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I. INTRODUCTION

A2 Al ki Sads

i. Background

Troop performance degradation due to chemical protsctive
equipment Las been of increasing concaran te military commanders.
This protective equipment is worn in on= of four configurations

A referred to as Mission Oriented Protectivs Posture (MOPP) levals. I
.ﬁé MOPPIV in which all equipment is worn and sealed is the most pro-
g& . tective, and the =most vi(y curnbersoee and restrictivs mode.

Personnel are protected at the expsnse of this encumbrancs - a
circumstance whiclX results from irmpeded physiclogical functions
which inciude vision, hearing, speaking, mBmanual dexterity, and
others. This enpcumbrance prcduces degradation in th2 form of
{(usually) increased time to complete tasks zand in some cases
reduced accuracy. For the purposes of this study, accuracy was ;
maintained and tims to complete a task was the peasure o0f the
extent of personnel degradation due to wezaring MGPPIV. To guan
tify this dogradatvoﬁ for use in simulaticns, opesrations research
and other studies of unit eifectiven=ss and combat readiness,
field studies are necessary since laboratory exsrcises typiczally
introduce artifacts that can bias results.
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To satisfy this need, an evaluation was performed i j
response to a requirement submitted to an extensive LoD sponscred ;
and Dugway Proving Ground (DPG) administered Chemical Bioliogical
Joint Contact Point and Test Progran, refzired to as Project DO-
£9, to quantiry the effect that wearing ¥OP®IV nas on personnel
performing nilitary tasks. The current prograzm includes five
specific cperational areas (Table 1) with additional emphases on
operations during cold, moderate and hot temperatures.

TREBLE 1. Perormance Oriented MOPPIV Evaluations

Operational Areas

Arz=cr Operations

¥aintenance Cperation

(1]
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I Signal Cperations
The Vulnerabiiity/iethality Division of th Ballisti
Research ILaboratory (BRL) has an extensiva cngoing program Ior

assassing the vulnerability of military svstams un the i
battlefield to include the effects of coanp»ion=7 nuci
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chenical munitions on the effectiveness of variocus units. The
nodel for this pyogran is the Army Unit Resiliiency Analysis
(AURA) methodology.” AURAZ utilizes inputs from all areas which
impact on the ability of a unit to accomplish a mission including
the effect of wearing MOPPIV. Since degradation data is not
available in many areas and because of the need to include degra-
dation performance in unit egfectiveness studies using AURY, the
BRL is developing technigques® to estimate personnel dJdegradation
due to MOPPIV. 1In this report, "HOPPIV" refers to wearing of the
eguipment at level IV, and "MOPPIV Time™ to the amount of time
required to compiete a task while wearing level IV.

One major concern in interpreting fieid data is the n22d to
establish a cdegradation value. t is not unusual to finé judge-
ments made on the effect of protective eguipzsnt with no real
measurement of the effect or the variation experienced. One pur-
pose of this effort is to provide a numerical estinate of the
equipzsnt effect and the asscciated variation.

This report presents the results of Night Reconnaissance
Operations conducted at Camp Pendleton6 CA in geptenber 1885
under moderate to warm temperatures (52-84F:; 11-29 C}. A daiiy
summary of temperature and relative hnumidity is included in
2ppendix A. Trials were performed by members of Company C of the
ist Reconnaissance Battalion, ist Harine Division, Flest ¥arine
Force. All trials were held during the hcurs of dariness with
teams remaining in MXOPPIV without relief for the entire trial
period of approxipately eight hours.

2. Objective

The primary cbjective of this prcgran was to evaluate the
operational capabilities and to guantify the degradation for per-
sonnel dressed in complete HOPPIV periorming a night reconnais-
sance nissiocn.
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1. 3.2.Xlopcic, and L. K. rRoach, "an Introduction to the Use of
Tthe Army Unit Resiilency analysis (AUR3A) Hethodology: Volums
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No. 3384, September i9B4.
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David W. Harris, *A Degradation Analysis Methodology for
Maintenance,” Haster of Science Thesis, Georgiza Institute of
Technology, April 1985; Sponscr: C. Wick, 3RL.
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1. Overview

T Lt

The neasure of degradation for each performed task was the
time difference betwean performing the task in Battle Dress Uni-
form (BRDU)} and MOPPIV. For these trials there were three teams
consisting of four members each. Degradation measuremeits were
made for team taskxs, such as movem=nts to okjectives, as well as
individual tasks. such as taking a photograph. Accompanying each
team was 2 trained observer whose goals were to time each indivi-
dual task and rate the overall operation. The tasks were measured
in real time and recorded on & data sheet carried by the
chserver.
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Individuals were trained in the appropriate military opera-
ticnal spsciality ({¥M0S) and were highly motivated. Each had
evparience working tcgether as a team. The teams, however, did
noct have prior practice before completing the first trial of ihis
exercise. Teams were faniliar with chemical protective equip-
ment, but received nc special prior imstructicn in the wearing or
conpleting the assigned tasks in MCPPIV.
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Since these tests wers repetitive, individuals gainec
exparience as they progressed through the trials. 1In an effort
to control and later estimate the experience effect, @ record was
neted on the order of start:; i.e.. whether a team was in BDU or
¥MOPPIV the first time it performed & trial. For the purposes of
this analvsis, all references to "first time effect™ pertain to
the first perform=nce by each tean.
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FPor each trial, three items of datz were recorded: first,
tke <time to compiete a task; second, the protective precfile
(BDG/HOPP) ; and third, whether it wes the first trial or a subse-
quent one.

A mulitiple linear regression technique explained in Appendix
B, was used t0 estimate the effect of the chemical protective
equirment and the effect of practice on the time to complete the
various tasks.” As part cf the anaiysis it was evident that tasks
containing cross country mcvement couid not be analyzed without
first considerinc the methods ané technigues of movement.
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3. C.H. Wick, J.T. Klopcic, ™ Maintenance Operations in Mission
Orientad Protective Posture Ievel IV (KOPPIV).' Draft DPG
Report 3985.
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2. Trial pescription

The trials were designed to collect performance data from a
night reconnaissance team performing a night reconnai-.sance
patrol with a mission to ccllect intelligence informatioa and
avoid enemy contact. The exercise was ccnducted during the hours
of darkness and inciuded a route reconnaissance, target photogra-
phy, movement to two ckjectives and the extraction peoint,
erplacenment of claymore mines, collection of air samples, collec-
tion of water samples, and the development of a hasty sketch of a
dam. At the first objective, claymore nmines were emplaced, pho-
teoaraphs were made of a target, and an air sample was taken using
the M256 kit. ter moving tc the second cbjective, an initial
water sampie was taken and a hasty sketch of 2 dam was mnade.
Before reaching the extraction pcint the team stopped and tock a
second water sample. The tasks are presented in Table 2 and wer=a
completed in the listed order.

TABLE 2. Night Reccnnaissance Gperations

Task

Route Reconnaissance
Photograph a Target
Hove to First Obliective
Emplace Claynore Mine
Take Air Sample

¥ove tc Second Chjective
Take First Water Sample
Hake Hasty Sketch cf Dam

Take Second Water Sample

ot

ehe it I0m Eew I BEGe NSt ASE MAME bow 6 AGAS SMNW MDOW BESE BSOS Saed | B0 | MUS§ ¥ W Mwan Ba,b B emed

fove to E£xtraction Feoin

a. Movement Tasks. Four tasks reguired the teams to
traverse from one identified point cn the course to ancther. The
first was travel during the route reconnaissance of a rozad, the
second was travel from a choxe point to an observaticn point, the
third was travel from observation point to @ second observation
pocint, anéd finally, the fourth was travel te the extraction
point. In addition to tha time to complete these tasks, comments
on the ability of z teem to maintain patrolling disciplines such
as stealth, listening, and silent communication were collected.
The tine tc complete a passag2 from one point to another was
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measured fror tiie departure of the first person to the arrival of
the last.

TR

b. Other Tasks. The remaining events are considered sta-
tionary tasks and, as such, vere measured from the beginning of
the activity to the conclusion. The colilection of the two water
samples recuired a short travel distance by ons team member and
was considered a part of the coliection procedure. Air sample
collecticon using the #2356 Xkit, the photograph, and the hasty
sketch were from sites occcup:ed by the t=zanm.
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3. 7Trial Matrix and Questidonnaire

a. Trial Matrix. The order of start was recorded tc assist
in determining the effect of training on perfcrming the various
tasks. The +trial matrix indicating the day, the team, and the
uniform worn is given in Table 3. On the first night of opera-
tions two teans completed the course; team one in 3DUs and team
two, in ¥0PPIV. The team wearing MOPPIV started 30 minutes after
the tean wearing the BLDUs because of dzrkness restrictions. It
was determineé thiat one team per night was appropriate for the
course and the aatrix reflects this conditicn for the following
days-

e

ST T IP Y aah) r)

»
Ly

h

BN IR Ly

v
-5t

Ve

TABLE 3. Trial Matrix
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Y11 1 1 otitity!
e H ] i
& i1 : 2 | HOPPTV ;
>
g i 21§ 3 | =HopPIv i
3 i3l 3 b yoppry |
R I I B i
3 | Y-S | 3 | Morpriv |
L5 L2 ! m:nity§
2 61 1 | HOPPIV | ‘33
H o
i 7 2 ! sopprv i L
i 8| 3 ’ Utility) o

CIRD
[y

=5

X

#

3

:§

i

g- - . Survay. At the conciusion of a MOPPIV trial, individu- g%
o 2is were asked %o compleite a questionnaire. Each was asked to ¥
o~ rate the perceived difficulties encountered while wearing the &
& mask, boot, and overgarment. The items reted are given in Table k_
o2 4. Ratings were determined by checking one of four boxes: none, -&
3 minor, average, and major. Each box later received a numerical \
:: weight of 0, 5, 10 and 15, respectively, for further analysis. ::
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TABLE 4. Participant Questionnaire

-

E?'

Situation

Hask-¥ision Hampered
Mask-Perspiration Buildup
Hask-Breathing Difficulties
Mask-Voice Communication

AL AL L 2 YR B

Boots-Movement Difficulties

Boots-Slipping

e

e
a

Glcoves—-Cperating Equipment

'3

e e Py 2 el

Gloves-Perforning ‘fTasks

gt
L)
o

Overgarment-Bulkiness
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R
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Overgarment-Heat Buildup

Ii¥. RESULTS/DISCUSSICH

L]~

¥y

In reporting the Gatz obtained from the trials three dis-
tinctions are m=ade. The first is BDU, trLe second is ¥OPPIV which
Tefers to the first trial in which a teanm wears chemical protec-
tive gear, and the third is MOPPIV-2 which is the second time a
team wears chenmical protective eguipment. Tearm numbers ending in
"3,7 FH," and "2 reflect this distinction respectively. Teans
performing a trial for the first tire are identified with an "%.©
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1. Results

)

Field data is presented in the Zollowing tabkles expressed as
the tine to complete a task in minutes for each tean.

nts

.‘h.l,

JYON

s

‘ . -
1k

M
ife
ot

I

U
A

‘s ,""- ' ,‘}!.4.“:‘
[}

| c.n-

.‘
4
&J (p¥ of f‘m’?}" ‘-"f -’&;SQ‘- ’d',.)!_‘- ‘a % .. \. Q. ('\ $f~ \ < \f ‘d’ - \- - \ F ‘ o ¥ 'h' - ‘- s- . o \- - ‘q
) o~ %

. . ‘ . - . ) .

r,
= o

L
.




£, A2 2 P R I ey g B3 1SN oY \..«_‘-.AA PRSI A5 2T

TABILE £f. Field Data

Time in MiInutes
Task
Route} Photlgraph| Move to Emplace | Air Samplel
Recon| Target First Ubj Clavmorel!
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TABLE 5. Fizld Data (csatinued)

»

Tinme Ia Minuctes
“fask
Take Zirst Hesty | Tale second Kove to .
¥ater Sa=mpliei Sketch| #Hater 3a 1ple Extraction:

32 32
31 3
29 29
20 20
5 S
5 15
il 11
35 35
22 22
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51 51
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2. Discus3sion

In twoc events, indicated by an "a® in Tgore 5, deta are not
reported du2 tc 2ither egquipment malfunctivning or the tim=e being
incorrectly aotsd. Since the dat2 1epresented the £first-time
experience for one teaw in BDUs, these losses resulfed in insvi-
ficicent data to complete 3 regrsssion anzlysis for el photo-
graphing a target or 9&93a01ng 2 v&-qu-,. irm further
instances. inalcatec Bv a "b" in Table £, valaec were inferred by
cross reference with other date and as such represent a upzer
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Q During these trials no particinant “dropped out" lecause of

-

the temperature or other conditions of the exarcise. The follow-
ing obsiérvations were reported durinc the exercise. During c¢ne
trial a tea= attempted to Tzke 2 "short-cut® across a swo=21l1 hill
- 2 decision which ristited in a sligpily longer compistion time.
Ty= evaluator attributed this z2ttempt tc the resulce of heat buiid
ug and faticues as the teaan had ju<t finished climbing a rozd with
a stesp inciine used for the rcule reconnaissarce and were hot
and tired. Several particirpants repaorted headrnches as the result
of proicnged mask pressure on the temples and others :indicated
+hat rubking ox *i2 mazZX 5n th= fare produces ienderness. The
exfended s<xercise in the varm temperatur=s produced sweat in the
gloves which nadz the hands sliippery and tender. Individuals,
with only momentary 2xcepticns, rexained in MOPPIV for the entire
trial pe-icd.
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2 regression anzlysis was ustsi to analyze the ¥ight Recon-
n2issance data. This techniques is explaiwed in Appendix 3 ard an
exanyle provided in 2ppendix C. A regression chalyses for each
task performed dJduring the night reconnzissance =xission is
presented. In addéition, the i2cticnngire  responses  are
present=2 and discussed.
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Tasks were analyzed o=ing the regressica techalgue. The
results of these analyses are (iven in Tadle 6, where T the
practiced; unencusbired term, a' is the <lsthing > and
b! is th2 trzaining correctictn. Tae BIPPIV degraiatinn for
any particular tasx is defiped az T _'"/(T_ ' + a'}. The WMCPPIV
correction factor is the inverse of this®terz and is usecd to mul-
tiply the time to vomplets. a task while wearing BLUs to give an
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estinate of the tims te conpletes the task while wearing MGPPIv. 2
negative a' or b' indaicares that a task wes completed in less
tine »Y a team wearing XOFPIV or by &r unpracticed tean resnec-
tively. Generzlly, such results arx attribvied non-
correctzble inconsistencies 1in some teaxr's performancs that
task.
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2. Discussion

6

The maxinm effect of waaring MOPPIV is seea duaring 3ove-
ment. Cther tzsFs aprzar Tc be less affected. However, thcse
tasks were 1ot physicaily demanding. Eviderily, 2s the teaz waar-
ing MOPPIV progressed im the mission, fatijue vegan to influence
the HOPPIV degrawation factoxy. Stavionary tasks, however, «were
compieted wirh little degradation attributable to lhe differences
in clcthing. Few cosxents were tollected in these tasks. 7n all
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TABLE 6. Regressicn csesvits
Xondimensionalized Coefficients

uencumbered Clothing Praining | ¥OoP2iv
Ters Ccrrection  Cerrectioni

ar bt

Rotcte

- .1530.
Reconnaissance 0.316%0.22

0.44%0.23

Hove to

First Objective 0.27%C. 15

0.27%0.12

(§)]

(4]
[ ]

’.l
Y
|.

o
[
~)

—.r e 8 e

Take Air Sample -0.14%9.32 -0.83i%0.32

Zove to
Second Ohjective

N T R

e

[
[ ]

W
W
1<
(]
)

ot
~)

s
O

Take Rirst wWater

Sampie -0.51:5.8

s
(§]]
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n
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¥ake Easty
Sketch o9f Dan

Take Second Tater
Saxnple
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cases of teams vearing MOPPIV, rpost members thought theat
could have perforzed better with practice and training.

it s
L -
- ; - 3
=
b

a. Movement Tasks. Tasks whicn required the tean to DBove
cross countrv were completed while wearino MOPPIV with correcticn
factors ranging from i.2 to 1i.5. On the surface, this would seex
to indicate that time for corppletion of thase tasks is orly a
ninor concern while wearipg ¥OPPIV. However, sStealth is gen-
eraliy lost during nignt movement whiile wearing ¥LUPPIV bacause of
increased noise, ioss of vision, difficuity in communication, and
general lack of sccrecy whnen =oving from cne area to apother.
Pactors such as thase cause certain nissions to be judged too
risky. However, it shouid be ncted that 1f the tear is wearing
¥OPPIV, it wouléd bz likely that the enemy would likewise be wear-
ing chenical prctection and possess =anv of these sane degrada-
tions. The two major cobservations are increased noise and the
appearance of being nmore detectable.
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Depending upon worx reguiremeants, teams wearing ¥
breathe harder, talk louder, and generalily walk wilh & sh
Breathing noise was one of the loudest sounds devring road
nent. particularly af .r physically Jdemandino tasks, such as the
route reconnaissance involving a = stesp iacline. Reducing the
level of exercise, perhaps bv taking longer ito traverse the road,
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shouiad reduce the breathing rate and the associat

while attempting o talk In low <oices, teazs
diZficuity being understocd and were nearly shoutin
sidered themselves o be sicuting - in order te bs
This led the individuzis to percelve tlemselves to ks iocud, whsan
in fact their voices were muified by their masks and did not seenm
to travel over ¢istance. The individuals pay have shouted but
tth2 sound was attenmatad. Hovwever, as a result of their p=r-
ceived loss of sitealth other actions may not have besn as guarded
as when w¥earing 300s. This factor world tend to reduce the <ime
increases that wourld otherwise be attributed o MOPPIV degraila-
tion.

Another effect of recuced ability was notices.
Buring routine movements, ’ndtv1d oald not hsex the man £oi-
lowing, this resulted in zrequvn- qrrivg tc cbhserie ané confirm
his Iocation. 2s a result, the earing 4PPIV tended to be
ciosex together Guring patrcl.

Traction was pocr witk the bocts which, isvending upon the
surface, resulted in slipping. To counter this poor Froad feel®
a "shuffle walk™ often developsd to keep cuntact with the ground
nd to push cbiects out of the walk path. Linited vision res-
tricted the "look down" ability which resulted in frequent snags
ard stumbiing intc chstaclss on the ground. This freguently con-
tributed to stumbling and several members fell while on patroi.
One man lest a koot during a creoss counitry movement tasX 21id was
unaware that it had come oif dus to the general 1sss o< parcer-
tion. The laces on ithe boots tended to becoms untied even after
sizpie rocad novemant tasks.

The overgarment proviged enough insulatior: to cause tean
members teo heat up during pericds of hard work and than become
coid, as thes result of being wet, when vigcrous activity stepoed.
Overgar=ents becane saturated with perspiration as the resuit of
ths work reguired during the exercise. (What this saturaticrn doss

prOLoc“lon fro= chenical agents must be determined.} water
buildup in the mask and gloves was noticeabls. T
sensitive and hkypernydrated as a result of
durinc Lhio exercise. The cottecn 1liner was saturated, but
apparsntly continusé to provided sorxe za2brasion protection.

¥anipulation of communication gear was difficuit while wear-
ing ¥GPPIY as a result of reduced manual dexterity and nearx
vision. Oberators hagd difficulty reading the ccde sheets or even
°’7dluu the cods sheeis. In fact, while cne hand was sufficient
to Xocate ccde sheets when wearing BDUs, two hands were u-eded tc
£ind these items in pockets when wearing HOPPIV dus m=ainly
loss of tactility

The above interactions resulted in teams wearing MOPPIV mov-
ng closer to the rcads than teass wearing BDUs. The teass
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dczactics. I-istening equipnsrnt could be used tc reveal
locatioa anéd even the fact thar the tear was wearing MOPPIV.
rnice would result because hard breathing in the protective =
and £ - thiffle of the bosts are distinctive sournds.
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p. &tationary Tasks. Few comzents wera registered or d4if-
Tiguitl chserved for +the stationary tasks: photographing the
tarae:, ex=piacing a claymore mine, making & hasty sketch, and
taking a water sample. 21though these fasks were influenced by
tte wiaring of MOPPIV all tasks were ccmplsted. It was cobserved
trat practice is reguirsd to tvtilize the camera vhile wearing the
protectives mask. The photsgrapns obtained witn the presant system
were corplerely adeguate for the =issicn reguirerments. On the
other hand, teams were slle to emplace a claymors =ine witk no
apparent difficulity whiie wearing MOPPIV.
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c. 8urvey Questions. Respcnses from each individual were
weigtted by Jiving a nuzerical value Lo £tThe response terms
accordingiy: neoue = 9, nminor = 5, average = 10, ané major = 15.
The average was +Then dJdetermined to estinate the ievel of per-

iy due to each factor. Results indicate {(Tabls 7)
that =»eat beiléup in the overgarzsnt and perspiration buildup in
the mask w2re primary conrcerss.
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it is interesting te note that using eguipment and perior=-
ing %=asks while wearing the protactive gioves and the bulkiness
of the overgarment were ranked as the lowest difficulties. It is
possible =t this is »ecause tasks typically compieted by a
reconnaisnsanne tea: 8o not require bigh lovels of manual dexter-
ity or hemnd-tu-ays cocrdinstion. Izgortant tasks tend te include
iarge body =movement, far vision, and other similar skilis.
Further, the energy expendes while patrolling is generally con-
sidered to L2 creater than in stationary tasks. Thus, it was not
surprising that tee results cf the survey rasulis indicate heat
a: 3 perspirstaion buildup to ke problems with other factors less
izposrtant.
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V. SUMMARY/CORCIUSIONS
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The guantification of the d=gradation Gf rerscnneil perfioram-
in MCPPIV was determinsd for each night raconnaissance task
inverss of the degradation is ths I correction factor
is presented in Table 3. iplication of the

to pexrform a task vhil BDU {referrad tc as
by this factor n estizzte of the
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Buildup of water in the mask and gloves was noticeable and a
concern. Hands became sensitive and hyperhydrated after
wearing the gloves.

Protective overboots have inadequate traction and "reoad
feel" resulting in a characteristic "shuffle walk" and fre-
guently results in stumbling and falls.

Teams wearing MOPPIV move closer tc roads than teams wearing
BDU.

Although a MOPFiV correction factor was not determined for
photographing a target or for emplacing a claymore nine,
both tesks were completed@ while wearing MOPPIV with no
apparent difficulty.

A1l tasks were completed while wearing MCOPPIV. it
should be noted, however, that the overall tactical situa-
tion is i=mpo it in considering the success of this opera-
tion. if the enemy threat is low cr ninimal the nission
could be expected to be completed with a 1ittle rmore tine
allocated. If the enemy threat is high, including listening
devices and othe counter-measuras, then the mission could be
at risk because the team mav be detected and neutralized.

Finally, it should be noted that the 1linited sample
size availabie for this evaluation made the data analysis
particularly sensitive to inconsistencies in performance of
any task by any Tesam. Data currently being evaluated inm
follow-on nignt reconnaissance evaluations should =allow
Geternination of MOPDPIV corraction factors with tighter
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Daily Temperature and Relative Humidity Record
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During the exercise the texperature and relative humidity as
well as the general atmospheric condition was recorded at 3ﬁ
ninute intervals. Typically the temperature resduced dJuring
night as did the relative humidity. The presence oi ground
from the ocean, however, on days 1 and & =mzaintainsed the
hunidity. The exercise was conducted at Camp Pendleton wi‘”
toriczally high temperatures and low relative nunidity. The h
low, and average temperature and relative hunidity ar
Tabie A-i.
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Regressior Analysis Methodology

In any attempt to measure the dependence of seme entity uron
a particular factor, it is essential to —cntrol, or at least
account for, other factors which can influence the entity. Unfor-
tunately, <the isolation 3apd elimination of unwanted factors is
often not possibie being particularly true iz th2 case of experi-
ments invelving human performance snd respense. In such experi-
ments, the use of human subjects introduces 2 myriad of personzl
factors, =many of wkich are as subtle as they are unguantifiabie.
The experiments ic measure the degradation of soldier performance
due to the wearing of chermical protective (HOP2IV, Jear certainly
fail into this categorvy.
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One approach to reducing the effect of unwanted factors is
to disxregard any data which imvolves unwanted factors. Thus, for
exanmple, the unwanted factor of "no-practice® which might causs
performance in first iteration trials to be worse than in those
that follow, is often controiied by conducting a sufficient
numbar of "dry-runs® to assure that n¢ data trial is uapracticed.
Unfortunately, in the case of the MOPPIV dsgradation experiments,
iinmitations in trecop and staff availakility make dry-runs an
unaffordablizs luxury and 211 trisls had to e used for dc¢ata gen-
eration purposes.
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Cur solution to this problem has bean tc account fcr the
effect o©i practice by inciuding an experimentally determnined,
iinear correcticn term for <first trials. Sirce it was also
assuz==d that the effect of wearing MOPPIV gear could be expressed
as a linear correction term, we ¥ere 2bie tc use standard multi-
rle 1linear regression technicues tc reduce the data and extract
KOPPIV correction factors. The basic 1linear emuation used to
account for the tizme cf any given trial of a particular soldier
activity is:

S

o DT T VRS,

A W

STt

T =T+ afx) + b(y} {B-1)

That is, the expacted time 7T is the sunm of the intrimsic
tipe ~T sub o~ recuired f£or the tasX, a correction term (a) for
wearing ECPPIV gear and a correction term /o) for an unpracticed
triai. This technigue has been used for the reduvction of data
Sreom all the EOFPIV degradaticn tests lis=zed in the intrecduction
of this report. Eguation B-1 is further exanmined in appendix <.

In the currant test another uncontroilable factor was introc-
guced. The nature of a night reccnmaissance missior reguires
that tane seabers of the patrol move stealthily: sacrificing speed
in favor of stealth. Unfortunately, this results in a subjective
decision on the part of sach patrol as to the speed that it
should <take. This in turn results in an undesirable biasing of
the regression results, since the large tizes recorded Ly the
slower, more cautious patrcls dominates the regressicn analysis.
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Since each patrol conducted three trials {(two in MOPPIV and
one in BDU), it was decided to attempt removal of the bias by
normalizing the results for each patrol to its own baseline. The
choice of the baseline was guided by the following considera-
tions: At ieast one of the patrols conducted its first {unprac-
ticed) +trial 3in 3DUs whiie the others began in MOPPIV. Thus,
normalization of a patrol’s results to its first trial or to its
BDU trial would bhave introduced additionel errors. However,
because each patrol conducted two MOPPIV trials, every uw t had
at least ore practiced MOPPIV trial. Assuming that the oni_, vari-
ants in the study are (1) MOPP - no MOPP, !2) practice - ac prac-
tice and (3) intrinsic team stealth, the difference between the
times for each team's practiced MOPPIV trials should be due onliy
to the intrinsic team stealth. Hormalizing =sach team's times %o
its practiced MOPPIV trial time results in ratics of times in
which each team's intrinsic stealth factor has been “canceled
out®.

If we let {') indicate that the above normalization has
taken place, the regressicn ecuation for the normalized time. T!,
becores:

TN =T+ al{x) + b(Y) (3-2)
Clearly, a' can no longer be interpreted as the additional tinme
required for a task due to the wearing of MOPPIV. However, the
ratio:

— oy > -1 - 1 —
CF=(T' +a'(x)) /T (B-3)
is proportional to the increased time Gue to the wearing of MOP-
PIV; i.e., CF is an appropriate correction factor to be applied
to the no-MOPP time for any particular patrol to estimate the
time that would be needed by that team to do the same task while
wearing MOPPIV.

The question arises as to whether a simpilar normalization
may have been justified for the performance of particuiar indivi-
dualis or teams in the other units studied in this series of MOoP-
PIV evaluations. For example, in reducing the data on the
disassenbly and reassembly of a gearbox from the M-9C1, should
the times of each of the several test subjects have bsen ncrmal-
ized to some common, subject-related datum?

We believe that the answer is "No.® The reason is that
tasks like the assembly/disassembly are well defined: each indi-~
vidual went thrcugh the same sequence of steps, removed the same
spap rings in the same crder, c¢tc. Therefore, the actual times
are meaningful numbers. For axami.e, the unencumbered, practiced
time for disassembly/reassembly is the time that would appear in
the published tine standard for that task. (In fact, validity of
the data reguired that the t 1ies measured in our trials were con-
sistent with the standard, ¢ .ual times.) On the other hand, it
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is not meaningful to ask how long it takes to maneuver stealthily
fromn point a to point b. The answer is dominated by random vari-
ables such as the number of stops made, time spent listaning,
detours taken, etc. It must be concluded that the night recon-
naissance trials warrant a different data rz=duction technigue
than that used for more vigorously defined tasks.
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Regression Analysis Example
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¥ultiple ILinear Regressicn
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Regressicn analyses are used te gaantif the yrelationstip
between variables where the vaiue cf one is effscted by changes
in others. The type of uniforwm worn arnd whether or not the event
was comoleted for the first time, either in BDU or MOPPIV, srs
independent variables. 2 aultiple 1linear regression aliows a
depandent variable ¢to be estirated by guantifving the relation-
ship tc several indspendent variakles. 1In this instance, time te
ccamplete a task is the a2ffected or dependert variable  Interac-
tions and variables niot neasured are refiected in the errcr term
and include suck effects as team work and leadersaip. 2An esti-
mate of how well the regression estimztes the dependent variable
is expressed by the nmultiple corrsiation coefiicient. Analysis
then can be used to determine the effect of HOPPIV and the first
tize effect on the total time to complete 2 tasik.
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Por Troop Performence studies the regression expression
represented by:

Ry
)

T=T +a(x) +by) +e (c-1)

ALY

s

Where "T" (the dependent variable} is the total time 3in minuter
to complete a task, "T ", (the intercept) is the practiced, unen-
cumpereé time, "x" (firgt independent variable) is the clothing
type, "y" (seconi independent variable) is the order in which =an
event was started and "e" is the error terma. "x" is the 3DU or
¥0PP condition and is represented by either a "¢® or a "17,
since it is assumed that the clothing contribution would be zerc
for BDU. Likewise, if a team was working an event for the first
time "y" would be assigned a ®i" and if the tean &has cozpleted
the event before a ™"0" would be assigned since no first tine
effect would be present. The expressicn, without the error term,
then becozmes:
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T=T +a+h (C-2)

4

Where "a® and "b" represent the correction in minutes for MOPPI¥
and pracciced factors, respsctively. Therefore, a team complet-
ing an event for the first time in BDU is expressed as:
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2 team completing an event in BDU for the second or greater tim
would simply be "T ", (T =T ). By wearing MOPPIV this tean woul
add a MOPPIV time 2nd be expressed as:
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The event tizme for the same teanm compieting the event
irst time and wearing MCPPIV would be expressed as:
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T=T +a+h (C-5)
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Exexple of Regression Araigsis:
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An exarpie case wili be replacing the shroud during the
remcving/:repiacing of the H60A3 transmission, accomplished during
the nmoderate temperature ¥aintenance Evaluation. All other tasks
anG@ events were likewise evaluated and are included in the
resuits.
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Replacing the shrcud incledes the placement of the shrcud on
the powerpack and the connection of the attachment bolts. The
data for evaluatior is given in Table C-1, where team 1 replaced
the shroud twice with the first cccurrence in BDU in 7.8 minutes
and the second cccurrence in ¥CPPIV in 14.2 minutes. For this
exanple, the resulting regression cosfficients in Table C-2, are
ug #_ the practiced, unencuzbered time, "a", the additional tise
£fof ¥GPPIV, plus or minus the standard deviation and "b¥Y, the
additionral tire needed if the event is done for the first tizme,
rlues or minus the standard deviation. Thus, the expected time for
repiacing the shroud is 5.8 ninutes for a practiced unencumbered
tean. 2An additicnai 3.8 minutes is added to the total if the
tean was wearing HOPPIV, for an expected time o0f 9.6 =inutes.
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This additional ¥MOPPIV time could be as much as i1.5 ninutes <5
(9.6+1.9) or as little as 7.7 minutes (9.6-1.9). No additional oy
time is nesded t9o complete this repiacement for the first time E
because, in this example the coeificient is negative. In cther Be .
events this first time correction is calculated the same as for =
i the MOPPIV effect to determine the additional time needed. Y
ey
»? . . :.-‘_:_
~ TABLE C-1. Data Used in Exanple Regression g,
4 =
oy Team 300 ¥OPPIV o
& d
1 7.81 122 B
P 4.61 24.6% =
¥ 5.81 10.2 &
=3 2.5, oy
o~ 5.41 . &
o3 3.6l . R
‘:-, L ‘ o>y
L * Data excluded due to the incorrect removal of items =3
o extra tims to replace. bk
. B
- TABLE C-2. Example Regression Resultis =X
..:_ . c.:\
= Coefficien at
i »
% T 5.8 e
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In addition, the guotient resulting from "T /(T + a)°®
represents the degradation for wearing MOPPIV. Thal is, the
unencurbered practiced time "T ® divided by the total time for
¥OPPIV "T 4+ a". Thus a teanm replacing the shroud in HCPPIV is
degraded t8 60 percent of their practiced, unencumbered ability,
5.3/(5.8+3.8)=0.60. In a sinilar calculation, the degradgation
for doing the job for the first tire results from the guotient of
npE /4T b}, In this example no dagradation was determined for
doing Phe svent for the first time. A team is degraded to 0.63
if replacing the skroud for the first time and in KOPPIV, where
both ¥OPPIV and first time ccefficients are added in the denczi-
nator, ie. “TO/To+a+b". The guantity (T +a)/T " (which is the
inverse cf tha Gegradation factor) is cailea the MOPPIV Correc-
tion Factor. This <factor when =multiplied by "T % gives the
expected time to com=piete a task in MOPPIV. FPor this example the
correction <factor is 1.66. The estimated time for this event is
then 5.8x1.66 or 9.6 minutes. The results give a real number
estimate of the effect of ¥OPPIV con this jcb performance (Table
c-3}.
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TBEBLE C-3. Example Regression Estimates

Calculations
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