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Abstract

The incroduction of decision aids and 'H'Il?ll‘luﬂﬂ.l'-
besed expert sysbems incurs resistance when oon-congen—
ial styles of problem solving are inposed om weers. Oa-
going resecarch addresses the deslgn of computer=based
display &nd analyels systens vhich cater flexibly to
personal styles while provdding oon—ohtrusive safe=
guards against potential errvors and blases. Capabili-
cies which perait sonicoring of the weez's cagk by the
computer and of the computer by the user have been ex—
plored.

The Frablen

Hi;gh—ll'l.ltl uaers of computar-haged infarsatien
ayacams fypically find that e=ither too little or too
mach belp is niE_trv:d.. [8172] On cthe one hand, sophisci-
catied systems are Avallable [oy dats recrievil, analy=
fis, &nd Jdisplay, yet they provide little guidance in
gelecting the information chat owght to be recrieved or
the cype of anslysis which che user ought £ apply. On
the ather hand, decision aids and knowledge-based ex-
pert systems typlcally impose an analytical scructure
and mode of interaction which Buy prove ipappropriste
of uneongenial to the user's own preferred siyle of
problem solving. Users, im shorc, are caught hacwsen
A¥ACams That subtomate routine fonctlons and svetems
which camnot help but domdnate amy dizlogue with the
decision meker,

It mdght be thought that as compoter-based syscems
mord compleCely suLomEata intellectual casks, the isgue
of user preferences will become moot. Yet the most
critical characteristic of these new applicacions is
that they are neicher Tully ebjective nor demonstrably
optimal. ¥nowledpge-based expert systems incorporate
the zssunprions and modes of reasoning emploved by hu=
man specisliscs, Desigiop=snalybic alds peovide lug;:l.cal
censtralnts for inputs from buman experts or decisicn
makers regarding subjective probabilicies, preferesces,
and problen structure. Boch kinds of systens are appro-
priately regarded only a=z £allible adviscrs. Complete
avcomacion could be inapproprisce Lf ueeTs poBsens aube
stantive expertise or analytic insightes mot incorporated
in the compueter.

Fhat s required, both to encourape uwser acceptance
E te enhance aid performance, is & Teparcolre of cech—
alques Far Blending che expertise of the user and com=
puter. Soch techniques must be fioe-grained and flewdi-
ble snough co capture shifcimpg aveilabilicies of hueman
and computer rescurces, relative levels of expertise,
and wser preferences.

Unfortunately: in the design of systems that fester
cognicive callaboracion, ™wo Basic ohjestives Cend Co
conflict: Om the one hand, we want €6 exploit user inm=
puts where (snd only where) ther can enhance the over-
all credibilicy of ald cutputs. 0@ Che orher hand,
users have thedr own preferences and styles of problem
selving that may naf cerrespond to optimal pacterms of
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allocating cognitive effert. By impodiog a rigid struce
ture oo person—machine interaction (howewer "optimal'

ic may be from the point of view of realacive exparcise).
the Bet oubéome may be lesg effective problem=galvimg==
including perhaps a failure to use the system altogether.

Te deal with these conflicting ebiectbives, Suf De=
search has focused on three broad capabilities im cog-
nitive system desipn: =
s flexible blending of computer armd’buman contri-

butions. onder the persomal control of che user:

# peniteriog by the cooputer of selested human=
performed tasks; acd

& woeritetiog by the human of selested computec=
performed casks.

The first principle maximizes the tailoring of person-
computer interaction to the particular seyle of a user.
The sacend and chizd principles F'Fﬂ'l-'i'd"il A prescriprive
counterbalanced they are designed te compensate far
deviatfions from cptimalicy chat may exerge from che
fizat primciple, &nd o da ga in che =08E BOH=GhEyusive
way po=sible. ;

Ie the [ollowing sections, we briefly sunnarize
some of the research we have dome wnder these three
headings. The forws is om che psychological wederpioe
nings &nd isplications of the work, rather than on Che
details of the decision adds that have been developed.
This work has been supported by the Engimesring Psycho—
logy Group of the Dffice of Naval Research under twe
on—golog contracts.®

Adde for Personalized Decisiom Haking

Uader the Defense Departoent's Small-Busimess Ad=
vanced Technalegy (DESAT) progranm, DSC has explored
the design of a computer—based display and analysis
system which is custonized o Che parsonsl cognitive
scyles of uwaera.(3] The design process has drasm on ¢
relevant work in the cognitive psychology of judgment +
and cholce, in cospurer science, and in the prescrip-
tive ctheary of decision making, A prototype systenm,
devaloped for attack submarine amgisubmarine warfare
(A5W), 15 based in pare on our owa stody of individusl
differences in decisionmaking styles among submarine
afficers.

The Decision S-Ett:l:nE and the Decision Process

The dilemmas faced by the command staff of & humt=
er-killer subtmarine im approachimg and attacking am (as
vec) umalerced hesgile submarine are characteriscic of
gicuacians imvelvwing etealth in warfare: How long
&hould [ attempt te remain undetected and to improve my
position, before I cip sy hand by laueching & veapon?
In plamning &n attack, the Commander faces a nmumber of
choites (among weapons, targets, Approach MERRUVETS,
and times of fire) and is flooded with an increasingly
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ﬂﬂ‘lﬂliﬂhil quascicy of daca fabour the Targetl, O
#hip, and enviropment). To capitalize on the slems=nt of
surprise, a price must be paid in the quality of the
data, the complexity of sprions. and the SCTENUOLARERS
of the chofce precess. Im all of chese aresas, there is
eshatantial leeway for differences fn individval cogni-

tive styles of coping.

Sicoagion Assessment. Assessment tasks oust de—
pend almost exclusively on passive sensors (which do
Bat alert the l-l'lﬂjl'}i g8 & resulr, dats are aoften [rag=
mentary, nolsr, and inconsistent. Little or oo godid-
ance is provided im veconcliling sulriple confliccimg
escimates of the sane variable (BaE-s Earget TEngE ),
organizing data acquisition, assessing the quality of
estimates, or drawing inferences about cricical oppor-
tueninies and dangers (e.g., probability of kill, pro-
babdility of counterdetection].

Hotk in cognitive pevchology suggeste a mmber of
ways in which people may simplify the cognitive demands
of thesse ctasks at the risk of suboprimal performance.
Ehare sultiple estimates are avallable for a single war-
fable fe.g., target range), people tend to igmore evi-
dence chat contredicts & [avored, or eatlier, dactum &nd
o double count redundant evidence.[&] Patterns of
information search tend to avold strimpent tescs of
favored hyporhases, [5][6][7] Assessmente of degree of
cartainty pesd o be overconfident.[B] When inference
proceeds in stages (e.g., deriving probability of kill
from information about rampe, which is derived from
tearings data), people often act as if conclusions at
earlisy stages wers kEnown to be Crue, Felher Chan merely
inferred. [%] Bimdlarly, the probabiliey of a decailed
scenario is often judged bigher than the probabilicies
far compomeént events. [10]

Option Generazion. Interdependent elements of &
cactic should ba considersd topecher: for exanple, osa
of certaio types of weapons may be precluded by the
risk of counterdeteccion by & thizd parcy chreat, unless
appropriate maneuvers, firing position, and time af Eire
are selected. The consequences of imnediare decisioms
for lster choices may slse be cricical = e.g., Che
ability to proceed against or evade a second threat
afrer che Inicial actack, o the abilicy to respond if
unexpectedly counterdetected.

Besearch suggests that the process of formulating
aptlone iz often trumcated im & variery of wave, People
prefer to treat the elements of complex optionms as if
they were independent cholces. There is a tendency o
formulate apticne chat span only & shert cime=frame,
and to overlook, as a result, the cumelative risk of
purseing a given course of acciem over & long pariod of
time.[11] TIndividusle differ in the degree to which
future acts are considered in current plamming [1Z] and
in tha sheer number of opclons chey consider.[l13] Cus=
temary ways of viewing & problem tend to hinder the
generation of movel amd creative solutioms.[14]

Cheice., The aim &f avoiding counterdetection fre-
guently clashes with other goals. A premature attack
may bath alert cthe eneny and miss; vl continued &p=
proach increases the risk that owm ship will be detected
balore actack or thet che carpe; will successfully
evade. Perhape becaose the infermation load tends to
be large, simple beuristic decision rules are oftem
iowaked: e.g., foF pime=cf=-fire, "mvodd comterdetec-
tion™: or "fire as soon as within maxipos Weapon TAnps
ard in popeession of a range solucios."

There if & grovieg literature iln copnigive payeho-
logy sugpgesting that rules like thess may be adopted to
reduce the cognitive effort thac would be invelwved in &
thotough consideration of each eptisn.[15](16] With one

such rule, Elimdnatiom-by=-Aspecca [17], all cpeions Fal-
ling below & cuteff on an atetibute are elimdnated, and
attribuces are copsidered in turn ungil only cne optiom
remaing. In "sacisficimg" [18][19], che decision maker
considers a sequence of options but Stops as soom as
he finds pne that clears & cutcff or sat of cucoffs om
selected actribuces. In each of these exasples, &
optien might ke elimimated é#ven though it &cores wery
high on some dimeosions. In the submarine comcexc,
such rules exclude a balancing of tradecifs - such a8
.I'.'.:Hptitl,g 8 Emall risk of decestion In order Lo accomp-
ligh a wission objective. Satisficiog can cause super-
ior ocprions {e.g.. a later time of fire) co be over=
locked .

Ir has been supgested that expearcs differ from
novices in thedr capability to individually recognize
a wery large ounber of differemt problem situacions.
[20] Fledin [21] argues thet experts tend Lo reason
holistically, by smalogy with previous simdlar exper-
iences; rather than by analysis and computacion. To
Ehe extend that chis s Tewe, wé mlghe expect ehat Eor
experienced commanders all stages of decision making=—
situation assessment, optlom gemeraticn, and choica=e
wiould be considerably ptresmlined. Ac 1'.|'!E lesgt, we
would expect decision makers to differ in the degrees to
whick they arrive at highly I.nt.mnt:f.w concliuslong
witheut che oecessicy of & large number of explicic
intervening Steps.

Individual Differences inm Declafon-Making Scyle

Pactern,

Early in the design process of the procotype aid,
dacs repardimng individual pstterns im cthe use of infor=
mation was gathered im & procedure iovolving four form-
er pubmarine comsand persenmel. They recefived & quas=
cieneaire describing & realiscic multiple threat ASW
approach amd attack scemaric. The questions were de-
signed o focwus nor omly on observable pactterns of im=
formation use, but alsc om the less conspicuous deci-
sion-making processes withim which that informatien
plays & vole. At each of & pusber of bresk points in
the scenarios, the cificers were asked to specifyr  the
informacion currently available oo board che submarime
which they would seek, the scurce from which ther would
seek it, the combat decisions that depended oo the
informacion, the way the informacicn would affect choss
decigions, and the shjectives af the decision.

Anelysis of this data sepgested thel Chers were
important differences in styles of data gathering. op-
tion formulation, and cholce to which an aid might
CATAT.

Bituation Assesoment {A): Amoumt of Information.
The toral rusbet of items utilized varied comsiderably,
from 42 information cequests by one officer to 18 by
anccher.

Situacion Assessoent {(B): Information Search
Eaquescs for JAsCA tell imco cue guite dig=
tiper pacterne,. Twe of the officers tended to organize
data acquisition by source, asking for & "demp™ of cup=
rent astimates from sopmat, plet, or Fife cocErel, Ehen
going on to another source. The other two officers
orgazized data seguisition by dtem, askimp for a given
estipate, like target range, from a variecy of sources
or else selectively requesting differenc items from
diffecent sources.

Option Generatiom: Time-Span. The officers dif=-
fared i the time horizon of the options they conslder-
ed, e.g., focusing exclusiwvely om the immediate actioms
required to regein a lost comtact versus evaluating in
advamce approach tactics contingent upon recovery of
thi eontast.




Cholce {(A): Level of Incagration. Thers were dif=-
ferences among officers and for all individual officers
across sitvations in the scope of the objectives which
chay hl-"ﬂ"'.llhli to bear an the evaluation of opbions, Ob=
jectdwes night be specified gquite broadly aes preserving
own ship, or more marrowly as avoiding counterdetection
or watching far clues Tegarding counterdetection status.
Gimilarly, the goal might be killing the target, achisew=
ing a suitahle firing positicn, or ocpening torpedo tube
doors.

Chodes (B): Pumber of Evalustive Dimensions. Ome
afficar combined concerns for own ghip survival amd kil-
ling the target in all decisioms {each concern might be
ot varicus levels of integracion). Two of the officers
appesrsd vo shifr back and forth in their focuos berween
these concerns. The fourth officer went all out for
targer kill, never once explicicly mencioning an objec=
cive relsted co oem ship survival (st any level of inte-
graticm}.

Chodee (C): Use of Cuteff Criceria. Three of the
four officers evaluated actions explicitly in terms of
cutoffs. ALl three used che schievement of mawimum wae=
pon range A% a cricerien for atvack: one used arrival ac
coumterdatection range as a criterfiom for withdrasal.

4 FProvotype Personalized Svaten

A protocype personalized ald hes been designed and
parcially implemented for lp‘pl‘ﬂlﬂh and attack 'ﬂllml:lil‘l.g
by the comrand staff of 2 nuclear attack submarine.
Howewer, only the daca bage of the aid is seffected by
the nacture of the specific applicaticon. Ite functional
logic, and the methods used to achieve both personaliza—
cion andl preascriptive impact, &¥e quice gemeral. The
inplenentaticn of a demomstratiom prototyps system in a
specific context, however, permits a realiscic test of
the Feazibilicy &f the concepes, with pocencisl uwsers.

Figure | owclines cha general logic of the cognd-
tive interface. The prototype aid design comsists of a
data base, a flewible gemeral-purposes Planning Module,
and four relatively specialized roucines for cusgomlz-
ing the aid. The system utilizes principles of spatial
‘dara management which combine an undexanding style of
interacticn with a high degree of waer coniral over diz=
play contents. All user ioputs are wia a single simple
locatet device (8 jovstick plus buctién] with contesel
properties that shift appropriately with the display Te=
gicn where the cursor i located.
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Figure 1. Structure of Prototype Afd

The display area of the Planning Module (Figure 2}
s divided into & set of wisdows which permit simulean—
eoug vlewing of swbatantive results (evaluations of
altermative tactics} and a variety of menus by Beans
of which the user can specify tha csccice Lo be evalo-
ated, the criceris o b emploved im the evaluation,
and sources of validation for displayed results. A
final meov enables che wser co select other specislized
modules {Select, Adjust, Alert, Advisorv). The Flan—
ning HModule facilitates a variety of personal prefer-
anceg In che approach o plteatios aseesenant, [oteu=
lation of opriose, and chodice.
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Figute Z, Flamming Hodule Display

Situation Asgesgnent., The dats base consiste of
basic inpute (in the submarine testhbed these concern
owm ship, contacts, and che esvironment) togecher with
& et of prescriptive medels which aggregate those in-
puts into high-lewel inferences and forecasts of criti-
cal gvents {&.§., counterdetescion and firsc-sher kill)
and evaluatione in terms of ultimate combat cbjectives.
The Planoing Modula epables users to sample infeormatiom
At any prafevyeed level of .ﬂ‘ﬂ,t‘l't-l!t:l.un- in the data base.
When higher-level inferences are displayed, the Flan-
ning Module clearly distingulshes comclusions From
evidence, and ipdicates the sources from which each
inference is derived. The user may elect o exaripe
in more detail amy of che evidence vbilifed in derive
ing & parciculsr conclusiom.

The Selection Hodule allows the user to view a map
of the total data base and to persomally select the
portion which will he jemediately sccessible Ehrough
the Flamoing Module.

The Adjust Module enables Ehe user to insert sub-
jective judgments in place of default walees at aoy
lavel im che decs base. The I"lll‘llﬂ.ng Hedule will chen
dizplay the implicaticms of the hypotherical or revised
values for any higher-level inference. {Defaulr waluas,
hawaver, copcimse Lo ke grcored and ﬂiﬂpllﬂﬁr} The Ad=
Just Hodule thus acéommodates individeoal differences
in beliefs and preferences and - from a prescriptiva
podnt of view = adds o poetencially waluable ssuarce aof
infermation (the user) to the data base. We return to
this feature in the lasc sectiom.

The aAlert Module performs situvatiom monitorimg for
che waet. IE &nables his to set & cubtell of threshold



for amy warifable in the data base {at any level of aggre-
parion) when cutoffs are croasad.

tion Generation. The Plaondng Hoduole feacilirates
the fermulation amd evalustios of cemplete tactical op=
tions (weapons, tafgets, approach maneuvers, and tioes
of fire). 1t enables the wser to vary the msmbar of
alcersatives exanined and che cime inte the future cver
which an aption extends. A version of the aid currently
wndar development gives the user & cholce between enter-
ing Bis ovwm optlons directly for evaluation or specify=
ing personalized parameters to comstrain avtomatic op-
tion peneratlon.

Choice. In the Planning Module, the user can
evaluate oprions by reference o objescives at any of
& variety of levels of integrative scope (e.g., bow
guiekly will the option get me to podnt x¥  Bow will it
belp improve probabilicy of ®ill? Whae is its ewverall
merit, combining probabilicy of kill snd probability of
cwn ship survivall}.

The Alert Module facilitaces individoal heurisgic
strategies (such as Elimination-by-Aspects and satis—
fiﬂlﬂ-.l.:l which evaluace actlops By relerence Lo cutolfs
a8 opposed to Eradesffe. After the user sets a thresh-
pld on a variable, the Flanning Module forecasts whecther
oF ool The thresheld iz expected to be crossed for any
action alternative which he wiches to evaluate, and 1f
so, when., Different heuristic stracegles for cheice
Emply differences in cthe way informaticn is searched:
g.g:s by action {run throwgh all relevant evaluative
variakles for a given tactis, A2 in prescripiive cheocy
or satisficing) or by criteriom (examine all options for
a given evaluacive wariable, as in Eliminatien-by-
Apects). In theé Flanning Module both of thess =earch
mades are specifically facilitaved.

Frascriprive Promptiog

An impertant feccoy in depigniog a perscnalized
and prescriptive add iz the impact of individual pre-
erences on outcomes. GSioplifying for illustrative
purposes, alternative serategies for performing che
same task may fall into one of two classes in this
respect:

# Strategy A is generally expected to be more
aceurate of Yield more preferred outcomes tThan
strategy B, bui requires more [raining, more
time, andfor draws avay more actention from
ather casks.

An example, in che area of cholea, might be evaluating
ecach aption by reference to all the relevant dimensions
(A} versus eliminating some optioms by reference to
enly a few (B)., (0T, in inferemnce Caskes, igooring
important sources of uwacertainmty.) Im these cases,
differences smong pecple in preference between A and

B might reflect differences in their wnderlying abdlity
e perform A, in thelr traindop or mowledge, in thelr
handling of wotkload, degres of motivation, or thedr
gveluation of the cost of erroTs.

% For some people, strategy A& is expected to be
wore effeccive (batter in sccuracy, pavoeffs,
speed, sffort, etc.) than stracegy B, while
for ather pesple, scrategy B i more effective
than A.

Payne [15] speculates thet sestch efganized by opticns
wirsus search organired by attribotes may reflect indi-
widual differences in the way knowledge is iecernally
represented. PFeople who differ im their degree of ex-
perience or aress of expercise may prefer and benefic
from diffarent ways of strutturing a probles.

These distioctions have implications for the appro-
prisgenass of prascriprive advice in A parsonalized de=
cision aid. Im the second case discussed above, the
user usually dees best with the strategy which he pre-
fers; accardingly an ioceractive system should simply
facilitate selection by the uwser of the informatien pre-
cessing Tule or structure to e employed.

In the first case, the tnuu.put:r"u role may, at the
request of the user, be somevhat more active. It io-
wolves &R appareat conflict betwsan the uRdr=prelarred
and the normative strategy - thouwgh the wse of the
former may In facc Be well justified by savings in tims
and effort. Io such cases, The copputer can assist by
applying & prescriptive model to the problem, in para-
1l1el with the weer's own effert which it meniters. The
aid may then advise the user when discrepancies seen
gigaificant. The prescriptive nmodel applied by the
afd, of course, kas ns automatbde claim te truth; it
takes the role, rathet, of a ﬂm-p!l’l!l'l'l Il:l.nr:l:t;."' ar
"devil's advocate.” It enables the wser to copcentrate
hig ewn attention selectively, in areas that he repards
as critical, while notifying him when other issues sesm
warthy of sccencion. &dvisary proepts thus complement
the fresdon of individual cholce granted by perscnaliz-
ing features; they encourage flexibility by offering
sone insuramce against pospible pitfalls.

Tuo important features of advisory prompts as we
faen then are worth Atressing:

# Tre objeccive 1s not simply to alert the wser
whenever there is some difference, bbhuever
small, between his judgment and the output of a
prescriprive model. The difference must ke
large enough to matter, in the actions Eo be
selecred and im thedr expected owtcomes.[22]

# The user hinself determines the size of the dis-
crepancy that weuld justify a prescriptive
pronpt. The {regquency of prompbing will thas
depend oo hiz own informal assessment of the
walwe of his cime and effoers relacive [0 the
cost of errors. The Adjust Module of the per-
sonalized aid enables che uwser to ioput that
juedgaant.

Froopts may be introduced to assist users in casks
of pituation Aspesement, opticn generaticon, and choice.
fur current research imvolves the conceptual design,
implementation, and Testing of & veriery of such - -
PLompESs s

Sitwaticm Angessgment, The ofer night be petilied
when two information sources, both of which are Tegard-
ed af credible, have concradicead opp anocher. Ha
might then choose to ioplement prescriptive procedures
for appropeiacely readjusting one or boch credibdlicy
assesEments dovneard. A prescripoive prompr might
notify him on future occcasions when edther of the
(partially} discredited sources 1s Invelved in an im—
partant conclusion.

Advipary prompts might signal vhen favored infor-
mation search patterns seem inefficient, e.g., seeking
additional confirming evidence for an already well=
supported hypothesis.

Prescriptive prompts might warn users, Whas Chay
eftimate or subjectively adjust higher-level inferred
variables, that & number of atages of uncercalnty WUsD
be kept in mind. The same type of cauntion might be
appropriate whes the likelihood of a compound, or con-
Junctiwve, event ig being assessed.

Opcien Gensration. Shert range planoing might be



more appropriate im some situvations {8.5.s whera Tesd=
back is continuows and mistakes can be easily and quick-
1y corrected ), whils long range planning would be more
suitable in othare l:lrE.. where & rlask sppears ppall un=
iless it 4=z considered comulatiwely over the long run).
Proppts might recosmend thag the vser consider o shifr
in time horizom under Approprlace ClrCUBRCARCHE.

& variety of prompts might be utilized to stimuolate
"erearivity," or the peneracios of nevel optioms. The
systen night encourage the user to adept, hypothezical-
ly, a new "schema"™ of the situwarion by guestioning his
bazic asgumprions about the chresat, own ship, and esvi-
torment - especially where the systen data base actwoally
has ipformation chat deviates from "mormal" conditioms.
Aternatively, the systen night encourage the user o
better delineate the space of options by generating op—
tions tafloTved te single objectives, especially objec-
cives nat ge far ceonsidered by the user.

Chofce. Advisory prompts might signal a user who
is employing cureffs when tradeafis boar locking into;
in particular, where tradecffs dovalve evaluative dimen-
sions he has not as yet examined. More generally, the
Flamning Moduls might moniter the uweer's saleccion of
information and specification of options, and derive
hypothases regarding che user's decislon process and
eonclusiens. The user weuld bhe sdvised whaer Informs-
ticn about tactical optioms which he has not requested
may have implications for choice that clash with che
syetem—inferred user model,

Oaer Owarride

In a personmalired decision aid, ulrimate control
ovay task asslgnments balongs o che user. We have
just seen how thiz flexdbility might be counterbalanced
by the ald's capability o monitor the uvser. In a com-
plementary Fashiog, the uwser might quite pladly hand
over certaie tasks to the aid, retaining, however, the
capabilicy of senlcoring ita ?i-l.'fﬂ"l-'ﬂ-lﬂ-ﬂl and incerjecc=
ing his owm judgments where he deems it appropriate.

In & second project for ONR, DSC has devaloped
decision afds which can inmcorpeorate both objectiwe data
and subjective judgment. [23][24][25] & special forus
of chis work has been the analysis of passive sonar data
toe estimate the Tange of a target om a nuclear attack
submarine. This task, logically, should be included
within the situation Assessment feature of the attack
planoing aid described in previous sections. In par—
ticular, work on this aid has shed some light on how
the Adjust Module might be utilized to facilitate user
inputs into an otherwvise avtomatic process.

]’mhﬂu Batting

Famertous teckhmiques are svailable [or estimating
tArget range - based on different aspects of the data
{#ag.y bearing, imcensity. angle becween direct and
reflected sound paths) and weing different analytical
rools and aseonprions. Typically, simce cheir sources
of error are both promounced and differenc, they pro-
duce quicte diverss escimates. Confronted with a diver-
gent set of estimaces, the commander is likely either
to suspend judgment about range altogether or to focus
on only one or twe favered techniques, ac the expense
of others that might either corrobotate of comtradict
them. Actack may be meedlessly delayed while a geod
solution is improved, or be launched prematurely based
on overcontidence im a bad one.

Pocling aid

A range pooling decisien sild has been devaloped,
utilizing & Bayesian framework to assist the command

staff in balancing &nd integrating the diverse sets of
relevant information. The aid displays evidence {f.e.,
particular renging technigues with assessments of their
guality) as well as conclusions (a single best guess as
to target range together with an interval of uncertaie—
£¥). This eid Bos been implempented for tesring pur=
poses at the Weval Usndervater Syscems Center (NUSC-
Hewport).

For present pubposed, bue ericfical Featubes afl
the aid should be moted:

® It can operate in & complecaly automatic moda.

Default escisates of pocling pAresecers, f.e., waighcs
describing the precision of the scluticns and thelr
corcelations,; are based on at-sea exercise data. Ulei-
marely, defsulc paramsters will be contingent om @
variety of envireopental and threat characteristics.

# Tha user can Inrerpsse his own assessments in
addition te ar in place of defsslt estimaces
at aoy podnt in the range pooling process.

Prelimfnary Testing of Interactive Hodes

The poaling &id bhas been gesged in three modes:
{1} totally automatic (default weights).

(2} totally subjective {weights supplied by
eser), and

(3} user override (default pooled solutions
pdjusted by user).

Prerecorded data from at-sea exercices weres used to
gimidate condiclens (1) and (3). Bscorded coemand staff
estimates ("system solutions"} were used to deriwe sub-
jective weights by multiple regressicn of command staff
extinaten on The parcicular vanglag technlques. Cose
mand staff adjustment of default pooled sollutions was
simulated by pooling command staff estimates and de-
Eault popled eaCcinaces.

Flgure 3 summarizes che resulcs of this test for
twn different samples of Ranpex dacs:

Parameter-esEinastion sample g

Crogg=valldacicn mample

2.0
1
Flasn N:ﬂ.?
::mlutt 1.0 default
TOT walghts

Cogmand Pooling Adjusted
scaff with defauls
eEtimate subjeccive pocled
welghts solutich
Sasgle S08. 579 504 554
Size 7 Q5=

Figure 3. Ratio of Meas Abscluce Evrer (MAE) for Var-
ious Interactiom Modes to MAE for Default Pooléed
Solutfon. # = Rsppex 1-78 daca; % = Rangex 1-TE and

1-7% daca



Subjective h-n:l..i.q. Fooling with subjective .
weights was superior in accuracy both to the command
srall estizmage &nd co cthe specific rangiog techalques.
Although command staff estimates were superier Eo par-
ticular ranging technigues, the soperiority of poolinmg
wich comnand ataff welights te the command scaff ltveelf
suggests that the informstion actuvally available to
the command staff was not being optimally wriliped by
them, [26] These resulis would sscur, for example, if
the command staff were probabllistically selecting
among estimates, with probabilicies dependest on their
relative accuracy, vather than psaling.

jutomatic !‘unl;l.r_l.l. Fooling with defaulc weights
was Bore Accurate than poslisg with subjective welghes.
This is mot surprising since defaolt weights were opti-
wiped for the type of deta irvolved iem the cesg. It is
&t least pomaible that subjective wedghts weuld outper=
form default weights in situvations which differ sharply
fros exercise condicions.

User Oeerride. The most accorate result was ob-
tained in the third comdicion, where sbjective (defaclt)
data and subjective ioputs were combined. This stromgly
suggests that, despite ineffective wtilisation, coamand
pRrsonnel have access fo pelevent informatien met
incorporated in the pooling aid.

‘This information cam be Capped withoul burdening
personnel with the task of formally pooling estimates.
Leaving chet job te the decislon ald, sppropriace ataff
might nonetheless monitor its performance and make
adjusteents when rthey chserve significant discrepancies
from their evm fntuitive solutions. The Alerting Mod=
ule can assist in this mondtering.: by alerting staff
when delault popled range ezfimates or incervals of
uncertainty fall outside a oser-specified “plausible™
region. Quite apart from amy enhancement of wser
acceplance, our Jata =uggest that Incerporstion of
judgments in addition to objective data can improwve the
guanticative accuracy of aid owrputs.

Other .I.EEJ_il:.n.tiun:-

The requirement of stealth it warfare often in=
posEs A severe constraint on commmdcation amomg friend-
1y units. Coardination can be achleved by presgpecify=-
ing courses of action, but at the expense of flexibil-
ity. The cemdinacion of augemacic aid funegionding and
user override capability affers a different approach.
It may ke applied to cption generation {for example,
uper overcide of delault aption gemerabion u-!'!l:l.flt!l:l
and choice (for example, user override of default ewval-
pations of cutcomes, =sech as the relacive worth af
different types of targets). In either of these cases,
default gertings mipht be based om doctrine or mission
dizectives; the provisisn of override will then st a
balance between cencral guldance amd flexible responsa
to uilgue ciréupstandcas.

Canclusion

Boch che arcack planning aid and the range pooling
aid have met with some spuccess In Snitisl demomstra-
ticns with represencative potential users. Nomethae—
less, marny if nor msst of the basic idess presented in
this report remain umtested. CGareful work remains to
be deme in delimiting the cognicive scructuras and
modes .of processing to which aide should cater, in de-
finipp and testing non-ohtrusive prescripriwe prompts,
in iﬂll'l'l'.ifj'.lﬂt sep=hurdensons mathods far il.'lﬂﬂl"ﬁf-!‘!i'u.]
judgment,; and in developing guldelipes to determine
when and for wheos mechods of che sort deserfbed hera
are appropriate. The heped for benefits include both
imcrensed user scceptance n.'n_d improved system p oTHE=
ance.

Hoke
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