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PREFACE
During the Army Scientific Advisory Panel meeting held at Fort
Hood, Texas on October 5~6, 1970, Major General J. Norton distributed
a set of scientific challenges which were later presented to the Panel
as the basic terms of reference for an Ad Hoc Working Group on Project
MASSTER. These proposed terms of reference were provided to the chair-
Dr. Vincent S. Haneman, Jr., Associate Dean, Oklahoma State

man,

University by letter of transmittal of the Assistant Secretary of the

Army, R&D on 8 March 1971. During the spring and early summer of 1971,
2

meetings were held in consideration of the terms of reference. An

interim letter report was prepared and submitted on 19 August 1971
i

concerning instrumentation for the worx being conducted at Fort Hood.

In mid-July, an additional set of terms of reference were provided the
n - ’

Group concerning Night Low Level Operations of Helicopters. Emphasis

then placed upon the helicopter problem in light of the depth of
was

dy and time required to resolve the original set of scientific
study

challenges concerning Project MASSTER.

It was decided in early 1972 that the additional terms of reference

ing the Night Low Level Operations did not directly affect the
concern

e and therefore could be and were separated
ms of referenc P
original tet

second project of the Army Scientific Advisory Panel. These

to form &
rately.

will be reported upon sepa

he original membership of the Working Group, Dr. Finn Larsen
of the

d in September 1971 leaving a great void in both the working group
died 1in

Lawrence O'Neill had to withdraw due to
1, and Professor
and the Pané
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the pressure of other ASAP matters. Dean Kenneth Clark was added in
November 1971 as a result of an identified need for professional review
in his area of expertise.

The Working Group operated from inception March 1971 until April
1972 without a liaison officer. Project MASSTER provided military
support at Fort Hood but the lack of these skills 1in Washington were

felt in attempting to bring this work to a rapid conclusion, Major

John Moore, OCRD, was appointed in April 1972 and his efforts materially

assisted in this work.

The Ad Hoc Working Group has held 12 meetings and wishes to express

a deep appreciation to all who have put forth So much effort. of

special note are those at MASSTER and Fort Hood, those at CDCEC and

Fort Ord, and their science advisors, Dr. Philip Dickinson ang Mr

Walter Hollis. The quality of work at both stations has beep out-

standing with very few exceptions. The transient nature of the.

programs has imposed great burdens on officers ang civiliap leaders in

obtaining well defined test objectives, 1in maintaining the motivatj
ion
of players and in the operation of new equipment with its gp

Specific thanks are due to LTG ¢, p, Seneff, Mg R Shoemak
. er

s and MG

J. Singlaub. Additional thanks are due to Cpc Personnel apg
and L,

Norton for their interest and time,

Time has brought many changes, ang this 4
S5 18 true for MASSTv )
ER's

mission and title since the study wag Initiateq

nproject MASSTER"
t

is
now '"Headquarters MASSTER" and the terminology in

his report alludes

to the former, as represented the originay

]
t
erms of Teferepce,




SECTION I
SUMMARY
The primary consideration of complex evaluations is the establish-

ment of a measurement of achievement. The task facing the armed
services is that of conducting tests such that the resulting
evaluations will stand the scrutiny of soldier, student and politician.
The terms "absolute and relative measures of effectiveness" are used to
describe the hoped for final norm. These data are needed not only to
consider how well the Army could accomplish its mission in combat but

to provide data for optimal assignment of the limited procurement

budget in peacetime. The ultimate descriptions of a perfect testing

technique would provide information on how to sort new items and

technologies that would accelerate the test process and achieve maxima

in these ''measures of effectiveness", thus eliminating unproductive

equipment.

The Ad Hoc Working Group on Project MASSTER was requested to

consider the ngoientific challenges" distributed by Major General Johm

Norton during the ASAP meeting at Fort Hood on October 5-6, 1970 as the
basic terms of reference, the full text of the request is in Annex A.
The Ad Hoc Working Group membership is listed in Annex B; a chronologi-

cal summary of the Group's activities is contained in Annex C; the
interim letter report is Annex D; and special papers felt to be germane

to the overall problem area are included as Annexes E, F, G, and H.

addition of "terms of reference", relating to the "Night Low

The

Level operation of Helicopters" (NLLO) in July 1971, caused considerable
. s sversion of effort.

confusion and dive 3




In early 1972 it was decided to make this a totally separate effort
although the membership of the Working Group would remain identical and
the task would be reported upon separately. At the January 1972 NLLO
meeting it was further concluded that the major item of the Project
MASSTER consideration was Scientific Challenge I, parts A and B and
this group would restrict itself to respond to this.

The resultant considerations then of

"IA - Derive useful measures of unit effectiveness in a
test environment" and
"IB - Develop techniques to Sort new items and techniques in
order to accelerate the test Process,"
were developed as subquestions that follow.

1. TIs there such a measure which can be described for 11
a

situations without consideration of th
€ Process, param
eters

or conditions?

2. What is the character of test ip terms of

known, unknown :

measurable, unmeasurable; Predictive, unpredictiy
€ parameters?

3. How are the present testg being conducted?

4. Are the results valid; do they have Substanti 1
al me

5. How is the information,




In the following section of the report further development is pro-

vided relative to certain items considered as a result of the group's

study of the above questions.

During the course of the Panel's studies, it became evident that

the present Army research and development program is not taking full

advantage of the knowledge and experience gained from MASSTER and to a

lesser extent CDCEC. The skills and education gained by the engineer-

ing and scientific cadre of Army officers does not appear to be

formally programmed into the system.

As a result of the study and visits to various posts, forts, et al,

for both the Project MASSTER and for Night Low Level Operatioms,

gerious conflicts seem to appear relative to the testing process and

the division of labor. This has been presented as Annex E, a Special

Paper by Professor Enoch Durbin.

puring the course of the effort Dr. Paul Kruse was requested to

study and recommend an instrumentation system which could establish

when a 1ine-of-sight existed between two points. This was done as a

portion of the effort on Terms of Reference - IB and is presented as

gpecial Paper Annex F.

Finally, two tec
although the number of situations are limited, may

hniques are described that have merit under testing

gituations which,
i{sh more valid measures of effectiveness, Annex G and E.

establ
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1.

SECTION II
CONCLUSIONS
1t is the opinion of this Working Group that absolute measures of

effectiveness can be established only for certain types of problems

where the object is well defined in terms of a finite number of
measurable parameters. There are a significant number of situa-

tions where no valid numerical value can be established within the

ngeientific process.” Many of the experiments being conducted both

under Project MASSTER and CDCEC are of this latter type. Under

these conditions, reliance must be placed upon judgment, and while

numbers are generated and are in terms of relative measures of

effectiveness, there exists no panacea in "measures of effective-

ness" which will sanctify the relative values that they are

endurable for all time. The data cannot be taken out of context

without destroying their validity. At present, the national

rationale that "everything can be quantified into immutable

numberS" has forced reasonable evaluations into nightmares of

unqualified, unsubstantial, unrealistic accounts, especially when

the data is used without the limitations imposed by full knowledge

of all the test environments and conditions.

The tests at MASSTER and at CDCEC are necessary to prcvide

the Army with a basis upon which to make rational decisions

regarding development and procurement. When material, personnel
and tactics are combined, as is necessary in the above evaluationms,

the test gituation is ever changing, never static nor the same
ven on twWo successive tests. The ability to measure and record
e
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such items as stress level, personmnel learning curves, and
troop motivation is not within the ''state of the art" for these

field exercises and, therefore, judgment must be applied. Judgment

is virtually impossible to divide more finely than good, bad, or

indifferent and, therefore, even "relative measures of effective-
ness' demand an unusual level of expertise in testing to assure

that the number of basic parameter changes will not totally destroy

the comparisons being constructed.

It is generally conceded that system effectiveness, particularly

combat systems, is a measure of the extent to which a System may

be expected to achieve a set of specific mission requirements Th
. e

basic approach of assessing this achievement may be judgmental
b

analytical, empirical or a combination of these. The effecti
lveness

of a combat system is related to the property of the systep t
output
which was the basic reason for acquiring or requiring the &
sSystem;

i.e. the performance of some specific functi
ions. TIf the gygt
ystem is
effective, it performs these functions well., If it is
not

effective, the deficient attributes must i
receive special
attention

in tne effectiveness evaluation It foll
. ows, therefore
s that the

effectiveness measures are subject to th
€ conditiong
on the batt]
e-—
field (or simulated test battlefield environment) apg
are poten-

tially sensitive to changes in the fi
Tield situatig
ns. The eff
ec-
tiveness, at ome time, may be measured in terms of ga
= Mage infljict
ed

on enemy ammunition supplies, while at another time i
t may pe

measured in terms of time to intercept ap intrudy
g tank co3
m.




If mission profiles have been specifically defined, the
problems of stating measures of effectiveness can be expressed
as a probability of accomplishing all or a given part of the
system's mission. In other cases, however, where missions cannot
be clearly associated with the system, or where the variety of
missions exceeds the practicality of evaluating all of them, the
measures of effectiveness should be related to the physical
parameters of the systems, such as, range, channel capacity,
resolution, processing time, warhead effectiveness, etc.

The quantization of the measure of effectiveness is, indeed,

desirable and is often approached by assigning specific "values"
to performance of subsystems or general characteristics; however,

in most cases it is mot possible to aggregate these 'values" into

a combined figure of merit. This is not necessarily a disadvantage,

gince the decision maker will still be in a position to select

options even if the effectiveness is stated in separate categories;

granted that the decisions will not be as simple or clear=-cut as in

the case of a single effectiveness measure.

{n Summary, the expected outcome of test and evaluation must be

carefully analyzed in terms of the measurable parameters, the

judgmental decisions and the interrelationships which exist between
the various factors to be evaluated. From this type of analysis,

the appropriate measure or measures of effectiveness can be derived
with more deliberate choice.
From the many meetings held in various locations during this effort,
3. T

it appeared to the committee that the experience gained from

8




MASSTER, and to a lesser extent CDCEC, is not being assimilated as
rapidly as it could be by the developing agency. This includes

not only the actual information gains with respect to equipment but
also the knowledge and experience gained and hopefully retained by
the officers who conducted and led the test. The experience

gained both at Fort Hood and Fort Ord would be of real value to the
AMC laboratories if the officers could be so utilized by assignment

to the laboratories as an information source.

During this study the Ad Hoc Group has been Privileged to review a

very large number of tests performed. These tests met all the

criteria that anyone could demand for reproducibility, player
motivation, and quality of measurement under the field conditionsg
existing. Several times, though, the item to be evaluated wag not

in a form which could be properly tested in the MASSTER environment

and the item's performance was severely degraded, It wag concluded

that a few tests were made on "bread board" equipments where

failures or shortcomings were due to the nature of thejy condition

and not a failure of concept or potential value to the Army. 71t

appeared to this working group that, in some instances, the test
reports have been so terse that vital informatiop has been lost
*

and that the shortcomings have not fully beep discloseq with

suggestions for repair or modification.

Any large scale test of the type used by MASSTER to €Valuate 4

device or concept is in effect a simulationp of an aCtual gp

8agement,
Simulations are effective to the degree that they sample ty,

€ actual
test modes of response to be expected ip the fielgq,

Any such testg
9
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must, therefore, be judged upon two separate dimensions in order
to provide independent answers to the following questions:

(a) Was the simulation of field conditions actually achieved?
If not, were the deficiencies of such magnitude that the results of

the exercise must be disregarded or limited in their evaluation

and utilization?

(b) Did the device or concept under study produce any measured

changes in effectiveness of the unit?

the first question must be answered satisfactorily

obviously,
pefore any interest in the answers to the second question can be
generated. Should the simulation be only a poor approximation of

battle conditions, unit effectiveness may vary in either direction.

A particular concern in the MASSTER exercises under review are

those conditions which affect the operators' attitudes and emotion-

al responses. For example, if the operator has less than total

motivation to survive, his performance in the test will be below

his potential. This was observed in tank crew operations when

gearching for attack helicopters. The reverse may also be true

where the operator may be under less emotional stress than in
combat and he may well perform at a level superior to his potential

This latter case may occur in the

battlefield performance.
gituation of the helicopter pilots in their mock attacks on the
tanks.

m the early phases of this study, it was concluded that a

trumentation was needed for Project MASSTER. The

Fro

data reviewed disclosed that it would not be possible to conduct

10




experiments, exercises or tests which would provide the information
required without a sophisticated time, location and event measure-
ment system. Further, the data must be capable of field use,
direct computer analysis, and not interfere in the test being
conducted. The total system should meet the suggestions presented

by LTG John Norton at the ASAP May 1971 meeting at Fort Ord, i.e.

(a) Design a portable instrumentation system for monitoring

forces in the field, and
(b) Simulate the stress of combat in test situation,

After consideration of the proposed Project MASSTER instrumen-
tation plan, an interim letter report Amnex D wag submitted on

19 August 1971. A special requirement, baged upon CDCEC eXperience,

was the need for a gun simulator to provige strike/kill information

which would produce a more realistic situation for ¢ (b) above.,
As the study progressed there were a number of sessions wheﬁ the

working group or individual members were Tequested tqo consider

specific, well delineated problems. These interfaces Provided the
basis for the conclusion that rea] value cap accrue to the Army by
fostering interplay between science advisors apg Panel members,
As an example, Annex E was Prepared ip Tésponse tgq

4 request
from the science advisor to CDCEC, Mr, Walter Holljg by

Dr. Payl
Kruse. It is understood that thig Suggestion ig bein

& implementeq
by Harry Diamond Laboratories for CDCEC,

While this igq the most

notable of the items in support of Scientq




implemented. The close relations with both MASSTER and CDCEC

have made this method of operation most covenient for the Ad Hoc

Working Group.

During the course of review the Working Group concluded that a
number of analytical techniques have serious merit for the types of
tests considered by MASSTER. In the following discussions, some of
the inherent problems or limitations are presented to emphasize

that while each technique has value, it is not a panacea and must be

applied only with a clear understanding of all of its limitatioms
(a) Evaluation of complex systems may be accomplished by

design of a weighted sums computation (Performance Index). While

such a method does not assure the validity of the output numbers

it does provide a method of evaluation which may be applied to a

jarge category of problems. The limitation is apparent, and must

pe borne in mind when applying the results. The choice of the

weighting factor of the different facets of the test may have to

be based upon experience, upon command opinion, upon intuition, or

jt may be based upon hard, sound logic. The validity of the

results will hinge upon the weakest of the weighting factor choices.

As an example of the simplest form of the problem and the

suppose that a report is requested on the utility of

1imitations,
a new viewing device. The test to be considered may have three
facetss each with 2 desired outcome. Item one may be the maximum

distance at which an average soldier may recognize a tank with the
equipment. IteW 2 may be the length of time the equipment may be

ysed before failure. Item 3 may be whether or mot to repair the

12




unit at the operating level when it fails., In this case Item ?
is fairly sound and easy to measure, using normal statistics and
use by troops in the field to determine a "mean time" to failure.
A problem might be determination of the "using time" or "running
time" in the field, but this can be resolved. Item 1 may be more
difficult to assess since it depends on the individual soldier—-
his attentiveness, his motivation to see the tank, hig eyesight
under test conditions--it also depends upon test conditions such
as light, contract, clarity of the air, other distracting condi-
tions, imposed by tactics or battle simulation.

Item 3 is the

most difficult to determine since it is a question of judgment ag

to the degree of complexity as seen by the individual required to

repair the unit. Is a high school education required? must the

soldier be mechanically inclined? does it require special tools
and/or training? What weight should be applied to each of these
facets--is recognition distance the prime requisite, witp failure
rate next and repairs a poor third? The agency requesting the
test must keep those subsets of requirements in mind when testing

is desired. The testing agency then must algg report itg findingg

in the same fashion since the "found to be begt" depends op the

weighting applied to each facet., 1In thig €xample, problems not

covered include such basic questions ag: Was the device used?

was it used at the proper time? and did it add to the Unit

effectiveness, however measured? would troops carry 4t

13




While this example is simplistic, the technique is, nonethe-

less, used often and with good results. A more detailed discussion

may be found in Annex G.

(b) Due to the random variables introduced by personnel and

other factors it is often necessary to repeat a test several times

to obtain a valid mean or average. With large scale tests, such as

those conducted at MASSTER, it is not economically sound to have

a number of replications to obtain significant statistical substan-

tiation. CDC Headquarters has provided an innovation to the test-

ing routine which has merit. The basis for the technique is that

the large test is in fact a composite of smaller tests all per-

formed at the same time. Therefore, any set of the small tests,
i

run in isolation or by themselves, may be repeated a sufficient

aumber of times to obtain a reasonable statistical ''standard."

When the large test is performed, the "standard" obtained earlier
may provide the basis for comparison--this then may be a "measure
of offectiveness.” It is important that the implications be fully
understood with regard to the comparison made by this technique.
The variables of tactics and personnel still are present and will
influence the result sO that the item measured is not just the
quality of this piece of equipment but it is the combination of ‘
the equipment with tactics and personnel. The changes due to j
these items may pe such that reproducibility of the results may be 1

w that the analys
1ication of a modification of the Delphi techno-

is is useless.
so lo

(c) The apP
asting system has the possibility of overcoming some

1ogical forec
14
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of the questions where "best mix" of equipment and motivation

are concerned. This is presented in Annex H. The primary

problem is that of motivation of units in trying new techniques

and equipment as opposed to known methods of operation. The

major limitation is that, regardless of the sophisticated title,
this is a public opinion poll, even though the public is limited

and their opinion may have high credence value.

15




=

\

1.

2.

SECTION III
RECOMMENDATIONS
The Working Group recommends that the concept of an overall single

measure of effectiveness, either absolute or relative, be viewed

with skepticism. The "gimple" test of equipment in the field used

by the "troops' in some simulated battle condition does not lead to

"gimple" answers which can be taken out of context and removed from

the inherent limitations of the situation. The measurements are

vital and valid within the restrictions of the test, but the data

demands the reverence that it deserves.

It is recommended that the Army laboratory system of AMC provide a

positive organizational structure to capitalize on the information

gains from MASSTER and CDCEC tests. The recently added AMC support

group at MASSTER may provide the interface needed between all

s of the developer community, from laboratory, to test, to troop

facet
use. Close attention must be paid to assure achievement of this
goal Urility of MASSTER to input and to develop requirements

should be maximized.

It is recommended that a study be made of the naval system in
hich officers are assigned to laboratories and in particular the
W

1 Ordinance Laboratory, China Lake, to be used as a source of

Nava
experience. Tt is understood by this Working Group that these

user

fficers have no duties other than to provide their backgrounds

o i1C

e engineering and scientific cadre of the

1ab ratory with the development of new weapon systems. The Army
abo

1d further modify this to directly use the sgkills of officers
cou
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who have been involved in either MASSTER and CDCEC since many

of these officers have field experience and have engineering back-
grounds.

This Working Group recommends that all reports of tests include

definition of the shortcomings disclosed by the tests, where they

are located, and make recommendations for repair or modification so

that they will more nearly meet the originator's and Army's require-
ments. These disclosures must not be linited to the test areas

defined in the experiment requirementsg but include all those found.

It is recommended that, when "bread boarg" equipments are submitted

for tests under the rigorous environment imposed by troop use,
adequate spares and technological support be Provided by the
requesting agency to assure that the equipment ig jip a condition

such that the tests will in fact measure the Potential of the item

or the concept under consideration,

While there is no clear and simple solution to the problem of

simulation and operator motivation in Stress,

it is mogt strongly
recommended that each test incorporate evidence of the degree to

which battlefield conditions were apProximateq S0 that later

review may include allowances for this iten,

It is recommended that the gun simulator and complete

information
gathering system for Project MASSTER shoulgd Teceive py

gh level
emphasis. The early procurement of these items will g

irectly

affect the quality of the ¢




8.

10.

11.

A recommendation of this Working Group is that some portion of the
relationship of the Ad Hoc Working Group and the science advisors
of MASSTER and CDCEC be continued. This might be best accomplished

on an individual basis, in support of items Ia and Ib of the

Scientific Challenges.

1t is recommended that consideration be taken of the various

analytical techniques discussed in previous sections and the

appropriate annex, as well as promote development of other systems

Tn all methods, users of the data must be alert to the inherent

1imitations of the analysis and results. There is great danger in

taking information out of context.

1t is further recommended that a working group within the Army

be established to study the theory of testing as applied to these

general categories of problems. Studies should include but not
pbe limited to the lines suggested in this report and Annexes.

This Working Group has not directly tackled here items IIA and IIB
L

Annex A of the Scientific Challenges, and recommends that a review
be made of these items to determine whether a new effort is
warranted.

18
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these ancillary 1 y ar
functions are important, they a
e not primary
ry ones in

MASSTER.
The ma
e materiel tested and evaluated by MASSTER c .
annot be divo
rced

from soldiers and military units because it achi
eves, or fail
pose insofar e
as it makes or fails to make sold
soldiers and

achieve, its pur

e effective. Moreo
ver, an assessment of this
materiel
cannot

units mor
idering a
g alternative means of performi
ing a given

pe made without cons
a. "
stimating the costs" (not necessarily 1
exclusivel
y in

function and e

terms) of the various mean
s of improvin
g individual
and

financial

ffectiveness.

unit e
th
at the task of Project MASSTER i
is

1t is clear: therefore,

important, basically consequential for the Army of
o the futur

e, and

extremely difficult.

.
!
ANNEX A
. Proposed Terms of Reference
- ASAP Ad Hoc Working Group on Project MA
e proposed terms of reference follow: SSTER
I. Introduction and General Comments
3 lProiecF MASSTER is a comprehensive program for the
, aluation of components and systems related to sensi reetine e |
acquisition, and night observation which are for t381ng, target {
the individual soldier and Army units more effectiv: ?urpose of making |
all test and evaluation enterprises, it also serves in combat. Like |
a
advice on means of improving components and systems wf  souee of
and as a sourceé of proposals for mew components N S:::in its province
ems. Although
»
w
w
w
Illl 20




The central task of the ASAP Working Group on Project MASSTER is
to develop guidance, on the basis of the scientific and technical
qualifications of its members, the advice of military and other
experts, and, most basically, the insights provided by Project MASSTER
personnel, to make the work of Project MASSTER as fruitful ag possible.

II. Specific Comments

Emphasis has been given in the Preceding section and in the
comments of Project MASSTER officers to the necessity of measuring
individual and unit effectiveness when using the Components ang systems

with which MASSTER is concerned. Measures of effectiveness are needed

in both an "absolute" sense and in a "relative" sense. That is,

measures that appeal to common sense in describing the ability of 4

soldier or a military unit to do his or its job in combat are needed,
and similar measures that allow sensible choices among alternative
components and systems are also needed. These Measures are needed
both because of the obvious importance to the Army of know

ledge of hoyw
well it can do its duty in combat in the future ang becausg

® of .the need
to spend a limited budget as wisely ag Possible,

ant thap that of
suggesting measures of absolute and relative effectiven

€8s that cap
stand the scrutiny and win the aPProval of the Soldierg
b

Scientists,
engineers and managers who will be called upop to make Army
Yocure-~

ment decisions in the future. The Soundnegg and “Sefulnes

8 of
suggested measures must be demonstraple in the test

environments that
MASSTER will provide.
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MASSTER could d
jgsipate its resources with inadeq
uate return, b
y

testing and evalu
ating the nearly unlimited quantity and
and diversit
y of

a need, therefore
, to develop sound means of choosi
ing among ¢ i
andidate

m

the shortest tim
. e consistent with reliability of result
s, and at low
est

achievable co
st. In this respect, the scientific and t
echnical

experience of '
the ad hoc group, influenced by milita
ry advice
extremel i o
y useful. For example, if a costly techniqu o
e is in princi
ple,

r
or as a matter of practicality, certain to suffer from h
m high false al
arm

10W dete 9 not meril t
y Ction rates or both, it Clearl does
i

rates or ver
consideration and effort by MASSTER until after mor
e promising al
terna-

s have been tested and evaluated

developing practical advice for MASSTER t
o permit the

tive

The task of
prOJect to use its funds and its other resources best i
st is an im
portant

one for the ad hoc group.

in combat the detection of " i .
’ something" in the vicinity of
a

goldier or @ unit may be of some worth. However, su h
» such a detecti
on may

worth at all because if
many detecti
on
s are of ''mon-

3150 be of no
they Will 1ead t
and processing System i
without improvjn
g the uni !
t's

o a i
burdening of the communications and
an

targets",
o transier

informatio
combat effectivenesS- Such a "non-target' might be b
etter undet
ected.
1t is» therefore, clear that "detection" must be as
sociated with

wearget identification" if it is to improve individual
ual or unit ¢
ombat
1t is also clear that in general "identification'
ion"

effectiveness:
r of more information
to a human
or automati
ic

he transfe

requires t
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data evaluator than does mere "detection" (e.g., of a seismic,
magnetic, or acoustic disturbance). Accordingly, there is a need
to "trade" the additional cost, complexity and (presumably) reduced
reliability of detection and.identification systems, as contrasted
with mere detection systems, against the increments in individual ang
unit combat effectiveness that are achieved through the use of detec-
tion combined with target identification techniques.

Advice based upon the scientific and engineering eéxperience of the
ad hoc group, on the basic "price" that must be paid for target identi-
fication (e.g., increases in information channel bandwidth,

improve-~

ments in signal-to-noise and signal-to-interference ratios, angd addi~

osts) and on the nature of the "trage" Previousl
tional component c¢ y

mentioned, is sought. This is an important tagk of the group.
Finally, the proliferation of target detection and identification
devices and systems throughout our Army in combat POses the Problem of
devising means of processing a large amount of information rapidly,
reliably, and at acceptable cost, and of "displaying" the results of
such processing in a way that will permit responsible officerg and
enlisted men to make their decisions correctly ang with confidence,
To solve this problem requires that a get of decisjiong be Correctly
made concerning such things as how to use multiple o Yedundapt
detections, how to use correlated detections,

how to distribute infor-

mation throughout a combat force, and how to "filtep" it at various
points in the force. Advice based on the scientific and techn

background of the ad hoc group, with the Buldance of ¢

military personnel, is desired concerning tpe Problen here 4




III. Assignment

In the ligh i owing scientific
ght of the precedmg comments, the followi
7 "scientifi

challenges" distrib
uted b
vy Major General Norton during the A
e ASAP meetin
8

at Fort Hood on O
ctober 5-6, 1970, are offered as the b
e basic terms
s of

refer
ence for the ad hoc working group on Proj
ect MASSTER.

Project MASSTER

Scientific Challenges

I. To Improve Test Process

A. Derive
useful measures of unit effectivenes
s in a test

environment.

B. Devel i
op techniques to sort new items and new t
echnologies i
s in

order to accelerate the test process

1I. To Improve combat Forces

A. Combine target detection capabilities with a
PoSitiVe me
ans

of determining target description

Overcome the information processing and intelli
gence displa
y

problem.

IV. Membership

posed membership of the ASAP Ad Hoc Working Gr
oup on Proj
ject

The prO

MASSTER is as follows:

Haneman, Jr., - Chairman

pr. Vincent S.

pr. Finn Larsen

Dr. Paul Kruseé
Mr. Lawrence H. 0'Neill
mbers or consultants to the group, two offi

icers chosen

and, either 2° me

24




by the director of Project MASSTER, one of whom has had substantial
combat experience in Vietnam and one of whom has had substantial
combat experience in Europe or Korea.

The study effort should not take over a year.

25




ANNEX B
MEMBERSHIP

Finn Larsen Lawrence 0'Neill

Paul Kruse Manford Gale

Kenneth Clark Enoch Durbin

Vincent S. Haneman, Jr.

Chairman

Military

Major John Moore Lt. Col. Edward Roderick
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ANNEX C

ASAP

Ad Hoc Committee —— MASSTER

Meetings:

19 March 1971

30 March 1971
95/27 April 1971
2/3 May 1971

6/8 June 1971
14/16 July 1971
23 October 1971
2/4 November 1971
13 March 1972
21/22 March 1972
11/13 April 1972

3 pugust 1972

*In conjunction with another meeting
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Washington, D. C.
Fort Hood

Fort Hood

Fort Ord*
Washington, D. C.
Fort Hood

Fort Sill*
MASSTER
Washington, D. C. *
MASSTER

CDCEC

Carlisle Barracks*




RS ARRESERERREN

ANNEX D

Oklahoma State University

Engineering Research/ (405)372-6211, Ext 7553/Stillvater, Oklah
R ahoma 74074

19 August 1971

Honorable Robert L. Johnson
Assistant Secretary, Army (R&D)

Washington, D- c. 20310

Dear Mr. Secretary:

of 8 Mareh 1971, requesting that an ad hoc
ic Adv1sery Panel study the Project
the committee was formed. The committee

Following your letter
committee of the Army Scientif

MASSTER Program at Fort Hood,

members:
ASAP:
Dr. Paul Kruse
Dr. Finn Larson
Mr. Lawrence O'Neill
DA:

Mr. Manny Gale

PROJECT MASSTER:
Lt. Col. Edward Roderick

t a number of times, as 1isted upon Attachment 1

have me
item has developed as being a problem of over

From theseé meetings oneé v
. 2 PrO'ect MA )
riding jmportance for the success O i Sl e
with respect to the scientific Chailengesaslzzmi;ez

’ }

of Reference. This item is the lack of
ation to measure the fundamental parameters

s being conducted.

for consideration
& B of the Basic Terms
grument
appropriate ins ;
concerned with the major test
. the concepts of the thi .
The committee has ree major units
instrumentation, which are either under contract or in the PrOCes:fof
procurement, o resolve this problem. All three units are tital t
of Project SSTER, but within these three, precedencz
t Scoring System (gun simulator);

ncepts
zgﬁuig beg a) Lasser Engagemen e
ta Collection gystem; and (c) The Position R
(b) The D2CZ o that order. eporting and

Recordin

reviewed

28
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Honorable Robert L. Johnson 19 August 1971
Page -2-

The committee has not had time to review in detail the technological
mechanization, but from what material that has been surveyed, it
endorses the development and recommends most strongly that procurement
proceed with all possible speed.

The tests witnessed at Fort Hood seemed to be well conducted, well
motivated, and well run, but they lacked substantive measurement to
establish any hypothesis.

With the present schedule of tests at Fort Hood, especially the tank/
helicopter efforts, it is imperative that a gun simulator system be
used to obtain meaningful results.

The systems proposed seem to meet the most recent challenge Presented
by Lt. General Jack Norton at the Fort Ord meeting -~ i.e, €
portable instrumentation system capable of monitoring
activity of elements engaged in simulated combat.

a truly
the position ang

We therefore respectfully recommend that all possible emphasis b
placed upon attainment of this capability in the immediate futur:

Respectfully,

V. S. HANEMAN, JR., P. E.
Chairman, Project MASSTER, Ad Hoc Committee

cc: Lt. General Wm. Gribble
Lt. General J. Norton
Lt. General R. Williams
Lt. General G. P. Seneff
Major Gemeral Jack Guthrie
Brig. Gen. R. M. Shoemaker
Dr. Phillip Dickenson
Lt. Col. William Bovd
Committee Members
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ASAP
Ad Hoc Committee

PROJECT MASSTER

Meetings:
19 March 1971 Washington, D. C. Haneman
30 March 1971 Fort Hood Haneman, Roderick
25/27 April 1971 Fort Hood Kruse, Gale, Larson,
Haneman
3/4 April 1971 Fort Ord Kruse, 0'Neill, Haneman
1971 Washington, D. C. Kruse, 0'Neill, Gale
6/8 June Larson, Haneman, Roderick
71 Fort Hood Kruse, 0'Neill, Haneman
14/16 July 19 Roderick ’
30




21 March 1972

1L0S Existence System

Paul W. Kruse, Army gcientific Advisory Panel

walt Hollis, CDCEC, has pointed out the need for a
i system which

determines the instant at whi
ch a line-of-si
F-gight appears bet
ween a

helicopter and a ground—mounted system, e.g., a Vul
oZey can. ThiS memo

presents 2 first cut at analyzin
g a cooperative a
pproach involvi
ing a

modulated infrared beacon mounted on
the helicopter
and an infrared

d on the vVulcan. The beacon could be a tungsten ribb
r on

receiver_mounte

filament bulb mounted on the roof of th
e helicopter with
in a rotatin
g

cut in .
it A second concentric counter—-rotati
ng

jnder having slots

cyl
r is employed such that the radiation emitted th
rough

slotted cylinde
both cylinders is modulated in a quasisinusoid ’
al manner. A n
. ear infra-
er is employed sO that the source is covert
2

red transmitting filt

n roughly 0.9 and 2.5 microns wavelength. A s d
. econ

emitting betwee

approach would be toO employ a xenon lamp without the cylind
ers, the
modulation produced by sinusoidally modulating the lamp cur
rent. In

r equivalent causes the modulated radiati
on

a,Fresnel lens ©

either caseé
ally in the horizontal plane and through
- » Say,

to be emitted 1sotropic
The beacon would be located on the

cal plane.

+ 60° in the verti
on that it could be viewed readily from
any

in such & locati

hin the enitting pattern. If the aircraft
structure block
~ s

po int wit
es, then two beacons at different

the vievw from certain aspect angl
e necessary: Since the modulation from th
em

airframeé ar
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should be synchronized, the xenon lamp approach would be the more

desirable in that event.

The ground based receiver consists of an uncooled infrared detector
’

probably lead sulfide but maybe silicon, with a lens and scanning

mirror. The axis of the lens would be vertical, with the detector
mounted on the axis below the lens at the focal point. Above the lensg
is a plane mirror inclined at 45° from the horizontal, rotating about
the vertical axis and thereby scanning through 360° about the vertical
axis. The size of the detector and the focal length of the lensg are

so chosen that the instantaneous field of view projected into space i
‘e is

a long narrow slit, the long axis vertical, rotating about the vertical
axis of the scanner. Therefore this instantaneous fieid of view, of
horizontal extent say, 1°, and vertical say, +30° from the horizontal
sweeps across the helicopter each scanner revolution, which might be ’
at a rate of, say, 10 revolutions per second.

The analysis which follows was done in a very short tipe the
evening of March 21. It is preliminary only, and may contain errorg
The choice of the values of the important parameters, neay the end o;
the analysis, is somewhat arbitrary. It is shown that thege choiceg
give riée to a signal-to-noise ratio of unity for a 9gg metery Tange
Assuming the atmospheric transmission and detector detectivity valu
are acceptable 4- kilometer range with a signal-to-noige ratio of ffs
will require either increasing the optical radiated poyer in the Walve
length region of interest to be greater tham the 10 watts ugeqd N

s OY elge

a multielement detector array will be required, with attend
ant incy
ease

! in complexity and cost.

32
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It sho [ i
uld be borne in mind that the system described is a cle
ar

weather .
one. However, the helicopter, whether a scout or attack
attack one,

is basically a clear weathe
r system. As the we
y ather degrades '
2 the line-

of-s
ight existence system so too it degrades the target a
cquisition and

engagement capability of the helico
3 pter. Therefore, th
’ e clear weather

aspect does mnot unduly restrict the utility of the syst
stem,

An interesting side benefit is that by modulating the b
eacon

rotation rate with input from the altimeter, and with a ma
gnetic pick-

off on the scanner at any instant, 1
,» 1t may be possible
to determine th
e

angular coordinates of the line-of-sight.

Analysis
Consider a beacon mounted on a helo consisting of a modulated
ated xenon

lamp or else a tungsten bulb with a rotating can in can. L
. et the

modulation frequency be f,. Let the input power be Pi and the out
put

1 from Xy to Ay be P,. Then by
\55
N

definition f
P ; (2
n-<= H [
>4<::

2
P
1 < .. et o e R R

power in the wavelength interva

Let the geometry pe such that the radiation is directed over all

horizontal azimuths and, say @ vertically

y a lens of diameter D located at a slant

be intercepted b

Let this
Then the intercepted modulated power

range R from the source.

(sinusoidal) is

p,mD2/4 o= nPiD2T,
Pint 2 2-2wR'P'29 a” 32/2R%6
33




Where Ta is the atmospheric transmission factor between A1 and
A9 which is a function of range, humidity, etc. Then the signal to
noise ratio measured in the bandwidth Af centered at the modulation
frequency f0 is
Pint Tr

SIN =P, (66)L/2
M
Where Pn is the noise equivalent power of the detector Per root

cycle measured at f, over the spectral interval from Ay to Ay and T
r

is the transmission factor of the lens. In terms of the detectivit
y

p* the NEP is given by
Al —Az
(Ap) /2
Py = p¥ 5
Al ‘Az
2 *
so nP4D TaTrDAl _AZ
S/N =
/ 3+2/2R%6 (Apaf)1/2

Now the size of the detector element is determineq
by the need
for
the scanning optical system to sweep out a sufficiep
tly large v
Olume of
space. In horizontal subtense the angle can be very small,
s> but jn

vertical subtense it must be large. Let the vertical angle b
e 20 ang

the horizontal instantaneous field of view be .

.,_7t<:;:::fc %5“'f-~e4

.WC:«.;:L_ffss,. R
(B

The detector geometry is thus a long narroy element

» O a 1inear
array should the s/n dictate it to be so. Thig detec
- tor actuall
y
looks vertically through a lens at a plane mirror inclined
at 45° 4
th
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t to horizontal, rotating about vertical axis. The value of
. o

respec
Ap is thus
AD = 2f2¢w
so *
nP:D2T,T,.D
1 arx Al —)\2

S/N=
GIRZ0E (9uw) L/2 (A£) /2
The bandwith Af is determined by the modulation characteristics

of the source and the dwell time as the instantaneous field of vi
ew

sweeps across the source. The dwell time T, is given by

wR W .
?
a

Td""'-&—

Where o is the angular sweep rate (radians/sec). Then, to a cl
’ ose

approximation
1 - o
f =2 = o
A 2T4 2w

So the detection range Rs/n=1 for s/n=1 is given by

*
nPiDzTuTrD;1 Ao 2w1/2

1 =GRz FE(PW)L/2 o g

/N=1

%*
ByD2T T DA A /2

Rg/N=1 = 33720¢ ($0)1/2

D*= 10" cm Hz 1/2 watt  (uncooled

Agsume n = 0.1
pi= 100 watts g = 1 rad. PbS)
p =10 cm £ =f/no. xD =20 cm (f/2 lens)
Ta= 0.5 ¢ = 0.5 rad.
1= 0.8 o = 10 rev./sec. = 20m rad./sec.
35




Then » _  0.1x102x10%x.5x.8x10"
S/N=1 = 732x1.4x1%20(.5x20m)1/2

.9x10%cm = 0.9km

or  Rg/N=1

An increased range can be obtained with an increase in the lamp
power or employment of an array of N detectors. It would be much
better to increase the radiated power P, of the lamp above the 10 watt
value chosen. To achieve a 4km range with s/n of one in this way would

require a P, of

4 2
Py = 0.9 ¥ 10 = 200 watts

For a value of n = 0.1, the input power Pi would need to be 2
kilowatts, which is somewhat high. The range can also be increased p
y
going to a multielement linear array of N elements. Since the s/n

depends upon N, the range to 4km by increasing the number of element
s

only would require

44
N = 0.9 = 400

This is a complex system.

The range may also be increased by increasing the mirror 4i
ameter

from 10 cm to, say, 100 cm. However, to keep the f/ngo at two, th
* s the

focal length will have to be increased to 200 centimeterg

The net
increase is therefore
102 /2
Rg/N:1 = 1o x 0.9 = 2.9 kilometers
In summary, the range can be increased by several ways
+ The best

may be a combination of several approaches. It should
be bo Tne in

mind that s/n = 1 is unsatisfactory; it would be much 4
etter to

s I} h
system which provides s/n = 5 at R = 4 kilometers e a

36
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ANNEX F
ARMY TESTING HIERARCHY
Enoch Durbin
Much of the difficulty in MASSTER, CDCEC, and NLLO programs have
th confusion about the division of labor between the various

to do wi

testing processes in the development of new equipment for i
mproving

army capability. An independent group should be asked to exami h
mine this

division of labor in order to sharpen the goal of each testi
ing step.

They could look at the various testing steps normally used i
3 n the

development of equipment to enhance aircraft military utility d
, and rank

s in a hierarchy of realism, in order to indicate the t
ype

these step

of question which could be answered by testing at that level

For each level they could indicate the kind of data which should
ou be
the kinds of instrumentation which one should

collected and, therefore,

use.
vel they should establish the kinds of reasons that

For each le

would suffice for equipment OT system rejection at that stage of

testing.
1e in the case of the aircraft night operations, the
3

For examp
hierarchy of realism could be ranked from least realistic to most

Stic as fOllOWS:

reali

1. Laboratory and bench tests to answer questions about equipment
ghé;éSEEEiﬁEiEﬁ such as field of view of a night vision device, light
1evels, power consumed, weight, size, etc.

,. The aight vision test Trange would perform testing of the

rators on equipment characteristics in a stati
atic

influence of human ope
g 37




environment. They would deal with such questions as the range of

detectability by humans using the equipment as a function of target
characteristics.

3. The ECOM flight simulator would perform testing of equipment

with humans in a loop in a single aircraft to studv the degradation of

performance when the human performs other duties in a static environ-

ment. Here you make equipment systems studies to establish Potentially
useful aircraft system candidates which are worthy of future evaluation
4, Flight testing using the single RAVE type aircraft. This

includes testing of candidate systems with humans in a loop in a single

aircraft to study the degradation of performance when the human

performs other duties in a dynamic environment.

5. CDCEC - evaluation of candidate systems with humans in a loop
in a dynamic environment in a multiple aircraft situation where the
chief addition to realism is the added complexity due to multiﬁle air-
craft and tactics.

6. MASSTER - To answer questions about incremental military value
of equipment -- i.e. incremental contribution.

In this hierarchy of realism, the instrumentation employed goes
from complex in the laboratory bench test to the simplest in the
MASSTER test (or perhaps even to none at all at the MASSTER leVel);
where the military judgment is the key element.

Much of the testing that this committee has witnessed ip these
various testing places suffers from a lack of appreciation by the

tester as to steps that fit in the overall process.
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ANNEX G
DEFIN
ING MEASURES OF UNIT EFFECTIVENESS

IN A TEST ENVIRONMEN
T - A PROPOSE
D LONG TERM
APPROACH

Paul. W, Kruse

Army Scientific Advisory Panel

The task set b
efore the ASAP Ad Hoc Committee on MASST
ER is that
of

defini
ng measures of unit effectiveness in a test i
environment A
. Accord-

ing to the MASSTER Dictionar
y of Terms (Su
pplement to AR
310-25,

Dictionar 5
y of US Army Terms ATMAS-OP-OR), measures of effect
ctiveness are

acceptance OT rejection of the concept being tested.”
. The Commit
tee

considers the modifier "unit" to refer to the organi
izational str
uct
such as squad, section, platoon, company, etc Th . o
. us the Commit
tee

understands the task set forth to be one of compili
ng and assessi
ing

h MASSTER can determine the increase in eff
ectiveness

methods by whic

ad, gection. platoon, company
: , etc., in carryin
g out thei
r

of a squ
en aided by various STANO
items, over
the effectiv
e—

various missions wh

ness without the items.

aken 1iterally,
the list of STANO items is extremely 1
ong,

When t the task 1s an en
ormous one be
cause of its

general nature. First,

ral hundred.
evel television, forward looking inf
rared

certainly seve When grouped into
categories of 1
ike
low 1ight 1

items, vizZ.»
netration radar, the list becomes short
er, but

foliage P€

certainly aumbers SOme tens of cate
39

gystems,

gories. Each category applies t
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each unit size, of which there are eleven, from squad to Army group.
Thus, there is a two-dimensional matrix of some tens by eleven, some
hundreds of combinations. But over and above this is the list of
representative scenarios applicable to each unit. In the Committee's
mind, the question of defining the representative scenarios is a major
task in itself. How many scenarios are needed to adequatelv describe
the operations and tasks of each unit? In order to keep the number low,
each scenario must be quite different from the others. To the best of
the Committee's knowledge, this question has never been answered. The
number is probably a large one, much greater than ten per unit. Thus,
a third dimension whose scale is at least ten is added to the matrix,
so that the resulting number of combinations is now in the thousands.

The Committee cannot possibly answer the task literally. Indeed,
were the task somehow reduced from a level of complexity in the
thousands to one in, say, the tens, even then the Committee shéuld not
answer it literally. For to analyze any one combination of equipment
class, unit size, and scenario in the depth required to provide 3
responsive reply is in itself a very detailed and time consuming tagk.,

The Committee therefore believes it can best carry out itg function
by observing and commenting upon the manner in which the Army ig now
attempting to carry out this task. Indeed, this is the normal mode of
operation of ASAP ad hoc committees.

In the overview, the Army has taken a first, albeit small, step
toward solving this complex question. Through a "measures of effeCtiVe—

ness offensive" established by LTG John Norton at Combat Devel
Opment s

Command, the Scientific Services Directorate of the y
Systems aAp
alysig

40
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Group at CDC is spearheading a drive to compile all the MOE i
in use by

the Army, as an aid to the action officers overlooking the
many

program areas. The known MOE, not limited only to the STANO t
est

task but to all Army tasks, are in the hundreds. At its pre
sent stage,

there will be no defining of new MOE; rather there will be a 1
compila-
|

tion of ﬁhe established ones and a
s presentation of these i
in a common

format.

Thus the MOE offensive is but a first step, the results of which
£ whic

are applicable but in no way solve the task set forth before th
e

Committee. because the report of the group conducting the MOE
d, the Committee has not attempted to

offensive has yet to be issue

assess it.

Because of the complexity and enormity of the task, and the d h
> eart

of work within the Army bearing on it upon which the Committee
can

jttee considers that it can best carry out it
s

comment, the Comm

function by presenting a broad overview of the manner in which the

should address the task.

Army
e action officer who 1s asssgned the task of ascertai
in-

Consider th
y developed item of STANO equipment is of

sufficient value to the Army for its cost in dollars, maintenance
9

to warrant production. It is known that the item

logisticss etC.»
conforms to the specifications required by the contract under which
aving passed engineering and service tests. But

o developed, h

of use to the squ
are already burdened, specifically by the

it wa
ad, section, platoon, etc., in light of

is it really

the fact that theseé men
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weight they must carry and generally by the requirement to provide
trained operator, maintenance personnel, logistic support, and so on.
A compilation of established MOE would be of some value to the
action officer. Yet his ultimate decision must today involve a great
deal of personal judgment. Assume that in reviewing the MOE he finds,
say, ten applicable to the item. For example, if the item were a new
type of night vision device, the applicable MOE might be (a) range at
which 50% of individuals detect a tank-type target under quarter moon-
light conditions; (b) time required for identification under quarter
moonlight conditions after tank-type target enters unit area of
responsibility; (¢) range at which 50% of individuals identify a tanpk-
type target under quarter moonlight conditions, and so on. He then
sets up a field test at, say, the squad level, being faced with a
choice of a selection of '"representative" scenarios. Following this,
he conducts the exercise and obtains numerical values for the MOE.
What then? He is faced with the very difficult task of assessing
the relative importance of the various MOE. Assume in the example
above that the detection range was high compared to a similar Piece of
STANO equipment, but that the identification time was loyw as was the
identification range. This might be the case for a night vision
device of high photosensitivity but poor spatial resolution.

Is it

important to have detection at long range if the identification range

is short? There is of course no standard answer; it must depend upop

the scanario. For example, if the location of all friendly forces ig
known with high accuracy, so that any intruder can be assumed ¢t be ap
enemy, then detection range is paramount. But if friendly and enemy
42
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forces
are thoroughly mixed, then it becomes vital t d
S o identify the

target before engaging it,

Thus the question of de i
termining the relati
: tive importance
or weight

What then are the relati
onships between th
e MOE and the s
cenario?

First there is the problem of d
etermining the func
tional interrelati
tion-

ships between the MOE. This is
. equivalent to defini
- ing an equation

interrelating independent variables. One method und
er investigatio
n

is to construct 2 1inear weighted sum. That is to sa h
y, the numeric
al

value of each MOE is multiplied b
y a normalized number
, and the

weighted values are summed. If the sum exceeds a threshold val
value, or

else if the sum exceeds that of a simil i
ar item under te
st, then the
item in question is acceptable or is be
tter than the
other one He
. re
the crucial problem is determining the
: proper weights. Th
. e unusual

to seek the collective opinions of experienced Ffi
cers,

method is
ions or by indirect methods such as are

either through direct quest

employed in ntility theory. However, the 1. '
s e linear sum is not necessarily

the proper interrelationship between the MOE. F
. or a given scenario ’
1]
xists somé proper mathematical relationshi |
p between the MOE
which

there €
describes the performance of the system under test. It may be, f
* e, for

uct of probabilities, as the kill
probability of a
given

example, a PIOd
f robabi ie Or it may be
product of P lities. t y some other

weapon 1is the

nal relationshiP-

functio
the functional relationshi
p between the MO
E to satisf
y

In any event,
o amounts to an equation with the MOE as independ
endent

a given scenari

variables. It is well known that n equations are requi
quired to solve f

or
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n independent variables. Therefore, it appears that if there are n
clearly different scenarios which describe the possible operations of
a given unit equipped with a given device to be tested, then that
device must be described by n MOE. Although this seems apparent, the
Committee is not aware that it is clearly realized by the Army.

In summary then, the problem of adequately distinguishing the
worth of competing STANO items in use by a unit of a given size
requires the following steps:

1. Determine a list of scenarios which adequately describe the

most important ways by which a unit will employ the items.

2. Choose MOE capable of being experimentally measured which are
independent of each other and whose number equals the number
of scenarios.

3. Determine the functional interrelationships or equations which
connect the MOE or independent variables, one such inéer-
relationship for each scenario.

The Committee wishes to emphasize that this task is g very large

and difficult one. There is no simple solution.

Thus a Tecommendation
of the Committee is as follows: Establish a working group within the
Army whose task it is to study the theory of testing along the lines
set forth above. This group might well be an outgrowth of the effort
already underway at the Scientific Services Directorate of the Systensg
Analysis Group of CDC. It should comnsist of mathematically and
theoretically inclined systems analysts,

Army officers experienced in

testing, and scientists familiar with the technical operation of
oI the
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STANO devices under consideration. This group should be adequately

funded over a long term, say, five years or more. Much of the effort

should be supported by contracts with civilian organizations

experienced in systems analysis and testing. Expect no near term

results. Yet if such a broadly based long term effort is mounted and

carried out, the long term payoffs of this new "measurement of

T 0 ] u- ;t.
effectiveness of fensive" in reducing costly mistakes in the acquisition

rocess may well be orders of magnitude greater than the expenditure.
pro

.
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ANNEX H
THE USE
SE OF A DELPHI SYSTEM FOR ARMY TEST ENVIRONMENT
S
V. S. Haneman, Jr. |

The Delphi System was
originally appli
plied to Technologi
ogical Fore-

casti
ng and has had extensive use by such firms as Th
ompson Ramo Wool-

dridge, Rand, Lin
, g Temco Vought, Litton I
L ndustries, and
others, for

studies of
of future markets. Oklahoma State University has
participated

in
one such effort with Ling Temco Vought. The principl
ple involves the

use of a large number of qualified experts who are req
uested to give

their estimation of the date of
a series of future
accomplishments

which hinge heavily on technologi
gical development in
their professi
onal

field. An average date and a sta
tistical evaluati
on is performed
upon

the data. To eliminate the effect where one person ma
y assume the rol
e

of leader and thus influence the othe
rs unduly, the ex
perts are

provided the gtatistical picture with no identificati £
on of any

individual's selections. The same question is asked and a d
secon

replication is performed. To achieve a rea
sonable settled
selection,
experience indicates that a total of thre
e or four replica
tions

re there is only minor change in selectio
n.

the

are required befo
The major problems with this technique is that it is bl
a public

even though it is recognized that this public i
s a

opinion poll,
f experts whose opinions may be given more cred
edence

selected group o
average person: Examination of the detail
ils of the effort
s by

than the
y Oklahoma State University indicate that

corporation and b

the
groups of individuals may have specific biases whi
which

jndividuals and

ide technological data that would deny the choice mad
made.

might overr
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To relieve this limitation, the examiner or the test conductor may
wish to set up control devices to ferret out such effects. If the
system is applied, the user must be aware of potential limitations.

To apply this to an Army test environment let us use an example,
the evaluation of night viewing equipment assigned to a squad or
platoon. The first question is '"what is the mix of night viewing
devices to be issued?" This should then be followed by the question of:
"how to test the squad?" Since each man may have a different experience
with the various pieces of equipment, some good, some poor, and some
very poor, "how will this effect the results?"

The modified Delphi approach may be applied here in that the users
are the members of the squad and are the "experts" since it will be
their use of the equipment which will provide the basis of evaluation.
A first step might be to allow the members of the test squad to select
their own mix. They would then be tested in a scenario which Qould be
replicated for several other squads who would also have selected their
equipment. The squads records might be identified by unit and by mix
of equipment. The statistical test data would be circulated to each
squad who would be allowed to reselect equipment mix for a second test,
This would be repeated a number of times over a number of different
scenarios to obtain a test of the different problems to be encountered,
such as detection range, portability, and meantime to failure.

Limitations would include the situation wherein the squad leader
dominated, and regardless of all data to the contrary, he selecteq

what he had known from some previous experience. It is algo Possinhl
e
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that the members of the test units were not motivated to succeed
or to better the record of the other unit.
The end result would be a record of a number of units with
different mixes of night viewing devices, hopefully, settled toward
a set distribution of equipment, used under a variety of conditions.
This technique may be applicable to situations where choice,uses
and test scenarios would effect the test results. Further

motivation,

examples might include STANO devices (UGS), hand weapons, and even

armour units.

48




