion-level problems ,

please a lso  consider  the p ro b lems of each com pan y comman der , so that i n

the comp lete des ign for an attac k , the routes for each p latoon are gi ven ,

with all battalion- and company—level phase lines and/or other coordina-

tion points marked. Please describe briefly on the paper answer sheets

p rov i ded the organ i zat i on of the ba ttal i on for combat and the spec ifi c

scheme of attack for the battalion and the companies, including all

coordination measures to be used and any planned conditions for the use

of the reserve forces (if any reserve is to be used.) These prose des-

criptions need not repeat material which is similar for the various

— battalions against a single defensive line , or even aga inst severa l

defenses , hut may simp ly note any signif icant dif ferences in the meaning

of the phase lines , the methods of coordination , etc . In addition to

this information , please describe the formation or deployments of the

force you would expect to be used both before the attack and as the attack

is conducted . This information is needed only for any periods where the

-5 .~~‘-~~~~~~~--— — - — —
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overl ay sketch is not clear or for levels of detail below that of the overlay .

Thus , for instance , if at some point compani es would be following one

another down a single road with a kilometer between them , the overlay would

show a single route , and the formation should be noted. Additionally, for-

mation information for vehicles within individual platoons , which is below

the l evel of the overlay , should be given wherever it would differ from a

standard (the standard should also be given). This information should be

given no matter at what level of command the info rmation would actually be ti

determined--that is , you are here considering battalion - , company- , and

platoon -level problems . Again , please be brief and omi t all repetitions

of comon information for the various attacks . When complete , you should

have three overlays labeled 3, 4, and 5, each with one to five battalion

attacks against a single defensive line , each with three coordinates marked

for correlation to the map, and one or more pages of answers which should

be stapled together and to which you should attach your OVERLAY 6 label.
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OVERLAYS 7,8,9 AND 10--UNPLANNED ATTACKS

In your work on the overlays 3,4,5, and 6, you assumed that each

attack was planned on the basis of good intelligence information locating

the general enemy defensive positions. b r  overl ays 7 through 10, please

assume instead that the overall plan of the battalion involved in each case

was based on intelligence information indicating that there were no enemy

forces in the area involved , and that the firs t information to the con-

trary is when the enemy force invol ved opens fire on the advancing

friendly forces. Please assume that the enemy lets the friendly forces

advance so that a significant fraction of the advancing force is within

the 3000-me ter effective range of the SAGGER anti-tank weapons , even if

this means a llowing the most forward elements to j ust wi thin 1000 meters .

(If the planned movement formation for the battalion woul d not bring

major parts of the force within the range of the enemy weapons wi thout

bringing the most forward elements in closer than this , assume that the

forward elements are allowed to within under 2000 meters and are des-

troyed by intense , effective fire , with no report of the source of the

fi re to the main body of forces--only of the fact that they are under

fire , followed by a break in con nunications.) Assuming that such an

encounter leads to an immediate hasty attack , please describe in these

overlays (using the answer sheets provided as OVERLAY 10) how you would

expect the attack to evolve , in exactly the way you described the planned

attacks in overl ays 3,4,5, and 6. Please remember in constructing your

answers the limitations imposed by the immediate nature of the attack

on the degree of command/control coordination which could be expected ,

and be as realistic as possible. Please be sure that your prose
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description includes a description of the pre-encounter formation of the

forces and distinguishes the command and control decisions and actions

of the various commanders from one another , so that battalion -level and

company-level reactions and actions can be distinguished . As in the

planned attacks , please omi t all repeti tions of information for the

various situations. Please describe briefly what you might expect to

happen differently if radio communications were impossible due to ECM.
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PART II , CHAPTER 4: RESEARCH RESULTS

The experiments to explore for systematic variability in the tac-

tical use of terrain were conducted in June and July 1976, with 29

officers participating in the defensive experiment at the Infantry School

and 29 officers participatin g in the attack experiment at the Armor

School . The results of the experiments will be discussed in six sections ,

describing in order results on: organization for combat , defensive

deployments , defensive maneuver , attacker route selections , attacker

maneuver coordin ation , and miscellaneous observations .

4.1 Organization f o r  Comba t

As was described in chapter 3, the organization for combat results of

the defensive experiment was examined for i nterpersona l variability . As

can be seen in the data package in appendix A to chapter 3, the partici-

pants were given a battalion task force which had four companies . A

hypothesis had been identified for testing that tie organizations given

would con ta in four maneuver teams (exc l udi ng mor tar an d a i r defense un it s) .

Although four-team cases were dominant , the hypothesis was not completely

true: 34% of the responses contained either three or five teams. The

three team organizations were organized around the mechanized companies , with

tank platoons attached: no role was given to the armor company . The fi ve-

team organizations involved organizing a major portion of the anti-tank

platoon either with the scouts or under task force control .’ Of the total

The use of the scouts as a unit without reinforcement was not coded as a
separate team in the data reduction . Thus! there were actually some addi-
tional five—team cases, if one coun ts the scou ts.

- - ---— — ----
~~~~~~~~
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: r5 .~~’r ‘r’ v- -r p -—

108

of 86 organizations , 5 involved three teams and 24 had five. (It is

possible that some of the organizations coded as havin g five teams actuall y

had six, with the scouts assigned a unit role and the anti-tank platoon

under task force control : the coding method used to classify the res-

ponses would have coded this as a five-team organization.)

In spite of the diversity of responses on this item , no statistically

significant systematic variation in the number of teams with either terrain

or individua l could be found . A methodological remark may be appropriate

here: the statistical test being applied in this analysis , as was described

in chapter 3~ was the x
2 test. In practice , in order to limi t data reduction

and calculation effort, the test statistic (denoted X2in chapter 3) was

calculated incrementally, with calculation being stopped as soon as it was

mathematically impossible for the final statistic to be significant. This

technique , adopted to control the amount of effort going into the data

analysis in this research , means that the exact significance levels of the

complete test were not computed in cases where the fact that the test

would fail at the 5% level became clear part way through the computations.

This procedure should not be confused with sequential statistics. The

statistical test which was being performed was the previously—defined , non-

sequential x2-teSt. However , since only the question “Is X2>x2m 1 0 5 ?”

was of interest , if partial data indicated that it was mathematically

impossible for X2 to pass the test , computation on that item was stopped ,

and the negative result recorded .

- ~~~~~~~

. 
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t

In addition to the number of teams , the team contents were examined

for variability . Each separate subordinate unit identified in the exami-

nation of the number of teams was coded in terms of three variables :

the number of rifle platoons present , the number of tank platoons present,

and the number of attached TOW sections. Headquarters and related units

were not coded , nor were attached scouts or air defense units.) In term s

of these three variables , the participants used a total of 34 separate or-

ganizations in their responses . The distribution of responses is shown in

figure 14. No statistically significant association between the use of a

specific organization and either terrain or individual participants could

be found . Thus , alt hough there is extreme diversity in the maneuver teams

formed by officers in the same or different tactical situations , no sys-

tematic interpersonal (or inter-terrain) variations could be detecte d.

The kind of variability in tactics detected here -- variability in the

structure of the force involved -- is normally exam i ned explicitly in an

Army weapon system or force structure study , and does not appear to provide

any new source of variability in such study results . It may affect the inter-

pretation of such results , however. In most current studies , it is assumed

that changes in force structure at one level will be reflected fairly sys-

tematicall y in consequent changes throughout the subordinate units , the

combat performance of some one of which is examined . Thus , the addition

of new TOWs to mechanized battalions is assumed to be reflected in a

reasonably predictable and uniform way in the contents of the “typical ”

4 
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Nunter of Times O RGANIZATION
This Organ i zation
Was Calle d For Rifle Platoons Tank Platoons TOW Sections

53 2 1 1

44 3 1 2

37 3 1 1
30 2 1 2
27 1 1

26 3 0 2
24 3 0
21 1 1 0
14 2 0 1

12 2 1 0
9 3 0 0
8 2 0 2
6 2 0 0
4 1 1 2
4 3 1 0
3 0 1 0
3 1 0 1

3 3 1 3
2 4 1 2
2 4 0 1
2 2 1 3
2 1 2 2
1 (12 other cases used once each)

FIGURE 14: DISTRIBUTION OF USE OF VARIOUS TEAM ORGANIZATIONS 

— - - -—--- —.5•-—--— .5’~~~~~~~ 4454~~5~~ 3~544 4 -
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company team whose combat results are examined . Because of the large

variability that it appears should oe expected in the actual con~ any

teams that would be formed and because of the sig n ific -~nt non -l inearity

of the combat resul ts w ith force s truc ture , some explicit cons i deration

of this variability and its affects on the average performance improve-

ment may be appropriate to Army studies .1

An approach to controlling any biases due to this effect would be

to sue the force-structure dependent data which is already typically

produced in Army studies to produce reports of the distributions of

resul ts (or of weighted averages of results) which could be expected

under a mi x of force s truc tures , and to exam i ne how thi s woul d vary as

wea pons or lar ger scale force s tructures were chan ged . This approach

woul d generall y involve lit tle i f any addi t i onal data genera ti on , but

woul d correct the interpretation now being made of the results of studies

to properly reflect the expected diversity of combat organizations .

f l - _ S .  • -I -i S . t t & t . .  - -

As ex p laine d i n chap ter 3, it had been planned to test the hypothesis

that Dragon deployments would be significantly more uniform in dens i ty

than TOW deployments by both quantitative and visual inspection techniques.

The quantitative techniques had all been constructed on the assumption

that the dep loyment res ponses would generall y conta i n loca ti ons for

1The present techniques for studies seem to be based on the combat results
of the mean company , which will differ from the mean combat results of
the companies if there is large variability in their makeup and the combat
performance is a non -linear function of makeup , bot h of which appea r to be
true .  

_
~~n_-S._r_, —~~~~—— -
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18 TOWs and 27 Dragons, the numbers in the task force structure given the

participants. In fact, the number of TOWs located on the participants ’

responses ran from 12 to 20, and the numbers of Dragons from 21 to 27. This

variabil ity , for which no cause could be found , prevented the use of the

quantitative measure designed for this test.

It was felt tha t this problem would not prevent the visual test , and

it was performed . Each participant ’s responses were presented to an invos-

tiga tor, and a judgment was made as to which was the m ore uniform . Of the

79 sets of responses judged (some of the responses were unusable for

various reasons), the Dragon deployments were judged to be more un i form i n

70. This result must be examined with caution , as no tests of judgment

accuracy against quantitative measures could be made.

In addition to this examination of the un i formity of deploymen t den-

sities , measurements were made of the average distance which the Dragon

dep loyments were forward or rearward of the TOW deployments. Neglectin g

three outliers in which TOW deployments were generally m ore than three

kilometers forward of the rema inder of the defense (and were to displace

back during the action), Dragon deployments were found to be forward of

the TOWs by 250 meters with a standard error in this mean difference of

45 meters .

TOW deployments were also examined for interpersona l variability .

Cla ssifying TOW locations from different responses as identical if they

5~

‘5— .- 
-~~4 . _--15. 
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appeared to be within 200 meters of one another, 1 74 dis tinct TOW

locations were counted on the one terrain , 70 on another , and 62 on the

third . This indicated a significant variability in the location of the

TOWs. However , nearly half the total locations in each instance were in

the rear area (more than two kilometers behind the forward TOW deployments).

Thus, there was much less divers i ty in the forward deployments of TOW .

Grouping the responses into randomly selected pairs on each terrain , an

estimate was madeof the fraction of i dentical forward TOW positions in

each pair. -~ The mean fraction of identical forward TOW positions was 52” - ,

with a standard error or estimate of 4-~- . 
-
~ No statistically significant

systematic interpersona l or Inter-terrain differences could be found .

(Three TOW deployment properties were examined for statistical significance ,

but found to have none: these were the use of pairs of TOWs versus m di-

vi dua l TOWs , the initial use of TOWs forward of the genera l defensive line

as opposed to initial placement in the main defense , and the use of groups

of four or more TOWs in less than one kilometer of front. None of these

properties was found to have any systematic interpersonal variation .

Similar pair-comparison measurements were made of the location given

for companies or platoons . In these measurements , the decisions as to

whether two locations were identical were made on the basis of whether

1Whi ch was fel t to be reasonable for the map materials and data collection
techniques employed.

-‘The fraction of i dentical positions was taken to be the number of positions
taken in both deployments divided by the number of forward TOWs in the two
deployments. As was mentioned above , positions within 200 meters of one
another were judged i dentical.

~These fractions account for only the forward TOWs. As was noted above,
TOWs in the rear were significantly less correlated between samples .
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or not the symbol s used shared some area. This allowed the centers of

platoons in the same location to be up to about 600 meters apart in the

responses drawn by the participants. The mean fraction of unit locations

identical between randomly pa i red responses (on the same terrain) was 41” ,

-

S 

with a standard error of estimate of 5~. No statisticall y significant

systematic variations with terrain or individual were found .

The locations of defender units given in the defense experiment were

also compared with those i dentified for potential defense locations in

the attack experiment. Because of the freedom of the attack experiment

participants to estimate the location of the defensive line , and thus to

place their defensive positions in areas which did not agree at all with

those assigned to the defense experiment , only a limited sample of 20

attack-defense comparisons could be made . In these , the pairwise agreement

between attacker location estimates and defender location estimates was

statistically indistinguishable from the overall defender-defender agree-

ment. Thus, it appears that all participants will agree on the locations

for defending units (given a specification of the general line of defense)

about 40°~ of the time .

4. ,~ ~)eJ~’l . i~ I ’ Maneu~,,?r

Defensive maneuver was specified in the responses by graphical presen-

tations of movements to alternate or succeeding position s. The displace-

men ts suggested for TOWs , tanks , and Dragons were examined . ‘-~1 ile more

than 75% of such moves were less than one kilometer , there were a
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significant minority of cases in which large displacements were designed .

The use of large displacements (In excess of one kilometer) was examined

for systematic interpersonal variation , and no statistically significant

association between indi vidual participants and the use of large movements

could be found. (A side anal ysis was also conducted to explore the possi-

bility that large movements were statistically associated with particular

terrain , but no evidence of such association was found.)

4. 4 Avenues of  Advance

Avenues of advance were identified for attacks in both experiments.

In addition , the attack experiment included the identification of specific

attack maneuver routes down to platoon level for the final attacks against

defender locations. Because of the divers ity of individual defender loca-

tions used in the attack experiment , no population of comparable cases

could be found which was large enough to allow statistical analysis of the

final attack routes. A purely qualitative review of the attack route data

did turn up one potentially interesting observation , for which no quantita-

tive measure was identified. In a si gnificant minority of the a rmor experi-

ment attacks , attacks we re desi gned to bypass defender locations and come in

at the flanks , even where such maneuvers would expose the units involved to

fi res from two different defender concentrations. This kind of maneuver

had not been observed by the project team in the scenarios they were

familiar with from Army studies. This suggests a possible need for some

examination of the effects on study results which could be expected if such

scenarios were used .



1 1 6 

—

The avenues of advance identified by the experiment participants

we re examined using the random pair comparison techniques described above

with the discussion of TOW deployments. Routes of advance were judged to

be identical if they were similar in position and orientation for a four

kilometer length imediately outside the defensive positions. Random

pairs of responses from Infantry School officers participating in the

defense experiment showed a 55% agreement in the location of avenues of

advance (with a standard error of estimate of 4%). Random pairs of

responses from Armor School officers participating in the attack experi-

ment showed a 51% agreement (with a standard error of 3%). However , ran-

dom pairs with one response from the defense experiment and one from the

attack experiment showed only a 26% agreement (with a standard error of

3%). Attempts to explain this difference by a possible tendency of armo r

participants to i dentify more road-followin g avenues showed no statistical

sign i ficance to such an explanation. No systematic interpersona l , inter-

terrain , or inter-experiment effects could be identified to explain the

apparent difference in the selected avenues of advance.

In considering the possible causes of the diffe rence , the reader

should remember that the participants in the defensive experiment were

being asked to identify likely Warsaw Pact avenues of advance against

their defense, while (in spite of the East-to-West orientation ) partici-

pants in the attack experiment were asked to identify possible United

States avenues of attack against a Warsaw Pact defense. This difference

in the assigned roles of the participants may account for some of the

differences observed. The reader should also note that the attack
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experiment participants were asked to identify five avenues of advance ,

while the defense experiment part icipants were asked only to identify

an indefinite number of such avenues . The actual responses in the

defense case typically showed 3 , 4 , or sometimes 5 avenues. It is also

noteworthy that approximately one-third of the participants in the attack

experiment made verbal stateme nts indicating that they did not believe that

five battalions would be given as narrow a total attack front as they

we re asked to deal with (approximately 24 kilometers). While these

experimental differences may account for the differences , there may be

other systematic causes for the differences in the responses which were

not able to be identified in this study .

4. 5 ( ‘~~ p i ~~l z t  i ’n ~‘J
’ ~~~~~

The apparent importance of the details of the coordination of

maneuver among attacking elements (see part r , section 4.3) was not

identified until after the experiments being described here were designed

(and one had been run). This has led to much less data on this top ic

being collected in the experiments than would now seem desirable. The

only quantitative data which were suitable for analysis in this area were

the number of separate occasions of inter-unit coordination noted in the

attack experiment responses . There was uniformly no more than one coordi-

nation point at the company level (a line of departure), and in the

responses which conta ined information at the platoon level , there was no

—-.-- — -- - - - -- - — -- - -
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more than one coordination point at tha t level , with more than 80% of

the responses s howing no coordination of platoons. In view of the fact

that the data showing the importance of coordination down to the indi-

vidual weapon system l evel had just become clear prior to the Armor

School experiment , some qualitative verbal exploration of the types and

amounts of coordination which mi ght be expected was undertaken at con-

venient points during the experiment. The results of this are discussed

in section 4.6 on miscel laneous observations.

6 Mio~.~~? ~ ‘uo observations

In view of the exploratory nature of the experiments being run , it

was planned to make notes of any items that struck the investigators as

interesting or unexpected both during the experiments proper and during

the data analysis phase. Many of the observations made seemed to have

no significant impact on the research problem when they were reviewed

later , but a few seemed worthy of reporting , and are therefore described

in this section . Because of the subjective and informal nature of the

observations involved , their possible significance cannot be assessed .

In discussions with the experimental participants at both schools ,

investigators attempted to explore the question of how deployment and

maneuver contro l decisions were actually made in the field. This topic

was explore d in some depth at the Armor School , since the mathematical

analyses reported in part I of this report had just reached the point

where the apparent importance of detailed control of the coordination of

exposure was becoming clear. 
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At both schools , participants described most of these decisions as

being made by platoon and only rarely company commanders . In the defense

experiment , final decisions on individual weapon system siting were

described as being made at the lowest possibl e command level , so that the

commander could actually visit the terrain sites involved. Specific com-

ments were made that adequate site decisions could not be made even from

high resolution maps . The process of siting was described as sequential ,

with a first phase in which general areas for individual weapons or teams

were selected on a partially coordinated basis , consideration being given

at this stage to the use of the force to provide total coverage of an area

in front of it. A second stage would follow in which individual weapon

locations would be optimized with respect to the role or sector of responsi-

bility that the weapon had been assigned in the first phase.

At the Armo r School , the impressions that the experimenter received

from his conversations were that decisions governing movement and other

tactical behavior are taken :

(1) by the highest level commander present when a formation unit is

in essentially march formation , and

(2) by individual vehicle commanders and occasionally by platoon

commanders when a unit is deployed and advancing on or engaging

the enemy .

The picture that evolved seemed to be one in which both information H

gathering and decision-making capabil it ies at all levels are simply over-

loaded during combat operations , and decisions must be taken immediately

by individuals whose behavior is directly affected. 

~~~~~~~~~~~ 
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Al though this was the final picture with which the experimenter

came away , the evidence from his conversations was not at all uniform

in supporting it. Several experimental participants indicated that com-

manders up to even the company level could expect to coordinate the move-

ments of individual vehicles under their comand. A few participants

even indicated that they would expect this to occur even if no radio

communications were available , with coordination achieved by hand signals.

In view of the degree of conflict in the opinions presented in the

conversations , there is a significant possibility that the experimenter ’ s

summary picture of the results may have involved a fitting of the evidence

to preconceptions or to the first data obta ined. No quantitative or

replicable evidence exists from which a truly scientific examination

could be made. As was indicated in part I, the question is actually much

more suited to field experimentation than the kind of map exercise experi-

ment which was conducted in this study .

Turning from the question of coordination and control to a methodolog-

ical issue , it was found that the line-of-sight overlays which were pro-

vided the officers (which , as described in chapter 3, contained line-of-

sight data neglecting the effects of vegetation ) were uniformly unused

in the fi rst (defense) experiment and were accordingly not even taken to

the second experiment. Most of the officers made an attempt to use the

overlays on the terrain case for which they were provided , but found that

without vegetation info rmation begin included in the overlay, they could

do what they believed was at least as good a j ob of analysis with the map

alone .
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The fact that a fraction of the attack scenarios involved flank

attacks was mentioned in the discussion of attacker route selection in

section 4.4. These cases typically involved a hook shaped attack route

or routes , which proceeded generally perpendicularly against the overall

defender line , but aimed between defender concentrations, making a turn

to aim at one of the concentrations as it reached a point directly

between the concentrations , at which point it would be 500 to 1000 meters

from the defender units. Because it seemed to the experimenters that

such attacks might have somewhat different properties than those of the

more frontal attacks commonly used in the Army study scenarios of their

experience , it was felt worthy of remark.

The fi nal observation of this section explains the omission of any

discussion of the differences in planned and unj~lanned attacks in this

chapter. As is appa rent from the experimental materials in appendix B

to chapter 3, attack experiment parti cipants were asked to provide infor-

mation on both planned attacks against suspected defender locations and

unplanned encounters with enemy forces which were not suspected to be

present in the area in which they were actually found . The responses

to the unplanned encounter information were brief , and generall y fell

into two groups: those which stated that the result would be the same as

that for the planned encounter and those that stated that a unit which

encountered unexpected enemy forces would maneuver around them . It was

clear as the da ta were being collected tha t the experimental pa rticipants

fel t under some time pressure , and were giving l i tt le time or thought to

_ _ _  H
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the unplanned encounter responses . Overa ll , it is not felt that the

data obtained should be regarded as permi tting solid concludions to be

drawn from it. In view of this , no analysis of this data was undertaken .
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PART II, CHAPTER 5: CONCLUSIONS

The experiments conducted in this study showed no stat ist ical ly

significant association between individua l officers and particular

tacti cal decision behavior on any of the dimensions which were examined.

This tends to indica te that there is no need for mul tiple teams of

scenario designers and tactical decision makers in Army studies , but

that the decisions of a single team on multiple terrains can be expected

to reasonably cover real—world variations in tactical behavior. As was

pointed out in Part I, this does not mean tha t a sing le terrain or scenari o

is adequate .

The study did show a wide vari ability in the individual and total

responses to the problem of organization of the experimenta l task forces

for conthat, even though there was no significant systematic inter-personal

variation . This resul t suggests that Army study methodology mi ght be

in~ roved by taking the variability of combat organization into account

rather than the currently common technique of assuming that the perfo rmance

of average or typical organizations adequa tely descri bes total performance

of a force .

~
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