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This paper is concerned with the problem of selecting, by
scientific methods, the Arwy organisations and doctrines which will
best oomplement newly developed weapons and equipment. One vehicle
for such scisntific selection is the Army mansuver. This paper
reports the trials, errors ind sucocesses of the Army Maneuver:Test
and Bvaluation Oroup (AMIEQ) in their work ol testing and evaluating
the organisation and dootrine employed during the SAGEERUSH meneuver.
The activities associated with the Humen Resources Research Office
advisor to the AMTEQ are reported in particular detail.

The last section of this paper is a theoretical discussion of
scimntific considerations regarding future mansuver tests and the
development of an integrated approach to the generel problem of
selecting Ammy organisations and dootrines through the use of
scientific methods.
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Part 1
THE TESTING PROGRAM IN THE SACEBRUSH MANEUVERS




I, Introduction

A. Scope snd Purpose
The Hamez 2scurces Research Office was invited to assign

scientific advisers to Army groupe responsible for testing the

organisation and doctrine of the new stomic field army (ATFA).Y/
These teats were conducted during the FOLLOW ME, BLUEBOLT IX, and
SAGEBRUSH maneuvers in 1954 and 1955,

The purpose of this paper is to describe and/or snalyse the
problems of constructing an empirical test of the organisation and
doctrine under vhich an Army unit of division or larger sise oper-

stes, Although this memorandum is concerned primarily with the
text may be genarslised to the other two as well,
The scientific advice given by the HumRRO representative
did not deal primerily vith measuring technigues such as repliocation,
questionnaire development, judgmental acales and so on; it was more
general in nature, The level of abstraction of the variables to be
4 measured was one of the central problems the Army faced in construct.
ing the SAOEBRUSH test. In the advie given in this area, the
general scientific approach of identifying variables which predict
from the abatract to the specific was applied.

This report describes the "false starts® with regard to the

level of abstrection of the varisbled to be measured during SAQEBRUSH,

‘ V' The writer was not able to find an suthoritative scurce that
the msaning of the term ATFA, It was variously re-
a contraction of stomic field arwmy and A-type field arwy,

i
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recounts the counsel given by the HumRRO scientific adviser on
this point, and discusses the level of abstraction that should
be used in the future for predictic.s to be rmanageable yet accurate.
Also described are the requirements, in terms of scientific and
military effort, that must be fulfilled in order to replace "artistic
prophecies® with accurate, scientific predictions of the effective-
ness of various field-army organisations and doctrines.
B. Approsch Adopted for SAGEBRUSH Testing

One central aspect of the approach to t his problem must
be specified, The approach adopted was that the test would have
to be conducted in a situation as similar to combat as possible,

Although tests can be and often are conducted in a much more ab.
stract setting, the approach taken for this test is common to most
others that are adopted in the initial scientific efforts in any
Dev ares,

The approach necessitated the construction of a test crie
terion for the ATFA field ammy. This requirement was fulfilled, in
general form, by the ATFA field army performing in SAGEBRUSH, This
maneuver was an dstraction f rom actual combat, The objective of the
testing progies was to keep the measurements of this field army at as
low a lavel of abstraction as possidble within the administrative re-
quirements then in existence.

Parenthetically, it should be said that the writer does
not assume that a duplication of combat ruch as SAGEBRUSH is neces-
sary in every future test situation., It was adopted in this case
because at present too little is known about the effects of omitting
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the various aspects of combat. As more is leamed about the
importance of various aspects of the fisld amy, the peripheral
aspects can be omitted, '

The scientific advice given to the Army Maneuver Test and
Evaluation Oroup (AMIRG) conocerned the abstrections from combat that
had to be made in constructing the test criterion. This was a matter
of defining the minimum amount of abstraction needed for the situation
that existed. The advice was definitely not in the form of what to
abstract, it dealt with how much to abstract and what techniques to
use in the abstracting.

"Abstractive process" is a generic tem for such activi-
ties as a job anslysis, task analysis, actividy analysis, test
oriterion building, or item development. As used by behaviorel
solentists, it is & process not limited to formal areas such as training,
selection, and leadership. It is the process underlying the discussion

in this paper.
Co Historiocal Introduction

1, Maneuvers, War Games, and Command Post Exercises
large-scale tests of Amy orgenisation and dootrine have

been conducted during four maneuvers, TRIANGULAR DIVISION (1939,
FOLLOW ME (195k), BLUEBOLT (1954) and SAGEBRUSH (1955). Maneuvers
are a particular kind of Army exercise, as are war games and command
post exercises (CPX's). The following rule of thumb will serve for
distinguishing among the three types: i
War games are conducted “on paper.” No troops actually
appear in the field; they are simulated by unit symbols moved on a
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terrein map. The participants in wer games take the roles of
commandere and move these unite in accordance with thedr plan of
battle, The degree of simulation of movement time, plans, casualty
assessment, and similar faotors varies with the specific war games.
CPX's require participants in the field, The participants
take their position at their appropriate command posts, then plan
and issue norwsl instructions for the conduct of the battle, Their
plans are not executed by troops. Umpires take the role of units
and execute the commands on mper., The umpires retwrn information
t0 the participants according to their diagnosis of what would
have happened if the orders had been actually executed by troops

in the field.
Mansuvere require both commanders and troops in the field.

The cosmands are executed by actual units, which communicate with
the commander in the usual combat fashion, Umpires are utilised
for casually assessment and for administretive decisions,

Maneuvers may utilise groups as small as a battalion or
88 large as one or more field armiee. They may be conducted by a
Sechnical service, oombat arwy, or indiwidual unit, or by CONARC,
When mansuvere of all types are considered, the rete of ococurrence
18 several per yeor, The primary purpose is treining; the maneuver
may, of course, bring to light inadequacies in organisation or
equipment, but this 1s & by-product of the training aspect. Nansuvers
Mﬂu very large commands, such a8 field armies, simulate por-
tions of this foroe by special umpires, as in a COPX,
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2. Ihe SAKRUSH Meneuves

SAGEBRUSH irvolved two opposing 1S5-division field
armies, The equivalent of about five divisions wes actually
present; the remaining divisions were simulated by special umpire
groups, An area of over seven million acres was oooupied by the
divisions physically present,

The troops were almost evenly divided between the
Aggressor® side and the U, 8, side. The meneuver wes divided
into four tactical phases: the retrogrede movement of the U, 8.
field army, the static phase while the U, 8. side built up ite
foroes, the river crossing of attacking U. S. forces, and the
overrumning of the Aggressor arwy by the U. S, army. The front
lines moved almost 100 miles during the U, S, r etrograde movement,
A mmber of types of nuclear tectical weapons (simulated) were
wsed by both sides during the maneuver,

The following excerpt from a newspaper article gives
an index of the realism of the SAGEBRUSH meneuver, as well as a
btrief account of the action and the use of atomic weapons,

The Aggressor commander gave the main attack job to
the 82nd Adrborne Division, Spresd over a 17,000-yard instead

of the normal 10 frout, the arack paratroopers masrched
northward vithin minutes after Aggressor air launched the war,
At United States roadblocks from the rear, they moved

The Agreseor commander sent the llth Armored Cavalry
Regiment (1ight arwmor) against the enemy's cenier in a more
leisurely advance, Simul s & reinforc+d infantry
regiment attacked on the right flank, following up an initial
200-am, atonic cannon assault on a conoentration of United
States troops at a road network on the right,

provng




Testing of organization and doctrines was a major mission
of the four maneuvers mentioned, though not as important as treining.
Atomic capabilities have necessitated theoretical changes in the
organisation and doctrine of the field army, and these changes were
tested during the FOLLOW ME, BLUEBOLT, and SAGEBRUSH maneuvers.
Further theoretical changes are already in existence for future
field arwies; it is reasonsble to assume that they also will be

tested in maneuvers, CPX's, or war games in the near future,
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The testing duties in SAGEBRUSH were divided among
several agencies, all responsible to the central testing agenay,
the Arny Maneuver Testing and Evaluation Group. During SAGEBRUSH,
the BLUEBOLT and FOLLOW ME evalustion groups continued tests (begun in
1954) at the division level, The AMTEG conducted tests at a field
army level and below (to division) in addition to their nominal super-
vision of all testing agencies., Other testing agencies included the
Combat Operations Research Oroup, Office of Special Weapons Develop-
ment, and Project Michigan,

Operetion SAGEBRUSH was not originally planned as a
test vehicle., The ANTEC was not established until several months
after the planning for the maneuver was started, and this had the
important effect of limiting the ANTEQ to the use of testing tech.
niques which did not require any changes in operetional plans, Thus,
the testing control that could be imposed was severely reduced.

L, HumRRO Participation §n Maneuver Tests

This discussion has been narrowed to the type of maneu.
vere in wvhich organisation and doctrine are materially changed on a
large socale, and in which some kind of empirical measurement of the
desirebility of these changes is required, The history of such tests
is short and HRumRRO's history of participation is even shorter, HmRRO
was requested to participate in the FOLLOW ME tests, as was the Oper-
ations Research Office (ORO), and both organisations assigned repre-
sentatives to the testing group staff of that maneuver.




The (RO participation developed into a special test of
one aspect of the over-all FOLLOW ME test, which they designed and
conducted primarily with their owm personnel., HmRRO's participation
took the foarm of advice for designing the over-all testing program,
BuRRO's advice was prectical rether then theoreticals the administra-
tive difficulties were accepted as inherent in the tests, The testing
situation was far from ideal, and the advice was limited to what could
be sccomplished under the existing oonditions,

BumRRO participated at both the BLUEBOLT and AMTEQ
echelons in an advisory capacity during SACEBRUSH, The RumRRO adviser
also served as a primory source of contimuity between the FOLLOW ME
testing program and the one developed by AMIEQ for use in SAGEBRUSH,

The degree of Mo in organisation and doctrine was
much greater in SAGEBRUSH in the levels above division than had been
mmummmmmuum“uommvm. Below
division level, fairly specific TOSE changes were made; above division
level, fairly large changes in conoept were made, One of the primary
changes wss the "splitting off" of the logistics system from the oper-
stions system above the division level in the atomic field army.}/

In contrast to the FOLLOW ME and BLUEBOLT tests, specific recommendations

for changes in TOME structure were not required from the SAGEBRUSH

maneuver; the recommendations from that meneuver were to be more genereal.

An evaluation of the “"separetion" concept r ather than the details of

its implementation was desired, This meant that the nature of the testing

progren would be different from the FOLLOW ME progrem,

1/ Tor further orlentation of the reader, this subject is discussed later,

under the heading *The Principal ATFA concept.”
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This difference was not fully appreciated when the
AMIEG firet started its work, and it resulted in the development
initially of a program that would have collected data too detailed
to be of practical use, When this approach was seen to be imprace
tical, the planners reverted to the opposite extreme; they began
construsting atest which would produce highly abstract data. The
final test vas such that the data collected were somewhers between
these two extremes. m.ubjm‘ndthomu!Vhor'lmh
are discussed in greater detail in section III.

This is a trief history of Army theory testing programs
and the part BumRRO has played in their development, Currently there
ere additional theories designed to utilise the technological advances
in wespons and equipment to greatest adventage, These theories are
desiged in sufficient detail to reorganise the Army, As the "hardware"
on which they are based comes into production, new Army organisations
and dootrines will probably be tested and/or adopted,

HBumBRRO has recommended, in the HmRRO Annex to ‘the AMTEG
repart,d/ that future testing effort be focused on contralling con-
tamination factors Yy manipulation of the maneuver conditions, rather
than on further refinement of the presemt testing techniques, HumRRO
hes further recommended that, in order to accomplish this, a testing
agency be established several months before the operational planning
for the maneuver begins, at CONARC or Depsrtment of the Army level,
This will allow the testing group time to make plans and recommend
conditions suitable to the testing program adopted,

rels SAGEBNRUSH CON
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D. The SACkBRUSH Testing m
1. The Testing Organisstion

The SAGEBRUSH maneuver was originally designed to train
troope in the new ATFA organisation and doctrine, Several months after
the plamning for the maneuver was initiated, it was decided also to
lest the ATFA concepts during the maneuver, A testing agency (AMTEG)
was established, It consisted of about 20 officers, primarily majors
and lieutenant colonels, and one civilian scientific adviser from
HumRROs the chief of the group was a colonel, This group will be
referred to hereafter as the nucleus group, The AMTEG was concerned
with testing the ATFA concepts at army, corps, and division level,

Two major subsidiary testing groups, which had been in
existence the previous year during the FOLLOW ME and BLUEBOLT division-
sised tests, tested the infantry and armored divisions,

Shortly before the maneuver took place a new chief and
deputy chief were appointed, a brigadier general and a colonel,

Shar tly after these changes the nucleus group was augmented by about

80 officers, primerily lieutenant colonels and calonels, who functioned
as field evaluators, After the maneuver the group was reduced to

about 25 officers, most of whom had been in the original mucleus

group. The additional officers were of higher rank than those of the
original group and were named as the responsible officers in preparing
the report of the test. When the finalreport wes finished, two months
after the msneuver, the AMTEG was disbanded. The report was submitted
%o COMARC with copies to the various Army schools and RumRRO for comment.

ey
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2. The ATFA m‘.
The ATFA concepts have never been defined exactly.

Many concepts were tried for the first time during SAGEBRUSH; most
of them were advanced as “"desirable"™ in atomic war and thus cate-
gorised as "ATFA", It was the responsidbility of AMTEG to test all
new concepts, but some of the concepts spplied to the present
standard-type army as well as the ATFA army. For instance, the
accelerated data-processing concept (introduced by Project Michigan),
the integrated intelligence system, and the Signal Carps grid
commnications system apply equally well to the ATFA and to s tandard
armies, Concepts that did not apply to the standurd army were the
support command (e specialised logistics concept), the tactical
"Islands of Defense,™ and, to a certain extent, the extended ground
reconnaissance concept,

The AMTEG was not primarily concerned with t esting the
tactical concepts, The principal concern of its testing program
was the support command concept, This is generally the concept to
vhich the term ATFA refers, although any or all of the other concepts
tested during SAQEBRUSH may be included in & loose sense, (The
AMTEQ at one time planned to prepare more exact definitions of what
constituted “ATFA", but decided ugainst this action when differences
of opinion developed regarding what "ATFA™ was and whet it was not,
Since the AHTEQ's mission was to test all new concepts. it was not
crucial for them to maké the distinctions for their report,)
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3. The Principal ATPA Concept

'nnpurpou.ottho-wpoﬂu-ndmcpthu
relieve thetactical commander of the logistical load, and also to
facilitate the flow of supplies by establishing a specialized branch
for this purpose, The concept of specialisation for this function
is not entirely new; it exists to some extent in the standard army,
although it is not as formal or elaborate as in the ATFA army,

In the ATFA army a general officer is in command of
& logistics organisation responsible to himmther than to tactical
commanders at various echelons; all command that tactical commanders
below the army level exercised over logistical matters in the standerd
army is severed., The support command commander is responsible to
the ammy (tactical) commander, but not to any of the latter's sub-
ordinates, In the ATFA army, all command previcusly exercised by
tactical cormanders over their support takes the farm of requests,
This ATFA concept is designed to create agreater flexibility as well
as to provide other advantages, The flexibility is present in the
sense that the centralised support of the logistics cormand may be
directed toward the tactical unit in greatest need of suppart.,

The opposite extreme is for each tactical unit to have
its own sypport, This type of organisation is inflexible, in that
support cannot easily be shifted to the most needy tactical unit,
The support cormand concept is similar to the artillery concept,
according to which all the centralised artillery support can be
shifted to the most needy unit,
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This brief desoription of the support command conocept does %
mmummwum—mym“mwmm l,
the wmdesirable aspects. It only describes the general nature of the
oonoept and what it is designed to accomplish.

l.'ﬂiowvol‘n&hg!uh
1. HomRRO Advice During SAGRERUSH |
Although HumRRO was invited to give scimntific advice on test
construction during the FOLLOW ME, BLUEBOLT II, and SACEBRUSH maneuvers,
this was not, strictly spesaking, & BmRRD activity in that it was mot
in the ares of either training or motivation, morale, and leadership.
However, HmRRD soisntists often constiuct oriterion situations on
which to test an experimental progrem of instruction ageinst the
standard program. Since the objective of the Ammy testing groups wes
to construct the mansuver in a form that would "test" the ATFA fisld
amy against the standard fisld arwy, HumRRO scientists were presumsbly
in a position to contribtute experience and advice to the testing
The description of HumRRO's partioipstion in building & | 3
large-scale criterion is designod to show how the large-scale criterion B
building differs from the smaller-scale efforts with which HumRRO is ;

1/ See Appendix A for further description.
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familiar, and to outline the direction which the large-scale testing
effort must take if it is to provide predictions better than the
implicit estimates of experienced Ay officers. u
Building a large-scale "test criterion" for testing a field
amy is of course very different from building a “test criterion" for
an infantry squad in the nighttime defense. One implication of this
difference in scope, which should be carefully noted, is that in the
small-scale situation the civilian scientist can absorb enough military

information to become an “expert" in the small area on which he is
concentrating. He can thus use a certain amount of implicit skill in
abstracting the pertinent features of the situation which should be
included in the criterion test.

The civilian scientist is not likely to absorb enough of |
the situation h&ﬁlfﬂdgmm to use the same implicit
process of abstracting the important features for building a large-
scale criterion test.

2. Methodology for the Abstractive Process i

Behavioral scientists do not bave a formal methodology for ,e
sbstrecting the important features of a job or task for inclusion in a |
training or selection program. Such scientists have for years used

various abétractive processes such a8 task analysis, activity analysis, |
and item development, and on an intuitive, artistic basis they probably |
have some skill in this activity, However, the formal methodology for
acoomplishing these aims is only in its infant stages.
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The process is the same as that involved in “trensfer of
training.” The prodlem is one of selecting the smallest number of
common elemsnts between the oriterion and treining situations that give
the greatest acocuracy of predicting the accomplishment of one from the
other. (The same abstractive process appliss to the selection ares,
but the number of elments is generally smaller and the elements
themselves simpler or more basic.)

It can thus be seen that the HumRRO adviser could advise
on an "artistic” besis only. No formal methodology existed for pre-
soribing the level of abstraction to be used in designing the test
oriterion, nor were any techniques available for abetracting the most
important feature from either the combat or mansuver situations.
Although advice regarding both these subjects was given and used, it is
the thesis of this paper that continued advice on this artistic level
will not contribute greatly to future Ammy tests of the type described
bere. Rather, it is held that if the contributions of behavioral
scientists are to bave value, the process of abstracting important
features (isolating variables) must be attacked directly.

Many Amy officers have advanced an alternative solution
to the problem of task amalysis: They suggest that officers be sent to
school for a year or two in order to equip them with the skills for
making such analysea. Since the problem of task analysis is so central
to this paper further exsmination of this proposal is appropriate.
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The parts of the college curriculum for scientific
specialists are closely interrelated and interdependent; completion
of the whole curriculum would be necessary before the off srs would
have the background they would nsed in order to attack their particular
problems. On the other hand, it is possible for the Amy to bring
oollege professors to the specific situation under consideration. The
advice the professor would give in this situation may be considered as
the best lecture he can deliver on this specific subject; as he learned
more of the situation his "lectures" would become more incisive. This
seens more feasible than sending the officer to college, where his
specific problem will not be dealt with,

It seems fairly certain that the large-scale Armmy testing
progran, unlike the small-scale test, cannot be handled by the civilian
scientist, because he cannot analyse the field amy in a few months
with his present knowledge or tools. Since he cannot provide an answer
in the form of an analysis of test oriterion, some other solution needs
to be devised. NMore time and effort with the present approach is
recommendsd by the writer.

3. Implications for HumRRO

The implication af this problem for HumRRD is that civilian

scientists are not familiar enough with large-scale Army operations to

give appropriate advice for the construction of large-scale test-criterion

situations without full-time attention to the problem. Continuous contact
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with such operations would be needed so that scisntists could either
learn enough to isolate the pertinemt features for inclusion in a
criterion test situation or develop more formal procedures through which
Amy officers could do this.

In the opinion of the writer (and most Army officers)
civilian scisntists cannot leamn all there is to know about field army
operations, and it seems reasonable to assume that a piscemeal effort
in the large-scals testing area cannot produce important improvements
in testing programs. If this is true, only marginal improvements can
accrue from HmRRO's efforts. Such activity reinforces the stereotype
of the scientist as a psrson concerned with unimportent details, and
the scientists involved likewise feel they are not working to good effect.
This memorandum indicates the complexity of a large-scale testing program,
and it is intended to serve as supportive evidence for the visw that the
problenm cannot be effectively solved with a small, piescemeal effort.
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I. blems of tion and Dootrine New W

A. Changes in Ammy Doctrine and Organisation

For the firet time in Ameriocan history, technologiocal advances
in weapons and equipment have been continuing at an accelerated rete
after cessation of actual war. Often the new developments so greatly
improve military capabilities that adoption of new organisations and
dootrine in order to utilise them is inoumbent on the Arwmy. The ATRA
conoepts represented one of those restructurings in orgenisation and
dootrine. Other changes are in the plamning stage and appear likely
%o continue far into the future.

The mature of the alteretions that ahould be made is not
obviocus. The Army must give up ocertain advantages for others when these
changes are made, and whether the advantages given up are greater or
lesser than the advantages gained $s a matter of judgment in each ocase.
Generally there is no quantification of the various outputs of the fisld
amy, 80 these judgaents must be msde through what we may oall the
artistio skill of experienced officers. It seems reasonable to assume
that the changes in Arwy conoepte will be of considerable magnitude in
a fow yeare) as the new weapons and equipment and their new supportive
organisations and dootrines increase, the Army becomes, of couree, less
and less the Arwy with which experienced officers are familiar. The
question of how far into the future experisnced officere can extrepolate
on the basis of their experience from 1945 and 1952 should be considered
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Since 1% is cne of the major concerns of scisnce, the problem
of extrepolation suggests a soientifio approach. There are no g priori
grounds for believing that the Army situation is so unusual that it would
not be amenable to : soientifioc approsch of isolating, quantifying,
relating, snd extrepolating. The only immediately apparent objection to
such an approach is tredition--that the extrepolations have always been
on an artistic basis and therefore they must be artistic in nature.

To examine the merite of this objection, let us oconsider a
situation in which this view previously prevailed. Ry selecting an example
wvhere we have the advantage of the perepective that comes with hindsight
we ocan judge the present case. BEarly pilots learned to fly without
instruments--"by the seat of their pants," so to speak. When simple
instruments were introduced in later aircreft older pilots often
ridiculed these instruments and the younger pilots who used them; the
older pilote generally could fly the new aircraft "ty the seat of their
pants® better than the younger pilots muld with the crude instruments.
This wes an instance of formal quantification of a situation by uwse of
Quantifying instruments. The analysis of the aituation needed for flying
the airoraft could dbe made by the uwse of instruments or by an artistio
analysis of undefined cuse such as how hard the wind blew on the pilots
face. Ve know thet either procedure “worked," with the advantage going
to the “"seat of the pants” pilot for some time. Oredually the instrusents
became better and the aircraft grew so ocomplex that the pilot could no
longer get encugh information from the “seat of his pante" to fly it.

sl
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We now have the advantage of perepective in judging this

differenve in flying technique. We know that in the limited freme of !
reference of the aircraft of his day, the older pilot was ocorrect.
But we also know that there is no question about the necesaity for
instrument flying in present-day aircraft. In this ssnse the older
pllot was completely wrong. So it may be with present-day techno-
logical ammiss.

In most situstions pertinent features ocan be abstrected and
used to predict the whole situation. This is the process of isolating
variables (or “main effects™, in the analysis-of-variance parlance) and
testing them for gensral applicability. Attempte to isolate variables
in the new Aray situation cannot be expected to yield astonishing find
ings for some time. Just as--for & time--the older pilot could & a
better job than the young instrument flyer, the military expert can do
a better job, impliocitly, than oan the firet steps of an isolating,
Quantifying progrem. It is in fact an indication of validity when
initial scientific approaches yield the same answers as experienced
ailitary judgment jJust as it was when the instruments beoame good
encugh to give the pilot the same information he was able to get
previocusly by an artistic analysis of the situasion.

B, Wiy a Test Is Desired

The averege Amy officer's conosption of tiw valentilfle swihod

i» probably summarised in the word "test." Testsa are generally used to
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ﬂ obtain information (at a given confidence level) regarding the
~ desirebility of alternatives; on the averege, more confidence can be
placed in the results of an empirical test than in the results of
e artistic, non-smpirical analyses. Since the results of tests have the
reputation of being correct in scientific circles, the Army often
desires tast results for their problems of restructuring.
C. Pitfalls for the lLayman

Unfortunately the statements in the preceding paragreph are
only generalisations that might be appropriate for the layman audience;
the scientist knows that they are not true in all cases, "Tests" are

——

not always used as a means of obtaining information; sometimes they are

used as a device for convincing others (toothpaste ads are an extrenme

example of this). And if a test cannot be adequately controlled, it

will not produce any better information than can be obtained through a 4

non-emp irical analysis. In ﬁot. any test can be "rigged" by selection

of inappropriate criteria. The layman is thus in a difficult position;

he knows that tests are "good," but he camnot distinguish the conditions

that produce valid data from those that do not. The scientist is not

infallible in making these discriminations either, but he has some skill

in the process and knows some weak spots to look for. { 4
Do The Arwy Dilemma | 1

Z Since they are mot trained in the sclentific discipline, Army

officers must be considered laymen in the matter of empirical tests.

The attitude they may be expected to maintain is that of any sophisticated
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layman--that tests can produce better information than non-empirical
analyses, but unless the good test can be distinguished from the poor,
too much confidence may be placed in the wrong results.

The Ammy could do the tests itself so that it would know how
to evaluate the results or it could allow civilian scientists to make
the tests. There are real dangers in both of these approaches. The
civilian scientist does not know enough about the over-all subject of
Army warfare to ensure the proper construction of test criteria for
large-scale tests. This is 1likely to produce biased conclusions to
which an inordinate weight might be attached by the Army because the
results are derived from “tests." On the other hand, tests conducted
ty military personnel only are not apt to be incisive. The abstractive
process of selecting the smallest number of elements needsd for accurste
prediction is a crucial one in producing workable, valid tests. This
skill is part of the genersl scientific method and is more likely to be
exploited by scientists than by Amy officers.

E. A Possible Solution
The familiar process of scientific validation appears to be a

solution to the problem. The validating criterion in this case would
not be actual combat but a "test criterion" which would represent

combat (as desoribed in section IV). By maintaining control over the
elements in a test oriterion, Army personnel could assure tests that
were not biased because of the inexperience of civilian scientists in
the subject of Army wvarfare. The scientific process could continue with
the production of experimental test situations, and the criteria of these
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would become more and more abstrect from the test criterion. This
process of abstraction would involve the isolation, quantification,
relation, and extrepolation necessary for incisive, usable scientific

predictions. But predictions would all have to be validated against
this "test criterion" at intervals. Any failure of the experimental
E situations to predict the "test criterion™ would indicate that some-

i thing was wrong.

| Of course, the abstractive process would not "belong" to the
scientist; it could be accomplished only by teams of military men and
scientists working together. The important point is that by the
technique of maintaining "test criterion" situations the Ammy can ensure
against results biased by civilian scientists' inexperience, and at the
same time obtain the benefits of a scientific approach.
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III. Secientific Advice During the SAGEBRUSH Mansuver

A. An Application of the Scientific Method in SAGEBRUSH

1. Advice Regarding Level of Abstraction
After the general discussion of the need for a scientific
approach through the abstractive process, it may be desireble to provide

an example of how advice of this type was offered to the ANTEG during
SAGEBRUSH. This example will also serve as a referent for the more
detailed analysis of the test criterion development, which will follow
in the next section.

As mentioned previously, SAGEBRUSH was planned as a train-
ing maneuver only; the AMIEG had almost no control over the establishment
of the maneuver conditions. When the AMTEQ was established it consisted
of only a few officers with no specific plans for conducting a test of
the ATFA field ammy.

The AMTEG's initial approach was to ask the various
technical schools and combat arms schools to submit requirements for the
test. The requirements obtained by this procedure were generally in the
form of questions, of the type that the Army user in unit proficiency
tests. It was only naturel that such questions would be subtmitted,
because the Army conducts this type of test every day of the year.
However, the scope of the SAGRBRUSH test was much larger than any tests
of & unit's proficienqy; its concern was not proficiency within a unit
but how well the units worked together. For instance, the concern was
not with the tasks connected with vehicle maintenance, such as “check oil
leve)," "tighten bdolts," or "adjust cable,” but with the output of the
maintenance system, "how many vehdcles were fixed each day."
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The unit proficiency approach was not wrong on theoretical
grounds; in theory, the detajled questions could be arranged to “add wp"
to the larger questions. If enough people had been available to go out
and measure the details of performance within each unit the approach
would have been appropriate, and such information would have been nore
"factual," less open to difference of opinion. Om a field-ammy scale,
however, this kind of approach would have required thousands of observers.
The HumRRO adviser therefore advised against it and recommended that a
more abstract unit of measurement be used. Here it is important to
renender that explicit advice regarding a more desireble level could not
be giwn by a civilian scientist without an extremely detailed Army
background or any formal methods that were suitable for analysing the
task at hand. The adviser could only suggest a more abstract level and
examine the product of the Armmy officers' implementation.

The AMTEG's next choice of abstractive level for measurement
involved only five categories--mobility, flexibility, invulnerability,
command control, and fire power--instead of the thousands of categories
of the unit proficiency checks. The approach at this level of abstrection
was almost decided on for the final units of measurement; however, some
officers of the nucleus group of AMTEG found that they had difficulty in
mewering the questions they themselves wrote in these abstract temms.

The problem was discussed with the HumRRO scientific adviser. He advised
against the use of categories at such a high level of abstraction because
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these variables had no usadble definitions, operational or otherwise.
The adviser felt that the use of such undefined variables would result
in a mass of individual interpretations by field observers that would
not “add wp” to anything.

The decision was made to try another level of abstrection
someuhere between the two rejected levels. The third level, finally
used, was generslly referred to as a systems approach rather than a unit
approach, to distinguish it from the wit proficiency approach. "Systea"
referred roughly to an organisation of the type of the Signal Corps or
Ordnance Corps, with a function independent of other systems rether than
te battalions, companies, etc. The unit of measurement in this approach
was in terms of the major output of each of the systems. An output was
considered major if it went to a unit other than the one which produced
it. The outputs which were directed wholly against the enemy were not
generally messured, for ocertain adeinistrative reasons which will be
discussed later.

The outputs and inputs in this approach were called
®packages.” They were quantised by the joint conditions of who produced
them and who consumed them. The term "package" referred to services
(such as maintenance) as well as to concrete items. A package was not
dependent on sise or content--that is, amount or type of output. Nor
did 1t depend exclusively on either the producer or consumer, but

Joinmtly om both.
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2, How the Dependent Variables Were Measured
‘& Adequagy of the package

Measuring the packages required a judgment by the
evaluating officers. If the judgment had been made at a lower abstrac-
tive level (e.g., ~il-gauge level) it would have been considered highly
reliable--a "fact." If it had been at a higher level (e.g., mobility)
it would have been highly speculative, becsuse of the ambiguity of the
category. At the package level it was somewhere between these extremes.

The measurement of the packages was in gross terms,
because with the other large sources of error in the testing progrem it
was not economical to attempt fine discriminations in judgment. The
packages were judged in three degress--adequate, inadequate, or marginal
with respect to the inputs and outputs of corresponding systems in the
standard amy.

be Techniques for partialing out confounding factors

One of the biggest prodblems confronting the ANTEG was
the presence of contaminating !utou.y The indepsndent variable to be
investigated was the field arwy organisation and dootrine, and the de-
pendent variable was the adbility of the various component systems in the
ATFA field ammy to produce outputs that were as adequate as those of the
standard field army. The dependent variable was of course a function of

mmerous factors besides those under investigation, such as proficiency of

Yy :normtb:otmnounmdwuomm-yhm
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men and units, adequacy of equipment, socaling down of forces, and
quality of umpiring. Under the msmeuver conditions these important
variables were allowed to vary in a rendom fashion with respect to the
control group, the standard field ammy.

Since it was not administratively feasible to control
these contaminating factors by holding them constant, the HumRRO adviser
recommended an alternative technique for control--a technique designed to
“partial out" the effect of the uncontrolled factors through the judgment
of the observers of the action. This method was adopted for use in the
SAGEBRUSH tests.

The persons who partialed out the effect of the contami-
nating factors were senior officers (major to colonel) called evaluators.
The evaluators estimated what the value of the dependent variable would
have been if such factore as proficisnqy and equipment had been the same
48 in a standard unit opereting under the same conditions. After making
this judgment, the evaluators were required to make an additional deter-
mination as to whether this adjusted value of the dependent variable was
adequate, inadequate, or marginal with respect to a corresponding standard
unit.

It wvas recognised that the "partialling out" technique
made the data even more subject to personal factors and thus less reliable.
However, the alternative--acospting the dependent variable as a represen-
tation of only organimation and doctrine swhile such important factors as
proficiency and equipment were ignored--was certain to produce erroneous
conclusions. losing reliability was felt to be less undesirable than
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accepting a datum known to be incorrect. Only the most experisnced
officers served as evaluators, and they only after a day of instruction
in the use of the method.

3. Other Measuring Techniques

In addition to the evaluative technijque two others were used,
One was the comparative technique, in which there was no requirement to
partial out the influence of contaminating factors. The officers who used
this technique were required only to compare the adequacy of the actual
performances with those of astandard unite in similar situations in combat.
These officers were generally participante in the mansuver and received
no special "“schooling." They were sent questions on varicus aspsots of
the situation about which they were expected to be informed, and were
furnished a page of instructions for making their judgments.

The third techniqus was @ straightforward one of recording
such data as times, frequencies, and temperatures. No special group was
set wp to provide this information; 4t was obtained primerily from standard
formal reports and journals developed in the normal course of mansuver
operations.

Lo Relationship af the Various Measuring Techniques

It should be noted that even the more “factual® of the three
techniques did not provide a check on the more unreliable techniques.
For instance, if an evaluator judged a certain performance "adequate” and
4 comparative judge judged the same one inadequate both judgments had to

1/ This instruction was provided by the HumRRO adviser,
(See Appendix C.)
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be acoepted as correct. In making his judgment, the evaluator may have
considered the actual performance insdequate because of low proficiency,
and may bave felt that if proficisncy had been more normal the performance
would have been adequate. He might therefore enter "adequate" on his
answer form. The fact that the comparative judge rated the actual per
formance "inadequate™ had no relation to the evaluator's judgment of what
it would have been if proficienqy had been typical.
This point was not fully gresped by all membere of the AMTEG.
Many felt that the more factual data provided a check on the less reliable
data. The HumRRO adviser made the point many timos and on one occasion
in a formal paper. (See Appendix L.)
B. Early Definition of

A prooedure had to be devised for selecting and definine the
outputs to be measured in the test. The HumRRO adviser recommended that
the officers comstruct a list of the objectives for each system in the
ATFA fisld army. These objectives were to be broken into subobjectives
and sub-subobjectives until the latter were approximately the same lsvel
of abstraction. When some of the sub-subobjectives in one system were

considered to be the appropriate level of abstrection they were used as
models by officers working on the other systems. Help in determining the
appropriate level was given informally bty the HumRRO adviser. This
procedure tended to ensure complete coverage of all outputs that it was
appropriate to measure. Having the objectives at the higher level of
abstraction made it easier to detect omissions at lower levels.
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For each sub-subobjective one or more Questions were prepared
to determine the adequaqy of output by the unit inwolved. (Objectives
of the systems ware outputs of the various subsystems or units of the
larger systems.)

One of the early tendencies of the question writers was to “beg
the question."” An illustration of this tendengy is such a question as
the following: "Was command conmtrol more difficult when units were -

" widely dispersed?™ It was already known, of course, that command control

would be more diffiocult, but the units had been dispersed to incresse
invulnerability. In this case, the question that really nsedsd an answer
would be whether adequate command control was possible under such condi-
tions. The HumRRO adviser was active in pointing out instances of this
kind.

The foregoing description is somewhat oversimplified; actually,
many of the questions were irrelevant and/or did not follow from the
objectives and their sub-categories or implications. Also, the level
of abstraction varied from one question to another; some questions, such
as the preceding example, were in terms of the discarded categories of
mobility, command control, flexibility, invulnerability, and fire power.
Although undesirable, this situation was manifestly one which would
develop when the questions were being prepared before the approach to the
problem was finalised. The AMI'EG testing progrem was on a "crash" basis;
to avoid in the future the sort of problem that arvse, the HmRRO adviser
recommended that testing programs be established four months before the
operational planning.
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O. Assessing the Rillability of Bralustarts Judgwnts

Generelly, dependent variables were measured only onoe bty Arwy
officers. The mmber of evaluatore assigned to ANTEQ was not large
enough to provide more than one measurement.

The HmRRO adviser found no way of assessing the reliadbility
of the avaluator's judgments during the msneuver. Among other things,
the same breadth and depth of Avwy experience that went into the meking
of the judgments would be required for cheoking their reliability. Alse,
the packages that were measured were usually not discrete. Nost of them
were rether continuous through time and their adequacy depended on amount
per unit time as well as content. In many ceses there was not enough
time in the mansuver to be considered as a "unit time," especially in the
resupply of materials that wear out rether than being consumed.
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PART 2
SOME THRORETICAL ASPECTS OF MANEUVER TESTING




I. Introduction

This section contains suggestions regarding the mature of future
tests of Amy concepts. To take the suggestions out of the realm of
pure opinion, certain theoretical points are developed before the
specific suggestions are stated. These points will not be new to
scientists; they have simply been selected and organised in such a way
that they foous on the problem of tests of Amyy comoepts. The writer
feels that the suggestions follow naturally., If the reader disagrees
with these suggestions it should be a simple matter to identify 'tho basis
of the disagreement in the theoretical analysis.

The applications of scientific prineiples to the SAGEBRUSH teste
will be referred to or elaborated, to provide a basis for the more

theoretical discussion as well as a demonstration of how these points
apply to the relatively simple SAGRERUSH tests.
II. Building a Test Criterion
| A. Measurement of the Elements in a Test Criterion
l. The matching process

Whether a measurement or matching process is simple or
complicated, it always requires the perception of a human being. For
instance, to messure length, the scratches or marks on a measuring rod

are matched or oompared to marks on the edge on some other material. If
the scratches on the rod match the marks on the other material, according
to the perosption of the observer, the second material is said to be the
same length as the distance between the marks on the rod. There may be

asny "aids" to perception (such as optical systems), but evem so, it is

still a judgment of a human being as to whether a match has been accom-

plished.
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The aspect of the measuring process that determines the
"factualness”™ of the judgment is the amount of agresment from independsnt
observers that might ooccur in a given situation. If all observers agree
that a match has been accomplished the judgment is said to be & "fact."
In the physicael sciences measurement techniques are so advanced that we
take short cuts in arriving at the appellation "fact"; for example,
matching achieved by one person using an ordinary yardstick is usually
reliable enough to be considered a “fact" for everyday usage. However,
the very same measurement would not be considered a "fact" in a situation
that required miorometer acourecy. Thus a "fact" is not absolute but
alwvays relative to the amount of acocuracy required in a given situation.

2, Units of measurement

The matching procese described requires that the comparison
item have some aspect which can be measured in the same units as the
criterion. For example, the tensile strength of a bar of steel is not
directly measurable in tems of length, but we can etructure a situation
80 that bar of steel will be responsible for an output that will give a
msasure of tensile strength in temms of length. When a heavy weight and
& pointer are attached to the steel bar, the distance (or length) that
the pointer moves is then an index of tensile strength.

This process involved the addition of two “systems," the
steel-bar system and the weight system. The joint output of those two
systems was in the same units as the oriterion, namely length. By com-

paring the displacement of the pointer with the length criterion the
tensile strength of the bar was determined. More exactly, the "tensile
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strength" of the joint product of the two aystems was measured. However,
the weight and pointer aystem is held constant or “controlled” in measure-
ments of tensile strength; the same weight could be used to measure the
tensile strength of another stesl bar. If the pointer moved a different
distance with the other steel bar we would say that the latter had a
different tensile strength. Of course, strictly speaking, the tensile
strength would again be a joint product of the new bar system and the old
weight and pointer system. But since the weight and pointer input into
the joint system is identical in both cases we know that the difference
results from the difference in the two bar systems. An amalogy to the
tensile-strength analysis of systems will be made later in this paper.
Bo Selection of the Elements in a Test Criterion
lo Unimportant elements

Every system in an Arwy has ocertain outputs that are un-
important to the Army; bty unimportant we mean that the system would
funotion just as well without them. For instance, some outputs of
systems that repair redio and radar equipment are burnt tubes, resistors,
condensers. All outputs called “waste" are undesired outputs; there are
many others that are neither desireble nor undesirable but merely of
ainor importance. It is often difficult to say what is of minor and
what 1s of major importance, but such judgments are made every day; some
things receive immediate detailed attention and others are relegated to
secondary importance.

When a criterion is built for messuring a system or
systems, only the outputs which are of some importance are selected for
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measurement; all are not measured. Strictly spesking, the omission of
these outputs from the criterion msasurement is an instance of measuring
from & reduced frems of reference. Whenever we measure ia a criterion
‘tuation that is not actual combat we are leaving certain things out,
but this need not be a disadvantage. We can maks predictions from a
reduced frems of reference and be accurete with respect to the important
functions of a system.

It 1is still a matter of judgment, however, as to which
outputs are important, or most important. Expending a given testing
effort on the measuremsnt of every conoceivable output does not neces
sarily produce the most accurete prediction of effectiveness; it is more
likely that more accurate predictions will roiu:l.t. from expending more of
the testing effort on the most important output(s). Of course, if an
unlimited testing effort wers possibls, the best prediction would be
made by measuring everything. The question of which things are the most
important to measure is therefore a matter of practical, not theoretical,
prediction accuracy. In the practical situation we almost always measure

from a reduced frame of reference and get better predictions because of it.

2, Bias caused by selection of elements
Although efficient, the process of eliminating some outputs
from consideretion in a test is dangerous. It is the process that leads
to bias in a test or enables a test to be "rigged" (that is, the results
of any "test" may be predetemined by the experimenter by measuring only
the "good" effects of a system and not the bad). For example, a tooth-
peste may be "tested" and found to destroy all bacteria in a single

e
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brushing. This test may be rigged in that it may not include messurement
of this toothpaste's effect on the lining of the mouth. The test may be
quite factual about the effects on bacteria but fail to cover the effect
that one brushing also destroys the lining of the mouth. Thus, it is not
emough for a test to be "factusl™; it must be undiased as well.

Herein lies the danger of allowing civilian scisntists to
make tests and produce "answers" without a validation proocedure controlled
by the Axwmy. In this paper the phrease "testing from a reduced freme of
reference” refers to instances where such action has introduced a distinct
bias, intentional or unintentional, into the test; it is not used in the
strioct sense, to mean that the slightest change from the actual to test
situation constitutes a reduction in freme of reference.

3o Problem of reduced freme of reference in the Amy

This practiocal matter points up a considereble prodlem in
the Army. As a rule the higher-ranking officere have a wider perspective,
or freme of reference, for the various outputs of the various systems than
do the lower renking officers. It is also true that an offiocer who is
responsible for producing a given output may mot be sware of the impli-
cations or importance of that output. His superior offiocer will have a
better view of the output's implications but less knowledge of the details
of producing it. The next officer up the chain of command has a still
vider perepective and knows still less about the details of production.
Thus the perecn who knows the most about a given aystem knowe the least
about how that system's output fite into the over-all freme of reference.
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The peint of this discussion mey be summarised by a
goneral rules Outputs considered %0 be indices of the effectivensss of
systems should be qualitatively und quantitatively defined Ly the person
or agenqy vith the appropriate perspective, and the measurements of those
outputs should be made bty the perecn or agengy best qualified to measure
them within the established definitions. This rule is not easmy to apply
when technological advances provide new outputs with which no one 1is
experienced. Moreover, these new outputs might make obsolete large
systems that previously produced similar outputs. (For instance certain
systeams with a muclear output might conceivably make cbsclete systems
composed of ocertain conventionmal artillery weapons which produced non-
nuclear outputs.) In such cases entirely new perspectives as well as
new techniques of production will be required.

In a unit proficiency test there is little danger of testing
from a reduced freme of reference, because such a test implies a situation
where the responsible officer knows all the outputs and inputs of the sub-
system. Yo new equipment, wespon, organisation, or doctrine is being
tested. An Armmy proficiency test is merely a test to see if the unit can
produce its defined outputs the same way similar units have produced them
in the pest.

This type of test also implies a backlog of information on
similar units which serves as a criterion for comparison. Presumably
these standards of ocomparison have been obtained from combat experience;
predictions of unit proficiency based on those conditions and standards
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are likely to be asccurate with respect %o combat. In a proficisngy test
we vant to know what is wrong or right imside the wnit. However, these
are exactly the conditions that will obtain less and less as the Amy
changes to utilise new technological developments.

L Correspondence of outputs in the standard and "new” armies.

In the SAGEBERUSH tests it was not always possible to ocom-
pare the outputs of a unit or system with the outputs of similar units or
systams in the standard army; in some cases an exact one to one corre-
spondence did not exist. For instance, in the ATPA arwy the maintensnce
functions of the Ordnance and Signal Corps were “split off" and formed
into a new organisation, & "maintenance systemn.® This aystem had no
counterpart in the standard army. In this case outputs produced by the
maintenance system could generelly be identified with the ones produced
by the signal and ordnance aystems in the standard ammy. These cutputs
were not identical, because thay were mot produced on the same scheduls,
location, or request basis, but there was enough similarity for the
SAGEBRUSH tests.

It is aleo possible to go one step closer to the final
field ammy outputs (outputs which are inputs to the enemy) and obtain
neasuremnents that were in the same unite. That is, by measuring the
outputs of unite to whioch both the standard system and the new maintenance
system supplisd inputs, the effectiveness of the standard and new systems
could be judged. In other words, the new and standard systems did not
produce outputs that could be measured in the same units. However the

.
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cutputs of the aystems into which the outputs of the new and standard
mintenance systems went still produced outputs that were measurable in
the same terwe. Thuws ary difference found may be attributed to differ-
eances in the standard and new maintenance systems which made different
inputs into the systems actually measured. (Naturelly the systeas
actually measured must be equated by replication or experisnced judgment.)
This is one example of how changes in the Army will affect the details of
given systems Defore they affect the outputs of systems that are clocer
to the final output of the field ammy.
Se SAGEERUSH teats were mot from a reduced freme of reference.

: Severel factors make it unlikely that the testing approach
of measuring major outpute and inputs during SAGEERUSH oconstituted a test
from a reduced freme of reference. First, there is a background of know-
ledge from the standard army with regard to the outputs, even though
wmit structure may have been changed. Second, any input important énough
to affect a unit's output would cause the officer responsible for that
unit to ocall attention to the input as an important deteminer of his
output. This in effect would be a definition of importance. It would
also be a derivative of previous experience with similar units. Third,
the outputs to be measured during SAGRBRUSH (several thousand) were
defined in advance by military experts through a technique of defining
the major objectives of a aystem, the subobjectives of each objective, _
and 0 on. These hisrerchies of objectives were reviswed for complete- ',
ness by senior officers.
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6. Smaller number of variables needed for future tests.
The earlisr approach adopted by the ANTEQ had been to
measure everything in temms of five variables--mobility, flexidbility,
invulneredbility, cosmand control, and fire power--designed to describe
an entire arngy. These categoriss are 80 abstrect that they have not
been defined in operetionsl terms; they are much like intervening vari«
ables in a model. Ay attempt to “"measure™ in terms of them would
undoubtedly lead to confusion of meaning and omission of many important
factors (“omission of important factors of outputs® is another way of
saying “reduced freme of reference™). DBut this is not to say that that
kind of spproach is theoretically poor. It is probably good in the sense
that construction of models with a limited number of the most important

variables is a generel scisntific approach. This topic will be taken up
later,

II1. Sources of Error in the Tests Utilising a "Test Criterion®

In the opinion of the writer, the source of error with which the
peychologist is traditionally concerned--the perceptual error--is a
relatively minor one in the “theory testing" experiments of the Amy.
mpmu-anmmnuwommuvmumormmm
most important sources of variation with respect to Army output. If only

m-lnmofnmtimmmmdthuvmhnmuwot
error with respect to the predictive accuraqy of the test.
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The sources of error in the testing process may be categorised
as follows:

(1) The peroeptual error in matohing.

(2) Limited control of ocoafounding factors.

(3) The reduced freme of reference.

A. The Perceptual Errvor in Matching

Experiments imply measurement and measurement requires a
standard against which to match the output of the system under investi~
gation. In empirical studiss a control group is typically supplied as
the standard. Certain dimensions of output are selected for measure-
ment on the standard and experimental groups, and these dimensions are
measured and compared or “matched” for the two groups.

In studies of military subjects the control group is often a
grouwp from the standard army. It happens that there is a large body
of knowledge about groupe from the standard army. Armmy officers have
seen these groups perform and know a considerable smount about their
outputs. Officers are certainly not omniscient; in fact, for many
mi‘hmﬁmﬂmﬂhumuaoﬁn&mo{mﬂ.}/
Still, the fact remains that certain things are known about such
ocontrol groups, and this is somewhat novel in the experience of scientists
who have done their work in laboratories. It would seem that for certain
purposes, where gross measures are needed, information from experienced

1/ TFor instance, the number of casualties produced by a rifle squad at
night is not known in quantitative terms from combat experience.
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person: might be used as a standard of reference in lisu of a control
goup. This kind of “experisnced opinion" control will not necessarily
be inferior to the physical control group under all conditions.

The SAGEBRUSH study may be an example of the situstion in
Question. Deta regarding the output of units in a realistic setting
were needed in SAGEBRUSH. In the strict sense, control groups would have
consisted of units performing under the standard organisation and doctrine
(Aggressor sids); however, the difficultiss of making each control unit
perform under the same conditions as its counterpart experimental wnit
(on the U, S. side) were practically insurmountable. The standard of
reference was the expert opinion of officers who had seen similar units
perform under many oconditions in combat. It was not difficult for them
to observe a SAGEBRUSH unit and compare its performance (or output) with
that of standard units they had observed before. The dimensions on which
the unit was compared did not require exact quantificatiorn but only non-
parametric data--judgments of "better than" or "worse than."

The desirebility of using control groups in such an instance is
problematical. The error that would have resulted from "forcing" control
groups into the seme kinds of conditions as the experimental groups would
Quite likely have been greater than the errors in an experisnced observer's
recollections. It is argued here that the perceptual error is not always
the greatast one in a prectical situation, and that efforts to reduce
that error may in some cases produce greater errors from other sources.

Studies in which no control group is employed should not
categorically be considered non-valid. Since validity is a matter of

.
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degree and dependent on accumulated error, each case should be considered
on the basis of the experimental arrengement that results in the least
accumulated error. (The umpires who assessed the units constituted a
special case with respect to peroeptual error, in that the evaluators'
perception often had to follow from the umpires' perception and assess~
ment.)
B. Limited Control of Confounding Factors
A second source of error in the testing process is allowing one
or more of the systems contriduting to a joint output to vary rendomly
while another system's ocontribution to that same joint output is being
measured.d/ This 1s an instance of lack of control. Let us look at
control this way:t It osn be achieved by control groups, but there are
other techniques as well.
The output of any system is the product not only of that
system but of all systems which supply an input to it. The output of
& given system is thus the joint output of its own and all auxiliary
ayatems.
lc The factor of external conditions
A special ocategory of inputs are those introduced to 8

system through the external oconditions in which the system performs.
Weather and terrein are examples of this type of imput in Army situ-
ations. The inputs of weather and terrain are from a system external
to the Army; as important factors, however, they must be considered

in a testing progrea.

1/ Pactors which did vary rendomly are listed in Appendix B, |




2. The factor of inputs from ancillary systems

The inputs of ancillary systems do not need to be.con-
trolled by means of control groupe; the necessary control may be
achisved by artificial insertion of the inputs, that is by supplying
the system under evaluation with "in tolerence™ inputs from sources under
the control of the experimenter rather than from other functioning systems.
In that vay aystems may be tested one at a time. After they are tested
individually it is desiredle to test their joint output, because certain
of the inputs introduced artificially might have been incorrect vulues or
night have been from a reduced frame of reference. The over-all test
night lead to further individual tests or the joint output might be
satisfactory. The entire process is one of successive approximations.

3. The factor of intermal conditions

Another source of error in tests of Army concepts of the
same type lies in conditions internal to & system. If the system is not
what it is purported to be, an error will result. In amy systems this
1s & very real souroe of error. The proficiency of the men i3 one aspect
of a system that may be out of tolerance. Condition and quantity of
oquipment is snother. Still another is under-strength units, (under
strength in men or equipment). This kind of uncontrolled variation was
probably the greatest source of error in the SAGEERUSH tests, greater
than the errors of perception. Many units and/or systems were out of
tolerance; in many cases the outputs of one system resulted in out-of-
tolerance inputs to meny aystems. The communication system, for instance,
was far below acceptable levels during the maneuver, and since this system
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supplied inputs to almost all other systems the outputs of all those
others were affected. This was also true of other systems besides
communications, but to a lesser degree.
ho The oombined error from all three factors
Mmbm‘ffooth&mm“wom.
Weather and terrein inputs were fairly typical of the conditions for
which the test was designed to predict, so this was probably not a large
source of error. A large source of error lay in the internal structure
of the systems; personnel were well below typical proficiency and umits
were under strength in personnsl and equipment. And of course when one
wnit vas out of tolerance for any resson it caused others to perform out
of tolerance.
C. Comparison of the Perceptusl and Confounding Sources of Error
in SAGEBRUSH
There are no quantitative data regarding the amount of error
contributed by the lack of control of these factors as opposed to that
contrik.ted by the perceptual comparisons in the SAGEBRUSH tests. The
writer and all the members of the AMTEG belisve that the contaminating
influence of out-of-=tolerence systems was by far the greatest invalidating
factor in the SAGEBRUSH tests, If tests of this type are to be made more
valid, future scientific and military effort should be directed toward

‘this source of error rather than toward the perceptual source of error.

D, The Frame of Reference Error
One other source of error exists: Error is produced by
measuring from a reduced frame of reference, a matter already discussed




e e A e

R—

e e

-ha-

in generel tems. In the SAGEBRUSH tests this was probably not a
relatively large source of error. An attempt was made to bave as many
aystems opereting as possible, and, with the AMTEG procedure of identi-
fying objectives and subobjectives for review dy all Arwy schools,
probebly no major outputs of these various systems that were inputs to
other systems wers overlooked,

For administretive reasons, the outputs that were inputs to the
enemy forces were not &ll oonsidered for measurement. The ANTEC was
given responsibility for testing only on the U. S. sidej not until after
some work on the problem of testing had been done was it realised that
the over-all effectivensss of the U, S. side could be measured by its
effect on the Aggressor side. Rather than change plans at a late date,
it wvas decided that the effect on the Aggressor side would not be
measured,

Certain other practicel oonsiderations also entered into this
decision. For one thing, the joint output of all the army aystems
would be contaminated by so many sources of error that it would be
almost impossible to partial out the confounding muu’mmmm
of organisstion and doctrine.

Testing of this over-all output is certainly a goal of future
testing programs. The AMIEG felt that under the conditions of the
SAGEBRUSH test such measurement would not cantribute emough to warrent
a change of plans a month or 80 before the test was to be finalised.




(J

|
|
i
|

.h"

Testing from o reduced freme of reference thus appsars to have
been a relatively mmall source of error in the SAGEBRUSH tests. - The
largest source of error remains the lack of control of inputs from the
various aystems.

IV. Continuum of "Test Oriterion" Complexity
Let us now carry our analogy of tensile-strength testing inte a
military setting. The following examples are designed to show that as
ve test variables with broader and broader implications we extend the
necessary testing program far beyond our present measuring capacity.
A. A S Test

Iet us start with a sinple test--evaluating a newly developed
shoe sole. It is entirely within our present capability to validly test
a new shoe scle. Ye ocan add the new shoe-sole system to an abresive
system and moasure the time it takes to wear through. The same abresive
system ocan be applied to the old shoe-sole system and a comparison made.
The sbresive system need not be a highly structured one in a laboretory;
it can be men wearing shoes.

It may be seen, however, that some control is lost when we move
out of the laboratory situation; that is, we are not so sure that the
abresive system is idemticsl for the two shoe-sole systems being compared.
We cannot be sure that the two sets of shoes will get the same treatment.
On the other hand, we are more oertain that the types of treatment which
cause abresion in fisld wse will ocour in a "troop test"™ than in a ladb-
oratory. This example illustrates that we have adequate techniques and
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instruments (both laboratory and field) for validly testing simple
things such as shoe soles. We have used shoe soles for a long time

and have accurate oriteria for their wear,

B. A More Complex Test
As a somewhat more complex example, let us take a weapon such

a8 the rifle. The oriterion for a rifle's effectiveness is in terms of

the mmber of casualties it produces in enemy troope. This oriterion

is available through the judgeent of experienced officers who have

observed the effects of rifles in combat.

In order to obtain a rifle output in these terms a number of

systems must be added to the rifle system. To the system involving the

men needed to fire the rifle must be added the conditions (such as

terrain, weather, light) under which it must be fired. Enemy troops

must be added as a third system; other factors such as weight and

mmbers of cartridges required could be added as still another system
involving supply. We can test the output of a given rifle system
against another in terms of the oriterion of enemy casualties produced
when these other systems are added to make a joint output and are kept
oonstant over different rifle aystems.

Keeping the output of all those systems constant is, however,
not & simple matter. The more systems that are contributing to the

joint output, the greater the number that have to be controlled in order
to measure the affects of one of them. From a testing point of view it
is wuch simpler to eliminate other systems from a test than to hold them
oconstant. This proocedure is desiredle if a oriterion of the effectivenees,
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in isolation, of the system under study is available. Such a criterion
is not available for the rifle system alone, because in combat no one
over sees it in isolation and no effort has been made to obtain data for
such a criterion in a controlled situation. Obtaining such data is a
step that can be taken only after the effects of the system under study
are quantified and functionally related to the joint output of the con-
tributing systems. Therefore, at present we only have information
mmaomm@uwommmmqm. Study of
rifle effectivensss should proceed with that criterion. The problem of
controlling the other systems ccntributing to the output, which is in
the same terms as the oriterion, must be accepted and solved if the
studies are to be valid.

In considering the exsmple of the rifle it might be noted that

the accuracy of a single slug at extreme ranges has often been used as
a eriterion of the combat effectiveness of rifles. By eliminating all
other systems, this criterion makes tests quite simple. Unfortunately,
however, the functional relationship between rifle accuracgy and the
combat effectiveness of rifles is not known (and it is certainly ; 4
hasardous to assume they are identical). Therefore, basing predictions
of the combat effectiveness of rifles on the accuracy of the rifles
will not result in the best predictions.

The rifle was included here as an example of a system where
implications are so troad that it is beyond our present capacity to
validly test.




The next example is one in which the implications are ewven

broader: the tactical atomic weapons now becoming available. We have
no experimental criteria regarding the effect of these weapons in
combat, but we do have some knowledge of their effects from the proving
ground tests. From that knowledge we know that they have the same type
of effect as the existing weapons systems (rifles, tanks, artillery,
etc.), but we know also that their potential is greater. Fossibly the
effects of these other weapons systems may be better achisved by the
atomic weapons systems than with the system currently organised for
that pnrpon.y : :

In order to solve the problem of what balance of weapons
systems will achieve the greatest over-all effect, a criterion must be
available. This oriterion must be in the same terms (or units) as the
sum of the terms of the various systems involved. Such terms are almost
identical to the terms in which actual combat is constituted. In
addition to the weapons system, the systems of intelligence, communi-
cations, command structure, and conditions of terrain and weather are
all involved. And each of these may be broken into sub-gystems and
sub-gub-gystems, the smallest of which would be on a par with the
factors involved in the wearing out of shoes.

1/ This example is not meant to raise the argument that every time a new
is introduced someone thinks that it makes all old weapons
obsolete. The example is included for another reason and a discussion
of this point is irrelevant to that reason.
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Assume for the moment that such an appropriate coriterion can
be constructed. The problem of comntrolling the effects of all these
systems in the joint product while msasuring the effect of the atomic
system is one of considerable proportions. However, this question
requires & valid answer. The atomic weapons example is included as an
extrems case having implications for many systems; as the implications
grow, so does the difficulty of controlling the outputs from all of the
systems. A maneuver such as SAGEBRUSH is an attempt to produce an
appropriate criterion, but the control of all the various aystems is an
imposing task. The large number of "contamination factore" present in
SAGEBRUSH attests to the inadequacy of our present capacity for tests on
this scale.

D. Wiy We Are Concerned With Joint Outputs

The three examples, shoe soles, rifles, and atomic weapons,
were selected as three points on a continuum--that of an inoreasing
number of systems involved in producing a joint output.

We must deal with this continuum because we are interested in
these joint outputs and because we usually know something about the
eriterion situation for such outputs. We are interested not in the rifle,
per se, but in the joint effect of a mmber of systems of which it is only
one. We are not interested in the inherent accuraqy of the rifle, since
we d not kiow the funotional relationship between its accureqy and its
ocombat effectiveness. Therefore, because of the nature of our interest

e must deal with a fairly large number of component aystems.

FaT ST
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There is nothing inherent in the various systems themselves
that causes us to be concerned with their joint effect; it is simply
that in the over-all activity of war we are interested in producing
casualties. Cowollary to this statement is the fact that our experi-
ences with criteria are in terms of the things we are interested in.
That is, we have some knowledge of ths number of casualties that can de
produced Ly rifle fire because we are interested in that effect and have
observed it. We must therefore test those systeme that produce joint
outputs which are in the same terms (units) as the criteria which we
know something about.

We do not now have the capacity for adequately testing any but
the simplest of systems (as is currently done by CONARC boards). There
is no reason, however, to believe that the process of quantification and
determination of functional relations cannot be applied to military
situations just s&s it has been to other subject matters. The first step
is quantification; the second, dsvelopment of functional relations.

V. Predictions by Quantification and Functional Relationships

A qualitative approach to systematisation is conceptually simpler
than a quantitative one and generally comes before quantitative adjust-
ments in science. In general, from the standpoint of test development,
the Army is in the firet stages--the qualitative phare. A “good" ammy,
in this scheme, should have certain qualitiess

(1) Flexibility

(2) Mobility

{3) Invulnerebility

(L) Command control

(5) Fire power or shock action




i =

In the qualitative conception an arwy is "good" if it has these
qualities and "bad" if it does mot. This approach is certainly not
wrong, but let us examine its power of prediction. As an example,
consider a Roman legion. Undoubtedly an amy of todsy ocould easily
defeat a Roman legion; yet if the legion is examined for the five
qualities, it will be seen to have had them all. Its invulneradility
was achisved by shields and body arwor, its fire power by spears, swords,
and arrows, its mobility by marching, its command control by wvoice com-
mands or simple signals, and its flexibility by whatever SOP's were used
to redistribute the effort of their special equipment. Thus it may be
seen that a qualitative amalysis is not a sufficiently incisive tool to

describe differences between a modern army and a Roman legion that can be
used to predict the winner of an engagement between the two.

However, if each quality is assessed in quantitative terms, the
Roman legion is shown to be different in terms of our "theoretiocal
analysis," just as we know it would be in practice. Today's army has
greater fire power; in certain respects, though not all, it has greater
mobility «nd more invulnerebility., The advantage that the modern army

has in comsand control requires a finer quantitative discrimination--

although control is augmented by electrical equipment, the modem army
is more dispersed and hence out of range for direct control by wice.

fi
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Thus it may be seen that a quantitative approach has more predictive
power than a strioctly qualitative one.

One more step can be taken for greater predictive power: The
paremeters of the interrelations between qualities can be established.
Basic to this discussion is the fact that the five qualities are




interrelated. For example, a certain amount of invulnerability may be

achigved bty dispersion, but dispersion in turn causes a certain loss in

command control. The question may be posed: How much command control

should be given up for so much invulnerability? Such a question not

only assumes quantitative measures of both command control and invul-

nerability but also requires some knowledge of their interrelation.
Knowledge of this interrelation (in the form of a curve or function)

would lead to much greater predictive accuragy than would simple quanti-

fication. In fact, if the interrelations of all the qualities were known
quantitatively, the theoretical formulas would have extremely prectical
prediotive power. The accomplishment of this quantification and formu-

lation would be the objective of the scientist.

The five quality categories should be considered only as examples
or points of departure; they are not necessarily the best ones to use

in the proposed formulation. (Perhaps the 10 principles of war would
be better.) The skills of both the military men and the scientists are

required in order to structure the ocategories or qualities that would

be most easy to handle and yet have sufficient predictive power. The

categories would have to be general emough to allow future equipment
and weapons to fit under their rudrics, and categories which lend them-

selves to quantification would of course be more effective than ones
which did not.

The approach outlined is certainly not new in scisnce; in fact, it
is typical. It is stated only because the writer has not seen it spelled
out in writing for large-scale tests of irmy concepts. Research on a
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snaller scale can generally be done on a more rote basisj for example,
once a oriterion is established for day or night firing of the rifle,

a training progrem can be constructed and tested against the existing
program. This is a discrete solution; it does not necessarily inwlve
establishing the dimension of relationship between the warious possible
progrems. In the proposed approach qualities, categories, or dimensions
mst be estadblished, because of the great number of factors which affect
the final product and the need to allow for new conditions (equipment
and weapons).

The proposed approach does not necessarily fall entirely within
the purview of HumRRO, Certainly the capabilitiss of humans (including
such factors as capacity for training leaders) are an important consider-
ation in establishing the various paremeters. The general approach of
quantifying and formulating may lie outaide HumRRO's responsibility.
But the question might arise, "Whose concern is it?"

VI. Future Tests of Ammy Concepts
A. The Approsch to Future Tests

New equipment and weapons are being developed at a rapid rete.
Some weapons have outputs similar to those of standard army units or
systems; others have outputs which the standard arwy could never produce
previously. HNew developments in equipment make obsolete some old types
of equipment, and in other cases make possible things that could not
previously be done at all. If one oconaidered only the weapons and
oquipment that affected outputs which are, to some degree, in the
standard army's repertory, the changes in ammy structure (organisation

e
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and doetrine) that would be required to most effectively utilise them
would not be great. However, new weapons and equipment can produce
outputs that cannot be achisved even to a degree in the standard amy.
The integration of these new outputs will have far-reaching implications
for Army organiszation and doctrine.

As long as the changes in structure are small there will be a
correspondence between the standard and the new Ammy units. Under these
oconditions experienced officers can compare the outputs of units in the
new system with what they know of outputs of similar units in the stand-
ard systems. This process involves a certain amom:t of extrapolation,
but as previously stated, this is not necessarily the largest source of
error in a test of this type. However, as changes in structure require
units that are less and less like the standard units, these extrapolations
will become larger, more difficult, and subject to greater error.

The changes will probably come first in the smaller umits rather
than in larger organisations. For example, new capabilities of radio
equipment will cause changes in the smaller units that work directly
with telephone and radio equipment, rather than in the Signal Corps.

And if atomic shells for 105 howitsers became available in quantity,
changes in the organization of howitser batteries might be required
(assuming one atomic weapon could produce a saturation casualty effect
in an area that previously required continual fire by several howitsers
to produce saturation). Such capabilities might in turmn produce new
oquipment requirements.
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The over-all output of the fisld amy will be the last to
change completely. That is, the dimensions by which the over-all output
can be described will be sppropriate long after the dimensions specific
to subunits are outdated. However, the quantities, or values, on these
over=-all dimensions will change; with smaller units the dimensions thome
selves will change. This may Le seen better in terms of levels of
abstraction, The descriptive term "animal" is more abstrect than "horse",
"cow," "duck," or "pig." Certain predictions about the behavior of all
agnbers of the animal kingdom can be made on the basis of the termm
"animal," and those predictions will be useful. For instance, we may
predict "movement" for animals. This prediction will be correct for a
group of pigs, horses, and cows as well as for a group of chickens, ducks,
and geese. Of course, Yy being more specific we make more accurate
predioctions; predictions of amount of movement will be more exact if we
use the categories of quadruped and fowl, rather than animal. Both kinds
of predictions have their place, however.

In the military situation, an army can be described in more
abetract terms than those used to describe its component units and/or
systems. The useful feature of the more highly abstract descriptions
is that predictions can still be made even if the components change.

The following scientific procedure should be considered as a
systematic procedure for aiding the higher-level officer in specifying
the required outputs of a field amy. By analysis, the outputs that supply
the best predictions of over-all effectiveness should be isolated. The
categories should be generel emough so that new weapons and equipment can
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be subsumed under the same rubrics as the old, although with different
valuse of output. This dmplise that the categories would be strustured
in temms of outputa. The objective of the procedure is to devise gensrel
categories that do not need to be changed qualitatively in order to in-
sert new developments. The categories should be such that new weapons
and equipment developments can be assigned new Quantitative values in
the old units of messurement. The functional relationships estabdlished
with the old values of these general categories will presumably hold
vith the nev developments. Predictions can therefore be made by entering
the new values in the functional relationshipe and then extrapolating to
the new values of the other functionslly related categories that will
obtain with the nev value that is entered.

To illustrate this procedure, let us consider the categorise
of mobility, flexibility, invulnerability, command control, and fire
pover=-highly abstract terms currently used to desoridbe the Ammy. There
are functional relationships bLetween these categoriss, but what the
relationships are in quantitative terms, no one knows. BEstimates of the
Quantities are a matter of artistic judgaent at the present time.
However, it does not seem unreasonadle to belisve that the five tems
can be quantified, and after quantification they ocould be funotionally
related to each other in useful quantitative terms. Onoce these quanti-
fications and funotional relationships were developed, extrepolations teo
situations involving nev equipment and weapons could be made with accurecy
and assurence rather than on an artistic basis. It is argued here that as
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the Arwy changes more and more from the standard Arwy with which
experienced officere are familiar, their artistic extrepolations from
combat will have to be greater and consequently more subject to error.
Again, it 4s not argued that the five categoriss discussed are the most
useful dimensions for desoridbing the Army; thay were selected simply

as examples. They are currently in use by Amy officers, though not in

a quantitative or funotionally related sense.

The point is that the Army plens for reorganisations necessitated
ty new weapona and equipment can be approached scientifically. Further,
1t 4» argued that such an approach deals with the Army as a whole rather
than simply with aspects such as treining, selection, and operations.
These aspects fit within the larger scientific fremework and presumably
all of them are structured bty the over-all piacture.

The effect of the over-all approach suggested here would probably
be to provide a certain kind of continuity for the changes which will be
made during future years. We might say that the dimensions of change
will be identified. .

There 15 no resson why these dimensions cannot be put into
language for Army consumption. Knowing the dimensions of change might
have an axtremely tangible and salutary effect on most Arey operations.
One effect might be that of orisnting Army personnel at all echelons to
“where they are going," how their job will change, etc.; such knowledge
would poesibly remove the disruptive personsl aspect from the changes.
Subjectively, the'process would be & continucus one rether than the
"oresh change® process it is now and will be with further changes. This
kind of benefit would be added to the effects on treining, selection,

procurement, plaming, and other operetions.
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In some ways this section would seem to negate some of the

pointa suggested earlisr. That is, it was previously suggested that

i the recollections of experisnced Army personnel could serve as a control
| under certain circumstances, and also that the measurement of the final
over-all output of the fisld army was highly conteminated. Actually
there is no conflict in either case. They both involve the time factor.
At present, experienced persomnel cen make certain comparisons of the
standard and "new™ amiss, but in the future they will not be able to
nhmnmmmﬂummunmmteomdh
the old. The case of messuring the final product of the field ammy is
similar. In SAGRBRUSH so many factors were confounded that it was im-
possible to untangle them in the output of the field amy; however,
this need not always be the case. In fact, it is reasoned here that
the contaminating factors will have to be controlled, because we cannot
ocontinue to measure and compare outputs from subunits as these units
lose their ident ..y in the new organisations.

In effect these points represent a recognition that officer
Judgments constitute good prediction at the present time, but that they
will lose predictive power in the future; a program based on tests of the
over-all output of the field army will have to be developed before accurate
predictions can be made in the future.

B. Future Test Vehicles

Will tests of future organisation and doctrine use maneuvers
such as SAGEBRUSH as a vehicle? It seems to the writer that maneuvers
camot do the job; st any rete, not by themselves. Extensive testing of
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sub-gystens and/or unite is required to “shaks them down" before a
manguver, but aside from this, a maneuver has inherent disadvantages.
Nost of these can be covered in the statement that mansuvers cost too
much in terms of time, money, and disruption of other activities.

Nothing has been said about the N of SAGEBRUSH test. But it
wvas one. Even if there had besn no conteminating factors and all measures
had been perfect, the N would still be one. SACEBRUSH was conducted in a
given terrain, weather, and roadnet situation. And most important, the
split of logistic support from tactical command depended in great measure
on the reactions and pereonalities -~ ‘lLa specific commanders involved
for its success or failure. Bven wiin L. best test of this particular
set of commanders, the question of Low well it would work with other
commanders would remain problematioal. However, the expense of obtain-
ing a sufficient N would probably be prohibitive. These points underline
onoce again the nevessity of developing predictive tests which have fewer
elements than the test criterion.

The abstrective work of scisntists and officers might be facil-
itated by the use of electronic computers; these would certainly solve
the problem of N. Paremeters for the machine could be collected from
maneuvers, combat, war gmmes, and CPX's. New organisations of the Arwy
could be "played" by commanders and their staffs, with machines rather
than actual troops used as subunits. Machine “wars® could be played on
two sides. The same "war" oould be fought with different commanders,
different terrain, different weather, and what is most important,
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different fisld-arwy structures. Electronic ocomputers may not be the
answer to the N problem, but there is a need for an abstrect test that
ocan be repeated under controlled conditions at a reasonable expense.

Maneuvers could be used as a validity check on the results of
electronic war gaming or other abstrect tests that might be developed.
This would provide a test oriterion in which the Army oould maintain
ocontrol of the frame of reference.

Enough data would be obtained from the electronic war games to
describe the functional relationsxips (curves) for weather, terrein,
roadnet, and all those factors whiua will be constant in a given maneuver.
Predictions oould be made from the electronic data for a given set of
oonditions, chosen at random; those conditions could then be duplicated
for a maneuver and the electronic predictions validated on the maneuver
outoome. The accureqy of this prediction would serve as an index of
validity for all the functional relationshipe daveloped Yty the electronie

war gemes.
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I. Probability of The Inclusion of Tests in Future Maneuvers

Some kind of empirical testing will probably be desired for the
Arwy's new theoretical conospts of reorganisation. This judgment is
based on the opinion that the results of the BLUEBOLT, FOLLOW ME, and
SAGEBERUSH tests will produce emough new information on the ATFA conoepts
for CONARC to consider them to be of value. Also, since "test" generally
has a positive valence, "test" results, will be desired in the future.
Not enough is known about such large-scale "“tests" as SAGEBRUSH to permit
a ocorrect evaluation of their validity. As long as there are no well-
known ways of distinguishing degrees of validity for these tests any
kind of test will be considered adequate. Finally, a precedent exists
for testing concepts like ATFA, which restructure the Arwy, by means
of maneuvers. This procedure is likely to continue until other proce-
dures are demonstrated to be better.

The nature of the next maneuver test of doctrine and organisation
will be similar to that of the SAGEBRUSH test unless a scientific
advisory group suggests another approach. If the procedures used by the
ANTEG in SAGEBRUSH provide satisfactory information the same procedure
will be followed again.

II. Assuning That HumRRO Does Not Participate
The following predictions are based on the assumption that HumRRO

will not participate in future maneuver tests. It is predicted that,
in the abeence of a scientific adviser from HumRRO, the ANTEG testing
procedures will not be used in the way they were designed to be used.
In this ovent the testing agenay will be dissatisfied with the procedures
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and will recommend new procedures for the next maneuver. The recom-
mendation will very likely take the line that ‘esting with questionnaires,
objectives, and subobjectives is a waste of time, and that experienced
officers do not need all this to do their job. The testing agency will
probably recommend that more officers serve as evaluators and that fewer
"long hair" techniques be employed. This recommendation will probably

be followed, which will put the situation back where it was with the

test of the Triangular Division in 1939. The cycle will then protably
repeat itself.

If HumRRO were to continues participation by the assignment of a
scisntific adviser for brief periods, the type of test conducted for
SAGEBRUSH would probably continue as long &8 he was so assigned. In the
opinion of the writer, the adviser could do no morse than sustain the
present procedures in the amount of tilpe he would be able to desvote to
the job, Considered in terms of the writer's thesis that the present
procedures will bescome ineffectual as the Army changes more and more
from its current structure, such action by HumRRO would not contribute
much to the effectiveness of the tests.

The implications of greater degrees of HumRRO participation are

obvious. In the writer's view any participation should follow the

R ———

direction described in this report. Following such a course would be
desirable from the standpoint of developing effective tests for future
reorganisation, but it would, of course, lead to other problems. For

example, the question of whether this is a legitimate HumRRO activity
would arise as would the question of how much effort can be expended.

|
|
|
|
|
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The writer is nmot attempting to answer these questions; in developing
4 his ideas of what a testing progrem will have to be to be effective in

the future he gave no consideration to whether HumRRO had cognisance ,
k| or interest in the area,

| ITI. Adventages to HWRRD Participation ;
] The theories of organization and doctrine envisioned for the Army

of the future imply rether wide departures from the present Army. These

changes imply that activities of individuals and groups will differ

. markedly, and under these circumstances individuals must presumably be
trained differently. For example, the wider dispersion that will
characterise the amies of the atomic age means that patrols will be
able to penstrate deeper and more often into the area occupied by dis-
persed enemy troops. Patrol action over wider areas and in penetration . ;‘

of several miles will mean that the patrol members will not personally B
observe their routes before the patrol begins. This in turn will mean 'l
a greater training emphasis on map navigation than on nsvigation by 3
‘previous observation.

All such dirferences in activity, and they are probably legion,
point to modifications in treining. Bigger treining modifications will
result directly from the introduction of new equipment and weapons. The
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training progrems for new weapons and equipment are not generally in
existence before the "hardware" is available in quantity, and the
possibility also exists that new equipment and weapons will make certain
current activitiss obsolete. It seems to be to HumRRO's advantage to
know what changes will occur, and to tailor its training research
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Information on projected changes will not be available in concrete
form, since a certain amount of analysis of the situation is required
in order to obtain it. In the writer's opinion, information of this
kind will be available only when human-bshavior scientists abstract it
during & maneuver, although soms of the more obvious differences could
prvbably be ascertained from analysis of the concepts themselves.

The important point is that prior to soms kind of analyais this
information is not in a usable form. In order to learn the subject
matter which they can then analyse, HumRRO scientists should work with
the Ay during maneuvers.

Three points have boen made in this section: (1) future changes in
the Army will be manifest in maneuvers, (2) these changes have important
training implications for HumRRO, and (3) to obtain the training infor-
mation, HumRRO scientists must perform on-the-spot analyses of mansuvers
and of concepta as well.

Such analyses would benefit the current programs in which HumRRO
engages; the activity of planning Army theory testing progrems is another
matter. The question of whether direct benefits would accrue from par-
ticipating in such an area should be considered separately.
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