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I NTRODUCT I ON

This paper is about the Operational Decision Aids Project
of the Office of Naval Research. It is intended to provide an over-
view of ODA : its objectives , history , approach , and progress; and its
products and how they relate to one another. (A separate memorandum
containing a critica l review of contractors ’ progress as of mid—Decembe r
1976 has alread y had a limited distribution.)

BACKGROUND

ODA came into being in mid-1 973 as the result of an initiative by
four ONR programs . The objectives of ODA were to bring to bear severa l
disparate but related technologies on the development of Navy comand
and control systems. More specifically, ODA promised to address issues
having to do with decisions made by relatively senior officers and their
staffs , e.g., task force commanders. Program managers at ONR were aware
of a long and not always satisfactory history of R&D aimed at automating
certain elements of naval command and control systems. What was different
about the present effort was its emphasis on recent techn i cal developments
in four areas—computer science , decision ana l ysis , systems analysis , and
organ i zational psychology.

The approach to realizing these objectives has been to contract for
specific deve l opmental products with about a dozen R&D companies , one
in-house laboratory , and one un i vers i ty . A small steering committee
consisting of the ODA Program Manager and four other scientific officers
at the Office of Nava l Research , with non-voting representation from
Op-987, Op-9L 3 and the Nava l Electronic Systems Command , provided overall
direction . The day-to-day mon i torship of individual contracts was handled
in the traditional ONR way. The Steering Committee met about once a month;
less frequently, a larger coordinating committee was convened. During the
first three years of the program , there were intensive semi-annua l meetings
at wh i ch all contractors gave forma l presentations of their work. There
have also been a few public talks about the program , e.g., at a symposi um
sponsored by the Air Force on command and control R&D.

The underlying rationale for all ODA work has been the assumption
that all products of this prog ram would be subjected to experimental test.
Tests were to be undertaken at first by the various contractors in their
own facilities , and later at a des i gnated test bed that would serve the
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entire program. Ultimately, as var ious  dec i sio n a ids  or other p rod ucts
moved toward f lee t use , they would be tes ted in opera t ional  sett in gs
by appro p r i a t e  Navy agencies.~ I n summary , it is i mportant to emphasize
the experimental basis  for the ent i r e  prog ram , par t ic u l a r l y for those
developments that could become decision aids in one form or another.

* * *
Contractor members of the ODA program can be considered as falling

i nto either of two categories: a) those providing supporting or context-
setting material for the prog ram , b) developers of specific decision-
a i d i n g d i s p lays , procedures , and techniques. The following pages deal
with each group in some detail.

PROGRESS AND PROD UCTS

Support

A half-dozen separate efforts have been directed toward support
activities. That is , a significant proportion of the ODA program has
concentrated on various context-setting objectives that would later be
applied to actua l decision aids that were developed . The support activities
—describ ed in this section—produced :

—a taxonomy of decisions and warfare scenarios ;
—representative and realistic data bases ;
—a measure of effectiveness for decision aids;
—case studies of command and contro l systems ;
—gu idelines for introduc i ng new decision systems or aids into

existing organ i zations;
—a genera l purpose laboratory test facility.

1. Dec is io n taxonomy and warfa re scenar i os

Very ea r l y in the ODA p rogram i t  became apparent tha t any decis ion
aids that would be developed would have to be tested in a realistic context
of political- military situations. It was alcc apparen t tha t a common
knowledge base deal ing with the nature of nava l tactical decisions would
have to be provided as a backg round for the contractors who would be
developing specific aids. What are tactical decisions? who makes them?
wha t are the time const r a i n ts under wh i ch decis ion makers operate? wha t is
the physica l environmen t in which task force commanders traditionall y work?

* informa l arrangements have been made for ODA testing to be moved to the
ARPA /Navy advanced Command Control Architec tural Test facility (ACCAT)
in San Diego.

.
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The Nava l Warfa re Research Cen ter of the Stanford Research
Ins titute has made two contributions dealing with these and other ques-
tions. First , NWRC developed an analytically-based taxonomy of nava l
tactical decisions.* Three decision phases were defined , i.e., planning ,
execution and eva l uation ; and 32 subsets of decision types were enumerated ,
e.g., ass i gni n g res po n s i b i l i ty , selecting targets , etc. Ty p ical  task for ce
organizations were described with particular emphasis on information flow.
Th i s f i r s t NWRC an a l y s i s  prod uced , in addition to the descriptive material
a l r eady  named , some interesting and serendipitous insights. For example ,
task force commanders ra re ly  work in real tim e; ins tead , they concen t ra te
most of their attention on advanced planning . This suggests that decision
aids need not emphasize instantaneous response rates. Task force commanders
are deluged with information in the form of messages , so tha t i mp roving
or i ncreasing commun i cations flow is not indicated. The element which is
not handled well by task force command systems is that of uncertainty.
Furthermore , hi gh leve l tactical decision makers are highly idiosyncratic
in their approaches—a fact that has too often been ignored by system
desi gners , who more often than not constrain flexibility rather than
enhance it. A great deal of attention will have to be paid to the process
of introducing new decision aids into existing nava l systems.**

The f i r s t con t r i bu t ion of NWRC , the proposed taxonomy , was followed
by a rev iew of a large number of decision aids and an assessment—analytic
rather than experimental—of their applicability to the task force com-
mander ’s role. Some 36 aids were included , rang in g from check l i s ts to
speech recognition systems , and an attemp t was made to assess each i n a
quantitative way. The intent of this work was to determine priorities by
wh i c h  the ONR manage rs cou ld  order the i r develo pmen tal prog ram . For
example , high priority was urged for a “brief decision analytic aid” that
wou ld comb i ne uti l i ty theory , va l ue assessmen t and probability assessment ,
and the use of decision trees; another aid high on the priority list was
warfare simulation modeling. Checklists were also put forth as a l ow-cost ,
high— payoff class of decision aid.

The second thrust of the NWRC support work was aimed at developing
realistic politica l —military scenarios with wh i ch the decision aids
prod uced in the prog ram would have to cope. Two scenarios were built ,
i n cons i derab le  re a l i s t ic  d e t a i l , in order to provide decision contexts
involving: a) strike warfare and , b) amphibious operations. In the former
case the task fo rce comander i s con f ron ted w i th a l a r ge numbe r of dec i s ions

* Henceforth , the term ‘ tactica l decision ” refers to a decision made at
the level of the task force commander.

** See Payn e, .J.R. , et al., The Nava l Task Force Decision Environment ,
NWRC-TR-8 , Septembe r 1974, and Payne , J. R. , et al., A Bri ef Su rvey
of Potential Decision Aids for the Task Force Commander and his
staff , NWRC-RM-8 4, August 1975. 
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correlated wi th the taxonomy mentioned above ; i.e., he faces a number
of realistic preliminary planning options and severa l execution
dec is ions .  The scenar ios are buil t to provide some uncertainty , and
there i s  s u f f i c i e n t  flexibili ty of outco me to permit  severa l repeated
runs of each scenario. The scenarios are hypothetica l , of course , but
their rich detail has been drawn from real events and real places .*

2. Da ta bases

In order that the scenarios prepared by SRI could become the
basis for demonstra t ing and tes t in g the decis ion a ids  p rod uced in the
prog ram , it was necessary  to provide appropr iate informat ion in the
form of data bases. This task was undertaken by CTEC , Inc., and it
has been operating continuously. (Dat a bases are the files containing
the de ta i l ed  i nfor ma ti on , in a form suitable for automatic storage and
ret rieva l , necessary to make the war fa r e  scenar ios  rea l i s t ic  and capabl e
of execution . For example , one of the ONRODA** scenar ios refers to
cer ta i n  enemy a i r c r a f t ; the associa ted da ta base wou ld  contai n performance
charac ter i s t ics 0r par t i c u l a r  a i r c r a f t , alon g wi th informa t ion abou t
its vulnerabili t el capacity , sor t ie ra te , and so on.) I n defining
data requireme ~iorked with other contractors in order to under-
stand the der 

— 
part i cular decision aids would make of an informa-

tion system. so drew on the characteristics and contents of a
large numbe r of extant nava l tactical data bases .*** Al though it would
have been des i rable  to produce da ta f i l es “con ta i n i n g a l l  the in forma ti on
a task force commander m i gh t w i sh to use . . . ,“ the f i l e s  tha t were
actually developed were somewhat constrained by resources , by the rea l i t i es
of the ONRODA scenar ios , and by the des i re to conduct this phase of the
program in an unclassified environment. Ultimately some 17 major data files
were defined , i ncl ud i n g : “opera t ions area ,” “logistics ,” “weapons charac-
te r i s t ics ,” “enemy in ten t,” and so on. The files were of three general
types : a) the “ini tial data” that a task force command system would possess
at the start of the ONRODA scenario , b) “incremental data ,” wh i ch nvo l ves
condi t ions undergo i ng chan ge not under the task force commande r ’s con trol ,
and , c) decision-dependen t data , wh i ch stems from the actions of the corn-
mander during experimenta l operations.

* See Payne , J. R., and Rowney , J. V., ONRODA Warfa re Scenario , NWRC-RM-83,
June 1975; Rowney . J. V. , Supplement to ONRODA Warfare Scenario , NWRC-
RM-90, March 1976; and Rowney , J. V. , Amphibious Warfa re Scenario,
NWRL-RM-86 , October 1975.

** An acronym from ONR Operational Decision Aids.

~ ** Interestingly, seve ra l deficiencies turned up, e.g ., inconsistencies in
the l abe l s  g i ven to da ta elemen ts and major ga ps in the coverage
accorded some U.S. weapons and platforms .

U
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CTEC has continued to define and coupile files of “variable data
factors ,” such as tables of veapon coverage, d age asses~~ent of ships
as a f unction of enemy action , and tables of engagement statistics . In
addition to the aforementioned files , which vere delivered to the
Univers i ty of Pennsylvania in late 1976, oem files are being built to
contain data requi red by particular contractor aids ; e.g., the om ission
control planning aid of the General Research Corporation (described in a
later secti on ) needs detail ed information on the physical characteristics
of U.S. Navy radars. In order to provide data that will permit Pennsyl-
vania to exerc ise its data base management system, CTEC has built files
that are appropriate to the Penn network approach . Still continuing is
CTEC’ s work in supplying sensor coverage data (i.e., radar algoritI~~ )
and othe r info rmation as the need arises . In a sense, the C1tC contribu-
tion provides the co~~~na1 ity , both generic and specific , needed to ~~~~are
the relative efficiencies of the many decision aids being generated by
other con t ractors . It may also be possible to ~~~loy these OI~ data bases
as standards by which other naval info rmation sys t~~~ can be measured.
And not the least of d EC’s contributions is the likely disciplini ng effect
on the entire progran to the end that different elements , i.e. , contractors,
will confront a single data base rather than one that is idiosyncratic to
their particular decision syste .s .*

3. Measuring the effectiveness of decision aids

From its incep tion the ODA progran had a strong ai itment to the
conduct of experiments that wo uld provi de quantitative evid ence about the
various decision aids being developed. For this reason a special effort
was initiated with Analy tics , Inc. , to “develop and analyze alternative
methods for measuring the performance of existing and proposed decision
aids . . - .“~~~~ Recognizing the very difficul t proble. of developing a
measure of effectiveness for an ele.ent of the task force .c.o—ud center
in which people and their equipmen t interact in a little understood,
highly complex way, the contractor sought to provide a method that would
be statist ically reliable , object ive , and capable of extrapolation from
l aborato ry to real-world conditions. The fi rst effort sought to formal ate
a completely comprehensive basis for .easures of effectiveness; this, it
was hoped, would suit all possible aids and all aspects of a task force
comeander’s decision functions. After reviem by the ODA Steering C c i ttee
the approach was abandoned as too genera l , and a nem ~~~hasis was pro-
posed. The decision function ultimately selected , whIch becane the basis
for the proposed measure of effec tiveness that was developed, was informa-
tion storage and retrieval. In essence the measures developed vere t~~:a) gain In Information retrieved and b) rate of gain as compared to random

* For more detailed docu ientat ion of the data files prepared by CTEC ,
Inc . , see their ODA Data Base Final Report , 27 Feb. 1976.

** ONR Procurement Request dated 20 Noveaber l97~.

~ 
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processing. Put another way, the measure of effectiveness would indicate
the relevance of retrieved information and the amoun t of time taken to
retrieve it ; the measure can be expressed as the ratio of relevant-to-
total-info rmation retrieved. The analysis wh i ch led to the contractor ’s
choice of this measure makes it possible , in the experimental comparison ,
to show that the performance of decision aids interacts with the time
availa ble to use them. That is , a particular aid might produce more
rel evant information early in the overall decision process; but given
enough t i me, a competing aid might outperform the first. In the contrac-
tor ’s words ,” . . . rapid solutions tend to i gnore detail and consequently
have l ower asymptotic va l ues while highly refined solutions , possessing a
great wea l th and richness of structure , require more time to execute.”*
The measure derived by Analy tics has not been applied experimentally—at
first because none of the aids unde r development was at a state that would
permit valid testing, and later because the measure was seen as impractica l
to app l y and its use was suspended.

1+. Case studies f operational decision aids

There is nothing n~w about the concept or practice of enhancing
naval tactical decision-making with automated aids . Fairly recently—earl y
in 1976—the ODA program managers initiated a contract that would exam i ne
currently operational systems emp loying decision aids as a means of better
understanding the successes and failures of such systems . It was believed
that a careful “lessons learned” approach would provide useful insights
into the attributes of existing aids tha t either promoted or inhibited
their adoption and performance. The System Planning Corporation (sPC)
undertook a nine—month study that examined these areas: a) levels of
sophistication of seiected decision aids , b) prob l ems in adopting decision
a ids  and how they were resolved , c) successful uses of aids , and d)
approaches to the transfer of decision aiding technology from R&D to opera-
tions . The SPC investigation addressed these issues in the context of
three tact ic al comand and con t rol sys tems : the Navy ’ s Tr i dent defensive
command and con t rol sy stem , the Coas t Guard’ s Vehicle Traffic System , and
the Army ’s Simulated Tactica l Operations System.

The Triden t ’s automated display is a sophisticated decision aid
wh ich permits the comander to explore various tactica l options. Unlike
some of the a ids  bein g develo ped i n the ONR p rog ram , the Triden t system
is l i mit ed to h i g h l y  st ructured , repetitive situations , i.e., tr ack in g
anti-submarine weapons. The developmen t of the Trident display was
modu l a r  and e~’olu tionary ; that is , the display , although computer-generated ,
appears to be like more conventional , manual1y~p roduc ed d i s p lays.

The Vehicle Traffice System (VTS) is used by the Coast Guard to
mon i tor shi p traffic in San Francisco Bay and to provide col lision avo i dance

* Ana lytics , I nc., Meas u r i ng the I~erformance of Operational Decision Aids ,
Fi nal Report 1161-B , 30 April 1916, p. 3-114.



- 7 -

information to pilots and masters. The system is similar to Triden t
in that the repertory of possible decision actions is limited. It
d i f f e r s  f rom the Tr ide nt d i s p la~s i n an i mportan t respect: the new
Coas t Gua rd sys tem f u l l y  supersedes i ts manua l p redecessor and does not
attempt to be evolutionary. The SPC investigators found that there was
an initial rel uctance to accept the new system on the part of its
operators. At firs t , the manua l sys tem was run i n pa r a l l e l  w i th VTS .
A cr itica l event in wh i ch the older version failed and the VTS was able
to fill in ,. however , l ed users to accept VTS. Severa l attributes of the
VIS development are cited as significant: a) although design engir~ers
felt that the system should display only processed information , a raw
radar disp l ay was provided as well as a filtered picture because opera-
tors said that they needed access to all the surveillance information
being received ; b) the VTS displays and consoles were made to be aestheti-
cally appealing; c) a great dea l of attention was paid to providing a
system that was easy to learn to use; and , d) there was extensive and
continuous interaction between system des i gners and the people who were
to eventually operate and maintain VTS.

The Ar my ’ s SIMTOS is not an operational tectical system ; it is
rather an R&D test facility not unlike the intended ONR ODA test bed
being installed at the University of Pennsylvania. (See below , p .10.)
The principa l emphasis of SIMIOS is on testing da ta access and retr ieva l
methods using a computer , interactive terminals , and experienced Army
operations officers as subjects. The latter serve as decision makers in
situations set up to simulate the p lanning and execution phases of war-
fare operations in Centra l Europe . Operations officer subjects have full
knowledge of the status of both friendl y and enemy forces; there is no
uncertainty, nor is  it necessary for the sys tem to f i l ter or eva l uat e
information . The latter is seen as an unr ealistic attribute of SIMTOS .
Other continuing problems have been diffic ulties in defining data elements ,
prob )er~,s of deriving measures of effectiveness , and certain incompatibilities
with existing operational organizations in the Army . Like the Coast Guard’s
VTS , SIMTOS designers set out to incorporate principles of ease of learn
ing and operating the system ; they also stressed the aesthetics of SIMTOS
d isplays and consoles.

What is the si gnificance of SPC ’s case studi es for the ODA
program? One is that none of the decision aids that were examined depart
very much from the olde r systems they have replaced. This is particularly
true for the displays of Trident and VTS. Another point is that human
decision makers in these systems remained as centra l elements m d  their
trad itional modes of operating were not drastically changed. It is i mpor-
tant to keep in mind that the organizational l evels studied by SPC were
conside rably lower than that for which the ONR aids are intended. Thus it
is probable that task force commanders would be even more likely (see
below , p. 10 ) to demand that departures from systems with wh i ch they are
comfortable and experienced be relatively minor. The staff of SPC reports
an extreme rel uctance to automate decision aids to the extent that utility

L ~~
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theory or decis i on theory is involved. I n fact , there seems to be a
general  rel uctance to i ncor pora te automa t ion i n to tactica l dec i s ion
systems, even in the face of the ever t i gh ten ing  t i me cons t rai nt s faci ng
these systems .

On the subject of ada ptin g new a ids  in to larger  opera t ing
sys tems , the SPC i nves t i ga t ion makes the poin t  that some tac t ica l sys tems
are develo ped inde pendent ly and th e i r  des i gners fail to take into account
i n terface iss ues. The ra re cases in wh i ch th i s does not ha ppen , e.g.,
Coa s t Guard ’ s VTS , are characterized by close cooperation throughout the
developmen t cycle between planners and operating people.

Anothe r i mportant observation , and one tha t f l i e s  in the face of
an earlier point , is that there appears to be an overabundance of tacti-
cal data being generated. The technology of filterin g and processing
is certainly available and unders tood ; but the resistance to us i ng it
(see abov e) i s what has not been overcome .*

p

5. I ntroducing new decision aids and their impact on Navy organ i-
zat ions

I t is a well known but little documen ted fact that the introduc-
tion of automated elements into organizations causes conside rable turbu-
lence. Sometimes these events have the unhappy ending in wh i ch the
i n tended dec i sion a i d  i s rejected and discard ed comp le te l y ,  and somet imes
(rarely) the aid is successfully adopted—although never without a cost.
In an attempt to understand the organizational perturbations wh i ch occur
when automat ion is brou gh t to command and con trol sys tems , the ODA program
managemen t comm i ssioned research by CAC I , Inc. The work had these main
objectives : a) to review wha t is known , in a genera l sense, about organ i-
zations and how automated information systems i mpact on them; b) to conduct
case studies of automated naval systems to learn how the work of high leve l
commanders and their staffs has been affected by the automation ; c) to
deve l op hy potheses tha t could become the basis  for exper imenta t ion wi th the
decis ion a ids  bein g developed by the other contractors ; and d) to define
strateg ies for reduc i ng resistance to change and for assuring that aids
do get adopted.

The CAC I invest igators worked from the assumption that a typica l
task force commander is supported by a sta ff of about twenty off icers , the
flexibili ty of whose roles depends on both the mission to be performed and
the idiosyncratic style of the commander himself. The latter is an
i mportant point and it underlies the main objective of this part of the
ODA program : to lear n how the s t a f f  o rgan iza t ion  can be desig ned to f i t
a particular coninander when automated aids are introduced.

See Lucas , G. and Ruff , J., An investi gation of Ope rational Decision
Aids , Jun? 1977.

~ 
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CAC I dealt with both forma l and Informal aspects of organ iza-
tions. (The former are officially prescribed structures : patterns of
authority and responsibility and accountability ; the latter are the
relationships that evolve among people in organ izations.) Formal
structure has to be able to accommodate automated decision aids in
three ways : a) placing them phys ical ly; b) establishing new roles ,
e.g., those of technicians and operators ; and , c) placing the decision
aid operators in the hierarchy . Choices have to be made in each of these
a reas ; for exam ple , should current staff be retra ined as operators or
should new specialis ts be added to the staff? The info rmal structure
of a staff takes in to account the degree of delegation of authority ,
degree of cen t r a l i z a t i o n  of leadership, and the nature of interpersonal
communication .

in its review of the literature of organ i zationa l behavior ,
CAC I found both inconclusive and ambiguous statements about how decision
aids affect organizationa l structures . This led to the investi gators ’
development of their own model for determining the most appropriate
organizational structures for technical (i.e., automated) environments.
The model says that the form of an organ iza t ion should be con ti ngen t
upon i ts mission , its staff, and the technology available to the staff.
Usin g the model as a basis for desi gning differen t organizations , i t i s
possible to hypothes i ze wh i ch are most likely to accept techn i cal i nnova-
t ion and wh ich are not. The model also assume s that the single most
impor tant factor in building a nava l task force command organization is
the style of the commander. One of the products of the CAC I work is a
se t of hypo theses tha t propose opt i mal organ i za t ional st ruc tures for
differen t l eadership styles and functions. The hypotheses are carefully
def ined so tha t they can be used in an in teri m sense , i.e. , in  spec i fy ing
experim en tal condi t io ns for tes t purposes , or in recommending ways to
ins tall decision aids with a maximum chance of acceptance. For example ,
i f  a task force commander has had l i tt le or no exposure to au tomated
aids , spe c i a l i s ts should  be ass ign ed ra ther than the command er ’s staff
tra i ned ; if on the other hand a commander has had experience with computers ,
models and dec is ion  ana l y s i s , i t is best to put aids directly under his
control and not to install an intervenin g specialist. The model also
st resses team , as opposed to individua l , training and experimentation .

The case studies by CAC I deal t with four Navy systems : a) the
Nava l Tactical Data System , wh ich has been used operationally for 15
years; b) an ad hoc , computer-based system (Outlaw-Hawk) that combined
ocean surveillance information , an automated management information
system, and NTDS i nputs; c) the automated management Information system
(AllIs) used by the off icer-detail ing act iv i ty  of the Bureau of Naval
Personnel , and d) a deve lopmental fleet command center (FCC) that Is
intended for use in  making strategic decision s in a shore-based operational
control center during crIsis situatIons.

Coming out of the case studies were a number of consistent themes ,
all of wh ich have implications for the aids be ing developed in the ODA
program. First , a most neglected aspect of Introducing new automated
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decision elements is the development of training and imp l ementation
plans; such strategies are rarely given much thought , and few resou rces
are made available to support them. Another common findin g was that
automatic aids created an environment that centralized decision making
in the command authority himself , al though th i s  is  not neces sa r i l y  the
most efficient organ i zational model for solving problems . It was also
found that each of the systems would have benefited if two coordinators
had been p rovided : a tec h n i c a l  ad min is t ra tor , and an “integrato r” who
would serve as interface for the commander and the automated aid. CAC I
showed , too, that there was an initial resistance to aids that appeared
to be supersed i ng traditional human judgments ; such a reaction can have
negative effects on morale and cause performance inefficiencies.

The CAC I work has implication s for all of the decision aids being
developed in the ODA prog ram. First , it suggests tha t a grea t dea l of
attention has to be paid to accommodating the aids to individual styles
and prefere nces of the o f f i c e r s  who are to use them . T h i s  is a l l  the
more i mportant because of the high l evel , i.e. , task force command , berng
served by ODA. Second , the experiments that are to be done with the aids
shou ld , in part , include teams or staffs rather than relying exclusivel y
on individua l “one-man , one-machine” designs. Th i rd , attention should be
given to careful p lanning for the introduction of the aids. (One sugges-
tion made by an experienced nava l officer during a presentation of the
CAC I work is to re-label decision aids as “analytic ” a i ds so tha t there
w i l l  no t be an appeara nce of usur p i ng  commande rs ’ prerogatives.) Fourth ,
and f i na l l y ,  the concept of demonstrating new decision aids should be
supported as a separate activity in its own right and as a means of
assuring their acceptance or , at least , fair trial.

6. An experimental test bed facilit y

From its inception the ODA program has made provisions for a
central experimental and demonstration site for use by all the contractors .
The Department of Decision Sciences , Un i ve r s i ty of Pen n s y l v a n i a , has had
the responsibility for planning and building a test site that is intended
for use by all ODA contractors.* As is necessary in such dual purpose
f a c i l i t ies , the test bed includes both the necessary equipment—displays ,
term i n a l s , and commun i cation links with remote computers—and means for
conducting experiments , i.e., sof tware that perm i ts logs to be kep t for
recording the act ions of peop le who serve as decision makers in experiments.

The test bed is located in the Department of Decision Sciences
and i t consists of 700 squa re feet to be used as a laboratory . Sometimes

The Pennsylva nia group has another major responsibility, i .e., the
development of aids , d i s p l ays , and data management techniques. That
work w i l l  be described in  a la ter sec t io n . 

_ _ _ _ _ _ __
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referred to as a “decision envIronment ,” the facili ty has been structured
as a flexible tool to permit the easy installation and adaptation of
decision aids produced by other contractors and to allow locally developed
devices and software to be added and tested. The facility provides , for
demons trat ions  and exper i ments , a “g roup decis ion area” tha t can Invo l ve
up to 30 viewers . This part of the l aboratory includes large Advent
projection screen displays , a con trol console for the experime n ter , and
other display projectors.

An “i nd ividual decision environment” area is intended for experi-
ments with single human subjects. There are two work stations with
charac ter d i s p lays , associa ted keyboards , and a d d i t i o nal computer con trol
units. Both individua l and group areas are sound-proofed and air-condi-

N t ioned.

The pr inc i pal equipmen t used in support of the l aboratory is as
follows : a) a DEC System 10 computer and a GP 100 terminal ; b) a Ramtek
dis play and a PDP-ll computer , both loca ted in another area of the

V Un i versity and used to generate high quality color graph i cs ; c) a network
system for linking the base computers ; d) two Advent Video beam projectors
(for black and white or color displays); e) a color TV mon i tor; f) a
cha rac t er disp lay terminal (411,S 1460) for showing low resolution material
(e.g., bar char ts and rough diag rams); g) a “mouse” in put device used for
pointing , moving , or drawi ng; h) computer network units (Pennsy l vania ’s
Gandalf net); i) a video network to bring in displays generated by the
remote computer; and j) a voi ce synthesizer as well as other more conven-
tiona l auditory and visua l methods of generating alerting signals.

The Pennsylvania test facility will also include provisions for
recording the actions taken by decision makers working with the various
aids. This w ill make it possible to compile a history of how different -‘

subjects used the same aid and how the aids compared with one another.
Because the recorded actions will be stored in a computer , i t w i l l  be
possible  to prog ram sta t i s t i c a l  summa r i z i n g and ana l ytical routines so
that experimenters can have fast feedback on the results of their l aboratory
tr i a l s .

The Penn test fac i l i ty  has been used , and late in 1976 it served
as the site for demonstrating a number of decision aids that we re brought
in  by other contractors.

Decis ion  Aids

The heart of ONR ’s ODA program , and the source of i ts ma i n payof fs ,is  the gro up of con t rac tors who are develo p ing  a i d s  of var io us k i n d s .
There have bee n n i n e  sep arate  e f fo r ts , and each is described in the follow-
i ng pages. Some of the hi ghlights have been :

—a method for incorporating and displaying risk in tactical
decis io n mak ing ; 

,-.. ~~~~~~~~~ - 
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—applications of decision analysis to nava l tactical problems ,
i n c l u d i ng the deve l opmen t of special  d i s p l a y  and inpu t modes;

—new approaches to generating automatic alerters and warnings from
large data files ;

— techniques for organizing data so that it becomes adaptively
responsive to the preferences of different users (i.e., tac t ica l
commanders) ;

—severa l “outcome calc u la tors ” that make possib le the very rapid
assessmen t of al ter nat ive courses of actio n fac i ng tact ica l
decis io n makers ;

—ways to generate and display information about the comp l ex emission
patterns and interactions of own force electronic radiation , i.e.,
what might be disclosed to an enemy.

1. Data base management and an alerting technology

The Department of Decision Sciences , Un i vers i ty of Pennsylvania ,
has p roduced a “Decision Aiding Information System” (DAISY) tha t is based
on management science models. The main component of DAISY is an inter-
act ive computer w i th i t: assoc i ated d i s p lays , input devices , and software.
DA I SY is in tended for use in complex decision sequences , and it is organized
so that the tactical commander hims elf can have direct access to and be
aler ted by the compu ter. DA i SY does no t provide f u l l y  au tomatic decisions ,
nor is i t intended to develop in that direction . Rather , the system is
seen by i ts build ers as a surrogate staff officer who supports his princi-
pal , i.e. , the tactical commander , by “p rovid i ng access to d i st r i b u ted da ta
bases , powerful mathematica l modeling techn i ques , and a means of seque nc i n g
through the dec i s i o n process . . . .“~

The elements of DA I SY are : decisions (choices , w h i c h  contai n
information about what has happened earlier; alternatives ; and time
constraints); a relational data base; models (arrangements of rules for
handling data within DA ISY) ; triggers (indicators of events or changes of
state in the system); a data base management system to facilitate storage
and retrieval ; and a user—specified gra phics  capab i l it y which  permit s the
multiple segmentation of a disp lay screen.

The user of DAISY may call up CRT displays of data files , and from
them he can instruct the computer to extract information relevant to the
decision he is facing. Data management techniq ues make i t poss ib le  for
large files to be organ i zed and reorganized automatically in response to
the areas of interest of the decision maker and in ways to reduce system
response time . Alerters or trigger s adapt to the unique queries of
individua l decision makers and automatically call to their attention
pending events that are critical. The trigger notion in DAISY is particu-
larly useful and I t represents a new departure because it is adaptive ; that

* Morga n , H. L., DA I SY: An Applications Perspective, University of
P ennsy lvar~ia Department of Decision Science , Working Paper 75-11-03,
November 1975.

H ’  
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is , triggers are themselves responsive to the Individua l styles of
decision makers using DA I SY.

Several applications for DA I SY are envisioned. For example ,
the system can be used in a training context in wh i ch decision makers
would face prepared scenarios and be mon i tored by DA I SY for post—exercise
feedback. A series of training runs , with the same and diffe rent
decision-maker subjects , would make i t possible to understand the learn-
ing process in tactica l situations. Also , training runs would enable
data base technicians to better organize their files.

DAISY also has an application to tactica l operations planning.
The system provides a decision maker the chance to propose alternative
cou rses of ac ti on , both his own and those of an adversary , and he may
ask “what If” questions. In tactica l operations DA I SY provides a
special feature, a dynami c check l i s t, wh i ch automatically mon i tors the
decision maker by c a l l i n g  to h i s  atten t ion the sequen t ia l  decisions tha t
have to be made.

A few of DA I SY’~ other unique features bear mention because they
represent significan t aavances in automated decision processing systems.
One is that DA I SY is set up for multiple users who may have to Interact
through transferring responsibiUty for decisions to one another. This is
possible through switching and scheduling routines wh i ch give access to
a common data base by severa l users working at different speeds and at
differen t tasks. One user may , for example , create an alerting condition
wh i ch triggers an action to be considered by a different user , e.g., a
staff officer.

Dai sy uses the window display concept* as one form of input and
output device. Thus, up to five or more areas may be des i gnated on a CRT
for display i ng different data sets in list or graphic form ; a light pen
or the “mouse” mentioned above can be used to des i gnate changes or
commands. The user can, in DAISY , move windows around the screen.. to suit
his preferences. Most important , each window provides a display and i nput
mode for separate simu l taneous tasks being performed.

DA I SY also has provision for a voice synthes i zer output that can ,
via computer-generated simulated voice , s igna l special  war n in gs in an
aud i tory mode. DAISY inc l udes fine grain color graphic capab ility . The
dis play of quantitative information can be called up In tabular or bar
graph form, for example , and comparisons can be highlighted in color.

* Buneman , 0. P. et al. , Disp lay Facilities for Decision Support: The
DAISY Approach, paper presented to the Second Conference on Decision
Support Systems , San Jose , C a l i f o r n i a , January 1977.
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Preliminary react ions to DAISY’ s displays have been favorab l e.
One representative Navy user indicated that he had “finall y found a
system which matched the way [I] look at information while making a
dec is ion  . . .“~~

2. An aid based on dec is ion  theor y : d i sp lay ing t i me-changing events

One of the mos t advanced effor ts in the ONR ODA Progra m ha s been
research l ead i ng to the app l i ca ti on of decis ion theory to nava l tac t ical
command p robl ems. Dec i s io n theor y provides p roced ures or models for
structuring comp l ex problems into component parts . The models are used to
derive decision rules. These rules set up thresholds based on the like li-
hood of the occurrence of key events which affect the outcome of the
decis ion;  as thresholds a re cros sed or app roached , an optimum time to
sh ift to a new course of action is signa l ed . The main parts of a decision
model are : a) forma l structure of the decision , i.e., the acts from
wh ich choices are to be made and the events that affect the outcomes of
the cho i ces; b) the value of each decision outcome, i.e., tl,e decision
maker ’s own preferen c~~ among the possible outcomes ; and c) probability
judgments about uncer ~~. n  events tha t will af fec t the decision outcomes .
Dec i s ion anal ysis is based on expert judgments abou t preferred outcomes
and about probabilities of the chance events that can affect those out-
comes. Expected va l ues are then computed for each alternative cho i ce
and dis played to the decision maker. As events change in time the expected
va l ues can be cha nged and d i s p l ayed graph ically or in tabular form.
Displays show how threat changes with new information or changed proba-
bilities . Typically , decis i on theory app l i c a t ion has requ i red the
int erven t ion of expe r i e nced anal ys ts for proble m str uctur i ng and to
elicit probability judgments. The thrus t of the current ONR work in this
area is to have a computer serve as an analytic aid.

An ONR contractor , Decis ions  and Des i gns , Inc ., has tak en the
bas i c componen ts of these ra ther abs trac t theore ti cal develo pment s and
has built a prototype application to nava l tactica l decision situations. *~
The DDI Aid contains three displa ys . The first shows probability changes
ove r t ime as they rela te to the var i ous poss ib le  ex ter nal si tua ti ons and
to the alternative action decision thresholds. This is done by generating j
a track or vector in a triangular space. (An equilateria l triangle has
been used because a three-state , mutuall y excl us i ve decision space is
assumed ; hence , any po i n t in  the tr i a n g le ’s area represents the relative
probabil ity of each possible situation.) Action thresholds , based on the
decis ion maker ’s judgments , are used to d i v i d e  the t r i ang le ’s sta te areas;
as the probability track approaches each threshold , the more preferred is

* Ibid. p. 11

** See: Brown , R. V., et a!., Decis ion Analysis as an Element in an Opera-
tional Decision Aid ing System , TR 714- 2 , Sept. 19714; Brown et aL ,
Decisio i~s Analys is as an Element in an Operationa l Dec is ion  Aiding
System , TR-75-l3, Nov ., 1975; and Peterson , C. R., et al. ,  Decision
Analysis a~ an Element in an Operational Decision Aiding System, TR-76-lI ,
Oct., 1976.
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that action choi ce. Thus, the action alternatives available to the
decis ion maker are suggested by the location of the probability vector ,
and as it moves he can prepare to shift toward the Ind i cated course of
action .

The second d isp lay is a likel i hood table (or in telligence display)
showing data in the system re lat ing to events or situations that can
affect the situation assessment; this display contains information that
drives the probability vector. The third display shows the values
assigned to various outcomes by the decision maker.

The DDI A id makes possible a variety of “what if” analyses .
Thus , the decision maker can change the val ues he ass ig ns to l i kely
outcomes . Or , he can cha nge h is  es t ima te  of the impact of differen t
types of information received . As char.ges are made , their implications
are d isplayed automatically.

The DDI Aid is particularly attractive because it makes it
possible to structure multiple uncertainties that are typica l in nava l
tactical operations. Thus , severa l dis plays could be generated simul-
taneously , each showin g in  the same d i s p lay mode d i f f e r e n t k inds  of
informa tion : e.g., probability vectors for weather forecasts , the
enemy ’s state of read i ness, and our force ’s readiness. The probab ility
threshol ds of each display will be upda ted as one or another l evel of
uncertainty changes.

Because of i ts unconventional approach to tactica l decisions
the DD1 Aid has raised many questions , and they will be addressed experi-
men ta l l y in la ter phases of the program. For example: Can it best be
used to a i d  i n si tua t ion assessmen t , or option selec t ion , or both or
neither? We need to know how to program the displays to dea l with
rea l istic scenarios like ONRODA. The nature of an optima l interface of
the tactical commander with the Aid is not clear. Will he interact
di rec t l y or will he be better served by a specially tra i ned staff aide who
serves as a link wi th the DDI Aid? There are a number of human factors
ques t ions to be addressed , e.g., what is the best visua l mode for display-
in g uncertainty? How can color serve to encode information in this Aid?
How can cognition be aided by the DDI Aid; i.e., what are the i mpacts of
color or shape or number on decision processes? How much time is invo l ved
in learn i ng to use and interpret the AID?

Pending the answers to some of these questions , the DDI Aid
rema ins an exciting but unknown entity as far as operational applicatio n
is concerned .

* *
The aid descr i bed above does not take into account perceived

risk or the degree of certainty a decision maker assigns to the outcomes
of actions he takes. Paralleling DDI ’s developmen t , a supplemen tal

--- —
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display was des i gned and tested experimentally at the Navy Personnel
Research and Development Center (NPRDC). The purpose of this work was
to determine whether the addition of perceived risk to the ODI aid
would affect decision making. The i mpetus for Incorporating risk into
the DDI Aid was the belief that a tactical decision maker mi ght want
to know about the range as well as the average of the expected utility of
decision outcomes.

r Tacti cal scenar ios  were developed , and o f f i c ers exper i enced i n
tactica l operations were tra i ned as subjects. Risk was set as either
“high ,” i.e., serious consequences to own force if the wrong dec i sion[ were made , or “low,” i.e., rela tively minor consequences if the wrong
decision were made. A special dis play, the NPRDC Bar Graph , was

r developed to show the risks as well as utilities and probabilities of
outcomes of d i f f e r en t courses of ac t ion : “By showing the actua l utilities
and probabi l it ies of ou tcomes in the d i sp la y , i t was possible to provide
risk—rela ted information explicitl y at each dec i s ion oppor tuni ty . . . .“~~

Results of the NPRDC experiment were equivoca l and most were not
statistically significa t. The i ncorporation of the dimension of risk
in to the tact ica l dec i si on process had rela t ive l y lit tle effect on the
decis io n maker ’s perfor mance. For those subjec ts iden ti f i ed as “r i s k
avers i ve ,” however , the DDI Aid did assist si gnifica ntly in the decision
process. That is , the Aid benef it ed those off icers who tend to w i sh to
avoid risk but it hindered those who prefer risk. The reason for this is
no t c lear .  Cur ious ly ,  one experimen tal condi t ion in  which  nei ther a i d  was
prov i ded resulted in the best performance by the risk-preferr ing officer-
subjects. Officers who served as subjects reported that they liked the
DDI display and that they could learn to use it quickly; the NPRDC mod ified
a id , the bar gra ph show i ng r i s k , was less wel l  i n tegra ted in to the decision
process.

3. Emissions control (EIICON): decision aid ing in the dep l oyment
sensor systems

Perhaps the most comp lex area in planning tactica l fleet air
operations has to do with electronic sensor information : what do our
emissions tell the enemy about our force? what do we know about his
deployment? how do our (and his) sensor systems contribute to such
knowledge? The Genera l Research Corporation (GRC) has been working on
decision aiding concepts that will dea l with the hard-to-visual ize prob-
lem of how electronic sensors interact with one another and what such
informa tion contributes to judgments by each side about the other.

* Gettys , C. F. et a)., .~j1nif1cance of Risk In Navy Tactical Decision
Making : An Empirical I nvesti gation, NPRDC , TR-77-5, December 1976,
p. 9.
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P l a n n i n g  for EMCON i s , at present , a tedious manual task. Staff
officers fill in matrices with EMCON policy for each sh ip and each i tem
of emitting equipment. (Policies may range from complete silence to
full use.) The EMCON planner decides , for each shi p in  the force and
for each emitter , what risks are i nvo l ved—and what advantages are ga i ned
—by emp l oying the policies availabl e to him. These trade-off decisions
require a great deal of information about a techno logy that is frequentl y
changed or upgraded , and the burden on p la nners is cons i derabl e~ GRC has
proceeded toward the development of an automated decision aid for EMCON on
the basis of the contention that models can provide ind i cations of the
interactions of large numbers of electronic emit ters much more accurately
than can planning off icers working with t raditional manual aids . In this
appl icat ion, the computer offers a powerful means fo r asses s in g a l l  tha t
is known about many radars (or janiners) and how they in terac t . The CRC
approach has been to cons i der a ran ge of l evels of 4,sophisticat ion in an
EMCON outcome calculator—e.g., f rom an informa ti o~ re tr ieva l sys tem
conta i n i n g the att r i b u tes of both sides ’ elec tronic equ i pmen t and how it
performs , to, a t the other ex treme, a highly sophis ticated system that
can generate complete EMCON plans. (CRC ’s principa l investi ga tor sees an
i mmediate need for data retrieva l and display as a more important
priority, however , than the provision of an EMCON outcome calculator.)

I n essence the CRC aid* is a way of showing what information the
enemy can deduce and how i mportant such information may be. The CRC
a id  ca l cu l a tes “su rve i l l ance  q u a l i ty scores” wh i ch inc l ude the p r o b a b i l i ty
that enemy aircraft will be detected before they reach a defended area as
well as the probability of successful attack from a “least defended direc-
tion .” The aid dis plays radar coverage contours to assist the electronic
warfare officer in understand i.~g the rela ti onshi p between emissions and
detection probability. The aid would provide a task force commander the
a b i l i ty to “see” radia tion patterns and to exerc i se greater control over
them. The commander ’s staff would have to specify probabi listically which
enemy platforms and types of electronic equ i pment are in use. The GRC aid
wou ld d i s p l a y  “frequency space” i n an interactive mode; i.e., the commander
or his staff could define various conditions of electronic silence and have
dis played the information that mi ght be denied to them . Two main components
of the CRC a i d  are an “emiss i on anal ys i s ” model and an “air defense sur-
v e i l l a n c e ” model . The former assesses the information given away by our
force emiss ions and the latter determines the price paid , in  terms of
red uced a i r  defense , for EMCON restrict ions.

Rema i n i n g  to be done, of course , is the further development of
appropriate software and display hardware that can make it possible to
generate the GRC aid so tha t it can be tested wi th  representative naval

* What Is ref~ rred to here as an “aid” has not get been built or
demonstrated except as a simulation.

A~~. ~~~ . . .~~~~~~ ~~~~~~~~~~~
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off icers . The prospects for doing this are good and the payoffs for
task force tactica l command and control in a difficult area are likely
to be very high.

4. Decision-making under conditions of uncertainty: a human
aid for computers

Workin g on ru l es for a l loca tjn g dec i s io n f unct io ns among sys tem
elements , the I nteg rated Scie nces Cor pora t ion ( isc) has conducted experi-
ments to determine the best interface arrangements for men and computers .
The thrust of this effort is to determine how best to p rov i de for the
incorporation of experienced human judgment into computer-based or algo-
rithmic solutions to tactical engagement problems . Subjects have been
t ra ined to “draw” continuous subject ive functions on a rather sophist ica-
ted display surface as a means of entering their estimates of certain
aspects of a tac t i ca l s i tua t ion  into the computer. (A pilot experiment
established the relative superiority of a track ball input device over a

• light pen and a joy stick .*) Specifically, in an ai.r strike planning
task , surrogate officers were - required to estimate an optima l flight path
that would minimize the probability of detection by the enemy ’s sensors
and at the same time maximize speed to the target. As is usually the
case in p lanning for actual air operations , the subjects faced uncertain-
ties about the enemy ’s sensors. It was shown that the subjects ’ ability
to des ign optimum flight paths exceeded that of a fully-automatic mode

• and that men ’s subj ect ive  assessments wou ld  be a good way to de r ive
tactica l models for computers .

Direct application cannot yet be made to the design of a task
force command and con t rol system , however , and experimentat ion is
continuing.

5. An “Options Matrix ” approach to decision aiding

A critical question in providing automated decision aids to a
tact ica l commander is the extent to wh i ch he is willing to accept the
recommendations put forth for his consideration . Another question is
whe ther au toma ted a ids  can provide too much in forma t io n for a commander
to assimilate. The Grumman Aerospace Corporation conducted research
that cas t some l i g h t on these ma tters.

A three condition experiment l ooked into ways of generating
in fo rma t ion wh i ch wou ld  enable  a tac t ica l commander to choose among
several alternatives in planning a missi on .~ * One mode prov i ded the

*Irv i ng , G. W., et al., ODA Pilot Study : Select ion of an Interactive
Graphics Control Device for Continuous Subjective Functions Applica-
tions , TR 215-2 , April 1976.

**See: Kal enty , C. R., and Lockwood , W. L., ~~perimenta l Eva l uation
of an Options Matrix as an Operational Decision Aid , TR—CSS76-3l , March
1976; Kalenty , C. R., et al., Experimenta l Validation of an Options
Selection Matrix and Investigation of Other Display Fo rmats as
Operational Decision Aids , TR-CSS77- I , February 1977.

L~J
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task force commander with information in tabular and graphic form but
otherwise unprocessed . (His task was to designate one ship for a
special m i ssio n i n a s itu a t ion  i n wh i ch many comp lex at t r i b u tes of h i s
own force , the enemy , etc., had to be wei ghed.) Subjects worked in a
“command support simulator ” which generated large-scale displays of data ,
geogra phica l d i s tr i b u t ion of forces , equ i pmen t sta tus f i l e s , and the like .
The subjects could request tabular or graphic data via a console operator-
aid.

The second condition included computer-generated checklists
desi gned to ca l l  to the commander ’s attention critical factors that would
affect his decision . A selection matrix was also part of this aid , and
subjects had to enter we i ghtings or figures of merit for the various
factors in making their decisions. The computer then calculated a “best
solu ti on” based on the subject ’s estimates and factor wei ghtings .

The third condition presented subjects with filled—in matrices ,
i.e. , all dec ision options worked out automatically; and subjects had to
decide whether or not to accept these solutions.

The experimenta l outcomes showed severa l things. First , when
presented onl y with formatted data but no automated aids , subjects
arr i ved at decisions rapidly but were relatively inaccurate. There
were complaints of “too much information ” to be absorbed , and subj ects
felt their decisions had to be based on partial information . Second ,
the options matrix that provided automatic handling and combining of
subjects ’ wei ghtings enabled the commanders to focus on data pertinent
to the decisions they were facing. The fully automated arrangement ,
however , did not meet with approva l , mainly because subjects felt they
did not have control over inputs to the computer in formulating decisions.
F in a l l y ,  the experiments underscored the reluctance of tactica l commanders
to accept computer-generated aids without knowing something about their
cr ed i b i l it y : who were the sys tems ana l y s ts who ~enera ted the bas ic
equations? the operators who supplied input data to the algorithms?
and the staff  who desi gned the res u l t i ng op ti ons matr i x? Para ph r a s i n g
the words of the Grumman investiga tors , good tac ti cal dec i s i o n a i d s
should enable  the user to formulate h i s  own decis ions  and , i n doi ng so ,
to control the amount of automatic aiding he wishes . “The data displays
can , however , greatly reduce the effort that would nor ma l l y  be requ i red

for da ta re tr i eval , organ i zation , condensa t ion , and a s s i m i l a t ion
.“*

6. An outcome calculator to augment tact ica l  decis ion making

A very sizable amount of data goes into planning a tactica l
operation ; i nev i tably, as the ba tt le progresses , classes and subse ts

~ Kalenty et al., op. ci t. , 1977, p. 6.
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of data interact with one another. The Naval Warfare Research Center
(NWRC) of the Stanford Research Institute has conducted analytic studies
leading to the development of an automated outcome calculator that may
prove useful as a type of aid to the naval task force commander. The
NWRC model is based on an afr strike warfare mission that was drawn
f rom the scenarios described earlier (see page 3).

The outcome calculator consists of many tables , all of them
generated automatically and rapidly, that are des igned to take account
of these variables : the timing of events , the positioning of own and
enemy forces , attr i t ion (both sides) , weather , and force composition
and capabil i ty (own and enemy) . Among the tables generated and updated
by the ou tcome calc u la tor are these: seven “background” tables , includ-
ing weapon platform availability and damage repair capabilities ; three
“6cenario” tables , including own and enemy force descriptions ; four
“course of action” tables , inc luding operations plans ; and four “results ”
tables , including own and enemy missions accompl i shed. The task force
commander must also fur iish various input data , e.g., the opti onal
a ircraf t mixes , that he wishes to consi der.

The NWRC outcome calculator generates projections of losses for
both sides , taking into account the factors named above, e.g., t i m i n g
and weather.

To date , the outcome ca lculator has been run as a simulation
(but without rea l decision makers involved) . The model is said to
prov ide usefu l information on alternative courses of action in that its
al gorithms permit “what if” questions to be addressed for many conditions.
The extent to which the outcome calculator is ultimately of value wi l l
depend on the demonstrated abil i ty of task force command staffs to under-
stand and exerc ise it. NWRC ’s al gorithm has been shown to be compatible
with the Univers ity of Pennsylvania ’s test bed faci l i ty, and the next
step wi l l  be to inc lude It in experimental trials with decision makers.

7. An automated process for identify ing factors cr i t ica l to
tactical decisions

“ Problem structuring ” is the process that identifies and organ i zes
relevant factors as a way of helping a decision maker. The structuring
process can faci l i tate decisions in comp lex , changing , and uncertain
situations of the type likely to be faced by nava l task force coimnanders.
It also works to counter irrational decisions and It keeps long range
issues in focus where they mi ght be cast aside in favo r of near-term
factors. Decision structuring can be used in one-of-a-kind decisions
for which there are no established procedures or precedents . It p rovides
a “current best estimated” course of action , and the estimate improves
as structuring goes forward .

In an i mag i native attempt to automate the strUctur ing process ,
the Decis ion Analysis Group, Stanford Research Institute , has been
deve loping an alg orithm that will enable the task force commander to
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build formal decision models. The main output of this work has been
a method that identif ies im por tan t decision factors. (There is an
obvious complementarity to the work on triggers or alerters at the
Univers ity of Pennsylvania , and both groups of i nvestigators have
discussed a combined ef fort . )

As curre nt ly  developed , the SRI structuring process is based
on approximations derived from experimental trials. The SRI process
comb i nes human and automated elements in a dialogue format that runs as
follows : trade-off judgments about the would-be tactical operation are
stored in the computer; these may be pre-planned or they can be developed
by the task force commander; the computer generates questions which the
ana lys t in ter prets to the commander who , in turn , prov i des answers tha t
are entered into the computer via the analyst ; the dialogue proceeds as

t the computer performs calculations and generates new questions . As this
• i terative process takes place , a skele tal decis i on tree expands wi th

more and more de ta i l : ou tcome p r o b a b i l i t ies are assigned to chance nodes ,
and va l ues are genera ted for term i na l  points. Thus , expect ed val ues for

• a l ternat ive courses are calculated and ref ined as more de ta i l becomes
• available.

• In  the over a l l  structu r i n g  process , the staff analyst identifies
alternatives , he estima tes outcomes, and he provides ranges of uncer ta in ty
for each al ternative outcome . The commander ’s priorities or trade-off
preferences take the form of a va l ue model. The computer calculates
expected va l ues or utilities for each alternative ; it also points out
areas needin g c l a r i f i ca t ion by calcula ting the va l ue of resolving the
uncer tainties in the overall problem ; and the computer generates new
questions that identif y events not yet in the model . The staff analyst
and the task force commander can postulate additional events for the model ,
and the compu ter can es t ima te whe ther these even ts w i l l  i n f l uence the
decision under consideration. I f  the even t i s added to the model on the basi s
of the analyst ’ s assessment , the process continues.

There are a number of unanswered questions regarding SRI ‘s
structuring process. The contractor plans to implement a computer model
of h i s  proced u re and to conduc t exper i men ts tha t w i l l  po in t  ou t ar eas
needing re-work or strengthening. Actual experimentation is to be
carried out at the Univers i ty of Pennsylvania test facility . Three
subsystems , none of them yet completed (as of April 1977), are to be
built and tested . They are : a) a user-interface subsystem ; it prov i des ,
p romp ts , and checks on the appropriateness of user responses ; b) a
tree-handling subsystem , which  genera tes appro pr i a te decis ion  trees ,
includ ing decision probability, and terminal nodes; c) a probability
distribution f i t t ing subsystem , which converts estimated outcomes and
ranges prov i ded by the decis ion maker i nto con t i nuous p r o b a b i l i t y
dist r ibut ions.
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8. Nomography app lied to tactical decision aiding

One of the more recent efforts of the ONR program has been the
investigation of nomography for di splaying complex relationshi ps among
different classes of data. This work is looking into ways to show ,
simultaneous l y, many variables that i mpact on tactical warfare planning,
e.g., own force readiness , ratios of friendly-to—enemy forces , weather
condit ions en route and over the target , desired combat exchange ratios ,
and so on. The contractor , Anal ytics , Inc. , believes that noniography
will enhance the selection of optim al timing for tactics which have
alread y been chosen , such as when to launch an air strike . Another

L claim that has been made for this approach is that it can dea l with
dynamic data condit ions , i.e., hourly or more frequent changes of infor-
mation. Uncertainty is also said to be taken into account and its impac t
shown .

At this time it is not possible to assess Anal ytics ’ nomograp hic
work. The approach is promising; but , pending further development and
testing with experienced officers , little more can be said.

SOME C O N C L U D I N G  THOUGHTS

There is no doubt that the program has been rich and varied and
productive . As in other developmental efforts , a great dea l of hope was
generated that near-term products would be forthcoming and could be
incorporated into nava l command and control systems , both those in being
and those coming on line. There is some evidence that the Nava l Electronic
Systems Command would like to incorporate some of the ODA output , e.y.,
certain features of the Univers i ty of Pennsylvania ’s DA I SY , into its
Tactica l Flag Command Center now in development. But such developments
are slow and they tend to be delayed and sidetracked long the way .
Nev er thel ess , it is encourag ing that some of the 0NF rogram has met
with acceptance .

A number of the ODA “products ” offer further ~ omise. For example ,
the CRC approach to emission control offers a stra i ghforw ard way of
dealing with the comp l exities of electronic radiation . The DDI applica-
tion of decision theory is perhaps the least familiar of the ODA products
to opera t io nal Navy personn e l .  As such , it faces the most demanding and
skeptica l questions of would-be users . This situation can , of course ,
be eased with experimentall y derived evidence of the Aid’ s e f fe cti veness.

Many questions remain unanswered in the domain of decision aiding.
The major issue , and one that has been raised repeated l y ,  i s wha t w i l l
happen when representative naval officers use the aids unde r somewhat
(simulated) realistic conditions. There is evidence that some of the
aids present displays and require procedures that depart from conventional
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tactica l command and contro l to the extent that users require a great
dea l of i ndoctrination . The NPRDC Bar Graph is an example of the latter ,
as is the DDI display . Another somewhat disturbing finding was that
sen ior officer subjects exhibited considerable anxiety about accepting
automatically generated decisions or parts of decisions . It is not
enough , in  these cases , to pro pose t r a i n i n g  as a way out . Wha t mus t be
done i s to f i n d  ways of d i s p l a y i n g p r o b a b i l i s ti c si tua t ion assessments ,
and p r o b a b i l i ty d i st r i b u ti ons of outcomes , that will permit the decision
makers to cond uct th e i r  own tradeoffs to reach a dec i sion .

One of the leas t f u l f i l l i n g  as pects of th i s progra m has been i ts
inability to define ways to measure the effectiveness of decision aids.
Th i s is  par t of the more general and very long-s tanding problem of
criteria for command and control. The problem will not be solved by the
ODA program , but the pro g ram should  make some usef u l con tr i but io ns to the

• development of performance criteria for the decision aiding components of
command and contro l systems. This paper has alluded to some possible
approaches to the measuremen t of effec t i veness , but much more needs to
be done. For example , the question of the quality of tactical decisions
ar i ses; i . e . ,  do the a ids  s i g n i f i c a n t ly  enha nce a tac ti cal commander ’s
performa nce? Are economie s of tim e or resource a l loca ti on rea l ized
with one or another of the aids? What are the basic economics of intro-

L duc i n g decisio n a ids  into the f l eet? are there l i k e l y  to be s ign i f i c a nt
software costs? (Probably.) Are the human resources—systems analysts ,
p rogramme rs , and decis ion theorists—available to support the aids?

Overall there is a strong need to set up the decision aids—or at
least the most promising among them—in a demonstration mode. A great

• dea l of attention should be paid to hardware reliability and to providing
understandable demonstrations of what the aids can do. This should not
substitute for systematic , careful  exper imenta t ion , but it would serve
the important need of providing familiariza tion with the aids among a
large community of potential users. (ONR staff and its contractors may
have been too close to ODA develo pments to real i ze j ust how d i f f i c u l t
the techni ques are for the uninitiated to comprehend.) In the end , of
cou rse , the real payoffs for ONR’s con tr i b ut io n w i l l  l i e  i n exper imen ta l l y
derived evid ence that the decision aids work. This is difficult and
expens ive  experime n ta t i o n , but it must be done.

There are a number of unanswered questions that are suggested by
the work done in the OVA program so far. None of these issues , of course ,
should have been addressed e a r l i e r , nor could they have been without the
developmental work that this paper covers . For example , there w i l l
inevitably be new costs to the Navy if any of the decision aids progresses
to the point of becoming operational. There may be new hardwa re—displays ,
data input devices , computers , and the l i nks necessary to i ncorpora te

• a l l  of these into existing or new command contro l systems . These costs
are bound to be non-trivial , par t i c u l a r l y where they invo l ve new techno-
log ical demands such as color displays (an attribute of some of the aids
in the ODA program).
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• But at l east two other kinds of costs loom as even more expensive
than hardware. They are, f i rs t , the resources necessary to build and
maintain the software packages that support the decision aids . We do
not have any estimates of the extent of software costs , nor were they
i ncluded in this inquiry . But fifteen years of experience with the

• Navy Tactica l Data System has shown that extensive software back-up is
required.

The second cos t , and one that is difficult to predict but is never-
theless an i mportant aspect of adopting decision aids for fleet use, is
the t i me necessary for int rod uc ing  new technolo gy of th i s  type . Assum in g
that a decision aid is tested experimen tally and that the Navy ’s system
development process marks it for introduction to the operating forces ,
there w i l l  in ev it a b l y  be lon g delays before the aid can be expected to

4 be in place and available to task force commanders. The de l ays due to
hardware and sof tware procuremen t can , perha ps , be minimized if enough
pr ior i ty  is assigned to the production effort.

A delay not so ea.ily dealt with will be that wh i ch comes about
• from introducing such •~ew approaches to tactica l decision-mak~~g as . •

are embod ied in some of the ODA aids. Wha t we are referring to-•are
the i nev i table perturbations to organizations when -some trad i ti ona l l y
human functions are automated . There is a growing literature in the
management and behavioral sciences dealing with these effects and ways
to dea l with them. As ind i cated in earlier sections of this paper , two
contractors—CAC I and Systems Planning Corporation—have been concerned
wi th change brought about by automation . We believe that these efforts
bea r serious study and shou ld  perhaps be extended . I t is ou r st rong
convic t ion tha t the mai n b a r r i e r s  to sa ti sfac to r i l y  ado ptin g decision
a ids  w i l l  be human or gani za t i onal iss ues ra the r than hardwar e proble ms.

Have the ODA pro gra m objec ti ves been rea l i zed?  As stated in the
authorization document that approved the ODA program , “the essen t i a l
objective of the work is to improve tactical decision making by blending
a number of technologies . . . into a practical system for shipboard use

.
,,* The ONR program has brought to bear several technical areas—

decisio n analysis , computer graphics , data management , and or gan i zat i onal
psycho logy— into a single effort. It is too soon to address the issue of
whether this program will produce techniques tha t could be adopted or
incorporated in to other developmental programs ; but , as we have i n d i c a ted
e a r l i e r , there has been hi gh interest expressed toward some aspects of
the program by the Nava l Electronic Systems Command . The significance
of that interest will , of course , be demonstrated to the extent that
ODA concepts and aids actually find their way in to the fleet .

* Navy Decision Coord i nating Paper RPNO8, Operational Decision Aids ,
8 July 1976.
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Another objective of the program has been to develop a better
understanding of human decis ion processes and “. . . to integrate
(that knowledge) with the enhanced capabilities of new commun i cations
and da ta processing hardware . . . .“~~ In  our view , th i s  objec t ive is
the most ambitious part of the entire ODA undertaking and , i f successf u l ,
will far outwe i gh any hardware contributions the program may bring about.

• There is still a long way to go to demonstrate that the efficiency of
• command decision-making processes has been improved ; this program, however ,

par t ic u l a r l y wi th i ts emphasis on the decis ion sc i ences , has under taken
a r i sky ven tu re which  w i l l  have h i g h  val ue if i t succeeds. Perhaps
“success” is a na i ve concept. All research generates new knowledge in
pa i n f u l l y  smal l  and cost l y increments. The OVA work has taken a fresh
look at the state of decision technology , and some of its outcomes are
innovative and exciting. What remains , and wha t w i l l  undoubted l y be the
next phase of this work , are the demons tra t ion and experime n tal s tudies
that have to be accomplished before one can say much more about program
objectives and the extent to which they have been attained .

*
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