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INTRODUCTION.
.

SRS ‘The United States Army Infantry Board is cuxrently conduct-
ing & S-year Infantry Weapons Methodology Study., The -aim-of the
meLhodology study is to prOV1de test procedures and techniques which
will insure the selection of ‘the most effective weapons and equipment
for th@-lnfantry soldier. ﬂhe dapproach of the methodology study was:
to cast these procedures in terms of the- environment in which - the
candidate’ Weapons and’ support équipment. -will ‘be uséd; °Since a teal=
istic evaluation 6f weapon performance carnot ‘he vndertaken with
validity in a stetile laboratory situation, the movement. in- recent
years has been towards -tactical or -operational testing. This paper
wﬁl&~relateq§ome of the results thus far achieved and” wz%?‘emphasize¢
in particular a new anal;tlcal technique for isolating particularly
important’ variables -or measures of -effectivenéss.( !

+ t

An objective of the: -methodology study is to evaluate system-
atically those £actors which influence the ‘combat envirohment by
‘using. the scientific method for as much objectivity as. possible (1)
To relité the test éfivironment to thé .combat environment -for the
rifle pottion of this study, a 1isting of ‘the various combat actions
and tasks normally accomplishéd by the Infantry was prepared. As a
result of this xesearch, 26 separate combat actions were identified,
such as .counterambush, ©lose combat, frontal attack, etc. Next,
after researching pertinent doctrinal and straining 1itcra.ure, a.
list of tasks normally accomplished by the Infant:ryman vhen executing
the combat actions was .prepared.(2) These include such actions as
medium to short range sustained fire, rapid veaction £iringfand close

'range high intensity fire. It vas determrned that three basic tac-

tical situations (attadk, quickfire, and defense) would accommodate
the 26 combat actions. as well as the 23 combat tasrﬁhm ottt b
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.should be reflected by this measure. The quick-firé test facility

two candidate test rifles of less than three tenths of a second for
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Thirty-six ne.sures of effectiveness wete developed from: . - g
a consideration of thes¢ combat actions and tasks whlch réflect - 8
soldler/weapon system performancc uinder combat condltlons. Examples I
of these are: time to 'drst round, time between trigger pulls, ‘dis~ - RE
tributlon of near misse., time to: shift flre, and ‘hits: per pound = .
expressed as a percent ofathe soldier's basic. load These replace . o
the relatively sterile ‘measures previously used w1th the ‘service test B RS
and evaluation-of weapon systems, -such as the stationary bull! s-eye . - i,
target associated with the -old known-distance ranges. The new meas- = . .i§"

ures provide. definitive descrlptions related to weapon performance

whlch -assist the .decision-maker in selecting ‘the best -of -Several - . .
-competing weapon systems. ' . ; A
. S
Another result of the: testing thus far -has been the devel- ~ Z‘pﬁéj
opment of a new technigue. for relating. these specxfic measures to o E e
combat effectiveness. If successful, this new method will isolate . _ - - B SO
the more important measures so that their impact on the decision- X

making task will have a weight proport10na1 to. their 1mportance in

4
the combat environment. The paragrapas below describe comparative T § 0o
weapon performance when some of the new measures are-used and the - .- Te
technique for determining the relastive value of these measures as - 8
predictors: of weapon pérformance. . . Lo 807

EXAMPLES--OF OPERATIONAL MEASURES ' OF EFFECTIVENESS

- .o~

— iz s s Y

LIS S ap J S,

Thé purpose .of Qu1ck-£ire Experlment I was to identlfy ‘and- - .
isolate factors critical to man/weapon system evaluation and to - ..
develop methods for quantltatlvely measuring those factors. (3)- Two. o
examples of ‘these new measures of effectiveness are presented below.
The ‘test. vehicles weré ‘two different automatic rifles. While. the
results -appear to address :the pexformance of -these two weapon systems,
the aim of this paper is to demonstrate the capability of ‘the test
facility to resolve stati stical dlfferences between weapon systems=-

not to evaluate the relative merits of the tested weapons used. in the
quick-fire experiment.

¥

ES

Tie-To-First-Round: The time to fire ‘the first round 'is.
defined as the time period between the instant when a target -appears:
and the jastant the first xround is fired. fThe tlme-to-first—round '
is indicative of the. actions necessary for a soldier carrying his,
rifle at the ready position: to acquire and engage a surprise target.
Time-to-first-rourd measures:.the soldier's: actions of bringing the
weapon ‘to his shoulder, seating the stock -against his: shoulder, -
aligning his head s¢ that the sights are placed in a line between
the eye and the-target, aligning the sights, acquiring a "sight 3;: :
picture," and squeezing the trigger. Should the design of the .
weapen inhibit any of these actions by the soldier, :the effects :

was able to find statistically significant differences,bétdeeﬁ the

specific engagements. ¢

;
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KLEIN.AND *THOMAS -

. of range is shown in Figures 1 and 2.

Graphical presentation of time~to-firsf-round as a function :
It can be geen that Rifle A is

faster than ‘R%fle B and that both weapon systems- fire more rapidly in

the automatic mode. than in the..semiautomatic mode.

Performance at

specific ranges is not notably different, although, in general, the

mean values increase with range.

The important factor from -the view-

point of test methodology is. that a specific hypothesis -can ‘be con-
firmed or rejected with respect to- ‘which ‘weapon characteristics

contribute ‘to speed‘in firing the first round,

In this: test, it

«coald. ‘be hypothesized, that Rirle B, the 16w recoil weapon, would be

the faster weapon.

The,test results .do-not confirm this hypothesis

but show that the heavier weapon is. approximately three. tenths of a

second faster, which i3 .significant at the 5-percent level.
weight and low recoil mey in fact contribute to -speed,

Weapon
Therefore,

‘some other variable ‘or characteristic of these: two weapons systems
“mist have an overriding“inflvence.

*he observed differences.

It is, of course, p)ss ble to theorize as to the cause for
For. example, sighting systems may ‘be

responsible for rifle -differences; Rifle B has elevated sights which
‘may prohibit ‘the firer from using the barrel as an aiming aid and
therefore riay be less ‘suited for the quick-kill or rapid-fire tech=

nique than Rifle A.

with refeirence: to the differences between modes,

there:may be a- characteristic psychological factor which induces more

deliberation in the semiautomatic mode.
Stoaim care fully” when*firing i1 the automatic fode sitce +

The firer may- feel less need
‘Pels i

tnat this mode offers greater fire power--enough to' compensuce. for a

N ‘hasty trigger pull.

However, -other meagsures such as hit probability'

show that the automatic mode is much less effective than the ‘semd -

automatic mode.

This difference will e discussed latex under the .-

anulvsis of burst size. -

Time-BetweensTrigger-Pulls. The term‘time-be;neenétriggeréJ

pulls has been adopted so ‘that reference cculd be made. to both auto-

matic and semiautomatic modes. of fire

with the same -term. (Normally,

the term time-between-bursts was used for auromatic firc, and time=:
between-rouncs was :used for semiautomatic fire.). Tnc term is used.
-as an. indicator of the soldier's ability fo absorb the récoil, re-
acquite- the target, obtain a new sight picture, or point -the weapon
and squeeze the trigger.,

sis.

Figure 3 presents results of the time-between- bursts analy-
The figure shows a 25-percent . difference, significant at the

S5«percent level, between thé two weapon systems indicating that this
measure has some degree of criticality to. weapon performance evalua-

tion in the automatic mode.
in the semiautomatic riode,

No significant differences were observed
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KLEIN AND *THOMAS. . ;; SCRE R

ETPECIIVENESS EVALLATION TAc-

Tﬁe development of these vicasyres: of - effectiveness has pre-

‘oented the decislon-maker with - quantitatlve measures of weapon per-
- formance obtained in:an operational environnent.' This development
Tepresents a distlnct advance in obJective evaluation but in turn

poses a .new question. Which of these measures ‘should receive the

‘most weight in.the process of cho&31ng the Sptimum weapon system,
cespecially ‘when cne :candidate- weepon mroves -supexior in some meas-

ures and inferior in others? Spetifically, the basic problem is ‘to
relate differences found -within the various measures -of effectiveness
to meaningful differences in-the real world. “In ‘other words, "should

‘one weapon prove to be 1.2 seconds faster ‘with: such .a measure as

time-to-shift-fire, .how does- ‘this dlfference relate to-the success
or ‘survivability of -the soldier/yeapon system in combat, and how
should such a- difference be equated to differences in other measures
such as hit probability?

T

u, |1

The paragraphs that follow describe an- approach to the

%: question of ‘how ‘to relate the measures just discussed to operational
L% effectiveness. It 18 expected«that this ‘new approach’™will bé the
y stepping -stone to the problem oi weighting the various weapon
i
:‘ Fo measures. . . :
o :2“;’ B
¥ The firing engagements, whose, results .comprise the data
v \‘2.\‘

.. base, ate’categorized according to" the degrees of effectiveness as
fdefined -by- whethersorunobALhehfirer -achieved: a~hit—during ~the -quicks=

fire erigagement, Thosc engagenents whioh required multiple trlgger
pulls (more: than one round in temiautomatic or -one burst of auto-
matic) .and failed: to arbieve a hiL ure defined as the 1least effective
engagements; ‘those. which resulied n d hit whether s1n51e or multiple
trigger pul]s were required arn derined as most effective engagements.

- A figurative presentation appdars»in«Figure bpsu—-—i

Tevel 3 is consxdered to be the center point on'.the scale
since: it contains all. engagements observed. during the quick-fire

;field experiment. LeVel 1 s the least effective set since it con-
:tains all engagements in which the firer pulled the trigger more then

once-and failed to achieve a, hit. In other words, level 1 results
when”all multiple: trigger pull engagements in which a hit did not
occur are remsved from Tevel 3. Level 5 includes ;all-engagements
from-_level: 3 .that restlted in a. hlt on a target., ILevel 5 is defined
as containing the most effective engagements and is the highest point:.
on the effectiveness scale. Levels 2 and 4 are special -cases com-
prised of engagements which can be placed intuitively on the scale
.somewhere betwecn levels 1 ahd 3 and levels 3 and 5, respectively.

‘Level 2 uses the ‘game engagements. for its data base- as level 3, but

all single trigger pull engagements -have been removed, Since Lhe
targets disappeared when hit, so that first round or burst hits ter
minated the engagement,. the .assumption is that soldiers who- fired:

/

B e i T T

i o R S

ey

2 L




“rr
g BT

“Fo

PRTeroy
X

AR R S e

P

R R sl refw‘c“‘

g ‘,»,ﬁ‘?%g\,,\"‘«nv%- ‘»"‘dw;-‘:c G AR :

- »
- 3%

~ %o

g D g

NP e ClF s

b Fowe

B T T N

B} - “
brosp., e ) 7
WA a0 T b IR T e I e oy e e o

. R T I S N Y

(e D S eSS

KLEIN AND *“THOMAS

only once werc apt to be:more -suecessful than soldiérs who contlnued Bt
to- fire. Level & -consists of the same set of engagements that com~

| 2 IR
ol

‘prise Tevel 5 except ‘that one round or burst engagements that tesulted”
in a hit have been removed, -The assumption is .that engagements that F
resulted in a hit but requrred repeated firings. até less effective ) g

‘than single trigger pull engagements that, resulted: in a hit. The ’ .
figure explains how the five levels are related. The scale is an
ordinal scale which simply ranks the five levels. The distances 3
‘between ‘the levels on :the scale -are unknown, i.e., level 4 cannot _
be defined as four times more effective ‘than level 1. ) a

1L

(\RS

The number of measures which can be used to’ evaluate weapon. k¢
performance: varies from level to level, For example, the measurc
time-to-first=hit is -only produced during engagements in which a.hit ]
occurred and, comscquently, is not present in level 1. Flgure 5 I i 3
shows the measures that are assdciated -with each of the five levels., ’ g
Generally, as effectlveness increases more measures becomé available >
for ‘the evaluation of weapon perfoxmanpe. )

Once' this effectiveness scale was developed, several meas- - - Y
ures weré analyzed to-determine how ‘the measure- telated to ‘combat
.effectivéness as -defined by the‘gggggg;ygggss .scale. An example : -
that proved to be ¢losely correlated ‘to effectiveness was the size 1
of an automatic burst of fire when. a soldler engaged a'target -using!
the fully automatic mode of fire. TFigure 6 -shows: burst size fo& the ’ B
two test weapons plotted on the effectiveniess scale. The curves ’ g
show:that for-engagements:with:no--hits: there is. relatively. little. . =
difference as far as burst size is concerned, As engagements become E O
more effectle, Rifle A tends toward  2-round bursts while Rifle B % >

tends ‘toward the 3-round burst. This indicates that burst size plays. §i!:"f‘
an important rolé in the manner in which soldlers effectlvely employ £
rifles in the automatic mode. Soldiers who fire Rifle A in 2-round 2

bursts get significantly more hits on targets while ithose who fire

8
Rifle B'in 3-round bursts achieve moré hits. In statistical lan- i Q¢* -
.guage, an interaction has occurred between real world .effectivéness, T
as defined by the scale, and burst size. ~§
This discovery, made through the detection 6f intéraction M
effects (4), suggested that a more thorough analysis of burst size oL
would lead to a better understanding of the factors which contribute ®
to the combat effectiveness of the soldier/weapon system. ' The: first .
step was to examine the size of the bursts which soldiers. flred?ln i
thé automatic mode. Figure 7 shows the results of each automatic B
mode trigger pull observed throughout the quick-fire experiﬁent. Lo
The average burst size for Rifle A was 2.27 rounds; for Rifle B“the‘ ‘ﬁi
average was 2.78 rounds., Burst hit probabilities for the o Weap= =
#

ons are shown in Figure 8, The analysis thus far fails to show a
difference in effectiveness between the two rifles. Consequéntly,
further analysis of burst size was attempted,
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KLEIN .AND *THOMAS' .

The next efforL wvas -t0 examine ‘the individual e“fectiveness
of each ‘round of the. different burst sizes; these are shown in.

© Pigiires ‘2 and 10. The highest single~round: cffectiveness for both

)

weapons. is achieved with the single round of a semiautomatic trigger
pull, The ‘second most effectivé round ﬁor’lele A is the first round
~of a 2-round.hurst“the same phenomenon ‘for the first round of auto-
matic fire for Rifle B was not observed. It could be expected that
all first rounds of' & burst™and the single -round of a semiautomatic: ' - o
trigger pull would beé 1dentical in terms of the probability *of

achieving a-hit. The effort tequired to acquire a target, position

the weapon, align.:the 81ghts, -and squeeze the trigger are ‘exactly the

same regardless of the fiede or the number of rounds that follow the

first round: These data do not suppoit this reasoning ‘and,, in fact,

show ‘that firsq-round nffectiveness 4is related o the number of

‘tounds that follow and the effectiveness of the following rounds,

Generally, individual réund effectivenes$ drops very rapidly as -the

burst of fire continues in a quick-fire ergagement., Bursts. of four

or more rounds are. relatively ineffective against point targets.

The: c0mparative effectiveness of each burst .or automatic
trigger pull canbe seen in Figure 11. This' figure shows the
cumulative hit probabillty of each round within the burst. Cumu- ~
lative hit probabilities show -very clearly that burst size is
related to the ability to hit a point target. Without the burst .
andlysis no ‘difference between weapon systems -was observed‘(see o

Figure 8). From the burst analysis, the most effective wegpon

system is Rifie B in the 3-round ‘burst mode., Since firing techs=——— — - =

riiques ‘can be Zimproved. by training, the potential of Rifle B

appears to be greater than that of Rifle A as an automatic fire

Weapon. v NG

. » AN

Two important findings hévevmatériélized from ‘the burst

analysis -that were not among theoriginal objectives of thequick-

fire experiment' The Service Test must determine the weapoh ' ~

system's optimum:operating. mode to yield complete information on

weapon potential, and training procedures are related directly to

weapon pérformance and ‘ther efore should not be considered :as

separate emtities. Thesc are examples of .the indirect benefits’

from a study based on a solid methodological~foundation. -
This: technique of -equating a specific measure to real world

effectiveness represents an advence in military test procedures, but

is limited in that the ''real world" is still a simulated combat

firing facility. 'Still, even with-its limitations, the copbat test

fac1lity is a dynamic test. environment, a wodel ‘that brings into

‘play many of the influencing variables common to the combat environ-

ment, andj; -as:-such,. provides a distinct improvement in operational-

testing. The extent to which these mcasures. influence effectiveness

-can be used as a-method of weighting the measures to Permit: proper

emphasis when weapon-selection decisions must be made. N

2 e 1 s
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- 7 © " SUMMARY .
- All managers, whether in business, govermment:, or the mili-
tary, are faced ‘with the‘Same task: the-accomplishment ‘of their
objectives with the most efficient utilization. of reséurces. And,
the problem that all managers. have in.common: is to rélate their-

“decision criteria to their ‘goalss For- exanple, a .corporation

.exec’iive mUstrrelaLe such measures -as cost -of labor and material,

6 Aturnover, training costs, and equipment depreciation to a

’\thing .called prdfit. A. weapon designer -or test officer must relate

suchjmeasures as-holes in targets, rate}of fire, timeliness of fire,
malfunctionSr and ‘cost -of production' £0.- a’thing ‘called success in
the combat environment. To: accomplish this-task managers must
bridge the gap>between ‘what ‘he can méasure and what the system being -
measured is; expected to»accomplish in the real world This paper

".describes an. attempt to..reduce this: area of subjectivity ‘by -demon-

strating a method which relates ome measure-to One: scale .of effec
tiveness. But; if one 'scale can be develcped 80 can others.~ Perhaps

) scales ¢an:beé developed which" will«relate ‘time, malfunctions, and:

-amimunition® expenditure to weapon- effectiveness on: this dynamic
testing model,. - Finally, as scales -are dcveloped they may eventually
be ‘related to’each*otﬁer. Then the measures which we. refer to by
the general categories of- responsiveness, “accuracy, reliability,

sustainability can be equated against each other reducing to an

_.absolute minimum the _manager's_ need’ to make sublective decisions,

7.1f successful, the scaling techniﬁue; based on the detection of

interactions; will provide the -nanager with a powerful new decisions:
making tool. . -

Y
L~

REFERENCES - -

(1) Xlein, Ronald‘D., inal“ReEortI ggickfire Egperiment I,
JInfantry Weapons Test’ MEthodologx,Study, U.S, Army Infantry;

‘Board;;327 June“1969 *

(2) Jackson, John D.ﬁ Smalr Arms Methodology;Review, U.S. Army
Infantry Board, ,December L969. e

~

'

(3) ; Kled, Ronald D..and Brown,. Robert M., The: Develonment of
:Combat: Related Measures of Effectivencss. for Small Axms
WeaponxSystems, ‘U.S, Armv Infantry “Board, November 19€9,

(4) Baigmann, Rolf Ei, Exgloratogz Techniques. nvolving Artificial
Variables, A ‘Presentation at the Second Intérnational Symposium

-on. Multivariate Analysis, June 17, 1968. i ~

PO —, i S i ok A il T i 3 . « e cm e T p—— s o

ey

) -~ 3. .,,’,(
Cao

: g 4
o,

s :&:‘wz’&&;;f-’ gt

o
88 S gl

te
3%




I R T ‘ e
, - o R 5 J,_“ » 5
2 .-, g =
¢ > > :
¢ -
o~ > . -
¢ o e R P Y.«A-Wo e 5 DT S e 47 _ .7
Ry « \,:.,*?‘:J.N Y :\m-‘iw. T TR TLE L L Wl T R e 1 2t N .
: < Oo N § .
H E t to ‘ ; 5 ok
- .. [+
- : g
SRS . { )
e v ° z = N
| 3 y , ) 3
s ’ } B = - -
VO N
‘- 2 '3','3")-
¥ o 7 ’
. g ‘ 2:59
L7 o (2:29). ;
:9‘31‘?1/ By - - - - ”,( -
r i ) e e — .__nqd - L. (2 0.69") ¥
. 2 ;g?ﬁ;z 4 . (2.34) (2 32) (2.35):. ’ :
§ ',\:g ) .
i : -2l = - P : E
f\ E’* ', e 9 —————==~ Rifle A
ﬁ : = .
e B \J, > . =
. E @ @ 8.1 -~ —.m <= = ‘Rifle B :
> ZQ. 24 ] ;0 ’ o
AR £ 3 . H
< . N ;@
-k e o e
4 . ° . P -
g“ > : - N . . [ . | -,
3 - ) o EENY ) RS - u“.“' - [{'U ¢ U - ” " 69 _
L e - ° ‘Target.'Range (meters)
CHERS & I V . %% o )
' :i o G Figure 1 T .
g Aﬁ"f .- . . AVERAGE TIME TO FIRST ROUND (BOTH MODES)
o T ; ¢ N g‘\ ’ ’ =7 :
BRI 2 ’ ~ ; ‘
- o o o (3:03) i
.w,w-,%,r; - “ ;ﬁ,__. R - "3- ,.‘,_ T - - . - .- :( 2-.:8-5_): - - 3 E]
) £ a AT A 2, ,
S ¢2.57) _ 4
v Z . Yo ) 2 N - — o
PR o % A e "’(2'7,47 (2.56) ‘
] R RODN (2.207y (2.31); :
- : o ¢ :\) 4] ‘0-‘ )
e g °
A 8 X i
i T 8. | . ———  -3€Miautomatic
% o’ -I:
LS 3 0 3
] =21 e .
o T p % - ‘J —="Rd - < Automatic
i, ' - ﬁf, r:' !
; \"ﬂ "h%\ “ < \" ¢ ’ '{;
i ﬁ’g - . ——0 ;“L = 60 . —8 s
Og 9 TargeL Range (meters) i ' ,
- ?‘5 { .
0 f © jg‘igure 2 )
? ‘Hv Y - - "f
Lo g _ AVERAGE TIME TG FIRST ROUND (BOTH RIFLES) %
,& oo, - %
: ' i ¥
: . 3
o ! ¥
U - §
#v 4 " K1
i B 8’ &
-
N ) ) L I
)




o
N .

Az, o

e

e AN gy T TR AN

3

+ ot =
R ¥ Y -r.@A%ngamm\m-WWgw ‘azw-o'a;;-w T e g“ R

R

- -
.
H
LB s v‘*-s:cl:,‘ ol w Bl n ae v s gt b
FE ‘..t“,'{?wn, ('E\; 2T e . }Ta R TS WS, R T e

;Bifle A(‘ :Rifle B ”Signifiéantij
"I AK1 ranges i76 1.04 7 Yes
20 meters .66 . 1.00 Yes
40 meters .72, .86. No:

60 meters. a5 - 1.13 Yes

‘| 80 meters .84 1.13 Yes

Figure 3

TIME BETWEEN: BURSTS (SECONDS)

ALL ENGAGEMENTS. A ALL ENGAGEMENTS A ALL ENGAGEMENTS

\{ W/NO HITS

- —

ALL ‘ENGAGEMENTS /ALL ENGAGEMENTS
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