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ABSTRACT

Informati on technol ogy advances w Il support advanced distributed |earning
anyti me and anywhere. However, simlar advances in |earning technol ogies are
required to achieve cost-effective readiness and enhanced job performance.
Adapti ve | earning that accommpdates mastery differences in individual |earners
al so offers benefits of high nmedia reuse for continuum training - initial,
refresher, renedial, and just-in-time instruction and performance aiding.
H gh nedia reuse also can accrue from multiple courses supporting curricula
rel ated by personnel, equipnent, or domain/core skills.

The O fice of Naval Research (ONR) sponsored a Dual -Use Applications Program
(DUAP) through the Naval Ar Warfare Center Training Systens Division
(NAWCTSD) to further “Artificially Intelligent Tutoring for Advanced
Distributed Learning.” A conpetitive procurenent resulted in a technical

i nvest ment agreement with Asymetrix Learning Systems, Inc. and Sonal ysts, Inc.

to enhance existing technol ogi es and comercialize the resulting product(s).

The technical approach creates and delivers an individualized education plan
at run-tine. The first level of adaptivity determnes “what to teach” by
selecting and ordering the presentation of topics (that correspond to | earning
objectives). Topics are selected based on course definition data consisting
of instructional groupings (course, nodule, lesson, etc.), instruction and
testing strategy, and prerequisites, as well as current |earner mastery. The
second level of adaptivity determ nes “how to teach” by selecting specific
| earning objects (that support specific objectives/topics) based on student

characteristics, mastery, and instructional history. Learning objects are
data files consisting of one or nore frames and associated nedia references
that are attributed with objective/topic, detail |evel, score-based criterion,

| ear ner popul ati on.

After review ng instructional issues, the paper also addresses the mechani sns,
processes, and |essons l|learned from the DUAP technical investnent agreenent
i ncluding Governnment goals and objectives. In addition to user-comunity
i nvol venent and program managenent from NAWCTSD, representatives from the



Ofice of the Secretary of Defense, and Defense Acquisition University
participated in working groups to evaluate progress and interim products, and
to consider changes in instructional design processes to exploit adaptive
| earning capabilities.

The paper concludes with the inplications for linking of adaptive |earning
capabilities to sinulation-based tutors, enbedded performance support, and
| ear ni ng managenent systens. Specifically, the learner nodel architecture is
conmpatible with several simulation-based tutors, objective-based scenario
generation, and training evaluation tools that have been devel oped under
NAWCTSD trai ni ng research prograns.
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| NTRODUCTI ON
I nformation technol ogy advances wil |
support advanced di stributed
| ear ni ng anytime and anywher e.
However , simlar advances in

| earning technologies are required
to achieve cost-effective readiness
and enhanced job perfornmance. Much
of the focus of advanced I earning
technol ogies has been devoted to
definition (and desired standard-
i zation) of learning objects that
can be shared and reused to further
reduce <costs and inprove effec-
tiveness interactive mul ti medi a
instruction (IM).

Sever al di fferent gr oups have
tackled the definitions of |earning
obj ect s, as well as associated
i ssues of netadata tagging, delivery
nmechani sns, and the Iike. The
purpose of this paper is to present
a Covernnent and industry effort
t hat woul d enhance and conmerci al i ze
M aut hori ng and delivery
environnments to support adaptive
| ear ni ng.

Adaptive learning in this paper
refers to t he capability to
automatically create and deliver an
“individualized education plan” at
run time based on a learner’s
mast ery of defi ned | ear ni ng
obj ecti ves, avail abl e shar eabl e
content objects (SCCs) that support
| earning objectives, and course/
instructional definition data.

The prem se of adaptive learning is
that IM (including conputer-aided
instruction (CAI') and conputer - based
training (CBT) offers potential cost
savings in courseware devel opnent
and i nstructional efficiencies.
More inportantly, adaptive |earning
t hat accommodat es mast ery dif-
ferences in individual |earners also
has t he potenti al to i mprove
training effectiveness depending on
the quantity, quality, and diversity

of learning activities available.
VWhen coupled w th enbedded training
and si mul at i on- based intelligent
tutors, adaptive |earning brings the
vi sion of perfornmance-based enbedded
support and training nmanagenent
closer to reality.

BACKGROUND

The constant struggle for buyers,
desi gners, devel opers, and
i mpl erenters of IM is to achieve
the best return on investnment (RA)
for training systens. The drastic
reducti ons in overal | mlitary
spending forced conconmitant reduc-
tions in fixed training infra-
structure, i nstructor billets,
training travel al | onances, and
traini ng provided.

However, the need for better and
cheaper training is not unique to
the mlitary. Al l | evels of
Governnent, conmmerce, industry, and
educational institutions struggle to
keep pace wth our increasingly
information rich and conpetitive
wor | d.

Fortunately, information technol ogy
advances in personal conput er s,
communi cati ons, and software produc-
tivity tools have contributed to the
state-of-the-art in authoring and
delivery of IM. W also have seen
concomi tant inprovenments in nodeling
and si mul at i on- based training
systems and collaborative distance
| earning, but these are not the
focus of this paper.

Acknowl edgi ng t he dangers of
oversinplification, nuch of the IM
prograns that have been devel oped
over the last few years have sought
to replace or augnent traditiona
classroominstruction. The conbina-
tions of economics in education and
training infrastructure and advances
in electronic delivery have pushed
learning to the field, ship, and



hone, but the classroom and | esson
par adi gm r emai ns.

Advances in technology also stir
ot her visions, even heresy, such as
"Why should we train anyway?"
"Aren't we really interested in job
performance, m ssion readiness, or

basel i ne conpetency?" -- "Wo cares
whet her an individual conpletes a
course of instruction; is she/he

qualified for job tasks?"

The benefits of intelligent
conmput er - assi sted instruction (1CAl)
have been surveyed in severa
reports (See reference (1)). And

t here are many exanpl es of
artificially intelligent tutors that
have been applied to a variety of
domai ns. However, nost intelligent
tutors have been spawned as research
and devel opnent efforts or applied
to critical training problens where
RO was favorable to traditiona
trai ni ng approaches. For exanpl e,
the AN SPY-1 Radar System Controller
Intelligent Training Aid (RSC |ITA)
that is in use at the Aegis Training
and Readi ness Cent er avoi ded
procurenent of a second set of radar
techni cal training equipmrent (TTE)
The RSC | TA t ut or component
supported conpl ex operations
practice with a 12:1 student to
i nstructor ratio (See reference

(2))-

The chall enge remains to accrue the
benefits of intelligent tutoring and
adaptive learning to rmainstream
education and training prograns.
The ONR sponsored a fiscal year
99/ 00 DUAP topic through NAWCTSD to
further "Artificially Intelligent
Tutoring for Advanced Distributed

Lear ni ng. " A conpetitive procure-
nment resul ted in a technica
i nvestment agreenment with Asymetrix
Lear ni ng Systens, I nc. and

Sonal ysts, Inc. to enhance existing
technol ogies and commercialize the
resulting product(s). While nmuch of
t he program addresses advanced

distributed |earning enhancenents,
this paper focuses on the authoring
and delivery of adaptive IM.

TECHNI CAL APPROACH

The characteristics of current
commerci al -of f-the-shelf (COTS) IM
aut horing and delivery products are
illustrated in figure 1. The
specifics of t he i nstructiona
hi erarchy and functional allocation
anong del i very and training
nmanagenent system products may
differ. However, generally the
training path or navigation through
a course of instruction, |esson, or
topic is specified at the tinme of
design and programed or authored
during devel opnent.

Course
Modules *

A 4

_ Lessons v

) ! ! |

v Topics
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SCOs

and

Assessment Activities
([ J

Figure 1. Conventional Interactive
Mul timedia I nstruction Course
Structure

Lear ners pr oceed t hr ough t he
training programwith a fixed |evel
of interactivity that is directly,
t hough non-linearly, proportional to
the cost of design and authoring.
Fi gure 1 al so depi cts our
interpretation of an SCO as an
instructional tenplate (single or
multiframe) and associated nedia
content. Assessnent activities are
typically (but not limted to) two-
state, nmultiple choice, or hot-spot
guesti ons. Navi gation through the
instructional program is based on



pr e- progr anmed
| ear ner action.

response to each

The current technical approach for

adaptive learning is based on
Sonal yst s InTrai n™ domai n-
i ndependent intelligent tutoring

technol ogy that has been fielded in

nuner ous training cour ses and
advanced technology denonstrations
since 1994. Under the current
t echni cal i nvest ment agr eement,

Sonal ysts has devel oped authoring
tools and will integrate wth
Asynetri x Tool Book™ product s.

The InTrain approach differs from
conventional IM approaches in that
there is no pre-defined instruc-
tional delivery plan. Lear ni ng
objectives are defined by the
i nstructi onal desi gner within a
| earner nodel structure to the |evel
of granularity desired. The |earner
nodel also contains other |earner
identification and characteristics.
As learners are enrolled into a

training pr ogr am | ear ni ng
obj ecti ves are assi gned. As
learners interact with instructiona
or assessnent activities, InTrain

mai ntains each student’s current
mastery data, conplete instructiona

history, as well as traditional
curriculumbased data as test scores
and cour se/ nodul es/ | essons are
conpl et ed.

InTrain exploits l'inks bet ween
| earning objectives and SCO groups
and assessment activities as

illustrated in Figure 2.

InTrain i nstructional pl anni ng
capabilities support two |evels of
| ear ni ng adaptivity t hat is
i mpl emrented as an individualized
education plan at run-tine. The
first level of adaptivity determ nes
“what to teach” by selecting and
ordering the presentation of SCO
groups (that correspond to | earning
obj ecti ves). SCO groups are
sel ected based on course definition

data consisting of instructional
groupi ngs (course, nodule, |esson
etc.), i nstruction and testing
strategy, and prerequisites, as well
as current |earner mastery.

Learner
Mastery
Model

Learning
Objective

| ]

Assessment Activities
Associated with Specific
Learning Objective

SCO Group Associated with
Specific Learning Objective

ZETT

Figure 2. Adaptive Learning Concept

The second |evel of adaptivity
det er m nes “how to teach” by
sel ecting specific SCGCs (t hat
support specific objectives/topics)
based on student characteristics,
mastery, and instructional history.
SCOs are data files consisting of
one or nore frames and associated
medi a references that are attributed

with i nformation such as
obj ective/topic, det ai | | evel ,
scor e- based criterion, | ear ner
popul ati on.

Figure 3 illustrates an overal

i nstructional process for t he
adaptive | earni ng appr oach.
Generally, a learner logs on to the
enterprise | earni ng managenent

system (for exanple, Librarian™ and
initiates the program of instruction
t hat has been assigned to hinf her

Where the individual |earner begins
is defined by course definitiona
data that is authored during design
for such itens as
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Figure 3. Adaptive Learning Process

* Instructional granularity
(course, nodul e, | esson
topic, etc.)

e Sequenci ng i nstructiona

approach
- Initial training (in-
struct, assess, in-

struct, assess)
- Refresher training (as-
sess, instruct, assess)
- Performance aiding (in-
struct)
e Mastery pre-requisites
« Degree of learner control

Course definitional data allows
instructional designers to create a
conti nuum of training prograns using
push strategies (initial and
refresher training) as well as pull
strategies (just-in-tinme, renedial
instruction, and performance sup-
port) using the same SCCs.

The first I evel of adaptivity
supports efficiency of instruction
for refresher training, just-in-time
training, or performance support.
The robustness of the |earning
experience in terms of ability to
adapt to i ndi vi dual | ear ner
capabilities and preferences is
dependent on t he nurber and
diversity of learning activities/
SCCs avai |l abl e.

The adaptive |learning authoring
tool s that have been devel oped under

the DUAP project are quite sinple.
They provide a graphical user
interface that

« Enables adding, deleting,
and nodifying a |learning
obj ective hierarchy to an
arbitrary |evel

e Selects or creates SCOs and
assessnent activities that
support | earning objectives

e Associates attributes wth

SCGCs
e Associ ates SCOs and
assessnent activities to

| earni ng obj ectives
 Defines course organi zation
(unit, nodul e, | esson,
etc.)
e Specifies i nstructiona
sequenci ng strategies
- Initial traini ng, re-
fresher, etc.
- O dering approach
— Mastery prerequisites

The conceptual architecture for an

adaptive | earni ng system is
illustrated in figure 4.
Learning Development 7
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HIETETE Ingructional .+ Ddivery
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Figure 4. Adaptive Learning
Devel opnent and Delivery
Envi ronnent s

The adaptive Ilearning technol ogy
that has been described thus far is
strai ghtforward. It is so clear
that one wonders - “Wat is the
advant age? W can hardly afford one
SCO per |learning objectivel/topics.
How can we afford multiple SCOs that
are scaled and attributed by Ievel



of detail (hi gh, medi um | ow) ,
popul ati on (apprentice, journeyman,
master), or ot her appropriate
di nensi ons?

G ven t he paradi gm of for mal
training i nfrastructure, single
course focus, and basic know edge
training objectives, the advantages
of adaptive learning are difficult
to envision. As we contenplate the
possibilities of an i ntegrated
| earning system that focuses on
m ssi on readiness, job performance,
or educat i onal conpetenci es  our

Vi Si on becones cl earer. The
attai nnment and mai nt enance of
mastery will become nore inportant

than the specific learning path that
is followed.

USER COMMUNI TY | NVCLVEMENT/ LESSONS
LEARNED

Thi s section addr esses t he
mechani snms, processes, and |essons
learned from the DUAP technical

i nvest ment agr eement i ncl udi ng
Gover nnent goal s and objectives. In
addition to user-conmunity invol ve-
ment and program nanagenent from
NAWCTSD, representatives from the
Ofice of the Secretary of Defense

the four mlitary services (via the
Joint Services Action Goup), and
the Defense Acquisition University
participated in working groups to
eval uat e progress and interim
products, and to consider changes in
instructional design processes to
expl oi t adaptive learning capa-
bilities.

The DUAP program is designed to
develop technology that has both
mlitary and civilian applications.
This will | ower the costs of
t echnol ogy devel oprrent for t he
mlitary as well as the cost of the
actual product by taking advantage of
cost sharing up front. Subsequent
savings wll be achieved through
efficiencies in econonmes of scale
and the ability to use commrercial

itens. Unlike traditional governnent

prograns, the DUAP program uses
agreenents that are not governed by
the Federal Acquisition Regul ations.

These agreenents allow for conmerci al

accounti ng, commer ci al bil'l'i ng,

flexible intellectual property rights
provi si ons, and j oi nt program
nmanagenent .

The DUAP programrequires fifty-fifty
cost sharing between the Governnent
and industry. Proposal s are eval u-
ated on their comrercial viability in
addition to their technical nerits.

The Artificially Intelligent Tutoring
for Advanced D stributed Learning
Project was initiated to develop a
commer ci al aut horing t ool t hat
provi ded features to support
intelligent tutoring. Research has
denonstrated the effectiveness of
intelligent tutoring. The najor
barrier to broad application of
intelligent tutoring was that no
commer ci al sour ce offered t he
capability. The primary objective of
this Project was to nake that
capability available comrercially and
to make it easy to use. Q her
features desirable in a commercial
authoring tool were also identified
based on a survey of the products
available and the features mssing
from t he exi sting comer ci al
products. These features were
identified in the solicitation for
proposals and were incorporated as
objectives for the project. These
features include:

* Providing basi c
tutoring capability

e Building in instructional sys-
tem desi gn ai ds

e Enhancing interface to inter-
net/intranet

e Tracking and updating nedia
assets

e Providing question bank and
secure, on-line tests

intelligent



« Interface personnel managenent
and traini ng managenent systens

During the negotiations of t he
agreenent, the government industry
team agreed to adopt the conmerci al
sof tware devel opnent process used by
Asymetrix as the process used to
manage the project. This process has
several critical mlestones: devel-
opment of a marketing requirenments
docunent that describes the features
to be developed in the software; and
design specifications that further
define those features, beta product,
and final release. The Cover nnent
team revi ews and provi des comments to
t he i ndustry partners at each
m | est one, recogni zi ng t hat t he
greatest opportunity for influence is
early in the process. The industry
partners receive CGovernnent financial
paynments at the conpletion of each
m | est one.

The Covernnent team is working wth
end users to involve them in the
evaluation of the docunents and as
partici pants in bet a pr oduct
eval uati ons.

Lessons learned to date include the
i mportance of shaping the agreenent
and the process used to accommodate
bot h Cover nnent and i ndustry
requirenents. Due to the shared
investnent and the objective of
producing a commercial product that
will satisfy both mlitary and
civilian requirenents, it is
i mport ant to achieve a Dbalance
bet ween each partner’s requirenents.

RESEARCH PLANS AND POTENTI AL
APPLI CATI ONS

Wiile the focus of Project efforts
to date have been on the design,
devel opnent, and inplenentation of
adaptive learning authoring tools
and technical integration, there are
several opportunities for prototype
applications and training research

One area of fruitful research
i nvol ves conparative analysis to
evaluate and quantify efficiencies

in desi gn, devel opnent, and
mai nt enance of conventional IM and
adaptive |earning techniques. The

Proj ect denonstration will provide a
[imted anal ysi s of adaptive
| earning tool efficiencies based on
mani pul ati on of adaptive |earning
cour ses previously devel oped.
Specifically, this evaluation wll
investigate the ability to create
and nodify additional courses based
on existing SCGCs.

In addition, user-comunity involve-
ment has identified a nunber of
pl anned distributed courses that
could be developed by independent
devel opers. These third party
evaluations wll inevitably occur
when a conplete tool set is pro-
vided, at least in Beta form

The second area of research wll
denonstrate t he potenti al for
cl osed- 1 oop performance support and
trai ni ng nmanagenent. In this case
the authors hope to denonstrate the
applicability of adaptive instruc-
tion by l|everaging existing tutors,
such as the AN SPY-1 RSC I|ITA In
addition, there are several tutors
(standal one and enbedded) that are
under devel opnent as part of other
trai ning technol ogy research efforts
with the US. Arny, Navy, and Ar
For ce.

CONCLUSI ON

This paper highlights one area of
enhancenent of advanced |earning
nmet hodol ogies that are required to
maxi m ze t he ef fecti veness of
advanced distributed |earning. The
adaptive |earning approach that has
been i mpl emrent ed provi des an
infrastructure for two levels of
adaptivity. The first level is with
t he potenti al for enhanced
efficiency in design, developnent,
and maintenance of [IM products,



and, nore inportantly, efficiencies
in the managenent of learning for
initial, refresher, renedial, just-
in-time, training and performance
ai di ng products. The second | evel
supports delivery of individualized
i nstruction based on mastery,
specific learner <characteristics,
and instructional history.

The paper docunents that progress in
advanced | earning technology is not
merely a technical issue but it also

i nvol ves changes in t he way
organi zati ons manage training and
educati on. It also docunents the
institutional processes that may
severely limt the benefits that

advanced | earning technol ogies can
provi de.

Also chronicled is one of the new
tools available from Governnent

acquisition reform Dual Use
Science and Technol ogies (DUST)

prograns wll become nore preval ent

in t he future research and
devel opnent . Partnering relation-

shi ps t hat enphasi ze research,

devel opnent, i npl enent at i on, AND
commer ci al i zati on of fer enor nous
benefits to the comunity, even if

the effect is to raise the bar of

conpetition.
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