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ABSTRACT

The Army Technolegy Base Master Plan identifies the emerging field of artificial 1nte111gence as a,
technology with high potential to meet the Army's changing needs for f1x1ng, manning, and arming the

forces into the next century.

In Tate 1990, the Army Materiel Command's Deputy Chief of Staff for

Technology Planning and Management directed a comprehensive master plan for artificial intelligence be

developed.
Al technology development into the 2lst Century.
considered most relevant to the Army needs.
Pilan, Intelligent Tuloring Systems.

This plan serves as a framework from which the Army Materiel Command can meanage and execute
The AI Master Plan identifies 13 technology areas B
This paper addresses one technology area in the Al Master
‘This is a pilan within the master plan and provides a vision and

specific direction for closing the gap between today's reality and tommorow's expectation for Army

training sysiems.
. INTRODUCTION

In April 1989, the Army published the Army
Technology Base Master Plan. The Plan provided
guidance to the Army Laboratories and Research _
Centers to focus the technology base on the most
critical war fighting needs.  The plan directive is
to support force modernization programs while pre-
serving and enhancing our technological superiority
over potential adversaries. The Technology Base
Master Plan recognized the technology base as an
essential corporate investment in the Army future.
It also contafns the Technology Base Investment
Strategy for realizing the leadership's visien of
the future Army support for Commander-in-Chief war-
fighting needs.! By identifying a particular area
as _a key emerging technology, the Army signals its
intention to (1) provide sufficient funding for.
progress on a broad front, (2) stabilize this fund-
ing so that laboratory activities can be planned
properly, {3) ensure that the technical staff has

developed concrete plans, and {4) provide a mech- --

anism by which management can review important
areas across organizational boundaries.

Artificial Inteliigence (AI) has been identi-
fied and designated in the Technology Base Master
Plan as one of the 13 key emerging technologies
that have been recognized as having a greater
impact than other technologies on” future war-
fighting capabilities. The combination of Al
being recognized as a critical emerging techno-
logy and the specific need far a_concrete plan
is the motivation for the development of the Army
Materiel Command‘s (AMC's) Al Master Plan.’

Given these stated conditions, the objective
of this paper is first to inform other government
agencfes and industry that the Army's AMC is
taking decisive steps to organize and focus on Al
based technology based activities. A second ob-
Jjective s to review a conceptual framework for
conducting research and development on Intelli-
gent Tutoring Systems (ITS}. A third and Tinal
objective_is to provide a brief vision of intent
for advancing and applying ITS technology develop-
ment to meet Army training needs into the 2lst
Century.

- Army systems.

ARMY MATERIEL COMMAND'S AI TECHNOLOGY BASE
MASTER PLAN

-Objectiveﬁ- -

The AMC Al Master Plan addresses the contribu-
tion that Al technologies can make to the AMC and .
it emphasizes uniformly the AI tech-
nology development, transition, and application :
phases. It encompasses the research, development,
and application activities, as well as, the appli---
cation of Al to manufacturing, testing, and To-
gistics. The broad gbjectives of_ the master plan
serves the fo]]ow1ng purposes:

a. Construct a framework for Al research and

~ development in the organization,

b. Serve as Tnputs to the AMC Technology Base
planning,

¢. Catalogue significant current and future
Al and AI related projects,

d. Identify Al resources availability and
needs, :

e. Coordinate all AI projects and activities
internaily within and externally among various
organizations, .

7. Demonstrate paths to acquiring skills,

services, products, and facilities,

g. Evaluate offers of help from outside
agencies,

h. Show ways of applying Al in devices, Sys-
tems, and services,

i. Demarcate the role of Al by AMC missions,
objectives, and goals,

Jj. Identify funding needs to realize ¥ull gain
from AI,
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k. Identify synergy of Al with other techne-
logies and projects,
1. List benefits and risks of AI systems.

Emerging Al Technoiogies

In 1956, a group of scleniists. assembled at
Dartmouth College coined the term “Artificial
Intelligence®. to describe a vaguely defined but
emerging technology. The collective initiatives
of this group of picneering scientists resulted in
what today is identified as_Artificial Intelligence
or AI. During the almost four ensuing decades
same =2lements of artificial intelligence have made
the transition from the often mysterious tapic
reserved for laboratory and university research to
commercial applications. While most of the early
prediction on the achievements of AI fall short of
expectations, some areas of the emerging technology
have achieved widespread recognition. Key appli-
cation areas of Al technology include: expert
systems, computer vision, natural language proces-
sing, speech .interfaces, problem soiving and
planning. Expert systems was ithe first sub-com-
ponent of Al technology te achieve a moderate
amount of commercial success. The successful
development and application of expert systems
techno]ogy is detailed in The Rise of the Expert

Company.

During. the last decade DARPA's Pilot Associate
and Battle Managements Programs® are examples of
programs that are focal points of intense develop-
ment and application of Al technologies. More than
40 Army centers, laboratories, and agencies have
indicated either an interest or_have Al related
activities in ongoing program efforts.

In early 1989, AMC leadership initiated the
effort to develop the AI Master Plan. Major sub- .
ardinate commands were asked to provide inputs to
the plan. Technology areas most relevant to the
Army needs were defined during ensuing workshops,

be most relevant to the Army's needs into the
21st .Century are indicated in Table 1. As shown,
some technology areas inclTude more than one tech-
nology. As expected, the bhoundaries between the .
technelegy areas overlap considerably.

RTIFICIAL INTELLIGENCE TECHNOLOGIES MOST RELEVANT TO ARMY NEEDS

I. EXPERT SYSTEMS KNOWLEDGE LEVEL REASONING, MACHINE LEARNING

2. MNATURAL LANGUAGE AND SPEECH RECOGNITION AND INTELLIGENT
INTERFACES -

3. INTELLIGENCE VISION AND IMAGE UNDERSTANDING
4, INTELLIGENT DATABASE AND COMMUNICATIONS

5. INTELLIGENT SENSOR AND DATA FUSIOR

6. AUTONOMOUS SYSTEMS AND INTELLIGENT CONTROEL
INTELLISENT PLANNING

INTELLIGENCE SIMULATION

9. AUTCHATIC PROGRAMMING

INTELLIGENT MANUFACTURING AND CONCURRENT ENGIKEERING
INTELLIGENT TUTORING SYSTEMS

12. AI TECHNIQUES, HARDWARE, SOFTWARE, AND NEURAL NETWORKS

13. LOGISTICS FOR Al APPLICATION

© Table 1. ArtiffciaT’IntéT]igence TebhnoTogies
Most Relevant to Army Needs

Along with the plan, a definition was necessary.

" The AMC Al Master Plan defines Artificial Intelli-

working sessions, high level straw man plans develop-

ment, product and specific technical area reviews. ~
The thirteen Al technology areas determined to

genge as "..compuier software that exhibits char-
acteristics which when exhibited by humans, will be
recognized as inteiligent".

Impact of AI on Army Systems

The Al technologies were considered for impact
on Required Technical Capabilities for all systems
gnd operations in the Army's battlefield mission

areas (including modernization), system development,

logistics, and training. The process involved
in the review is depicted in Figure 1. As findica-
ted, training is identified as a function that

AVIATIOR

ARTIFICIAL INTELLIGENCE
TECHNOLOGIES

B ARMY MODERNIZATION PLANS

FIRE SUPPORT
AlR DEFENSE

MOBILITYSURVIVABILITY
INTELLKGENCE
COMMAND AND CONTROL
COMBAT SERVICE SUPPOAT

INCREASED BATTLEFIE -'
SYSTEM EFFECTIVENESS,
MANPOWER REDUCTION

SOFTWARE MAINTERARC
SUPRPLY, MAINTERANCE, &

i EXPERT SYSTEMS SYSTEM DEVELOFMENT
| NATURAL LANGUAGE/SPEECH CONCEPT DEVELOPMENT
H INTELLIGENT VISIOR RESEARCH & DEVELOPMENT LOWER
| INTELLIGENT DATABASES RAPID PROTOTYPING INITIAL TOSTS,
| INTELLIGENT SENSOQRS & FUSION DESIGN IMPROVE AFFORCABILITY
| AUTONOMOUS SYSTEMS MANUFACTURING Lt e
| INTELLIGENT PLANNING SOFTWARE DEVELOPMENT s -
| INTELLIGERT SIMULATION TESTING/ACCEPTANCE
T CLLIGENT MANUFACTURING e Lowen
N INTELLIGENT TUTGRING LIFE-CYCLE COSTS AND
H NEURAL NETWORKS C JMPRCVE READINESS
l - o - —_

Figure 1.

37

Impact of AI Technologies on Army Missions



impacts all areas of the Army missions including
system effectiveness, affordability, and readiness.

A second element in the Master Plan strategy is
to distribute the research and development of the
AI technologies ameng the AMC laboratories and re-
search centers. Interested organizations were in- -
vited to submit a proposed program of activities,
including background on previous Al technology re-
search and development efforts. Teams were formed
to pursue technology development in the identified
Al technology areas. A technologist from each team
was selected to perform as an AMC technology leader,
AMC player groups and AMC Teaders have beern estabished
for each of the technologies Tisted in Table 1, A
major objective and responsibility of the AMC tech-
nology Teader is to plan and prepare for coordinating
and Teveraging efforts ongoeing in other commands,
universities, national laboratories, and agencies in
the civiiian sector.

Technalogists from the U.S. Army Missile Command
Redstone Arsenal, AL were designated as AMC Teaders
in the technology areas of Intelligent Tutoring
Systems (ITS) and Neural Networks. The focus of the
remainder of this report is on the AMC Master_Pian
for Intelligent Tutoring Systems.

INTELLIGENT TUTORING SYSTEM MASTER PLAN

The visfon for the Intelligent Tutoring System
Master Plan 1s to advance and apply the state-of-
the-art in ITS to meet the training needs of the
Army into the 2Ist Century.. Having stated this,
we need to identify, with minimum explanation, a
Justification for the application of Al to educa-- -
tion, tutoring, and training in support of tradiv
tional teaching and training methods. -

The 2-3igma Problem

A recent study by B. 5. Bloom confirmed the
effectiveness of tutoring in swall groups with an
expert tutor.® Using average performances of the
control group, results from this research indicates
that a teacher presenting material to 20-100 stu-
dents is one of the least effeciive metheds for
educational delivery. Improved results are obtain-
ed when the experi teacher not only gives a Tecture
but invelves diagnostic tests to identify where the
student might have problems and misconceptions with
the subject matter. Student performanze in this
educational setting-is in the 84th percentile com- .
pared to the traditional trained student of 50-60th_
percentile. The most significant results of this
study are the results that show the students in-
voived in one-on-one tutoring performs at the 98th
percentile or 2-Sigma beyond the conventional
teaching. These results from Bloom's study are
depicted graphically in Figure 2,
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Figure 2. Advantage of One-to-One Tutoring

{Bloom 1984}

The results from the Blocom study furthei con- -
firms the need for a system for education that will
facilitate achieving the effectiveness that can be
accomplished with a one-to-one human expert tutor/.
teachers, ~The resource intensive nature of one-cn-
one human tutoring precludes this approach from
being used except Tor very special circumstances.
What is needed is a device or technology based sys-
tem that emulates the capabilities and characteris-
tics of a human futor with wide scale availability.
and suitability. =

- standings drive the tutorial diaTogue.

Intelligent Tutdring System - L

* During the 1960°'s the use of the computer in

‘the educational environment was the computer

assisted instruction (CAI) system., The goal of the
CAl approach te computer use was to produce and
present the learning environment with explicit
control of the student's learning. While CAI sys-
tem grew to dperate in very complex teaching
envirenments, the challenge of achieving the in-
tended goal was more than could be handled with
the. basic CAI approach.

Early uses of AL techniques in CAI operation
were called generative CAI systems since they
stressed the ability to generate problems from large
data bases representing the subject they taught.
Reactive learning CAI produced an environment in
which the student is actively engaged with the. in-
structional system and his interest and misunder-
With in-_ .
creased emphases on knowiedge-based opperations and
more complex models of the student evolved to drive
the system operation, Intelligent CAI {(ICAI) be-
came the focus of development efforts.



With the increased use of multiple knowledge -
bases, cognitive models for reasoning about the
student understanding of the domain being taught. _
ICAI advanced to a threshold identified as fntel--
Tigent tutoring systems {iTS}. Intelligent Tutor-
ing Systems, edited by Sleeman and Brown include
papers identifying emerging concepis that provide
foundations that drive much of the present day re-
search in ITS. The general trend of ITS theory
and development during the past decade is indicat-.

ed in: - Foundations of Inielligent Systems, edited
by Polson and Richards®, Inteliigent utoring
Systems, Lessons Learned, edited by Psotka, etc.’,
and Intelligent lutoring Systems, Evelutions in B
Design, editad by Burns, etc.o. T

Intelligent Tutoring System Technology Deve]qpment

Limited but realizable educational goals have
been achieved with ITS in specific areas of train-
ing and skill transfer ysing presently available
technologies, see WoolfS. The combined technolo-.
gies of artificial intelligence including: learn- -
ing models developed in cognitive science; soft- -
ware and symbolic computing architectures developed
in Computer Science; the increased cost-henefit
ratio of modern microchip based computing are dir--
ect contributors in developing currently available
intelligent tutoring systems, -Additional details
on ITS technology base needs will be described in
other sections of this paper.

Present activities in the use of AI in the
development and application of ITS can be viewed
as having two fundamental but different thrusts;
one, the focus on the use of ITS with education,
including basic principles for grade school and/or
college; second, the use of the ITS principles to
provide training with skill and knowledge sustain-
ing for a particular domain.

While these two approaches share common princi-
ples, the thrust of ITS architectural development
places major emphasis on different functional opera-
tions. An example, one difference can be viewed as
to the degree that emphasis is placed on the trans-
far of knowledge and the transfer of skills. Skills
and knowledge are not independent entities but the
degree of emphasis on esach entity and the particular
performance environment produces different system
structures. Intelligent tutoring systems used in
applications in an educational environment, which

module.

appropriate and for definitional. purposes here,

the application of an ITS for tutoring versus,
training will be.characterized by the degree of -_ -
modeling-as tc how the human, solves the problem.

_As will be shown.in other sections, this focus on”

modeling human problem solving increased the re-
liance on cognitive modeling and requires a Tlex-

"ible architecture for implementing the top level

ITS modules.

_ANATOMY OF AN INTELLIGENT TUTORING SYSTEM

" The anatomy of an IT5S can be characterized as
consisting of a combination of top.-level moduies.
For purposes of focusing on research issues, re-
searchers have identified ITS top level modules
to include: human-machine interface; instructional
midule; diagnostic medule; and the domain expert
J Each module is characterized and expanded
to include functions that are shaped by special
applications and interests of the researcher. The
functional structure of the top Tevel modules are
depicted in Figure 3. _° -

DIAGNOSTIC
MODULE
HUMAN
MACHINE- INSTRUCTIONAL
INTERFACE MODULE
- ’ DOMAIN EXPERT
MODULE
" _Figure 3. Intelligent Tutoring System Top

generally has a focus on knowledge transfer, the
glement of time, in the sense of real-time, are
rarely considered. Intelligent Tutoring Systems
with a focus on knowledge and skill sustaining,
reasoning about problems with real-time applica-
tions are critical elements in the learning en-
vironmant. An example indicating the challenge in
teaching real-time tactical thinking is reported by
Ritter and Feurzieg.ll .

There are no clearly defined boundaries in the
application of ITS for Trzining versus tutoring.
While education pays attention to both skills and
knowledge, the literature frequently uses the
terms training and tutoring interchangeably.
our understanding of what is required in the
transference of expertise from expert to novice,
and teaching higher order reasoning skills, the
boundary between training and tutering will be-
come less definable. Where it may be deemed

As
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" enyironment.

Level Modules

The transfer of complex knowledge and skills to
a student regquires an extremely flexible intelligent
human-machine interface (IHMI). The IHMI is an
integral part of a user conscious system and must
maintain knowledge zbout the user, which includes:
what are the preferred methods of interaction; what
are the interest, values, and goals of the student;
what are the expectation and assumptions of the .
user? This inciudes a usgr dependent knowledge base
or user mode! that would be shared with other ITS
knowledge operations. Many Factors have baen jden-
tified for knowledge -based systems not being.-effec-
tively used outside the Taboratory and development
The human-machine interface has been
identified as the most consistent source responsible
for rejection of the system by the user.



The dnstructional module (IM) generates the en-
vironment that emphasizes conceptual understanding,
levels of abstraction and concept fidelity appro--

priate to provide the learner with motivation. This

module includes the ability to reason about appro-
priate tutoring strategies for achieving effective
and efficient learning for a particular student
with individualized Tearning cbjectives. An inte-
gral part of the IM is the generations of appro-
priate domain knowledge which could include the

use of intelligent sfmulations. Simulations are
used to support task gemeration and presentation to
the student in support of curriculum and insiruc-
tion operations.

The diagnostic module {OM) has a focus on de- -
veloping a model of the student or learner's cur-
rent state of knowledge. Effective tutoring re- ~
quires the student response to am instruction be
compared to the domain expert's response. Dif-
ferences are analyzed and deficiencies are fdenti-~
fied with appropriate knowledge generated for add-
ing to a knowledge structure, or student model,
that reflects the user's current state of know-
ledge about the domain. The student model know-
Tedge is used to identify tutoring strategies,
curriculum and instructions to satisfy individual
learning objectives of the particular student. It
is this feature that gives ITS a unique advantage
over other computerized learning systems.

Capturing and encoding the domain knowledge in
the expert module (EM) is one of the major tasks in
developing 17S. The knowledge in the domain expert
module is one of séveral knowledge bases that can
have common usage in an ITS. The expert modules .
include an expert system with special features that

can be necessary for ITS operation. Different types

of knowledge, i.e., procedural, declarative, and
gualitative, dictate instruction strategies. Op-
ticns should be available for knowledge represen-
tation and reasoning about that knowledge. - Con---
structing an architecture for the expert domains
required for ITS operation remains a major chal-
lenge in ITS development.

White the ITS can be viewed as modular siruc-
tured for purpases of research and development, the
heart and soul of future ITS will be characterized
by the seamless operation of: qualitative reason-
ing and planning, integrated operation of distri-
buted knowledge bases, and learning and discovery
environments for student motivation. .

ENABLING TECHNOLOGIES FOR ITS DEVELCPMENT

.The ITS can be viewed as a modular structured. .
system with top Tevel modules a3 identified above.
ITS can also be viewed as a tool for educational
purposes for teaching basic principles and sup-
plying encyclopedic- knowledge bases for the stu-
dent. . Research and development during the past
two decades have produced a number of intelligent
tutoring systems for specialized domains. Lessons
learned from Army sponsored_research are providing
undeniable indicators that ITS technology trends
are moving toward developing training systems with
specialized domains of operation {see References
7, 11, and 12). Results from these demonstration
models are twofold: first, that effective ITS
in limited domains can be constructed; second.
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progress in developing effective ITS requires
advancements and building on past accomplishments

in both theory and technclogy on broad fronts. The

enabling technologies include high speed knowledge

- computing, speech understanding and speech recog-

nition, real-time knowledge based systems, semi-
automatic knowledge acquisition and knowle¢dge re--

- presentation methods, intelligent simulations,

intelligent planning, inteiligent communication

. between paraliel knowledge systems, and architec-~

tures for meduiar structures operation.

- The use of enabling technologies s critically

7_important for present system impiementation ard

future systems development. This implies a ¢lose
coordination and -active support for technologies
that are now identified as emerging and technology
groups fdentified and characterized as Al sub-
technology areas. This alse includes supporting
snme technology areas not directly identified in
the present Al technology base, i.e., cognitive

modeling. The complementary nature of enabling

technologies that require continuing development

-for present and future ITS are indicated in

Figure 4.

AMC AL TECHROLOGY ITs TECHHOLUGY BASE
BASE .

MACHINE LEARNING EXPERT SYSTEMS
KNCWLEDGE LEVEL

REASOHING

NATURAL LANGUAGE SPEECH RECOENETION COGRITIVE MODELIHG
OF NOYICE AND EXPEAT
LEMINING PROCESSES
IRTELL IGENT INTELLIGERT INTERFACES |-
VISION AN IMRGE
UNDERSTAKDING QUALTTRTIVE MODELING
OF HIGHER LEVEL
IRTELLIGENT DATABASE AND AUTOROMOUS. SYSTEMS REASONIHG
COMMAINICAT I
INTELLIGENT SENSORS AND INTELLIGENT PLANNING
CATA FUSION

INTELLIGERT CONTROL
AUTDMAT I¢: TONTROL

BIAGNOSTIC MODELS FOR
CRUSAL/TEMPORAL
INTELLIGENT SIM/LATIONS REASONING

INVELLIGENT MANGFACTURENG
AHD CONCURREMT ENGINEERING

HEURAL NETWORKS Al TECHNIQUES AXD HARD-
WARE

Figure 4. Intelligent Tutoring System
Technology Base

VISION FOR AMC AI INTELLIGENCE TUTORING SYSTEMS

The goal of the Master Plan is to promote and

advance the development and application of Intel---
. ligent Tutoring Systems to meet the Army needs..

Three objectives are identified in support of
this goal: advance the state-of-ihe-art n ITS;
apply the state-of-the-art in ITS; and identify
and implement major thrusts to further faciii-
tate advancing and applying the state-of-the-
art in ITS. The functional requirements with-
in the established objectives are fdentified
as: near term, 1 to 2 years; mid-term, 3 to 7
years; long term, and 8 to 17 years. A sum-
mary of the near, mid, and long term activities
identified in the ITS Master Plan for meeting
Army training needs are shown fn Table 2.
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ADVANCING STATE-OF-THE-ART
IN AREAS OF:

APPLYING STATE-OF-THE-ART
AREAS

GENERIC ITS ARCHITECTURE FQR INDIYIDUAL
| AND CREM TRAINING

REAR | TOOLS FOR REAL-TIME ITS IMPLEMENTATIONS

TERH MODELING FOR TEMPORAL REASONING AND

REASONING UNDER CERTAINTY

COGRITIVE MODELING FOR TEAGHING, LEARNING
AND CAUSAL REASUNING

ANALYZE ARMY TRAINING REQUIREMENTS

PROTOTYPE DEVELOPMENT OF ITS WITH GENERIC
ARCHITECTURE FOR IRDIVIDUAL TRAINING

VERIFICATION AND VALIDATION OF ITS
OPERATIONS

SHELL ARCHITECTURE DEVELOPMENT FOR
REAL-TIME ITS APPLICATIONS

MODULAR . GENERIC ARCHITECTURE FOR.FORCE
piD- | LEVEL TRAINING SYSTEMS

TERH ADAPTIVE HUMAN-MACHINE INTERFACE
USING STUDENT-BASED SENSOR DATA

COGNITYYE MODEL DEVELOPMENT FOR KMOWLEDGE
AND SKILL TRANSFER

" INDIVIDUALIZED OPERAT(R TRAINING SYSTEM

DEVELOP ITS TECHNOLOGY DEMONSTRATION FOR

DEVELOP ARCHITECTURE FOR ITS OPERATING
AS AN EMBEDDED TRAINING DEVICE

MICRG-CHIP TECHNOLOEY FOR ITS DELIVERY
PLATFORM

THEQRY AND ARCHITECTURE DEVELOPMENT FOR
LING REAL-TIME }T$ WITH MULTIPLE AND DIS-
TERM TRIBYTED KNOWLEDGE BASES

COGNITIVE MODELING FOR DIAGNOSTIC EVAL-
UATION QF STUDENT'S MENTAL MODEL, MIS-
CONCEPTS AND REASONING

DISTRIBUTED ITS FOR TEAM TRAINING WITH
CREW MEANDER GEQOGRAPHICALLY DISPLACED

DEVELOP PORTABLE, PERSONALIZED ITS ARAPTABLE
TO SPECIALIZED DGMAINS WITH NODULAR COM-
PONENTS ‘FOR DOMAIN KNOWLEDGE

Table 2. Research and Development

MAJOR TECHNOLOSY THRUST IN ADVANCING ITS
DEVELOGPMENT

Confirming cost-benefit ratios and assessing
risk factors 75 a major issuwe in technology develop-
ment programs. The major technology thrust program
for 175 is a development effort that will demon-
strate the confluence of AI technologies in advanc--
ing ITS develgpment. The focus of the program is
to enhance the development and implementing the
functionality of the top Tevel modules described
in a previous section. The ITS technology thrust
program includes three elements: an ITS architec-
ture development effort for implementing and in-
tegrating the top level ITS modules to meet Army
training needs; a shell for use in a development
environment which includes developing and Tmple-
menting ITS functions; a micro-chip based ITS for
accomplishing symbolic/numeric processing in a
delivery environment. A summary of the major _
elements in the major thrust in advancing ITS
development is indicated in Table 3.

Activities for 1TS Development

ARCHITECTURE

ANALYZE ABMY TRAINING REQUINEMENTS
WHOWLEDGE ACQINSITION AND REPRESEMTATION IN
MULTIPLE DOMAINS -
REAL-TIME OPERATIONS :
COGNITIVE MODELING . e -

SHELL

ITS PROGRAM DEVELOPMENT ENVIRONMENT
INTEGRATION OF ITS FUNCTION :
INTELLIGENT MAN-MACHINE-INTERFACE

MICARC-CHIPs

# SYMBOLIC/NUMERICAL PROCESSORS
® ARCHITECTURES 70O SUPPORT DELIVERY ENVIRONMENT
& MAN-MACHINE-INTERFACE .

® REAL-TIME ARCHITECTURE

Table 3. Major Thrust in I1T$ Development

THE VISION CONTINUES

The development and application of AI tech--
nologies to ITS development has been an ongoing
effort at MICOM Research, Development, and Engineer-
ing Center since 1984. An early cost-benefit anal-
ysis was conducted for developing an ITS for a major
fielded afr defense system. Returns on investment
{ROI) were estimated at 7.3.. This RDI Figure is
significant only when based on the degree of real-
ism injected in the evaluator's viewpoints, Returns
or investment were based on an economic life of
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15 years and manpower reductions associated with
training and maintaining critical skills for 100
fielded units. An unspoken assumption in this RGI
calculation was that human expert trainees/tutors
were available to accomplish the training task and
the use of ITS reduced the manpower requived to
train the student. A more realistic situation is
to consider skilis that are required but not ade-
guately taught in an institutional or fielded en- -
vironment due to the_lack of the avaflability of
human expert trainers/tutors.l3 An ITS approach
would not totally correct this situation, but
would significantly improve the conditions, With
this viewpoint included in cost benefit calcula-
tions, the ROI would increase significantly.

This additional factor, however, requires answer-
ing the question "What is the cost of not being
trained?"

This brief overview of the AMC AI Master Plan
atso includes a more detailed look at a program for
advancing. the technelogy of intelligent tutoring
systems.
the planning stage and not readily subject to a _
conclusion, so the vision ¢ontinues. The AMC ITS
Master Plan is specifically directed toward ad-
vancing the state of the ITS technology to satisfy
Army training needs. Developing ITS is worth the
investment if this technology found application —
only in this domain.

The need to address the 2-Sigma problem ex-
tends beyond the boundary of military needs. The
need for an effective teaching system is urgently
needed at all levels of our population. If we
accept reports about the state of education in our
society -- education is in trouble. The slow de-
.¢line in achievement scores is indicative of the
need for a new approach in education. A fully
developed ideal intelligent tutoring system will
not solve all the problems of education and train-
ing. However, in the process of developing such .
devices, most interesting and exciting challenges
-1ie ahead. These are but a few of the fascinating
opportunities provided by these new machines.
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