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SUMMARY

An Identification Point Model was constructed to assist Air Force
planners in preaicting the effects of stress upon aircraft maintenance time.
Relevant causal factors that would result in an increase or decrease in
maintenance time were identijified, R prototype of a predictic. Loul wacs
aescribed that utilizes these factors.

The use of this tool in two modest studies yielded 41 predictions for
the situation in which adequate preparations could be made for the hazardous
situation. Three more data points were collected for a situation in which
preparation could not be made.

Suggestions were made about enhancement and further use of the
Identitfication Point Model.
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PREFACE

The work reported in this technical paper was performed by Klein
hssoclates under subcontract from RJO Enterprises, Inc., Dayton, Ohio. The
work was accomplished under ASD contract F33657-84-D-0315-C011/PTD
0315~kRL02-10-03 for the Air Force Human Resources Laboratory (AFHRL).

Ms. Cheryl L. Batchelor monito.eu this subcontract for the Laboratory.

This effort is a portion ot the AFHRL Maintenance and Combat Support
thrust ana the Combat Logistics Systems subthrust, and is specifically a part
of the Maintenance Reaainess task. It supports the Laboratory's interest in
the impact of combat stress on the capabilities of a maintenance
organization. This is a follow-on effort to further develop a methodology
developea by Klein Associates to quantify the impact on stress on the
performance of technical tasks.

Klein Associates acknowledges the valuable assistance of Chief Randy
Staley, David Looney and Tim Parks of the Washington Township Fire Department
of Centerville, OH for providing insight into their sometimes stressful
environment. The support provided by these individuals permitted access to
valiu data sources and, therefore, contributed immensely to the quality of
this paper. Klein Associates also wishes to thank Mr. Marvin Thordsen for his
asslistance in collecting data and Ms. Beth Crandall for her critical review of
earlier drafts of this paper.
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Prediction Model for Estimating Performance Impacts
of Maintenance Stress

1. INTRODUCTION ;
L
Future compbat conditions may expose maintenance technicians to hazards

such as bombs, bullets, and nuclear/biological/chemical (NBC) warfare condi-
tions. The speed anu manner of aircraft maintenance task performance under
these conditions are critical aeterminants of how fast aircraft can be
returnca to combat. The speed at which aircraft can be turned around during
normal ovperations ana during simulatea surge conditions can be studiea and the

uata used to calculate sortie rates. Hewever;—sueh—gtudy metheds-d6 Aot -~
wadgrese--the-ettects—of performing maintenance in-life~threatening

s-envirorments. The study of performance of even routine maintenance tasks in

this t,pe of environment must take into account the effects of psychological
stress.

P A

L4

N W

because the effects of psychological stress upon maintenance personnel can
have a critical impact upon the time needed to return aircraft to battle, the
effect of such stress must be aadressed Unless the real and/or perceived
stress upon malntenance persggnef’fgﬂgzziunted for, this important variable
may upset all calculations {Egyt sortie rates and negate the effectiveness of
many formal planning efrorts. ({ﬁ;w.\

! }

AT

_.f:.('_,_ .- -

The purpose of this paper is to describe the prototype of a tool intended

to assist the Air Force in preaicting the effects of psychological stress 2pon ;
maintenance time.

In the first phase of this effort, data were collected from experienced 2
maintenance personnel in hazardous chemical plants and maintenance cfficers
from the Air National Guard to estimate and predict maintenance time 1in Air
Force combat conditions. The Comparison Based Prediction (CBP) method was
usea to structure and elicit expert judgments and predictions about
mainteoance time, It was found that maintenance tasks generally were
preaicted to take 20% longer in stressful conditions. Causal factors that
were :-:levant to the performance of technical tasks under stressful conditions -
were luentified. A tollow-on project used this information (and collectea
some aualtional gata) to moael the eftfects of stress upon malintenance time. \

I e

Tne Comparison ko - reuiction Mcthod

The CBP methoe. was developea ty Klein Associates as . prediction method.
CBP has provea to be successful 11 situations characterizea by ambiguous or
missiny aata or uncertainty about critical elements of the prediction scenario
{John, Klein, & Tayncr, 1986; John, Strobhar, & Kleiln, 19w8b; Kloin, 1Y%be;
Klein & John, 1985; Klein & John, 1986; Klein & Weitzentcld, 190¢;
williams, 1983). Formally,

PR PR ey

Klein &
it 1s a system of reasoning bty analogy, predicting

;




to an unknown case by drawing upon what is known about a familiar, comparable

case. Lmpirically, 1t is a means of significantly increasing the validity and
reliability of very difficult predictions. Operationally, it is a way to make
predictions in situations in which other methoas do not appear useful.

In obtaining preaictions, the CBP methou capitalizes upon the natural
human analogical reasoning prccess. Most typically, the predictions are made
by experts in the content domain of interest. The process by which they make
their predictions is structured anc probed so that the causal factors most
salient in both the analog and the problem at hand are highlighted and
documer:ted. Because the causal factors drive the predictions, they are
documentea such that the reasoning employed by the experts can be made
explicit to others. 1If errors have been maue, or an inappropriate analog
chosen, this also is made apparent by the audit trail of how and why the
prediction was made.

Previously, the methou has been used in a face-to-tace interview format.
Currentliy, undcr sponscrship of the U.S. Air Force Weapons Laboratory at
Kirtlard Air Force Base, CBP is being used in conjunction with a decision aid
to enhance survivab:ility unalysts' preaictions of the survivability of
structures atter a nuclear blast.

11. BACKGKOUND

‘n 1U#E  klein ~sscintes, spmnsered by the Alr Force Human Resources
Laboratory, Combat Logistics brancon (AFHRL/LRC), conducted a study to assess
tne impact of psychological stress upon airciaft maintenance task times.
Using the CBP metnou, data were collecteu from 32 expert civilian and Air
Natioral Guarda maintenance personn=2l to preulct the time requirea for Alr
Force aircratt malntenance personnel to perform maintenance tasks in a
stressful combat scenario. Thc resmlts of this study were reported by Klein
and John (1986).

The findings of that report revealed that the subject-matter experts
(5Mks) of that stuay preaicted aircraft maintenance time for Air Force
personrnel in a corba® scenario tn be degraded by an average of 20%. When the
tasks themselves were examlined were clesely, it was fcocuna that the 20%
ueceleration 1in aircratt maintenance task time was a feature of complex
tasks. When the tasks were of a more routine or simple nature, the findings
were more complicatea. Civilian and Alr National Guard SMks did not agree
about predicted maintenance times f[or simple tasks. Civilian SMis predicted
the siaple tasks tc show no deceleration whereas the Air National Guard SMEs
preagictea & 40% aeceleration in aircraft maintenance task times.

The alvergence of predictions between simple and complex tasks, plus the
adultiuvnal altference between Alr Natlonal Guara and civilian SMhs' predic-
tions 1or simple tasks, sugyested that a variety of factors were operating in
prouucing precuictions of maintenance time. knowing that e»~“ expert worked
trom his Own unique experience base, his own assumptions about the combat
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scenar.v, ana his assumptions about how combat conditions would oifter from i-
his own experilence, 1t was suspectea that the causal tactors that produced the »
preaictions would uitfer across experts. ‘he auait trails from the CBP N
process confirmeu this. The experts' assumptions about (lhe combal scenario .
anu how that differed Lrom their own experience base, indeeca, did affect the :.
preaictions they maue about the effects of stress upon maintenance time 1In ~
combat situations. “}
Having learnea that, even in this small vatabase, the relationship lLetween NS
- stress and malntenance time was a nultifaceted one, another ctudy was ~
undertuken to determine the nature oif those relationships ane consiruct i e
moael ithat would aescribe and preuict the effects of stress upon aircraft o
maintenance task times. iy
)
_ )
11I. BUILDING THE MODLL
AR T N T 4
First thoughts akout a mouel to describe the relationship between stress o
and ma:ntainer time focused upon bulilding a mathematical model, It was o
anticilj:atea that tiie relevant factors woulu be identifliec, weighted, anu »
combined into an eguation that woouid eescribe and predict the relationship T
betwee: stress and nailntenance time. k|
»
o
when bullaing a mathematical n.xdel, one can do so i1in several ways. An SN
) . . . . . o
empirical approach may be taken in which the model is based upon one data set '

and suwsequently testea on a airtferent cata set. This awproach requires latge
asataba.es, especilaily 1f the mouei contains more than twe oi three tactors.

e 4
[

~
e
- 3 M '~
Anc ther approach, on a nore conceptual level, is appropriate for small ht
. . . . -
uataba.:es such as the one at hara. This approach is viatle wien there are a o
small numter ot factors and when the relationship amoung :the jactors is fairly )
straignttorward (linear as opposeu to corvilinear). 1t {ad been thought that ]
these .aosumptions cousa b mel, so, the intention was to exumine the available ?‘
gata anu construct a simple algebraic rormula to describe and predict Y
<
perforinance time. e
K
. . . . d
A .odel was envisioned that looked something like the fcllowing: si
4
Y = oax(l) + bx(2) + ¢x(3) + dx(d}]  ex(d), R
S
where Y = mailntenance time, wxpressed as a percentage increase Or decrease W
from non-wartime anu non-stress conditions, e
a = preparedness for the hazard, \i
b = exp: .1 tce of tec: ~icians, )
. . o>
¢ = compiexity of the iask, :\
I\
<Y
anu so on. g
o
. . >
Towara this end, the aata were re-examincd to identi:y o pattern for the N
taCctor s that were reportea to aftect maintainer performa. ce U lie. )
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The CBP method was usea 1n the earlier stuay to elicit expert opinicn {rom
the SMi.s. The SMks had been asked to aescribe a maintenance tasx they had
performed 1n which there hau been real danger to themselves cor outhers. Their
task haa peen to ctate whether they accomplished the task more rapioly or more
slowly in the emergency condition (as opposed to normal circumstances) ana to
aescrite the causai factors they perceived to be responsible for that time
ai1fference. They then were askea to consiger a combat scenario and to make a
juagmernt about whethier malntenaunce time woulc be acceleratc-a or ueceleratea in
tnat situation. Agaln, they wers calleu upon to state the factors that the
perceived to be responsible for their juagments.

As will be recaileu rtrom the original study, SMEs cited 11 factors that
Gitferentiateos tue Jhange 1n mainterance Lime hetween tholl OWR EXperlence ana
thc corovat scenaric tor which they were askea to make a preciction. (Table 1
geplcts these causal tactors anu the number of times eacl. was clted.)

Tetts 1. lnaustry ShMes' Use of actors Differentiating
Alr rorce From lnaustry

hNumber of SMis

Factors clting 1increment
Criunce to adapt to emergency conaltion 10
Nature of hazara 9
Ty: e ana experlence of technicians 8
Consequence of uelays 6
Iniormation on hazara 6
Coi plexity of task 5
Level or cocrainatlion nceeuca 4
Precautionary measudres 4
Opp.ortunity to self-select valantecers 3
Nature of protective egulpment 1
keaction time Lo commuialical.ons 1

Caretul scrutiny of the caural factors resulted 1n scveral oLservations.
First, the factorse are not inde:crodent b alstinct frow one another. Second,
the presence of one tactor quite olten implies the presence of another. (For
exampl -, the "nature Ut nazard" woula dictate whether or not "precautionary

measut os" ocoula e oken.) Thitn, some of the factors arc very general in
i1

nature {("nature ot hoezarce") ana cthers are more specific ("orportunity to
selfi~-o - lect voiuntears™).

Bcoause of tihe e Lpservatiors, the 11 obtalned causai factors were
collap .ea into four iLactors bevic.ea to be a Clearer representation of the
data. ‘ine robust ature of the. - ractors was confirmed .y oxamining how the
SMbs L ea them, ascortaining the oumber of times each factor hau been cited,
and e ermining the ueceleration 1n malntenance time attributeda Lo caci O
tactot. Hee Tawle ¢ tor the vatejortzation of causal {.acters, the frequenc: #;
of their use, ana the decelerated maintenance time attrioulen to each.) ;\
N hl 1 -. - \
At thi: point, the AFBRL contract monitors were consulter chout our oy
)
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preliminary thinking and they suggested a fifth factor tl.y thought to be

important 1n aescribing the relatiounship between strecss

performance.

The resulting tive factors wer.:

- preparedness Lor the r.a‘arc,
- task coiplexity,

- ¢Xperiecnce Of techniciauns,

- payott for speec, anac

- neeu for OtLers.

Table «.

Ly Alr National Guara and

and malntenance

Lausal Factors Ditterentiating Fredglctea Air Force ana
lnaustry Maintenance Times in kmersency Conaiticns keportea

Alr National Guara

Indu

Incustry Subject-Matter Experts

tr)

Pl lndihiiesl 3

Factor Freguency % Deceleration Factor 'requency % Deceleration
Prepare Prepare
for tor
s - - . } -
hazara®© 16% Hazard” 2y 53%
Task Tasx
Complexity Z 40% Compliexity g 7%
Type an Type and
Lxperience Lxpocrie ce
of of
Tecnnicran 2 5% Technicians > 5%
Payott Payoft
LOr Spved 1 ~33% fo.r bpeea % -4 7%
Level of
Cooralnatiocn® y 8=
Upporrunity to
seli-select
Volunteers® ; 5%

4715 represents o combination of the categories
ang ChaCh TO ADAPL 'TU EMERGREM.Y CUONLITIONG.

Biias represents a combinagt |
CHANCE TO ADAPT

INFORMATLOWN Clv

<

TC EMLRGERCY 0. T1I0ONS,
HAZLRD.,

Level of Coorulnetion anu oo ortunits
becaure: of their

low frequency ot low

w}" - -* '*,'- *p I.'q.‘ s g -~. ,'f-""v".\l"(.“'.' .._...,.’( ) ). o e

i NATURRE CF HAZARL

ot the categories of LATURE CF HAZAKD,
PRECAUTIUONARY MOASUMES, ana

voEn Select Vol inteers wore dropped
InLaCt wpon maint narce time,

Ry A Y R T R N M S A A P g Wy
h \ - ' - L) o

v

¥

b )

'K’.'q.'t: c .: ‘- < @ f_'("(;‘ d

"-.. L A

.

Y
g

e Y S ]

P}

LY
A

y

'y

"y .“.‘.-
DR

R

a'e

1, 419 .'-"'.,"
[ ‘

5.9

Nuw

-.5

‘;‘r'r"

TRy

S

4 A\
s



rﬂmﬂﬂﬁﬂﬁ?ﬂﬂ?ﬂﬂﬂ?ﬁ

Thus, the causal factors iudent:ified by the CBP process ir tie previous
study haa bDeen reducea to tive critical variables., (Tubir 5 dericts the
resulting five factors that experi: in maintenance pecforian & roported to
atfect nmaintainer performance tine.) ‘The next task wao to u'e Lnese
building blocks in such a way that the relationships between stress and

maintenance time could be aescribea ancg preaicted.

Table 3. <Causal Facstors ditecting Alrcraft Maintenance Time

Causal factor:

Prepare for hacara
nature/seriousnes
chance to acclilmatco
able to take precautiono
intormation on hazarau T

Tack Compiexity —— =

TT—— —— ~
T e— ) ZUs 1nCrease
BXpelienc. of . el tane Lo
Tecunicienc - ’",,uzﬂi::;/" conplete task
V B ) . I e /A/ —
Fayoff fcr bpeeud — e
Neea Others to -
Coryulete lasx
INDUSTr Y SME estinghen:: For Unt X Yashko = 0%
rer Prbds TASKDY = G
Lir Natilonal Gulr @ ort.mate: Cw
R s
A0ne SME i1nvoivoo o
T eltorts then reteinea oo odtlosre g natbenaricsl moncl 0 acconpliss

LOLS LSk, hiuwoewor, D LI Ol Lasdel Crerdged concernityg Lo odnaneas of

trylng to ceprure this oninernenon with 2 mathematical mecel. 7 <he originzi
CLocal ad Tan gUs wehie SCLULINT e, rend wal cadand oo Lo o ©ovhe data
Coula el oevaor, the canrie oparating o Sooines culiiog tour L onumber of
jnaepedent 2CLOLS N LAnenr Cerotlons Lo 30t ibe relatt LT ameda K

ractor s, kyvuen after collapsing ©oo 1L factors nto fi1ve, too Lonuiting five

tactor., were not inuvcienuent. or I¥ang ke, most oof Lhe Collex tasks oin the

orliglnol otacy regoired ornpevs o Lccomul ol them.;  Not wa. the shape of tie

relati nship amoeng € TaCior: RTIAS oI (For cxample, cor iaer the factors of
1

the ex, erience oi tue tochnica .o 2aag the corolexaity of Lhe task they are
askea Lo periorm. Yo G certalr oint, tho more exXperlence & technislan has,

the le s complen Che vtk wils 1o Tor that verso.n; thaet 15, necause his

~ I

eXperlence has 17u Do tadoeugh oy CoMpplex tuien, Daoh tanrg are not as
complicatea Lo Lot e, however, ftheoere 1o point where o tar <
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1s sutficiently conplex that even tihe most experienceo tecihnician will tina 1t :‘
so. Therefore, the relationshlp betweern wxperience ana task complexity woula .
be linear to the point at which the task is so complicatec tnat it makes no fz
: dirterence how exgerienceu the technician is. Thus, what naa beer a linear '
h relationship would turn into a curvilinear one when extremely complex tasks
: were taken intc account.)
p
Equully important to the lack o! 1ndepenaent factors is the i1ssue of
] interacring varlahles. <Consider tne situation in which the maintenance task

- 1s a simple one. 1t 13 reasonable to assume that simple tasks in a comkat
scenario woula be performed faster when the technician coula reduce his own
exposure to danger by doing so. (n the other hand, when the technicien would

. not enhunce his own safety by hurcrying, there 1s no reason to precict that the
task would be pertormed any guicXker than under normal circumstances.,
The coriginal gata confirm trnose =xpectations. wnen maintenance experts
9
0
|
g
>
’
4
)
]

assumec there would be no payoff ior accelerating maintenance time, they
preaict=a simple tusks to take no longer in a combat scenarico. When they
assumea there was a payoif for nurrying, a 25% acceleraticn was predicted.
This interaction i1 showe 1n Table 4,

Tavle 4. Tne Interaction Between Task Complexity and Payoff
tor Speea in Precicting Aircraft Maintenance Time@

Task Parolt Maintenance
~ompiexity LOr Spoeq Lcoceleration
simpgle YEs +25%
simple o 0%

40nly the cimple task comdicion is shows,

The complicatsu racuve i - ae wrealcticn process 15 not fully captured by
the precealny axaf;iie, LUWeVe.L e a0V Lrealstions were made by experilenced
clvilian maintenance priowvanel Lo assumed that Alr Force maintenance personnel
also wouln we experisnced.  wWhoin on u;z cational Guara SRE mede his predic-
tions, he assuimca inat A1 Porce malntalasrs would be Lo xperienced. WwWhen
this erperience .. .~ .4 addc.! Lo the relationship, the process involves
three factors ant (. evon pors cuipllcateo, Table 5 depicts these relation-
ships. Crarcing the assumplicn of having oxperienced technicians to one of
tecnnicians coanded the sign of the predicted malntenance
Ligures wire taken foon the <riginal datal

naving 1nexperiecncea
time!) ALl of uthese

The dnterasions Anorg bhxperience, Tas< Complexity,
for Speed in brealcting Hircraft Maint-nance Task Time

LMperienced Tank Payoft Maintenance
techniclanc COMpiexitly _for speed acceleration
yes simple ves +25%

VEs Sinpie no 0%
no_ Sl VED -40%

e s e e e e T
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The findings in Table 5 were all obtained for the condition in which
others were not neeagea to accomplish the task. When others are neeaed to A
accomplish a simple task, an even nore complex pattern +«nerges involving four k.
factors. The conultion in which others are needed to complete the task L.
proauceu both an accelerated and a decelerated maintenance time, as shown in ,
Table 6. :j
.\
¢
Tuble v. The lnteractions Anwng Need for Others, Lxperience, Task X
Compiexity, ana Payoff for Speca 1in Predicting Alrcraft Maintenance Time
. oK
Others Experlenced Task Payoff Maintenance L:
neeaed tecunicians Conplexivy ior speea acceleration K
no yes simple yes +25% BN
no yes simplie no 0% -
no no simple yes -40% -
3
yes yes simple yes +53% N
yes y €S simple no ~16% Qa
&
Thus, even this liwlted uataucse shows the importance of modelling the ’J
interactions among the factors. <
)
1f a mathematical model were artempted, these interactions would have to kY
be represented. 1lnteractions can be aescribed empirically when very large
catabases are used. It is even possible to model the four- and five-way ,ﬁ;
interactions that woula be requircd to preaict the effects of stress upon ;
mainternance time. iLowever, it would require extremely large databases to &-
Lulla onu subsequently test the model, Large aatabases containing this *.
information are not available at the present time. Mathematical modelling ;
trom a conceptual stanapoint also presents serious difficulties., Five L
interacting factors traln 1ts capgacity. $
|
because of the problems encounterec in meecing the assungtions of a &
mathemutical moael, an alternztive form of mocelling was sought that would .
capture the ftullness or the relationship botween stress una maintenance time. ;Z
s mouelling approuch was deblrea that would preserve the power of using expert N
Judgment as a gata srurce, while, at the same time, Le sufficiently rigorous K
TO aGvunce oul knowledge about the impact of stress opn maintenance times. :
S
IV, THb 1DENTLIFICATION POINT MULEL -:
.
i-‘
In addition to the aforecitea goals oL cuuceptual rijor ono utilizing N
eXpert judgment, the mogelling approach haed to produce & toot that would Lbe ;‘
sufficiently structured to allow «osy application by the user. It is tncougit by
that tue mouel describea below accoumplishes these objectives. However, when by
reviewing thils type of mouel, the reager needs to depart from thinking of o)
vquations anu formulae. Instead, 1 framework should be set that permits the ::
aetinition ot variables to bLe somewhat "fuzzy" (as defincd by the context in iy
J
st
iy
|
I *
~
N
'I
::.
)
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which tihey are embeadea) while still being uniform enough tc maintain
sufficient rigor and to have meaning for users of the moael.

The tool to be described will be called the "Identification Point Model."
The Iaentification Points (1Ps) in the model are the means by which data will
be storea in thils predicticn tool and also the anchor points at which the end
user will fina answers to guestion: concerning anticipated changes in
maintenance time 1n a combat situatlion.

It 1s intenaea that this nouel will allow a user to employ each factor in
the moael in combination with every other factor. One level of each of the
tive factors ot the moael will make up each IF. Thus, each IP will be
aescrivea by every factor.

when using the mouel, the users woula cefine their own prediction problem
in terns of the factors in the moaecl. For example, the user would determine
whether the task was high or iow ¢n complexity, whether the need for
involvenent of others would be higii or low, whether the fayoff for cpeed would
be higi: or low, and so forth. 1n this way, he or she would match the
predic:.ion scenarilc to the appropriate IP, After locating the best-matched
1P, the user then would retrieve the empirical evidence, the maintenance time,
which nad been previously gathered from SMEs and had been storea at each IP.

The type of moael proposed here differs from a mathematical formula in
several ways. The IP model is a way of categorizing exicsting data in such &
form tuat the data can be easily retrieved by both sophisticated and novice
users. 1t differs Lrom the truuitional mathematical model in that the problem
aoes nut regulre the numerous caicalations to make predictions. It does
require that a previously acquirea information base be sequenced and stored so
as to serve as the basis of estimating the effescts of stress upon maintenance
time. The tool, itself, woula channel the user's attention to the most nearly
matcheu IP of the model. Each IP would contain several levels of detail of
information, thus giving the user numerical estimates of maintenance time
change.; ana, very importantly, contextual information from which the numbers
in the mnoael were agerived. Thus, the user would not te relying blindly upon
numerli:al estimates alone.

belore going to an actual example of how the model wouulo be used, its
construction trom the original aata will ve describea.

vonstructing tne IFs from the Data

The L1rst step 1n constructing this model for data storaye ana retrieval
was to l1aentity the 1Ps of the moael., The intent of the mouel 15 that each 1F
will represent a unigue combination of factors in the mcitel. That is, one 1P
1N the noagl woul: e represent.d by a high level of each of the f{ive
tactors. Another U would represent a low level of the first factor and a
nigh iovel on each of the renaining four factors. This factorial cycling
would continue until eacn combination of factors was represented. It was
aeciaeda to make cacn ftactor ailchotomous in order to ke2p the mougel simple and
to make the clearect reterent points for a user of the nodel.
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:?, The re-examination of the data haa 1ndicated that five factors were used
y{ by the sMbs when making their estinations of emergency malntenance time.
' However, the nature of the hazara had peen assumed by all the SMEs to be such
Y that the maintainer could prepare tor it and/or take precautions against it.
hé In essence, even though they often cited the nature of the hazard as a causal
ﬁ\' factor, they used only one level ot the factor as defined here (that level
ﬁb being the case when precautions could be taken). Because the SMEs had used
& only one level of this factor, the preliminary analyses in the present effort
were ccnfined to the other four factors. Wwhen the two levels of each of the
Qﬁ four remaining factors were combined (2 x 2 x 2 x 2), a matrix containing 16 i
gu Irvs was obtainea. Each IP in the matrix was assumed to be in the condition in
ﬁp which maintainers couia take precautionary measures against the hazard. The
o IPs are shown in Table 7. -
R
M Table 7. The Icentification Point Modszl
n..
;g' Factors Numerical Classification of Identification Foints
o 1 2 3 4 5 6 7 & 9 10 11 1z 13 14 15 16
o Task Complexity H H L L H H L L H H L L H H L L
) Lxperiencea Techs i B H H H H H H L L L L L L L L
i Payoff tor bpeea H B K H L L L L B H H 4 L L L L
.:: OUthers iveedeu H L H & H L H L H L H L H L H L
.‘"‘
g& Four ot the factors of the moael are listed: task complexity, experierce
NN ot the technicians, paycoff for speed, ana need for others. "H" stands for the
high tevel ot a factor. "L" stands for a low level of a factor. The level of
o) each oi the factors at each of the 16 IPs is defined by the column under the
%: 1P numuer. For example, IP #7 15 characterized by low task complexity, high
1 experience, low payoff for speed, and high need for others. All data that
% were collectea in which SMis assumed this unigque combination of factors to be
:¢ operative are represented at this 1P,
ﬁi In the origin... staay SMbBs .. sumed that precauticnary measures could be \
%J taken tor the ha‘ire; so, this !uroor was not dichotomized in this Table. We §
b will introauce ti.. stoe: level @ this factor, that beinc when the technician
R coula ot prepare Luf tne auwzard, when we aiscuss additicnal cgata collected 1in
) this s .udy.
: a5sign.ng Lkxperts' Judyments to the IPs of the Model )
‘ﬁ T data were examined to determine the bect match between the IPs and
‘: each c.se ovtalinea 1n the study. A case 1s definea here as an SHE's judgment o
x ~t mal-.tenance time elther for his own task as recounted to the interviewers '
7 or for the hypothetical combat s=cenario. A careful exarmination of all
i recorg.u responses ot each SMb was made in order to determine what that \
o jersor.'s assumptions were about cach of the f{actors in the nmodel. After the !
: ueterm.nation was made ol whether each case was high or low oun each of the
a_ ractors, the case was ascribeda to the appropriate 1P.
0
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Several analyses were conaucted, The civilian SMEs' estimaticns of the
change 1n maintenance time between their own tasks performea in an emergency
siltuation ana the same tasks performed under normal circumstances were
analyzeu (Table 8). The predictions of these same experts for a combat
scenario were analyzed (Table 9). The predictions of Air Wational Guard
personnel were tabulatea (Table 10). Finally, all the data wcre combined
(Table 1li) to obtain a first look at how malntenance time was distributed
across the aifferent iPs in the model.

The IPs in Table 11 contain judgments from varying numbers of SMEs,
ranging from one per IP to six per I[P. Several experts' scores were
eliminatea (one score from SME 5, one from SME 12, and one from SME 16)
because they coula not be categorized along all four tactors with any degree
of certainty. Two aata elements were changea from the way they had been
erronecusly scorea in the first report (SME 2's description of differences
between normal ana emergency conditions ana SME 4's Air Force prediction).
TwOo aata elements were adaed because two experts (SME 6 and SME 18)
aistinguished between experienceu and nonexperienced personnel, reporting
corresponding numerical estimates of maintenance time.

Table 11 allows a first look at how well the model organizes the data and
a preview of 1its potential predictive power. Eleven of the 16 IPs in Table 11
contain data. The vestiges of the findings of the earlier report can be
seen. At IP 8 where the task is simple, is performed by experienced
technicians, has a low payofft for speed, and does not need others to perform
the task, no change 1n maintenance time is seen. This corresponds to the
tirst report. At IP 5, where the task is complex, is performed by experienced
technicians, has a low payoff for speea, and needs othersz to accomplish the
task, a median value of 20% performance deceleration was obtained. Again,
this finaing corresponds to the results obtained in the original analysis.

The other IPs are even more interesting in that they contain what were
formerly the extremes in the range of obtainea findings in the preliminary
stuay. The absclute values fluctu«ted as woula be expected in this type of
etfort (especially since the 1P tramework was imposea after the fact), but
preaiction values of the same sign reside within individual IPs. This is seen
at 1Ps 1, 3, 4, 8, and lz, where the signs of the estimated changes in
malntenance time are the same within each IP. IP 5 contains one 0 and four
aeceleration estimations. IP 7 holds two Us and four deceleration values.

"he ract that the "extremes” tall into meaningful patterns within the IPFs
ienas cubstuntial creuence to the utility of this mocel.

Locking at the way the mouel orders the aata, it is seen that a great ueal
of 1ntormation is at hana to prealct maintenance time on tasks performed by
technicians with appropriate (type ana amount) experience. This is likely due
to the tact that the SMES who worked throuyh the CBP method to produce thece
aata were experienceu technicians. Six of the eight IPs in "experienced
technicians" conaition contain aata.
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Table 8. Change in Maintenance Time Between Normal
and Emergency Conditions in Industry

High peyoff for speed Low povyoff for speed

High complexity Low complexity High complexity Low complexity

high low high low nigh low high low
need need neeg need needgd need need need
for for for for for for for for
othere othere othares othere otherg Others others cthere

High
Experience
Technicilans

IP

Low
Experience
Techniciens

IP 12 J

J ,:.-.-'.:'..-

i

= performed faster than normal.
performed slower than normal.
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Table 9. Change in Maintenance Time: Industry SME's Predictions '
cf Pir Force Combat Maintenance Time !
h,
(N
v
0
High payoff for speed Low payoff for speed Q
W
| High complexity Low complexity High complexity LOw complexity Iy
nigh low high low high low high low 2
. need need neeg need need need need need !
for for for for for for for for /]
otihere others othsre otherse othere Othere othere othere ot
1)
1
‘ r{
; 0
' -11 +33 +25 -33 ~-13 0 q
H1gh -19 +74 -19 0 A,
N Experience )
Techniciens ;
' ‘
K IP 1 2 3 4 5 6 7 8
[ nd
.’-.
I‘
n
: ~22 -50 "
! LOow A
1 -66
Experience /
Techniciens
3 N
) bt
1P 9 10 11 12 13 14 15 16 -
K K
! ¢
> P
13
<
-,
! -
’ + = performed faster than nnrmal. "
y - - = performed slower than normal. \
4 .
-
-
-i
>
e
x
l ,
! t
’
rg

.
DN s



“ Wat et Ha% pat Ha¥ 4% 10" WAV, 42¢ aVatn®a 2%, %0, 00" 0a" tat ® 1a® .02, 00", V2% Fa¥ . at ¢ ‘ ‘h' LTOR TR ' \d _ O .c‘.“‘ “ ‘ 0" ga® '~ n'.:.-,

b -

Q}t{r.-rf'

»
<.

I
«

o

Table 10. Change in Maintenance Time: Air National Guard's
Predictions of Air Porce Combat Maintenance Time S

High pevyoff for speed Low peycff for speed

v

High complexity Low complexity High complexity Low complexity A

high low high low righ low high low A
need need need need need need need need 208
for for for for for for for for B
others Othere othere others others o©others others others Tx

-20 '!‘
High et
Exparience ®
Techniciane . ¥

IP 1 2 3 4 5 6 7 8 nh

£

H
o
()

i
‘_\
(e
34

"

LOw
Experience
Techniciloene

?&

9.
>

L

1P 9 10 11 12 13 14 15 16
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+
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performed faster than normal.
performed slower than normal.
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High
Experience
Techniclans

Ip

LOow
Expertance
Techniciens

1P

Tabl

e 11. Change in Maintenance Time:

High peyaoff

for speed

High complexity Low complexity
high low Bigh low
need need nesac nesd
for for for for
otharo cthers others others
-11 +33 +25
~19 +74 +25
-20
1 2 3 4
-20 -22 =40
-50
-66
9 10 11 12

+ = performed faster than normal.
- = performed slower than normal.

All SMEs'

Predictions

Low pevyoff for epeed

High complexity Low complexity

high low high low

need nead need need

for for for for

othaerse Others othere others
[

0 0 0
=20 0 0
-20 -13 0
-33 -19 0

-100 ~-19 0
-153
5 6 7 8
=50 -67
13 14 15 16
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within the "experiencea technicians” conaltion, it can be seen that when
there 1s a payoft for speceu 1n completing the task, siupgl. tasks (IPs 3 ana 4)
are predicteu tu be performea more quickly. Thils holus true «~hether the task
15 performea alone or others are needed to complete 1t. Vhen the task 1s
complex ana ovthers are neeaed to complete 1t (IP 1), maintenance time is
judged to be slowed (19%), even though there is a payoff tor speeda in
accomplisning the task.

stiil focusing upon experlenced techniclans, when there is no payoff for
speed, =imple tasks are predicoeu to take neitier less nor more time when
performed alone 1n a combat situaticn (IFP & is uniformly ). When others are
neeaed to complete a simple tosk Lor whtcn there 17 low paycsit for cpoed (IP
7), more tilme 1% necded; the !uatter nolds 1r a complex task witn the cane

parametecs (1P 5j. (Botn corblen dne Simsle tasks, IPs S oang 7, receivea a
mia~ranygye value ot ne=airly 20: lonuer cike to au the task when there was no
payoftr ror speeg.)

Glven even thle preliminery analysis, 1t can be saiw that these four
tactors 1nteract to proucce custinctive combat clrocumitances in which
mainterance tlme can pbe prealctew. Maintainer perforience time wceula be
Gecelcrated 1L the ¢ rounitanoes by iPs &, S, Y, 14, 11, 1l&, 13, ana
lo. It woulu be acceicicted tuations similar to thooe at IPs 3 ana 4. 1t
woula sS00W NO Cadange in a sceaaric such as I 8,

|91
-

V. HOw T14E MODEL WOULLD BE USLO
The filrst step in utliilzing the model would be for the user to natch the
preaiction sltuation to the apvropiiate 1P in the mod2l, In order to ¢o this,
the prealction situation 1tsell would be categorizea by simply determining
whether 1t wes high or low on each of the four fa-tors. (The re-der may wich
to return to Table 7 to see the 1y mouel.)

Fou example, 1t the situarian in guestior were higlh on all the facters in
Table 7, 1k number 1 woula be the pest match., IL the prediction scenario were
high o experience ol technicians and aiso had a high pavoft for speed, but
low orn the other two tactors, 1P nuieer 4 woulu be the Lost matoh--ana so on
througn the 1list.

Atier cetermining the choracterist 1o (rrgh va, 1ow) on —aco of the four
factor ., anu aeclaing upon the IF Lo which bte preulction scwnaric w.S best

natche.., tre data at tnat IP would be roetricovea.

The retrteval of “ue cata ooulae take several [orns. ©1rst, ana moest
simply, the nean oo medlan veluo of performance decelerat ion/acceleration
Could e obtalneu., A Slhyle value, O d lwewn accompanisd by a standard
aeviation, woula Lo uselul when ihe user wanted only a general estimate or
wanted O comulne several single values into & planning exercise that requilicu
wStimates ior multiple Casnces,
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On a more aetailed level, the entire range of values couala be obtalned,
thus glviling more 1nlLormation to the user and allowing the ncser Lo see the
variation in the data, the aistribution, the worst case, the bhest case, and
tnhe mouel case.

Finally, the user could request the actual case vescriptions (the task,
the maintainer, the context in which the task was pertornea, etc.) from whicn
the numerical aata were aerlvea. Thils would allow the user to gain even more
insight into the phenomenon. Thereby, a better understanaing of the causal
factors that arove the predictions would be obtainea. Special causes that
might operate, either in the particular case the user 15 estimating or 1n
analog cases, coula bpe determinec f{rom rais use of the model. This woula be
especially helpful 1t the user were going to employ the moael to engage 1n &
CBP process. In such an instance, the most closely natchzd case(s) at or
clustered around the 1P could setve as the comparison case in a CBP
application.

As an example ©f how this toul might be utilized, 1maegire that the user 1s

trying to estimate the change 1n maintenance time for a combat scenario in
whicn an experienced maintainer woula not enhance his or her own safety by
getting the Jjob aone quickly. The cack the malntaliner has to accomplish in
bxanple 1 is a sinmple one that reguites otheds in orcer to get 1t done.
{(Table iz cescribes the situation of Example 1.)

Table 12. Example 1

This situation woula be characterized y:

Task Complexity = L
Experience ot Techs = H
Payotf for Speeo = L
Neeo 1or Others = f

This pattern ot situation characteristics matches 1P 7 ot the model. The
change 1in maintenunce time date at IP 7 can be retrieved. The aata may be
used 1n summary torm, all percentage figures may be retrieved, or the
vignettes uescribing the cases from which the percentage of changes in
maintenance time were aerivea may be retrileved.

bata from 1P 7 are shown in Table 13 and Appendix A.
Table 13. Information About Alircraft Mai: tenance
Time Retrievea trom 1P 7 for Example 1

Meuian = 19% ceceleration.
kange = 0% - i53% aeceleration.

All obtainea percentages:
0, 0, 13, 19, 19, 153% deceleration,.
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V1. ADDITIONAL DATA COLLECTIOUN

Aaaltional aata were coullectea tne summer of 1lY6b 1n un attempt to
cotain 1informaticn about several of the IPs for which data were unavailable.
It was hoped also to get a prelimlnary notion of whether infourmation coilectea
trom malntainers performing in a aifferent environment woula be similar to
that ottalnea 1in the preliminary study.

i

bate were gathereo trom SMEs responsible for the maintenance 6f tlle-

tightinj egulpment 2anc who hau recently used it to extingulsh a fire resulting
trom a large chemlcal sp1ll. This was an extremely dangerous situation for
the personnel wnho tougnt the Lire ana
tnelr repall tuiks at the site of the fire.
extinguish the L1lre. TOX1IC qases releasea trom the fire tormea a clouc that
threatenced aajacent communities, several ot which haa to bLe cvacuated during
the course of the incigent. [ata were collected approxinately 2 months after
the 1ncident occurrea,

tor the maintenance people who porformea
Four days were neeccd to

Uniy two Mmalntenance people were 1nvolved in the 1nciaent. Thne data pocl
i5 theretore small--similar in number to the Air National Guara SMEs (n = 3}
In tue tirst stuay. however, 1t must be remembered that the i1ntent of using
eXpert juaglent 1s noot to run large numbers of subjects as In an experiment,
tut to capture critical intormation within the experience base of each cxpert.

Trhe CBP methou was usea tu leau the SMEs to a preulction of maintenance
tilme Clange 1n an Alr Force combat scenarlo. The two 5MIs
p-ersonliel permanently empluyed by an urban tire departie.t,

were maintenarce

Jnc was o a highly

experlenceu malntenrance person who also haa some experlence vealing with
emergerncy Situat....., althoug: v s5e emeryenciles had poscvu no threat to his
owhn personal Sat-t.. The other SML was less ciperiencea in raintenance (e
calleu nimcelf o rately exgeorictoedy, but did have experience oo
itirefliunting, wi Fhealls saerable amount of exposure Lo personal
uanger.

The SMLS were guidea through ttie CBP methoa on two Scparate occasions.
oeven LuSKS were recounteda seven pregictions made.
uescrirca by the less experiencea maintdainer anag three by
wXperlcnceu malntenance perscn.

tourl tasks were

the highly

alld

The Shis tirst were askeu to determine the diftferenc. in tin. between
normal ana the emergency conuitions to complete their tusks, A
nypothetical Alr Force scenario was then described and tilie experls were askea
to preuict the time for Air Force maintenance personnel o complete a similar
task under emergency conaitions.

the

Wi

bacti of the tasks performed in this emergency resulting from the spill was
evaluatea separately on each of the four factors in the model 1n order to
uetermine the IF which it ila be assigned. The same proceadure was
followea tor eaw reaiction yoneorated for the Air Force scenario.
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Table 14. Match of Disaster Incident SMEs' Eredictions to
Those in Preliminary Study

ngh pOVOFf_ for spoea Low pevyoffFf for speed

High complexity Low complextity High complexity Low complexity

nigh low high lew high low high low
need need nead nesad need nead need neesd
for for for for for for for for
others others othera others othereg Othere othere othere

+43§ +25a
+80 +50

High

Experience
Technicilens

1P

Low
Expoarience
Techniciena

IP

performed faster than normat.
performed slower than noymal.

a , .
values obtained from actual disaster incident.
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Table 15. Match of Disaster Incident SMEs' Predictions to
Those in Preliminary Study

High pevyoff for speed

Low peayoff for sgeed

High complexity Low complexity High complexity Low complexity
high low high low high low nigh low
need need need need need need need neea
for for for For for for for for
others Others others othere otherg Othere others others
-11 +33 02
-19 +438 +104 -33 -13 0
-20 +74 +25 +19 0
+802 +332
+502
+5348
1 2 3 4 5 6 7 8
~-20 ~22 -40
=50
-66
9 10 | il 12 13 14 15 16

+ = performed faster than normal.
performed slower than normal.

a .
values obtained from actual disaster incident.
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High
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Table 16.

Y R IO R R M X

Prepared Condition
Change in Maintenance Time:

for epeed

High complexity

Low complexity

high low high low
need need nsed need
for for for for
othere others others oOthers
0
-11 +33 +10
-19 +43 +25
-20 +43 +25
+74 +33
+80 +50
+80 +50
+53
1 2 3 4
-20 =22 -40
-50
-66
9 10 11 12

I}

performed faster than normal.
performed slower than normal.

A

[
~

All SMEs in Both Studies

Low peyoff for speed

High complexity Low complextty

PN Ws Y SO

(" ata¥a

high low high low
need need need reed .
for for for for
othere Othere othere othere
0 0 0
-20 0 0
-20 -13 0
-33 -19 0
-100 -19 0
-153 0
5 6 7 8
50 -67
13 14 15 148
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Table 17. Unprepared Condition
Change in Maintenance Time Between Normal and Emergency Conditions

fx
Lr

-
At

| High peyoff for speed Low pevyoff for speed Y
| il

High complexity Low complexity High complexity Low complexlty o

high low high low high low high low
need need need need need need need need A
for for for for for for for for Ay

High
Expertience
Technicieans

1P

LOwW
Experience
Techniciense

IP

others others otheres othere

=31

-100
-100

performed faster than normal.
performed slower than normal.
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teature, a case description of each incident that servec as the comparison
case also can be gleaned from this type of modeling, thereby providing users
with i,ackground information from which the maintenance deceleration numbers
were uerived.

VIII. RECOMMENDATIONS

In further refining this model to preaict the effect of stress upon
maintainer performance time, what should the next steps be?

L. Full-scale data collection should occur.
<. An automated decision aia should be developed.

3. The preaiction values obtainea from the model shoula be synthesized
with extant information about sortie rates, thereby enhancing the guality of
the predictions on sortie rate and answering the overriading questions on this
issue posed to the planner.

A full-scale study shoulu be conductea to obtain the necessary inforration
to f1ll each of the IPs of the model. Ten to fifteen data points woula be
collectea for each IP of interest, thereby generating sufficient numbers from
which to construct estimations of maintenance time.

In & full-scale study, the boundary conditions of the Air Force combat
scenarlo woula be specifiea for the CBP method to be useu. For example:
SMEs, when predicting the Air Force maintenance time, would be told that the
technicians in that situation would not be highly experienced. They would be
told to make their preaictions about a complex task that was performed alone,
The amount of preparation that would be expected for a particular type of
combat situation woula be specified.

In addition to the relevant causal factors derived from the present cata
base, other tactors shoula be incluadea as well, The role of sleep deprivation
and fatigue woula be systematically investigateu. Very importantly, the issue
of the quality of performance should be adaressed since a task that is dore
incorrectly has a critical impact upon the aircraft's performance in combat.

Tuere are groups of non-military maintenance personnel whose job it is to
spearheaa the cleanup work for chemical spills and other similar incidents.
(Sucli personnel rcu tne task ot cutting open the tanker carrying the
phosiphorous in the inciaent aescribed in the seconao phase of this paper.)
They work in extremely hazaraous situations, each of which may be somewhat
unique. Conseytiently, preparation cannot be as extensive for them as for the
SMEs (constituting the current uatabase) in the hazaraous chemical plants.
The understanaing of how the lack of preparation affects the performance of
technical tasks in stresstul conaitions would be enhanced Ly using such a
grouj- of SMEs. Again, the non-military judgments woulu be augmented by those
from Alr Force personnel, especially with respect to quality ot performance.
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Since the bounaary conaitions of the IPs in the moael can be specified :*
beforenand, the oraer in which to collect data for the IPs is not rigidly 9
ceflneu. Consequently, special situations (IPs) that are of greatest concern >
to the users coula be isolated ana given heavy emphasis when collecting data. i
This coula be done at any stage in the research. ¢~
"
The IP model outlined in the previous pages is derived, methodologically, 'R

trom a completely crossea factorial design. However, it would not be !
unexpectea that certain cells in such a design would have little meaning for
Alr Force planners. If this were the case, no effort need be wasted in o

collecting aata for such conditions. }_
o
. An automated decision aid could be aeveloped. Using this decision aid bv
woula pe easy ana the database itself would be tied to a user's computerizea {,
information system. The decision aid would be one that users could employ »
while sitt..g in their own offices. 1In such an application, the user would X
enter 1nto the computer pertinent information about the situation for which N
preaictions were needed on each of the model's dimensions. (For example, ¢
woula th2 technicians be experienced? Woula the task be a complex one?) The “%
computer woula reply with the preadicted change in maintenance time for the
type ot scenario enterea by the user. [

1n adaition, the cases from which the preadictions were cgerived could also ¢
ve presentea. Thils would be useful if the user wanted to follow the )
preaicrions process employea by the SMEs from whom the data were collectea, in *
oraer o further retine his or her own predictions. The i1nformation obtained 4
trom tne preaiction model coula be synthesized with other Air Force databases
concerniny sortie rates.
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APPENDIX A: CASE DESCKIPTIONS OF AIRCRAFT MAINTENANCE
TIMES RETRIEVED FROM 1P 7 FOR EXAMPLE 1

(No change)

This SME had been a chemical plant operator for over 5 years. The
jJov he selectea as a comparison case was taking samples, which usually
requires 20 minutes. 1In this case, he was taking sanples of a chemical
agent, ana in the process, the fluia ran over his gloves and portions of
his suit. The job still took 20 minutes per sample. He did not see any
stress ertfect, given his level of experience.

(No change)

This SMk was a chemical plant operator. The task he usea as a
comparison case was cleaning a leak that developea atter a machine broke.
The machine was full ot a liquia which had leaked. 7The cleanup process
took 2 hours. No effect of psychological stress was reportea.

deceleration

This SME worked as a chemical plant operator. tHHis auties were to
destroy the chemicals. These chemicals would arrive in various types of
contalners. He would unpack them, remove the chemic«l by shearing or
drilling into its contalner and draining the chemical, and incinerate the
container in a furnace. To perform this job, he would enter a specially
sezlea room. He would alse mave repairs on equipment in the room, connect
hoses, and so forth. The average worker enterea the room 50 to 100 times
auring their employment. There was a 2-hour limit to the time a worker
could spend in the chamber, and a limit of two sessions per day. Over
6,000 total entries to the room had been made without aaverse effects.
Oprerators wore the DPE ensemble describea in Klein and John (1986).

The task performea in tne incident he described was replacing a
connecting line tor chemicals. Connecting lines wear out and becone
blockeu. The task was a routine one. Ferhaps the bust comparison was to
performing hydraulic system repairs with the pressure oft. Ordinarily he
cuila replace a 1l0U-foot section of line in 4 hours. Wearing the special
suit, 1t woula take him 4 hourcs tc replace 50 feet or line. In this case,
the line had been "eaten out" pecause of the chemicai. The pumps haa to
Le turnea off, and valves closed. There were chemiculs in the line anu on
the: tloor. Tne task required team cooraination. They coulae sce leeks.
The:y couiu see chemical vapor in the air. Under the.e conaitiens, t r a
5U-toot section that they could usually replace in 4 hours, the tusk took
them (ana the follow-on teams) an adaitional 42 minutes. ‘he extra time
wWa3 neeagea in part because of the restrictions causeu by the suits they
were wearing. They coula not work too fast for fear that they woula tear
the sulits. The suits were cumbersome ana heavy, altLough communications
s€re not a problem. In part, the extra time was due to physical stressors
such as heat ano humidity. A major reason for the time increment was the
emoticonal stresses. Personnel were more distracted by noises and sudden
movements. They checked on their buadies more often. They checked their
breathiny apparatus more :-ften. They got tired faster and had some
aitficulty concentrating on the tasks. They checked and doublc-checked
the subtasks mure carefully. In general, they tenaeu to move more slowly
ard carefully.
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153% deceleration
This SME had workea as a chemical plant operator for 3 years. The A

task he selectea as the comparison case was hooking up aifferent
contalners, a 1l5-minute task. With chemicals in the containers, the task .
took between 35 and 40 minutes, primarily because he kept double-checking o

to make sure he had completed each step and that no connections were o
leaking, He deliberately moved more slowly and carefully. g
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