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FOREWORD

Each year the US Army purchases many new and sophisticated weapon
systems. These systems are designed and developed to rounter specific
threats and are expected to perform at some desired level. Since the human
is a major component of most weapon systems, it is important that the
individuals who will operate and maintain the systems be considered early on
in the acquisition process.

This report uses reverse engineering to explore how the human component
of the STINGER weapon system could have been considered in the initjial design
and development stages of this system. An analysis of the total STINGER
weapon system, including the man, is conducted here. Estimates of expected
perfcrmances for the AFQT categories are determined under various scenarios.
This analysis provides an {llustration of how and why the individual who will
operate and maintain a weapon must be considered early on in the acqQuisition
process of that system.
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THE IMPACT OF PERSONNEL QUALITY ON STINGER WEAPON SYSTEM PERFORMANCE

EXECUTIVE SUMMARY

Requirement:

To determine how and if manpower and personnel issues can be considered
early on in the acquisition process of a weapon system.

Procedure:

Reverse engineering is performed on the STINGER weapon system.
Performance estimates of the operators of the STINGER are obtained for
various scenarios using the STINGER field test data. These data and
historical REDEYE performance data, which provides information on the
proficiency of individuals operating it as a function of AFQT category, are
then used to estimate the performances of the STINGER operators. Total
system effectiveness and the human component of it are related to individual
capabilities.

Findings:

The AFQT category I-IIIA individuals in the STINGER field tests meet the
desired level of performance for only 47 percent of the operative scenarios.
The AFQT category I1IIB and IV individuals, who comprise approximately 78
percent of the STINGER MOS, are projected to perform below the desired level
for all scenarios. Moreover, there is only an 11 percent chance that the
current population of the STINGER MOS meets the desired level of performance.
Furthermore, it is cost effective to recruit I-IIIA f{ndividuals to man the
STINGER if the operators launch more than one missile.

This analysis also i{llustrates that early consideration of manpower and
personnel -issues were possible for the STINGER. A man/machine trade-off
analysis was possible for this system. This means that the performance
deficiencies could have been addressed in the initial design and development
stages. For example, the AFQT category II13 individuals in the STINGER MOS
could have been replaced by I-ITIA individuals or they cculd have been
provided additional training. Another alternative is to modify the design of
the weapon or utiliZe a combination of these alternatives.

Utilization of findings:
This analysis provides an initial doilerplate for the type of research
necessary early on in the acquisition process of a weapon system. It

demonstrates the type of feedback between designers and personnel and
manpower managers that is needed.
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I. INTRODUCTION

This research report describes how personnel quality should be assessed
in the design and manning of weapon systems. A speciffc system (the STINGER)

was examined to address the following questions:

o Can personnel quality be consid:ired in the early stages of system design?
0 Will personnel quality tave an impact on the design?
o How will constraints on personnel quality alter allocation policies?

The results provide an {llustrative example of how these questions can

be addressed through manpower and personnel planning.

The quality of personnel and its impact on performance i{s an increasing
concern of the Army. Various approaches can be used to examine these issues.
For exannle, the Army can ef{ther decrease task complexity or recruit higher
quality personnel in order to effectively operate and maintair. {ts weapon

systems,

If the quality issue {s to be addressed through ~ecruiting policies, the
Arny needs to kncw what its quality goals for recruiting should bdbe. Army
policymakers must decide how to obtain high Quality personnel and allocate
them among the military occupational spectalttes (MOS). To accomplish these
objestives the Army needs to know the agg: - gate personnel quality

requirements.

If the personne!l quality issue t2 Lo he addreszed by decreasing the
conplexity of the tasks required L0 oDerate and ea*alain a weapon systes, the
design engineers need o khow the personne. Quallty congtirainls withia which
they must work. They can then use this fnfosmation Lo aake trade-offs
between e uipaent complexity and personnel gquatity. This will allow them te
design systems to achlieve perforaance levels whick have realistic odjectives

for human performance.
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The need to take personnel quality into account in both the requirements
determination and personnel acquisition processes will become exceedingly
critical over the next decade. Force modernization is proceeding with
hundreds of new systems entering the Army during the next five years.
Furthermore, the pool of quality people avajlable for recruiting will decline
through the early 1990s “ecause of lower birth rates from 1965-75. Changes
in other factors, such as labor demand in the civilian sector, could increase

the diff{culty of obtaining quality personnel.

Despite the importance of personnel quality to weapon system
performance, very little quantitative work has been done on determining the
significance of different levels of personnel quality. The Gideon Criterion
(J. Wallace, 1981) and the SCACE (Soldier Capadilities and Combat
Effectiveness, J. Toomepuu, 1982) are two studies that have been conducted in
this area. MNowever, with the exception of the data on personnel cost factors
used in the SCACE study, both studies had very limited data on the actual
relationship between personnel characteristics and combat performance. This
paper, using a particular weapon system, discusses research on how the
Quality of the personnel required to operate it at an acceptadle level of
proficiency ajght have been determined. The STINGER, which is a small
portadle shoulder fired anti-aircraft weapon is the weapon systea considered
here. Measures of the total system effectiveness, deterained from field
tests of this weapon system, are uscd In conjuction with a training dats
report (Tubds, 1981) on the REDEYE, the precursor of the STINGER, to estimate
the proficlency for {ndividuals In each AFQT category., These data are used
to determine vhether the reqQuirc? sysiem effectiveness level can be met with

¢ifferent qualities of persoanel.

The second szection provides dacrground on the STINGER reverse
engineering 3pproach. Section 11 discusses the approach used to deé~ sihe
personne]l quallty elfects for STINGER, and Section [V sumnariges the rezu.ts
odtained. The final section discusses the {maplications of these reauits for

system Josig- and personthel planning.




II. REVERSE ENGINEERING

Tﬁe current system acquisition process does not adequately address
personnel requirements in terms of quality and/or quantity. This approach
could lead to the situation in which the personnel requirements exceed the
supply of qualified recruits. It is for this reason that man/machine
trade-off analysis (M/MTA) and Front End Analysis (FEA) should be considered
early in the system acquisition process. The Army Research Institute for the
Behavioral and Social Sciences (ARI) has an ongoling research effort to
improve the procedures for determining and evaluatihg manpower requirements

of new weapon systems.

As part of ﬁhis research, ARI performed an ex post facto man/machine
analysis of the STINGER weapon system with emphasis on the M/MTA and FEA
aspects. One outcome of the research effort is a determination of whether
available performance information could have been used to influence system
design. 1In addition, a personnel performance data base, a baseline for a
data base structure, and data sources could be established. As an integral
part of this total effort an analysis of the system performance of the
STINGER is performed.

III. APPROACH

The purpose of this research was to evaluate the performance of the
STINGER weapon system under different scénarios and to relate system
performances to human capabilities. The first step was to determine the
STINGER weapon system berformance specifications. An examination of all
relevant documents was thein conducted to identiry and review performance
data. These data were then used to estimate the human component of the total
system effectiveness measure. The final and most important step was to
relate total system effectiveness and th: human component of it to individual

capabilities.

The requirements of the STINGER weapon system are stated in the Material
Need Statement and the Development Plan. Since many of the requirements of

this system are classified, it is not possible to enumerate them here. The

3




requlréments are gtated both in terms of the type of targets the system must
be able to engage and performance standards of the weapon. For example, the
Development Plan states that the system will be designed so that a skilled
operator can accomplish all required mechanical operations, from the first
step in the firing sequence to fire, within "x" seconds. (This is the system

reaction timec requirement from threat recognition to missile launch.)

The field tests used in this research are the Contractor Demonstration
and the US/FRG (Federal Republic of Germany) tests. Although there are
deficiencies in the data. collected from these tests, tﬁey are sufficiently
detaliled to permit analysis of performance under several scenarios. These
data will allow the estimation of the probability of proper launch against

hostile targets under each of the scenarios.

There are five factors used to determine the scenarios in this analysis:

o Visibility

0 Warning status

o Engagement sector

o Alrcraft type

o Flight profile location served as the surrogate measure of
visibility.

The Contractor Demonstration tes*t was conducted in an area of the United
States where the visibility is good and the terrain is flat. In contrast,
the US/FRG(Federal Republic of Germany) field test was conducted under poor
visibility in a mountainous region of West Germany. The second factor
considered in scenario determination is warning status. If the operator of
the STINGER is alerted that a hostile target is approaching, the warning
status {s "early warning". If there is no alert given to the operator, the
warning status i{s "no early warning." Engagement sector is the third factor
used for scenario development. For our purposes, there are two engagement

the front quadrasphere and the rear quadrasphere. The fourth factor is
aircraft type. In the Contractor Demonstration test the F-7 and the A-91
were used. The F-L and the German G-91 were used in the US/FRG test. The
last factor considered is the flight profiles of the targets. Only three

profiles are considered here. They include a non-maneuvering target with and




AL AN SN R s S e B e d  5e ;
L& ATV AP A 4 .7'.""'-'"'7"'."~'.']"'7"RT-""1"T"-'"T‘.'«'

without off-set and a maneuvering off-set target. An off-set target is one
not flying a path which passes directly over the STINGER gunner. All of
these factors can substantially affect how well the STINGER will perform.

Not all of the possible scenarios are considered in this effort.
Restrictions, which reduce the numdber of scenarios, are imposed on the
factors employed in determining the various scenarios. The first restriction
is that only one flight profile !s used with the warning status "early
warning™ in determining scenarios. The second restriction is that either a
test or aircraft type, but not both, i2 used in determining a scenario. As

a result of these restrictions 32 different scenarios are possible.

Combining factors, scenarios (which accomodate environmental
condi tions), target aspect, target speed, engagement sector, and warning
status are obtained. For each of the scenarios, the probability of
detection, evaluation, and transfer (PDET) is estimated using data from the
Contractor Demonstr. ' and the US/FRG tests'. This entaiis determining
whether the target {s detected or identified, infrared acquisition i{s
obtained, lock-on is accomplished, and engagement of the target within the
performance envelope of the STINGER {s accomplished. PDET i{s then the
proportion of times that all tasks in the firing sequenze are performed
correctly with respect to the toti! numher of presentations of targets to the

STINGER gunner.

The total system effectivenen: measure for the STINGER system has both a
human component and a equipment component. Total system effectiveness is

4efinen as:

S5 = R 'Ppey

where POET i2 the human component of the tatal syslea performance e-axure,

and RE measures the ef7ectiveness Af the equipmen?. The effectiveness of the
equipment {s taken as a2 given in *“is case. Given ‘00 percent equipment
effectiveness, the operalor perfc--:ance reguired to oblain a certain leve. of

—- e maw e - m .- .-

'S:ncg the Contractor Demanstrati n teat did not report {ta resulls by
aircraft type, it was not possidi- to analyzc this da%a by aircraft type.
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total performance can be determined. Using the Material Needs Statement, in
which the required total system effectiveness level is stated, the value of
Pppr which 1s necessary to meet the required total systen effectiveness can

be determined.

Figure 1 (Meister et al., 1965) i{llustrates how human and equipment
performance affects total system performance. The horizontal and vertical
axes represent measures of human and equipment performances, respectively.
Each curve indicates the relationship between human an¢ egquipment performance
at certain levels of system performance. Hence this figure depicts total

system performance as a function of both human and equipment performances.

Figure 1 can be used to determine performance levels for one of the
components given the other two. For example, assume that the equipment
performs at the .60 level and that the desired level of performance for the
total system {s .50, Using Figure 1, an estimated humen performance leval ct
at least .83 is required to me~t the above constraints. This means that for
the system to perform at the .50 level, given the equipment performs at the
.60 level, the probability that an individual performs all actions correctly

in the firing sequence of the STINGER must be at least .83.

The Contractor Demgnstration and the US/FRG test reports on the STINGER
weapon systam provide data which allow evaluation of the system operators.
These data contain {nformation on each presentation of a target which
indfcates {ts flight profile, vhether {t was engoged or not, and {ts location
ff it was engaged. Using Lhes~ data, {t is poasidble to determine the
prodadility that all tasks In the firirg sequence were peclormed correctly

for eanh scaenario.

This means that PDET for the cperators (s mstiTated under the various

scenarios for the Contractor omonstration and the US/FRG [ield tesis.

Although several acenari-1 were uned w(n the PDET wore detern‘ned,
Sere was no consideration of the different.al capadilily of individuals in
these scenarios. The data av:ilable from the Conilractor Demdtistration and

the US/FRG tests do not permi- such consideration. 7o campenzate for such

6
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data deficiency, it is assumed that individuals participating in these tests

are in the Armed Force Qualifying Test( AFQT) categories I-IIIA. The AFQT is

that section of the Armed Services Vocational Aptitude Battery (ASVAB) used
to determine whether an individual is qualified for the service and
individuals in AFQT categories I-IIIA are those who score in or above the

50th percentile. AFQT categories IIIB and IV individuals are those who score
between the 30th and S6th and the 10th and 30th percentiles, respectively.
The above assumptfon is not necessarily inappropriate since the individuals
who participated in thes= tests were pre-selected for their abilities to
perform the firing sequemce tasks for which data were being collected.

Using data from the Contractor Demonstration and the US/FRG tests as
well as data on the performance of the REDEYE weapon system, the performance
levels of AFQT category IIIB and IV individuals on the STINGER are estimated.
The US Army TRADOC System Analysis Activity (TRASANA} furnished data on tests
conducted on the firing of the REDEYE system in 1980 by individuals in MOS
16P. These data provide information on the REDEYE proficiency of individuals
by AFQT category, and are used in this analysis as a performance data
baseline for the STINGER system.

The REDEYE weapon system data identify the proficiency of individuals in
operating this weapon as a function of AFQT category. The probabilities that
the firing steps are performed correctly are available by AFQT categories.
Since the tasks performed by REDEYE operators are either the same or very
sim{lar to those performed by the STINGER operators, it is possible to
extrapclate f=om the performance of individuals on the REDEYE weapon system

to the performance of STINGER operators.

Under the assumption that individuals who participated in the Contractor
Demonstration and the US/FRG STINGER tests are in AFQT categories I-1IIA, the
performance levels of the AFQT category IIIB and IV individuals are estimated
using the REDEYE data. First, the proportion of the performance level that
I1IB and IV are of I-11!A performance levei is calculated from the REDEYE
data. These percentage: are multiplied by the performance levels of
operators who participa'ed {n the field tests of the STINCER. This provides
estimates of the perfo~—ance of IIIB and IV individuals on the STINGER for

e3ach scenarjo.
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IV. SUMMARY OF FINDINGS

This research effort shows the impact on the STINGER system
effectiveness of manning the system with operators of different AFQT
categories across different scenarfos. To fllustrate this impact, Table !
is presented. (It should be noted that data limitations permitted analysis
of only 27 of the 32 possible scenarios.) In this table the effectiveness of
AFQT category I-IIIA individuals are rescaled to 100 percent. The
performance of the other AFQT categories {s reported relative to the I-IIIA
individuals. For example, Table 1 indicates that when a category IIIB
individual operates the STINGER instead of someone in AFQT categories I-IIIA
for scenario 1, there is a 13 percent decrease {n the PDET estimated.

The degradation of the system varies across the scenarios for both
category ITIB and category IV individuals. The percent degradation ranges
from 6 to 14 percent for AFQT category IIIB individuals and from 12 to 20
percent for category IV individuals. The median percent decreases in PDET
are 13 and 18 for AFQT categories IIIB and IV, respectively. In all
scenarios the degradation of the system is substantial when AFQT categories
I1IB and IV i{ndividuals are employed instead of I-IIIA individuals. This
implies that there would be payoffs for better personnel in all cases.

For many scenarios, the projected performance by the operators for the
STINGER is not adequie to meet the desired level. The AFQT category I-IIIA
individuals i{n the fiecld tests meet the desired levei of perfornance for 1
out of 27 scenarfos, »r 52 percent. For the scenarios for which some data
did exist, the field test operators reached the desired level of performance
for only U7 percant of the scenarios. Moreover, the {ndividuals fn AFQT
categories I1IB and !V are not projected to meet the desired performance for

any of the scenarios.

Althourn AFQT categeries IIIB and IV individuals would not wmeet the
desired level of perrormance, they currently comprise 78 percent of the
STINGER MOS (16S). “nis implies that 78 percent of the current STINGER
operators are estiga‘ed to be below the desired level of performance for ali
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Table 1
The Percent Effective Relative to the I-111A AFT Categories
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scenarfos. In fact, there {s only about an 11 percent chance that the
current MOS 16S population will meet the desired level of performance for any

combination of the operative scenarios.

i
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|
|
To further illustrate the impact of manning the STINGER weapon system !
with different AFQT categories, a cost effectiveness analysis is conducted, }
the objective of which is to examine the cost of hitting a target with a
STINGER for two AFQT groups. Two cost factors -- the - :at of recruiting an
AFQT category I-IIIA individual and the ccst of a STINGER missile -- are
considered here. These cost data and the performance on the STINGER during
field tests are used to compute the cost of successfully launching one and/or

more STINGERs against a hostile target.

Approximate costs are used since exact figures are unavallable. The
cost of recruiting I-IIIA individuals is estimated by Armor et al. (1982) at
apprcximately $10,000. The cost of a STINGER is assumed to be $50,000.

In this analysis it {s assumed that shots at hostile targets are
{ndependent.. This implies that the probability of hitting targets has
binomial distridbution. However, whether or not this distribution or rule is
the appropriate model of human performance in this instance i{s an open

which is beyond the scope of this research effort. In order tc proceed with
the analysis, the probability distribution of hitting targets is assumed to
be dinomial.

Using the performance analysis for the STINGER, deterzined earlier in
this paper, the prodadility that a I-IlIA indi~idual hits exactly "n" targets
with “n" shots is determined. The earlier analysis also indicates that ill3
individuals perform 13 percent lower than I-IlIA individualis. These
performance measures are used with the cost estisates to deterajne the cost
per hit for doth AFQT groups. Resulls are depicted In Figure 2. Figure 3
indicates the relative cost per hit for the two groups. It is clear from
Figures 2 and 3 that If the STINGER i3 to de fired more than once, it is cost
effective to man It with I-I1IA individuals.

1"

. - . SR C ot et e .
-,“.\}\‘....\‘...“. Pt N NN N TS SR SPL G .

N e v e -
PN . PPN PR T SY St S
> 2 o e I S NP A A




SLUMS S YiNNNN

.

91 (1} yi (4] t4} 1} o1 6 v { 9 [ 4 [} [§ S 1

* + -+ + ¢+ - * + -+ + + seefrocncrsjovonsncfocnnoncgescnonng e
s OONDY
[
[ Y
[ )
¢ 0001¢
1 3
[}
[ )
¢ 000L¢
)
s
s
¢ 000(¢
’
1
[}
o 0DOYL
Y
[
[ Y 4
¢ 000(C 1§
) ]
| )
[ ) [ ]
¢ 000863
[ ) é
3
) 4
e 0D0(S S
[ o
[ b ]
»
* 0000¢
[ Y
s
[}
* 0008¢
s
3
[
¢ 00009
[ )
[ ]
1 ]
¢ 00019
[}
[}
[}
¢ 00029

cevms R~ 2 . A A A LSS PSS e s s P AR

-

LN

ey

R L

kY




SLMS 40 WAWW .

" 4
' $ y C F 1
_ * cmcrapon P P L P P R LR L R T R P T Y P R Y R P
' 3
’ vili-1i * ODOWY
) s
) v [
" v - :
; 'Y
, * 0005 "
! [
! )
, )
' Y ]
: * 00009 !
) "
: ¢
” . 'y rd
! . 1 y
' o 0009 ¥ g
]  } r
_" . v y
; 'Y 3 .
X [ ] -
. * 0000( .
! . 3
] ' L] ..
; s L4 ~ )
: ’ ? - g
: * 00064
' ' 3
: . s
, [} {
. * 00009 v
”- . J ’
' $ 3 .
n s | K
| 3 .
". * 0000 .
; [ }
: [} s
3 ‘ <
. Py .
) * 00006
, ()
1 ' o
’ $ .
, ¢ ",
’ * 0006 .
3 [ "
. Y
' .
' .
! . .
‘ s
_, ITH 39 30O SATIVIAY - I9EUIIY 3 JO SEABAI9J3F IO € 236 )
b

- . A8 g e " - » VIRV R e - e &' .t PR L - o 2w " A‘-ln-o-t




FURUNHE IS e W W W W B B W 0 B W W T W Y W W WU N R e R EWE Y S eI Y G YT B Y E e W ~w v w - T TN T W e T W W W - W - -

|
l
1

V. DISCUSSION

The personnel quality requirements of a new weapon system should be
considered early in the acquisition process of that system. It is
acknowledged that the performance of operators of a system can have a
significant impact on the performance of a weapon system. Personnel quality
{ssues, however, were not addressed early in the acquisition process of the
STINGER weapon system. The analyses performed in this research effort
indicate that high quality personnel are required in the STINGER MOS if the
System is to meet or exceed the desired level of total system effectiveness.
An analysis, similar to that performed in this research, could have estimated
these personnel quality requirements early in the acquisition process of this

weapon system.

The total system performance of the STINGER could have been analyzed
early in the acquisition process using man/macuine trade-off analysis. These
analyses could have been employed to {ncreasc system performance by either
designing the equipment to be less complex, {ncreasing standards for operator
personnel, or by a combination of doth. Improvensant of systea performance
via the equipment would require the engineers to redesign the weapon to
reduce the complexity of the tasks that are purformed by the operators.

Using this method normally means that the eqi!pment bDecoans more complex
internally, and hence, more expensive. Care :ust also dDe taken not %9 crxate
a system that {3 easy to operate, bul reQuircs high Quality personnal to f

malntain and repair- it. i

Improving systea perforsance of the ST:“UER through personnel policy
could be accomplished through appropriate re - ~uiting and retention. This
aight involve the offering of bonuses or oth-- [nducewents for high Quality
individuals to enlist an¢ reenlist In MOS 16, Such a pollcy would likely
cause additional expenses to be incurred, hos:ver. The laprovesent of the
performance of the STINGER could have also D--a addressed through personnel

alliocation policies.
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It should be noted that the technology used to analyze the STINGER
weapon system is not readily transferable to other weapon systeas. This is
not a typical system in many respects. The fundamental differance i{s that
the only human component in the equation of system effectiveness {s the
operator component. Most systems require a crew to operate them, while the
STINGER can be operated by a single gunner. The analysis of the
effectiveness of this weapon system is orders of magnitude less complicated
than most weapon systens,

These issues will cause substantially greater analysis probdblems for
other systems, Despite these problems, however, an example of the type of
research that needs to dbe conducted is provided. A demonstration of the
need for feedback of personne)l factors to designers in the early stages of
the acquisition process {s also provided. This research effort illustrates
the importance of this type of analysis to Army personnel managers in their
efforts to laprove total Arey performance through selection, recruiting, and
allocation policles.
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