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CAUSAL SCHEMA DECISION-AIDING SYSTEM

BACKGROUND

Command and control in ground combat has always

involved difficult decision-making tasks. Historically these

difficulties have been exacerbated by the fact that command-

ers (and their staffs) have had to deal with uncertain

information, delays in receiving reports and in transmitting

directives, as well as the complexities associated with

employing diverse units in accordance with their individual

and collective capabilities and vulnerabilities. While war-

fare has continued to evolve over time, and especially since

the end of the Second World War, these difficulties persist

and may have increased.

* Information remains uncertain. While the quality
of sensor-derived information has improved signi-
ficantly, increased numbers of sensors and advan-
ces in communications have magnified the volume of
information available to individual commanders--
far outstripping existing processing capabilities.

* Communications systems have improved and delays
have been reduced, but modern jamming, other
countermeasures, and reliability problems can
still delay or even prevent the passage of infor-
mation.

* The complexity of optimizing force capabilities
and vulnerabilities has grown significantly with
the proliferation of new systems. Further, effec-
tive use of these advanced systems demands
detailed technical information.

* with the increase in the pace of battle and the
tremendous firepower now available to commanders,
mistakes can be more costly and have greater
impact on a force's situation.
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In recent years computers (and particularly microcom-

puters) have been used to support the decisionmaking pro-

cess. Originally this support was centered around simple

functional tasks such as spread sheets and computational

routines which produced periodic reports and presented them

in a form that allowed commanders and staffs to see trends,

make comparisons, and develop insights. This support has

also involved highly structured, rule-based applications

such as the allocation of nuclear weapons to a set of

targets.

With the development of artificial intelligence

capabilities, decision aiding systems based on sets of logi-

cal rules have been developed in a number of areas where

repetitive patterns occur. These have been most successful

in such fields as diagnosing diseases, decisions concerning

locations of potential oil drilling sites, and iden-

tification of maintenance and repair problems. Expert or

knowledge based system will be operational in the 1990's in a

njmber of C31 problem-solving contexts that are well bounded

and cnaracterized by extensive formal understanding

(Andriole and Hopple, 1985). However, such systems have

proven to be of relatively little value in supporting

creative decision processes such as military planning that

are less well understood and not as susceptible to formal

deterministic or probabilistic analysis. A new approach

called "causal schema" has emerged and shows promise in the

laboratory for assisting people involved in creative tasks

where no algorithms or clear cut rules exist.
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CAUSAL SCHEMA

The central role of causal assessment in human thinking

and decisonmaking is clearly reflected in the standard AI

knowledge representation schemes (Barr and Feigenbaum, 1981;

Hayes-Roth, et al, 1983). The causal schema approach

assists decisionmaking by leading the user thiough a logical

process. It assumes that creative processes can be stimu-

lated by a combination of creating an understanding of what

is to be accomplished, suggesting some ways that it can be

thought about, asking questions (both rhetorical questions

as reminders of key elements, and real questions as a way of

stimulating useful responses), and recording responses in a

structured way.

People in general--including military decisionmakers--

do not generally perform well as intuitive scientists. They

have few or no qualms about immediately (and, in fact,

apparently spontaneously) attributing an observed effect to

one or more causes. Often however, the principle of
"misguided parsimony" holds, with an overreliance on

simplistic models of causation (including the frequent

failure to go beyond a single, salient probable cause).

Causal inference does not always occur in an unbiased

fashion. Furthermore, there is rarely a self-evident or

simple "right" answer to the question of what causes

something (Hopple, 1984; Nisbett and Ross, 1980).

Aids which support decision making should be genuinely

interactive and dynamic systems rather than expert systems

which mimic (and could potentially replace) the problem-

solver. They should be capable of generating the comman-

der's (or staff member's) generic causal structure or

schema, interacting with the user to embellish his cognitive
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map of the problem domain, and offering "advice" about how

to expand or refine the schema. The generic schema would be

created, refined, stored, and updated or revised as

necessary. Depending on changing causal parameters and

constraints, the dynamic form of the schema would be capable

of varying its contents and even its structure. The causal

schema-based decision aiding system would thus genuinely

marry the expert and the expert system, creating an active

knowledge-based system midway between a "naked expert" and a

passive, automated expert system. The aid would also

constitute an adaptive decision support system. In addition

to being adaptive and interactive, future versions of the

aid could be designed as self-learning systems, systems

capable of making significant changes in their internal pro-

cessing logic in response to user demands or on the basis of

demands placed on the system in the past. A dynamic,

changing battlefield and the need to counter deception and

communications interference require this kind of decision

aiding system.

OBJECTIVES

Three technical objectives were established for this

project:

0 Develop a prototype causal schema decision aiding

system for use in the tactical environment.

0 Evaluate the performance of the prototype.

* Conduct a preliminary assessment of the value of
the causal schema approach for other problem
domains in tactical planning and decision making.
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CAUSAL SCHEMA FIRE SUPPORT PLANNER

Introduction

In determining which specific planning process was to

be used as the basis for the causal schema decision aiding

system, the following needs were considered:

* The selected process had to fit within realistic
and recognizable boundaries.

* The problems chosen had to involve creative
planning (not rule-based or algorithmic) pro-
cesses.

0 The decision aiding system needed to be compatible
with an existing scenario for which quality
planning could be recognized.

Based on these considerations, a Fire Support Annex

supporting a Corps Operations Plan was determined to be an

appropriate vehicle for the development of the prototype

causal schema decision aiding system. Since the scope of

this program was limited (in terms of both period of perfor-

mance and level of effort), only portions of the Fire

Support Annex were selected to be implemented in the proto-

type. The format for the Fire Support Annex is provided as

Figure 1; those portions implemented in the prototype are

identified.

The LETORT scenario (and its supporting Corps Operations

Plan) was selected to form the background for the develop-

ment of the Fire Support Annex. This scenario, which sup-

ports the Army War College Theater and Corps Operations and

Planning Simulation (TACOPS), depicts an initial unprovoked

attack by Soviet forces in the southern portion of what is

5



X 1. SITUATION

A. Enemy Forces
B. Friendly Forces
C. Attachments and Detachments

X 2. MISSION

3. EXECUTION

X A. Concept of Operation
X B. Air Support

(1) General
(2) Allocation
(3) Miscellaneous

C. Chemical Support
(1) General
(2) Prescribed Chemical Load
(3) Miscellaneous

X D. Field Artillery Support
(1) General
(2) Organization for Combat
(3) Miscellaneous

E. Naval Gunfire Support
(1) General
(2) Organization
(3) Miscellaneous

F. Nuclear Fire Support
(1) General
(2) Prescribed Nuclear Load
(3) Miscellaneous

X G. Coordinating Instructions

4. SERVICE SUPPORT

5. COMMAND AND SIGNAL

A. Command
B. Signal

The prototype decision aiding system addresses only
portions of the Fire Support Annex; those portions addressed
are indicated with an X.

Figure 1. Fire Support Annex Format
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commonly referred to as the North German Plain. In this

scenario the llth Corps has been assigned to a newly formed

Middle Army Group (MIDAG).

Overview of the Prototype Fire Support Planner

Figure 2 illustrates the overall causal schema. The
arrows represent both the planning logic and causal flows in

fire support planning. For example, the physical environ-

ment impacts the commander s concept and also sets the ini-

tial parameters for the fire support concept. The latter is
also influenced by the mission, fire support assets avail-

able, and the evolving cow.tander's concept. Battlefield
situation scenarios also nave a major influence over the

fire support concept. These scenarios represent the mental

(and sometimes verbal) wargaming of each probable enemy

course of action to visualize how the battle might progress

given the range of potential friendly responses.

As indicated in Figure 2, six factors impact the fire

support concept and through it, the Fire Support Annex:

* The mission, the commander's concept and those of
the next senior headquarters.

* The physical environment which addresses the
characteristics of the terrain, and the impact of
the terrain on enemy/friendly courses of action.

* Dealing with enemy forces, which leads to six

basic data questions that are important:

- What forces oppose you?

- Where are the enemy forces?

- What is the enemy's probable course of
action?

- What is the enemy's timetable?

7
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- Where are the enemy's reserves?

What other courses of action could the enemy
employ?

* The Fire Support Annex which must be coordinated
with the fire support plans of friendly forces
(both higher and adjacent headquarters).

* Assets, which address friendly fire support ele-
ments currently available and those which will
become available in time to support the comman-
der's concept.

As indicated in Figure 3, the Fire Support Annex is

developed from the fire support concept using four basic

planning tasks:

* Identifying fire support needs over space and
time: Where, how much, in what sequence, and at
what time would fires most likely be required to
support the covering force, the main battle, the
deep battle, and rear area combat operations, con-
sidering enemy and own probable/alternate courses
of action.

0 Determining if available assets cover the iden-
tified needs: What fire support assets are
required to support the identified needs; what
assets are available; if additional assets are
required, can they be obtained.

* Linking available assets to the identified needs:
Which asset (or set of assets) is most likely to
be required to support each need (or set of needs)
for the covering force, the main battle, the deep
battle, and rear area combat operations.

* Positioning available assets over space and time:
what allocation of close air support and field
artillery organization for combat is most
appropriate to support the covering force, the
main battle, the deep battle, and rear area combat
operations; what coordinating instructions are
appropriate.

9
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Prototype Fire Support Planner

The prototype fire support planner, which is included

as Appendix I, consists of a series of storyboards (i.e.,

representations of computer screens) which provide the basic

structure of the aid. What are not included are the support

instructions which assist the operator in moving from screen

to screen, either forward or reverse, or the word processing

functions which provide the completed plan.

The prototype uses a questioning technique with three

types of questions:

0 Questions which do not require a written response,
but merely serve as guides to the planning pro-
cess. As illustrated below, these do not provide
space for a response. However, should the opera-
tor wish to insert a response/comment, he is free
to do so; any such responses/comments will be
retained in the particular storyboard and will be
included any time a particular screen is sub-
sequently requested by the operator.

Where are the enemy forces?

* Questions which require a written response which
will be used later in the planning process. These
provide space for a response immediately after the
question, as illustrated below:

What is the enemy's probable course of
action?

* Questions which require a written response which
are directly inserted into the completed Fire
Support Annex. These provide space for a for-
matted response (i.e., paragraphed to correspond
to the Fire Support Annex format), as illustrated
below:

11



What is the required fire support task (i.e.,
mission)?

2. MISSION

As an aid to the user, preceding each set of questions

is a graphic illustrating the planning process to be

addressed.

EVALUATION AND VALIDATION

Introduction

As originally proposed, the evaluation and validation

of the causal schema decision aiding system was to have con-

sisted of two phases:

0 Evaluation of the prototype fire support planner
by six to ten mid-level (Captains and Majors) Field
Artillery Officers at Fort Sill and Fort
Leavenworth using a formal before and after
research design with control for order.

* Evaluation of the prototype fire support planner
by four senior (Lieutenant Colonels and Colonels)
Field Artillery Officers at the Army War College
using the same before and after design.

Tnfortunately, necessary personnel could not be made

availaole at either Fort Sill or Fort Leavenworth, and those

which could be made available at the Army War College, could

not De made available for a sufficient period of time to

permit a valid test using the most desireable technique. As

a result revised evaluation procedures were developed.

12



Procedures

The evaluation of the prototype fire support planner

was conducted using an overall approach very similar to the

Continuous and Comprehensive Evaluation (C2 E) concept

recently adopted by the Army in which systems (and par-

ticularly command and control systems) are evaluated

throughout their development process, rather than the more

structured conventional testing called for in AR 71-3. In

this concept, which could be described as build-a-little,

test-a-little, and build-a-little-more, the results of each

evaluation directly impacts subsequent development processes.

In applying the C2 E concept to the prototype fire sup-

port planner, personnel from the ARI Field Unit at Fort

Leavenworth and the Army War College articipated in a five

step process.

a Evaluation by ARI personnel: The initial causal
schema for fire support planning was reviewed by
the following personnel of the ARI Field Unit at
Fort Leavenworth:

- Dr. S. M. Halpin, Chief

- Major J. Flanagan, R&D Cordinator

0 Development of the initial prototype fire support
planner: The comments and suggested changes
developed as a result of the evalution by Dr.
Halpin and Major Flanagan were incorporated into
causal schema used for the fire support planner.

0 Evaluation by senior faculty members of the Army
War College: The initial prototype fire support
planner was evaluated by the following personnel
at the Army War College (this evaluation included
a detailed step-by-step walkthrough of each of the
initial storyboards):

Colonel J. P. Stewart, Director of the Center
for Land Warfare

13



Mr. J. E. Struve, Technical Advisor for the
Center for Land Warfare

0 As indicated earlier, the LETORT Scenario (which
depicts an unprovoked attack by Soviet forces
in Central Europe) was used as the basis for deve-
loping the prototype fire support planner. In
order to ensure that evaluators were exposed to
sufticient background material, a pre-evaluation
package was provided each evaluator several days
prior to each evaluation. This package included:

A brief introduction to causal schema deci-

sion aiding systems

An introduction to the scenario

A hypothetical set of notes from the Corps
Commander's staff meeting. These notes
included: mission; analysis of weather and
terrain; likely enemy courses of action;
operations order of the corps' higher head-
quarters; and red order of battle.

0 Development of the prototype fire support planner:
The comments and suggested changes developed as a
result of the evaluation by Colonel Stewart and
Mr. Struve were incorporated into the initial pro-
totype fire support planner used for the final
evaluation.

0 Evaluation by Army War college faculty and stu-
dents: The prototype fire support planner was
evaluated by the following personnel using the
same procedures employed in the previous evalu-
ation of the initial prototype by Colonel Stewart
and Mr. Struve.

Colonel W. 0. Staudenmaier, Land Warfare
Studies, Center For Land Warfare

Lieutenant Colonel R. W. Zawilski, incoming
Director Corps/Army Studies, Center For Land
Warfare

A Lieutentant Colonel (P) student at the Army
War College with extensive field artillery
experience at battalion, brigade, and corps
level

14



A Lieutenant Colonel (P) student at the Army
war College with field artillery experience
at battalion, brigade, and division level and
at the Field Artillery Center and School

The comments and suggested changes developed as a

result of final evaluation are not reflected in the proto-

type fire support planner included as Appendix I.

Findings

The evaluation findings have been segmented into three

categories: specific lessons learned on the prototype fire

support planner; manner of presentation of causal schema

decision aiding systems; and utility of causal schemas in

military decision aiding systems.

0 Prototype fire support planner lessons learned

The graphics illustrating the planning pro-
cesses should be available to introduce the
decision aiding system and to enhance
training, but should not be automatically
presented each time the system is used.

_- In addition to the information provided on
friendly fire support assets (FRIENDLY
FORCES/ASSETS Storyboard), information on the
status of each asset, its current position
and tactical mission, and its ability to move
should be provided.

Available information on air support assets
(FRIENDLY FORCES/ASSETS) is insufficient.
There is a need to identify numbers of
preplanned sorties and the number of sorties
available for quick response.

The fire support concept of operation
(MISSION/CONCEPT OF OPERATION) should be
relabeled as the "initial" concept of opera-
tion, recognizing that it might change as as
result of the planning process. Provision

15



should be made to incorporate a review/
rewrite of the concept of operation during
ASSETS AVAILABLE/NEEDS.

In identifying where fires most likely would
be required (NEEDS OVER SPACE), the type of
ammunition which would be required should
also be projected.

The identifier "R" is used to signify two
different situations (NEEDS OVER SPACE).

There is a need to incorporate a more formal
Target Value Analysis (a rule-based process)
instead of the Target Threat Analysis (LINK
ASSETS TO NEEDS).

In developing the field artillery organiza-
tion for combat (POSITION ASSETS OVER
SPACE/TIME), additional emphasis should be
placed on the likelihood of "on order"
missions.

Coordinating Instructions (POSITION ASSETS
OVER SPACE/TIME) should be fleshed out; local
standing operating procedures should be built
into the planner

* Causal schema manner of presentation

The ability to build a map, or add and
suppress overlays to a map, would increase the
effectiveness of a decision aiding system
significantly. (One evaluator went so far as
to state that the ability to use, or not use
overlays which depict boundries, locate
friendly/enemy fire support assets, provide
range "fan" for friendly/enemy fire support
assets, etc. could reduce the corps-level
planning process by hours.)

There is a need to differentiate what infor-
mation is displayed (and how it is displayed)
based on who is supposed to use the decision
aiding system. For example the technician/
junior staff officer would require all the
detail incorporated in the prototype fire

16



support planner which supports the develop-
ment of anticipated requirements for sup-
porting fires, whereas the decisionmaker/
senior staff officer would only be required
to view and confirm or modify the resultant
recommendations.

Since causal schema decision aiding systems
would be used in conjunction with other
systems (i.e., algorithmic/rule-based deci-
sion aids, manual systems) which would nor-
mally be off-line, there is a requirement
that they have the capability to operate with
a "finger in the book" mode, wherein the
operator could leave, perform an off-line
function, and return to pick up exactly where
he left off without any loss of data.

There is a need to have as much information
as possible prestored or provided by tech-
nical personnel in advance, so the
decisionmakers/senior staff officers can
focus on the planning/decisionmaking process.

0 Utility of causal schemas in military decision
aiding systems

Knowledge-based causal schema decision aiding
systems are superior to algorithmic/rule
based systems for creative processes in
unbounded problems similar to military tac-
tical planning.

Knowledge-based causal schema decision aiding
systems could be very valuable as training
vehicles.

Knowlege-based causal schema decision aiding
systems should be employed with algorithmic/
rule based systems and kinematic displays to
expand their overall utility.

17



CONCLUSIONS

The prototype fire support planner demonstrated that a

causal schema knowledge-based decision aiding system can be

developed for use in the tactical planning environment and

can be used as a basis for a knowlege-based system designed

for specific battlefield operations.

However, although development of a causal schema deci-

sion aiding system for development of Fire Support Annex was

useful, it is apparent that to take full advantage of the

causal schema methodology requires application at the tac-

tical planning level. In this application, the causal

schema decision aiding system would act as a front-end pro-

cessor (i.e. an intelligent front end) by orchestrating the

use of the lower level management information systems and

rule-based and algorithmic decision aids.

As a front-end processor the decision aiding system would use

information generated by other aids to manage the command

and control planning process. It would use a "finger in the

book" scheme where one could leave the planning process,

query one of the other systems (i.e. for effective weapon

range, opponent's likely course of action, available units

and etc.), and return without loss of data.

The design of a decision aiding system for the planning

process would, naturally, require a more flexible schema

than that designed specifically for Fire Support. It would

need to be based on the overall decisionmaking process and

concern itself more with generalized command and control

than with specific applications.

18



RECOMMENDATIONS

DSI has developed, under contract to DCA, a paradigm

for modeling the command and control process. This model

views the process as that of six sequential steps: monitor

the environment, understand, generate options, predict the

outcomes of each option, select an option, direct forces.

The model led to development of the Headquarters

Effectiveness Assessment Tool (HEAT) which permits the

evaluation of the staff process by providing MOEs for

overall effectiveness and efficiency of the individual pro-

cesses.

It is recommended that a decision aiding system be

developed (in a Phase II SBIR Program) that uses the causal

schema methodology within the context of the HEAT framework

for use as a front-end processor to support tactical

planning. This approach has the benefit of using an

accepted paradigm that has been tested in several single

service and joint service exercises and that has a proven

evaluation methodology. It would, of course, be necessary

to tailor the process measures of the generic HEAT model for

this application, however the overall effectiveness measure

of whether or not better plans are created is directly

applicable.
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APPENDIX A
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