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Disclaimer

2025is a study designed to comply with aeditive from the chief of staff of the Air Force to
examine the concepts, capabilities, &chnologies the United&es vill require to remain the
dominant air and spaderce in the future. Presented on 17 June 1996, this report was produced
in the Department of Defense school environmendaazEdemic freedom and in the interest of
advancing concepts related to national defense. The vigwessed in this report are those of
the authors and do not rett theofficial policy or position of the Unitedt&tes Air Force,
Department of Defense, or the United States government.

This report contains fictional represations of future situations/scenarios. Arignifarities to
real people or events, other than those specifically cited, are unintentional and are for purposes
of illustration only.

This publication has been reviewed by security and policy revielmoatigs, is unclassified, and
is cleared for public release.



Contents

Chapter Page
D] ESTod =1 1= TP P PP PP PPPPPPPPPPPP i
LT3 (= U1 o] PSSR PPPPPUPPPPURRTN v
1K= o [ SRR \Y
EXECULIVE SUMIMAIY ... .uiiiii i e e e e e e e e e e ettt e e s e e e e e e e e aaeeeeeeeaeeannnnn e eeeas v
R [ 011 0 Yo [ [od 1 o o PP 1
2 RequIred Capability...... ..o 4
1Y/ T o [ PP PPPPPRPPR 4
Instructional System DeVelopPMENt.........cooi i e 4
LITE Y CIE et a e e e e 6
D YT €SP T TR 7
SOCIAI STTUCTUIE ... e e e e e e e e e e e e e e e e eeeeeeeseeeeannnnnnnnns 8
TECNNOIOGY .ttt e r e e e e e e as 9
Nature of KNOWIEAgE/LEAIMING ........uuuuuuiiiiiiiiiieee i e e e e e e e e e e e e e e e 9
Nature of Warfighting.......coooo oo e e eeeeeeees 11
ET2025 IMPEFALIVES .....uttiiiieiiieiieieie ettt e e e e e e e e e e e e e s bbb e eee s 11
Y £SY (=1 0 ¢ J L= T ] o) £ PSPPSR 14
AGIIE EQUCALION ...ttt e e e e e e e e r e e e e e e e e e e e e e 14
National Knowledge SUPerNighWay ................uueurueimuimiimiiiiisssssss s e e e e e e 17
Academic Centers Of EXCEIIENCE..........uuiiiiiiiei e 19
EXPEIT TULOT ... e 20
D1y = L (ot == 1] o RPN 24
[ N7 01T (ST T o] o [P SSRPPPPR 27
ENNaNCed SCreENING ...cooviiiiiiie e e e e 32
N ©70 ] g [or= o Ao O] o 1=] = L1 o] 1P 36
5  RECOMMENUALIONS ...ttt e ettt e bbb e e e e e e e e e e e e e e et eesebbbaaaa e e as 40
Appendix Page
A Technologies and CapabilitieS SUMMAIY ...........uuuiiiiiiiiiiiiiiiiieeee e 44
(1] 0][ToTe | =1 o] o ) V20O PPTTPPRP 46



Figure
2-1.

2-2.
2-3.

3-1.

Table
1

lllustrations

Page
Instructional System Development Model .........ccoooiiiiiiiiiiii e 5
LIfE-CYCIE MOAEL .....oee e e e e e e araaa 6
DAY= SRR 8
Notional SYStEM MOGEL ..........oooiiiieeee e as 24

Tables

Page

Technologies and CapabilitieS .........ccooueiiie e e e e e e e e 45



Executive Summary

This paper demonstrates that a maiktary edwcation and training architectureypgported
by investments in key technology componentd] wroduce a blliant force to meet the
challenges of 2025.

Several drivers will shape tH025 environment and foster assumptions from which derive
the required capabilitiefor ediwcation and training 2025 (ET2025). Our engagement in non-
traditional missions will increase. Military operations will be highly complex and joint as well as
combined. The demand for highly trained peopi# mtensify. The mce of tebnological
progress ull increase. Thus, we mugtroduce “billiant warriors.” To do so, the military must
provide continuous (career-long), on-demand learning tailored to the individual, incorporating
technologies that opnize the learning ensanment. This “agile” edration and training system
will be capable of rapidly changing in concert with the external environment.

The functions and processes of ET20abalosely resemble today’s system in that air and
spacdorces must still be concerned with the transfekradwledge, sis, and wisdonfrom one
source to another. What will be different are thehods and arctecture used to accomplish
that transfer. Although most of the examples in this paper deal with training, thectroiei will
support either training or edation. Edwation and training iV be available to ayone, anytime,
anywhere by way of a new architecture consisting of the natkm@hledge superhighway,
academic centers of excellenfm curriculum development, and expert tutors (EXTOR)—all
personal artificial intelligence agents. Tieehnologies thenilitary must leverage to enable agile

learning are artificial intelligence, virtual reality (and itspmmvements to simulation), and



improvements in computing and comnuations. In additin, advances in hyperlearning—
expanded use of emerging technologies eatg a “wholéorain” learning environment—will
create air- and spacepower experts in ti@tsst possible time and at the lowest possible cost.
Enhanced screening tools will further reduce costs by training the right people for the right job.
Together, these concepts form the basis for a newatidn and training architecture:
highly efficient and effective education and training, individualized, on demand and just in

time—a paradigm to meet the challenge and produce the brilliant force of 2025.
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Chapter 1

Introduction

Remember Mr Spock froi&tar Trekand his “Vulcan mind meld”? By placing his fingertips
on another person’s cranium, Spock couleeetffthe transfer of imageknowledge, dta, and
memories from his brain to theirs, or vice versa. The transfer was quick, cheap, tailored (Spock
could extract only thenformation he wanted), and permanent, all abtaristics which the air
and spacdorces of 2025 could use to measure thecatly of their own training and education
programs. If we look at edation and training, at its simplest, as being the transfen@fledge
or skills from one person or source to another, Spock’s Vulcan mind meld could become the
paradigm for education and training in 2025, hence ET2025.

Education and trainingren’t simple, however, and the mind meld won’'t serve as the
cornerstone of the ET2025 ardtdture for several reasons: itechnologically infeasible,
manpower-intensive, and requires the aalkion of “teacher” and “student.” Recognizing these
inadequacies, though, helps us frame criteria whitlswpport a stronger edation and training
architecture in the future, regardless of the stresses confronting our forces.

Although air and spce missions, structures, andheglogies may have changed by 2025,
education and trainingiktwill be an important (perhapmore important) element of successful

mission accomplishment. Further, thendamental intexction of education and training—the



transfer or development of knowledge oillsk-will not change. Whatill change, and what
we intend to explore in this paper, are the selegpimtesses for identifying personnel for
specific education and trainipgograms, the process by which the transfer of knowledgeilisr sk
takes place, and the means of evaluating the end result.

The final evaluation of ET2025 ilvoccur on future httlefields. Success in future
operations will demand militargrofessionals intedictually and technically prepared to dominate
our adversaries across the full continuum of competition. Winadkenology vill provide the tools
to engage and defeaur adversaries, edation wil leverage the most powtil factor in the
war-winning equation—the human mind. And trainindj @nable militaryprofessionals to use
those tools to best advantage.

Understanding the process by which we establish this foundatioratitedpace dominance
requires a definition of the termsEducation develops the intellectual capital required for
success and prepares us for futurecegs on many fronts. It develops irgetual constructs
that enable visionary military leaders to develop the tools essential to futuoey véaid the
ability to use them to achieve their desireceeff It also prepares future leaders tqpoesl
quickly, accurately, and decisively to unanticipated and arohig situations. By at least one
definition, the true test of edation is success in em@nments not fully understood or existing
today?

If the test of education is success in eowiments not existing or understood today, the test
of training is competence in emenments that do exist and are understood t8dé’yaining
develops the physical as well as mental capital—t¢le@nical skills ofour warriors—mecessary

to execute highly complex, technically challenging military tasks in #we fof a hostile



adversary. It @ates competence in using the tools requineanilitary tasks angroduces the
capability to perform specific military tasks effectively and efficiently.

While education and training differ in outcomes, grecess by which we do both, and the
tools we use are similar, if not the same. Thus, when referring fardlcess of training and/or
educating, we W use the abreviation TRED throughout this paper. We look at TRED, at its
simplest, as being the transfer of knowledge dllsskom one person/source to another. If
specifying a particular outcome (knowledge oillsk we will use the termseducation or
training, respectively, as defined above.

The year 2025 Wresemblel996 in at least one respt: the outcome ahilitary operations
will reflect the education and training of the participants. However, the TiR&I2ssnust,and
will, be remarkably different. If our nation eeqts itsmilitary forces to wage war successfully in
2025 and to anticgte the requirement®r waging war in 2050, we must revolutionize our
TRED process. This process—ET2025—must be revolutionary and will have but a single
purpose—creating the “brilliant force” capable of dominating the battlespace of 2025.

Notes

L Lt Gen Jay W. Kelley, “Brilliant Warrior” (Unpublished article, Maxwell AFB, Ala.: Air

University, 1996), 1.

2 Ibid., 2.
% Ibid.



Chapter 2

Required Capability

Articulating a coherent vision for 2025 TRED requires a framework for analyzing 2025’s
TRED imperatives. This paradigm logically will re¢t processes for edating and training—or
transferring knowledge andibk-and will provide a framework from which we can make useful
observations. It will illumiate criticalprocesses internal to the broader “eation and training”
process, as well as external systems that impact the efficacy of pRigEams. Finally, it must
reflect what weknow and what is prudent to assume about the future alsltewn 2025. The
models that demonstrate the critippbcesses, together with the drivers that will to help define

the environment in which it must operate, will illuminate the imperatives for ET2025.

Models

We use the instructional system development (ISD) and life-cycle models taitushe

significance of education and training for 2025.

Instructional System Development

The ISD Model represents the process involved inattteal onduct of edaoation and

training: it is likely the most popular instructional design model in use today (fig: 2-1).



ISD Model

Analyze

Evaluate

Implement Design

Develop

Figure 2-1. Instructional System Development Model
The ISD Model consists of five individual processes: analyzing a “system” to understand it

completely, designing a niedd to achieve the desired outcomes, developing the courseware to
achieve the outcomes, implementing the resulting courseware, and then evaluating the
development system throughout to validate the process and the results.

This model illumirates the individugbrocesses critical to Air Force TRED programs. The
successful military ediation or trainingorogram rests on the cagplip to develop efficient and
effective ourseware and the tools to execute that curricula. The ISD Model tells ceessul

TRED program requires: amaccurate awareness of specific service needs, the specific



knowledge, sils, and aptitudes (KSA) required to execute military operations, and the ability to

accurately measure students’ KSA before, during, and after training.

Life Cycle

A generic life-cycle model depicts the cradle-to-grave nature of institutional education and

training (fig. 2-2).

Follow-on
Assignment Training
Selection
Accession/ Brilliant Losses
Gainsp= |nit. Skills
Tng. Force
Selection
Assignment
PME/
Adv. Ed.

Figure 2-2. Life-Cycle Model
The life-cycle model illumiates thosg@rocesses external to actual TR grams that impact

the brilliance of theforce. They include accessigmmograms and policies, advanced TRED

selection mechanisms, post-TRED placement policies, and retention tools.



Drivers

Developing a coherent vision for ET2025 requires at least a rudimentary understanding of
the world in which it must operateChristine A. Ralph MacNulty of Applied Futures offers
insights into the process of mastering the future. She argues one key to future success is
understanding what is happening in the external operating environment: to assessttensp
of activity external to the organizati, particularly with respct to developments in social,
technological, and other driving forcesA second essential to preserving the future is to look at
an organization—or, for our purposes, a process—and understand its purposes and functions,
how those functions could be performeektbr, and whether thesdllveontinue in the future.

Having already addressed the former—purpose and function—we can answattiethenly with
some understanding of the environment of 2025—and of the drivers ithateate and enable
it. We shall examine four such drivers thall e critical to the edcation and trainingprocess

(fig. 2-3).
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The Nature of Social Structure

Technology

Knowledge
Education and

Training System

The Nat re of Air

& Space Power

Figure 2-3. Drivers

Social Structure

The warriors of 2025 il come from the “knowledge society,” a society enmeshed in the
information revolution. This information societyiiwdemand more and morekfowledge
workers”—workers having significant formal ezhtion and the aliy to acquire/apply
theoretical and analytical knowledge. However, this demalhdagur in a society that may be
unable to produce the required quantity of knowledge workersThénRoad to 2013ohn L.
Peterson notes two trends heightening denfiankinowledge workers in the future: an aging US
population and an edation system that graduates too many studékresjuipped for an

information-based econondy.



Additionally, the warriors of 2025 wenter the service with different generational baggage
from the warriors of 1995, or even 2005. Growing up in tdehnological age, theyilwbe
comfortable with computers, video games, and instant accesotmation. They also Wbe
less patient, more accustomed to instant gratiboatand demand stimulation, excitement, and
speed in their lives. And they might seek out the milifarychallenges and responiities not

found elsewheré.

Technology

Revolutionary and evolutionary technological developmalhchallenge ER025 in several
ways. Technology ivdramatically and rapidly change the tools of war and drive changes in the
KSA required to wage war. The rapid pace ohtedogical innovation also irequire military
professionals to anticite the impact of emerging tewlogies on war-fighting capgity and
assess the implications of tewlogical breakthroughs. ET2025 must be agile and flexible
enough to satisfy these demands—and it must adapt to TRED challenges and opportunities more
efficiently than our adversaries. Additionally, ET2025 must be flexible enough to incorporate

emerging technologies as they apply to the learning process.

Nature of Knowledge/Learning

The changing nature of knowledgdl\wave a significant imact on ER025—it will truly be
not what you know that is important but what you know. The exponential increase in what we
know and what we learnilivcontinue to make Knowledge” and “understanding” increasingly

fleeting states of md. It is becoming increasingly difficult to “know” and “understand” at levels



of the past. In 2025 weilWhave toknow how to know, how to decide what is important to
know, to know what we don’t know, and how to go about gettifg it.

The nature of what we knowilixchallenge ER025, as the fundamentals that served us well
in the past will fail us in the future. [Rhe Age of Social TransformatioReter F. Drucker
provides insights as to how our definitions and concepts surrounding the TRED process must
change with the changing nature of knowledge. First, he argues that the quest for and
accumulation of advancddhowledge must continue well past the age of formal schooling. Next,
he writes, our vision of an edated person must evolve. An educated persbmevsomeone
who has learned how to learn and who continues to learn throughout his or her lifetime. Further,
a formal degree or testimonialllno longer valichite someone’s educati, performance capacity
will. Additionally, learning will become the tool of the individual, akmbwledge will exist for
the most part only in its applicati. Finally, Drucker believes the generaligt @xist no Iongere.

This new methodology Wdictate better use of “teams” to solpmblems, since it i become
increasingly difficult for one individual to grasp all necessary knowledge.

Closely related to the nature d&howledge is the nature of learning, which plays a
complementary forcing role in envisioning ET202%aps inour understanding of the cognitive
process itself wilbffer insights into the nature of learning and provide opportunities to enhance
the learning process. This growing sophation dout the nature of learning, for example,
points towards individual learning and customized learning environments as critical concepts in
an effective and efficient educationadocess. Future discoveries in areas of nontraditional
intelligences—spatial, musical, kinesthetic, interpersonal, and intrapersonal—alsofi@ay

opportunity to exploit new venues for educational purp%ses.
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Nature of Warfighting

The nature of 2025'silitary forces will drive the TREDprocess that supports it. Two
characteristics desenaur consideration. First, if current trends serve as a benchmark for the
future, the militaryforces of the United States’ must be prepared to participate in operations of
varying complexity, from low-intensity conflict through full-scale war and across the ever-
growing spectrum of “operations other than war.” Concurrent withnangtmment to a wide
variety of missions, a United States that becomes more inextricably engaged #éhe world
will commit its military forces to a high operations tempo. This temgbdistinctly impact the
design of ET2025: forces generallyillwnot be available to wupport long-duration TRED

programs, and this ops tempo will limit the opportunities to train on operational systems.

ET2025 Imperatives

The brilliant force that will domiate the 2025 attlespace W require a TRED
environment—ET2025—to do so. ET2025 must incaxporthe characteristics—and critical
internal and external process illurated earlie--and do so in the world of 2025 as suggested by
the drivers. ET2025 must demomdte certain operational characteristics and satisfy critical
military needs. These, taken together, form the ET2025 imperatives:

« ET2025 must prepare ilhiant warriors and leaders tact decisively in
ambiguous and changing environments. It must prejeateologically aware
and adept warriors. It must focus on developing wisdom instekdlogfledge

and on acquiring how to learn techniques as well as critical skills.
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ET2025 must provide the opportunity for continuous learning, on demand, any
time, and anywhere. It must ensure minimal loss of productive jatecel
activity.

ET2025 must recognize and adapt to individual differences. It must tailor
TRED programs teeach individual, his or heammedate TRED needs, and
individual preparation and inherent cognitive and physicis sknd aptitudes

to achieve an optimum learning style.

ET2025 must overcome barriers toesffive learning within tdmological,
physiological, and ethical constraints. It must incoap®rtetinologies and
learning environments that will increase human performance.

ET2025 must be agile and flexible in responding to a rapidly changing external
environment. It must quickly recognize emerging TRED needs. It must
possess an agile and a responsive curricula development process. It must
adapt and incorporate emerging TRED technologies.

ET2025 must take advantage of improvements in simulation and modeling
technology to provide realistic individual atehm TRED alternatives. It must
incorpolte tetinologies to arate virtual realism, to imduce human
behavior into the simulation process, to network individual simulators for
group and small-unit training, and to provide coseefive training
alternatives.

ET2025 must enhance illant Force by exploitingobvious synergism with
service personnel management tools. It must exploit personnel cgsifi

technologies that enableabching personal KSA with required jobilisk It

12



must match TREprograms with follow-on job requirements. It must enter
into a partnership with accessi retenton, se¢ction (for TRED programs),
and assignment policies to increase total-force capabilities.

* ET2025 must exploit edation and training partnerships with sister services
and national agencies, civilian universities, and commercial trgmograms.
It should focus on those KSA unique to Air Force amilitary operations and
seek to consolidate education and trainifty more common TRED
requirements.

Notes

'Lt Gen Jay W. Kelley, “Brilliant Warrior,” (Unpublished article, Maxwell AFB, Ala.: Air
University, 1996), 4-5.

2 Christine A. Ralph MacNulty, “Social Change: The Often Ignored Driving Force” (Paper
for the Industrial College of the Air Force, 20 January 1995), 2.

% John L. Petersoifhe Road to 2015: Profiles of the Futyfeorte Madera, Calif.: Waite
Group Press, 1994), 15.

‘Kelley, 7.

> Although deciding what is important to know (and, therefore, what is important to teach) is
a critical element of any training or education program, we do not address it in this paper. Our
emphasis is on building a system and a process which will enable the military of 2025 to teach
anyone, anything, at any time. Thus, Wieatbecomes less important to identify in advance as
thehowbecomes more efficient and responsive.

® peter F. Drucker, “The Age of Social Transformatidrhé Atlantic Month\274, no. 5
(November 1994): 64—-68.

"Individual learning is the focus of this paper. Team training, as in unit readiness training,
will remain a necessity for the Brilliant Force of 2025; however, this paper does not discuss the
processes or materials related to group training, except where they overlap with individual
education and training.

8 Jan Davidson, “White Paper: Multiple Dimensions to Learning,” 1-5. On-line, Internet,
15 March 1996, available from http://vital.davd.com/vlpress/white.html.
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Chapter 3

System Description

The models, drivers, and assumptions above shape the TRED systeimizedpairning in
2025. The ET2025 ardkcture is “agile educam,” a combination of just-in-time training,
training on demand, and tailored training made possible byotegd advances in artificial
inteligence (A), virtual reality (VR), holography, and commuations and computer
technologies. Within the agile ethtion system, the concepts of the natiokabwledge
superhighway (NKS), academic centers of excellence, expert tutor (EXTidtance learning,
and hyperlearningeceive special atteoti. An additional ection discusses the need for
sophistcated screeningrocesses to better match individual calgeds with military needs and

some of the technologies under investigation.

Agile Education

The military TRED community has invesdigd the concepts of just-in-time training, training
on demand, and tailored training for a number of years, but no coherent plan for implementing
these ideas has emerged. The value of such initiatives should be obvious: training tailored to the
individual and the job to which he or she is assigned, provided when and where convenient to the

trainee/trainer, would save the military time and money and make the force more flexible.

14



At the current time, service training and edtion caters to the average trainee and takes a
predetermined length of time, regardless of the individuililied of the students. For example,
undergradate flying training (UFT) students begin training on the same day, complete the same
number of training sorties, and graduate a year later. Tdrenaentioned system has been
termed a pipeline: students crawl in the training pipeline together and pop out the other end in a
clump, ready for assignments to the operational force. In times of dwindling budget and
manpower, the pipeline is not (if it ever was) an efficient method for training.

Curiously enough, the world of mamaturing has a concept we can borrow and apply to
TRED. It's called agile manufacturing. Agile manufacturing is the latest trendustries where
mass marketing has given way to “niche” marketing, where mass production of a standardized
product has evolved into mass customization of personalized toBoisexample, the computer
industry already has endwed agile maufacturing to a great extent. The customer aaler a
computer over the phone, specifying the precise processors, memory, monitor, and peripherals
desired. One of the main purposes of agile nastufing is “to get the product from concept to
marketplace very quickly?”

Considering an approptiely trained and educatedlitary member as thegrodiwct” and the
gaining commands or agencies as the “marketplace,” one begins to see thitipsssilagility
when applied to TRED. Alphonso L. Hall, a plant manager for General Motors and a guru of
agile manufacturing, talks of an agility analysis which is achogs cost, responsiveness, quality,
and performance test that can be applied to equipment, processes, and people. In addition, the
test asks whether or not equipment and people are reconfigurable to make new products, and if
the products themselves are reconfigurable.”The four standards Hall applies—cost,

responsiveness, quality, performance—could equally well apply to TRED. Simple changes in

15



language show how easily we can transfer the concepts of agility to TRED. Militaonpelrs

are, of course, “reconfigurable” through TRED. Thitary should aim for truly agile edration

or agile TRED by 2025. Such a system would respond virtually instantaneously to the needs of
the customer by identifying and teaching the right individuals to accomplish thenmissi
combination of the tailored training and just-in-time concepts floating around now.

Consider the following scenario. It's 2025. A cyberterrorist group hasatdmed to destroy
France’s economy if their demands aren’t met. The US responds to France’s plea for assistance,
and the secretary of defense asks the JPC (Joint Personnel Center) to asteanbte atop the
terrorists. Sknming through their dtabanks offiformation about individuals’ gls, knowledge,
aptitude, and learning ability, JPC pamsel identify 20 people for the task force. Agile TRED
specialists immeditely assess the TRED needs of each of theftas& members and construct
individualized programs (using virtual reality, simulation, and Al “agents”) which the members
complete at theirwrrent lacations. Some members receive only one or two blocks of instruction,
some receive six, seven, eight . . . whatever they need, based omuttezit KSA levels and the
task they must complete. Completely trained the mission, the task force assembles
(physically, if recessary) and neutralizes the cyberterrorists. They disband and return to their
previous jobs or go on to new assignments, receiving necessary training en route.

To accomplish missions like these, the services need a new paradigraining. The
omnipresent image of a superhighway may be useful in reorienting our thinking away from the
pipeline metaphor. The new TRED system should more nearly resemble an infinite highway with
on-ramps and exits convenient to the trainee. The traiilegetvon the highway at a point
convenient to him or her and congruent with his or her current KSA and mission assignment. The

trainee will exit the superhighway when he or she has learned the taskseolls required or

16



desired. No longer will military pepsnel be trapped in a pipeline, waiting to complete
unnecessary blocks of education or training and awaiting@daimed graduation day to move
on to their gaining unit. The new system should allow students to enter trainingtaverhpoint
their individual abilities ditate, give them precisely the training they need, and certify them

when they’ve mastered the tasks/ideas, not on a predetermined date.

National Knowledge Superhighway

Agile learning has one prerequisite which training and education have requinegeware
designed in collaboration between subject matter experts and instrugiiogedm developers.
However, the imperatives of ET202%te that much of theuaricula take a different form and
function. The requirement for an agile curriculum development process, distance learning
capabilities with learning on demd, and aractive learning experience dictate the némdiwo
critical system components: a central server hosting experadtiter ®urseware and specific
training modules to serve the critical TRED needs oD&ID distant end users (the national
knowledge superhighway) and a software-driven aateth ourseware development system
incorporating expert systems technology to support it.

The automatedaurseware development system is a natural extension of the computer-aided
design/engineering systems in use today. It incatpsremerging expert systemshealogy, the
ability to autonate production rules assated with instructional systems development, and the
ability to model and replate the human learnimqgocess to rapidly develop expert interactive
courseware to support our national TRED needs. Likely to be available to courseware
developers well before 2025, this caitipbwill be essential to ensuring militafprces can adapt

quickly to the rapidly emerging TRED requirements of 2025.
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While the technical capability to develop expert iatgive ourseware likely vil exist
before 2025, the dlty to rapidly develop TRED tools in rpsense to emerging requirements will
faceformidable challenges. In “Advanced Training Systems for the Nega@e and Bend,”

R. Bowen Loftin and Robert T. Savely, note that one of thatgst barriers to the development

of expert systems has been, and likely will continue to be, the acquisition of the expert
knowledge of a particular #lk task, or aptitude ecessary to develop production rdle€ourse
content teachers and subject matter expeittgemain criticalnodes in ET2025. The expert
courseware supporting 2025’s NKSllwdepend on the militgy’s allity to understand and to
catalog/classify the specific KSA associated with each specialty and/or TRED objective. It will
depend also on the capability to trael this expertise into #orm exploitable by expert
interactive teaching tools.

The NKS enables ET2025’s artdgture to gpport the overarching notions of agile learning
with tailored, on-demand, just-in-time learning calit#ds available at a distance. It hosts the
resident interactiveaurseware and training modules and links distant end users with the subject
matter experts located in varioDD andaccredited cilian centers of excellence. Similar in
theory to the information superhighway, the NKS differs significantly acfce. It hosts not
unfiltered information butccredited, interactiveoarseware designed to support initiallisk
training, follow-on refresher training, and the advancedcation needs ofmilitary forces
operating on land and sea and in the air and space. Further, it is secutemaintain strict
access controls, allowing only specifiszutseware developers taapk educational materials onto

the server.
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Academic Centers of Excellence

SelectedDOD and civlian institutions—the EZ025 Academic Centers of Excellence
(ACE)—form the backbone of the agile learning calpes of 2025. These centers of
excellence, often the same sites responsible for developing the remaining resident TRED
programs for themilitary and civil serviceforces (Maxwell Air Force Base (AFB), National
Defense University, Fort Leavenworth, Harvard University, and otin@las places), Wl be
responsible for developing solutions and anticipatingeacting to existing and emerging TRED
requirements. We anticipate each servidehave one or more ACE taupport service-specific
TRED needs, and each servicll wrovide the primary @tterials necessary togport the TRED
requirements of joint and coalition forces.

ACE will be critical nodes in 2025. The best institutionsll wvnot merely add new
technologies to their existing twentieth century structure. Rather, top-quality ACEctvas
facilitators of learning; they will be repositories of the best incatlan and educational systems,
ready to tailor the program to the needs of the students. Inforntatibnology wll continue to
reduce the need for students to travel to the informatiorcagidnal centers Wexcel in moving
the information to the student, reducing travel costs, and superchargratieduand training
agility.

The critical roles of an “electronic” edational institution built to meet the
learning needs of the 21st Centurii Wwe as follows: toprovide information on
education and training needs aapportunities; to provide quality control; to
provide accreditatn, through independent assessment of learning; to develop
coherent curricula, where apprade; to broker and validte ®urses and
materialsrom other edoation and traininguppliers; to make it easy foeachers

and learners to use communicationshtexlogy to import and expert multimedia
learning materials; to netwk learners and instructors; toeate high quality
educational multimedia materials in an easily accesBbe; to conduct research

into education and training needs; to apply newanegies, as they develop, to
education and training, and to evaluate theiruse.
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On the other hand, oldOD campuses W/ not become “ether” universities. Critical skills
essential to effectivenilitary operations—Ileadership, discipline, motieati teamvork, team
building—uwiill still require fice-b-face interactin. But the alctronic medium W reduce the
amount of time spent in conventional classroom learning situations. Studénascemplish
these lessons at home or at their assigned stations.

Clearly though, a center of excellence must evolve over the next 30 yeardltihéutieed
for high-quality edaational multimedia wrricula. This center of excellence, whether a pure
DOD endesor or a partnership with prte ndustry, must be capable of producing large
guantities of complex interactive training softwéoe the highly capable edational systems of
2025. Air University at Maxwell AFB is the logical choice to lead in this role.

The academic centers of excellenc wrovide the courseware input to the edlion
and training architecture @025. A new capality—the expert tubr—will help to manage the

output.

Expert Tutor

The expert tutor (EXTOR) wilprovide the intedice between ACE and the end user—the
student. An individualized, personal expert interactive training aid, EXT@Rsatisfy many
ET2025 imperatives. Focusing on knowledge apgibn and learning, it W allow the user
continuous learning opportunities. ltilwalso tailor the learningprocess to the individual's
specific TRED needs and inherent cognitive skills and learning style, and it wilporate state-
of-the-art technologies for learning enhancement and virtual realism.

EXTOR is the generation after next of the computer aided instruction (CAI) capabilities

currently in use in many training environments. lattive Courseware documents many of the
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systems’ benefits in the TRED environment: increased trainiegteféness, increased student
participation and interest, increased knowledgeenton, reduced time in training, reduced
attrition levels, and reduced life-cycle training cgstéllearly, CAl is congruent with ET2025’s
imperatives: it is reasonable and prudent to assume third- or fourth-generation CAIl systems will
be an integral part of and critical to the success of ET2025.

NASA'’s intelligent computer-aided trainingCAT) capallity has taken CAIl to the next
level, demonstrating impressive results in the application of expert systems to CAbdutam
system designed to emulate the behavior of an experienced instructor in the {yeocEss,
ICAT has demonstrated the capiédpto provide trainees with much the same experiences as
they could gain from the best on-the-job training prograrBXTOR will take CAl at least one
step beyond ICAT. Evolving from further research into expert system,use expert systems
and artificial intelligence toanvert CAl into an instructional media to instruct, diagnose, and
evaluate’

Part of a modular, global learning environment, EXTOR enables and proauiies and
individual distant learning. It is the expert computer interface to link the end user (student or
trainee) with interactive aurseware resident on the national knowledge superhighway (NKS).
Serving as each individual's personal assistantjllitagcessnformation from available sources
and present it in a format suited to the user’s individual learning style. EXTOR catesslid
many of the functions performed by NASA’s ICAT system into a single, user friendly software
interface pgorming the many functions. It allows the learaecess to distantbarseware and
information via the NKS and NDB manages the training session carriestize and interactive
tutoring based on its knowledge of the individual's optimum learning stgtehesfor common

student errors and provide cective feedback maintains angbdates a database containing
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trainee’s performance history and designs and executes increasingly complex training exercises
based on its knowledge of the courseeobyes and individual's wrent KSA level and
demonstrated weaknessés.

EXTOR will be a lifelong learning companidor each service pers. First used during
accession testing, itilvreplace the arrent lattery of skl and aptitude tests. It also will map
each individual's KSA to determine suititly for Air Force operations and assist in initial
placement. Mapping each individual's learning styles, ilit deetermine the optimum learning
approach to apply in subsequent training sessions. EXTOR dlssewe several valuable
institutional functions. It will pgorm personnel diagnostic, tracking, and assessment functions to
assist in accession measurements and decisiongnpetsclassifitation systems, active ik
level certificaton, and selction processes for advanced training, follow-on @ton, and
assignments.

EXTOR will require the integration of several criticgichnologies currently undergoing
research on a limited basis and will require their availability on a wide scale. These requirements
will include advancements in cognitive modeling and the ability to model the leqrungss;
the development of expert systems, including the use of neural networks and fuzzy logic; the
ability to acquire or develofinowledge to intedce with EXTOR; and the development of
virtual reality creation techniques to build and exploit each individual's optimum learning
environment and learning style.

The combination of the first two technologies—cognitive modeling and titiey &b model
the learning process—wilinderpin the EXTOR of 2025. Current research into the study of the
nature of knowledge and of human learninth kesult in the theoretical constructeaessary to

build 2025’s expert tutors. Fuzzy logic and neural networks, among other alternatives and
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advancements in cognitive modeling techniques, may enable 2025’s expert tutor to understand
and to adapt to individual growth and learning processes. Loftin and Savely suggest fuzzy logic
and neural networtechnologies vt enable expert tutors to represent student metasts more
accurately, assess individual KSA development and learning patterns, model individual trainees,
adapt training to the individual's behavior to provide the optimum learning environment, and
track and respond to complex lines of inquiry.

EXTOR will also leveragetateof-the-art virtual environments to enable fully irgetive
distant learning. Cost has been one of the limitagidrs in the application of virtual reality to
the education and training emmiment. However, costs should decline in this area sufficiently
by early in the twenty-first century to make thischnology affordable for edational
institutions’ By 2025, thetechnologies assatied with virtual reality lsould enable this
capability to be exploited for education and training purposes on a far-reaching scale.

Combining intelligent CAIl with other emergirtgchnologies and developments in advanced
cognitive research offers gt potentiafor further significant advances in autonomous, self-
directed education and training tools, mainstays of agile TRED.ordrw to the authors of
“Plugging In: Choosing and Using Echtional Tebtinology,” computer-basedechnologies
derived “from artificial intéigence and research in cognitive sciepcemote fctive] learning.

Such systems help learners think through complex, authentic problems; take charge of their own
learning; and develop products fimaching or use in the real worltf” The authors alsatate

these systems, together with expert instructors, integrate megdr@uwiole sophistiated expert
systems for learning complex concepts, help students develop advanced lealisirdjeginose

student performance, adapt the level and sequence of problems based on student performance

23



and suggest directiorfer future learning, and simate the use of emerging tewlogies and
decision making to address complex real world probFé‘ms.

The EXTOR and its associated caipds enbody a key concept to lead the Air Force
closer to agile TRED, with particular emphasis on tailored TRED available on demand. A

notional system is depicted below in figure 3-1.

National Knowledge Super Highway

=TRAINING AND EDUCATION CENTER

‘ =ACADEMIC CENTER OF EXCELLENCE

Figure 3-1. Notional System Model

Distance Learning

The armed forces are no stranger to the distance learning concept, and considering the

aforementioned drivers and required cald#s, the stewards of air andape power would do
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well to position themselves to take further advantage of advances in this area. Distance learning
may be the bridge to connect Air Force TREDLS96 to the truly agile system postidd for
2025.

Both now and in the past, distance learning in the military has been a small, albeit
significant slice of the education “pie.Correspondence courses haiuked sekctive niches,
mostly to provide PME courses in lieu of in-resideateendance. However, the assumptions
and drivers discussed earlier require a change to this limgpbach to distance edation.
Obviously, the services must develop the capability to increase the availability, quality, and
guantity of training and education to meet the demands of mission complexity; and we must be
capable of doing it cheaply and efficiently. The distance learning concept of operation may hold
the key to tackling the challenge.

The distance learning concept is gaining steam in the business world. AT&T's Center for
Excellence in Distance Learning is giving industry systems that provideadtitex visual
teaching or training where the instructor and students are geographically separatethécted
by electronic media. AT&T reports several benefits from this learning concept, including
reduced travel costs, the flexibility to add students as needdéwuiviincurring additional
expense, real-time coursatarialupdates, access to remote experts, and tiligy &b train more
people and to do so more often.

Clearly, the distance learning concept addresses many of the required aineadBED
capabilitiesfor ET2025. Additionally, much of théechnology to make distance learning
effective is already available and in us€onsequently, the question now becomes one of

predicting the advances in distance learning concepts and technologies—in such areas as signal
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processing and display technologies--over the next 30 years amdtibes the services must
take to leverage advantages in this concept.

For example, effective, conlieg, and efficient distance learning will require an
improvement in signal-processitgchnology. An all-optical network would expand capacity so
that the exchange of video and large computer files would become r’c?utiA&hough all-
optical networks are now in their infancy, we may assume that optical networks, or another as
yet undiscovered signal-processitechnology, Wl erase the warrent limitations in network
communications by 2025.

Likewise, advances in display technology could well revolutionize the distance learning
concept. Currently, most displdgchnology is based on the ubiquitocesthode ray tube, a
technology developed more than 50 years ago. New diggxdayology, whether holography or
another new technology, may truly change the way we aotewith digital nformation.
Peterson points out that “if holographifarmation can be digitized and therefore tramigdi
(assuming adequate bandwidth) to remote locations, a whole new ikraopen up.
‘Picturephones’ may pregt the person on the other end of the line into the middfewfroom
as a ‘light sculpture.*

It is one thing to read the script of the president’s speeglo@ncomputer screen; imagine
if the president were able to present the speech liwgun own living room or study, through
the medium of a 3-D holographic image. More significantly for TRED purposes, imagine the
greatestprofessors and thinkers of the day in your own living rotgachingyou. A concept
from the 2025 study, “Holographic éétings,” suggests using this samehtexdogy for neetings,

rather than education. This dual-use technology could present benefits in severafarenas.
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Thirty years from now, advances in virtual reatg@ghnology could makeach air and space
professional’'s home a virtual echtion “center of excellence.” As software evolves and
computing power increases, virtual reality will be used to present models of all kinds of complex
dynamic systems. Soon iilWbe possible to engage multiple senses simultaneously, engendering

a total response from the mind and the body that will be more than the sum of itd parts.

Hyperlearning

The currenteaching paradigm emphasizes, as described by Asghar Iran-Nejad and George

E. Marsh Il inDiscovering the Future of Educatipa focus on the memorization of various
concepts and facts, thereby effectively fragmenting the leapnaggess to such a degree that the
results are inapplicable to the real wdild. This cognitive learning paradigm holds that
knowledge has a sepde existencérom the physical nervous system--it can exist outside the
learner, waiting to be memorized and internalized. Current curricula generally mirror this
cognitive structure; important knowledge is identified as a “sample of behavior” or some other
sort of objective. By highlighting these critidalowledge “nuggets,” wattempt to simplify the
internalization of knowledge by breaking these mountainsatd thto manageable pieces. The
information revolution has reinforced this concept: computers process and store information,
then they readily reproduce it as required. As Iran-Nejad and Marsh explain:

Another implication is that there is no more to learning than stamfiegnnation.

Thus, even in modern cognitive neuroscience the brain plays an incidental role in

memory and virtually no role in learning beyond memory, as many leading

neuroscientists view brain components as being morethitie storage disks than

biological subsystems with critical roles to play. As a result, anyon#idawith

how computers process and store information can play the role of an expert on
learning®
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This paradigm cripples our #ity to apply newknowledge to real life. Further, it may
degrade our ality to learn nformation efficiently and effctively. Infants learn at an
exponential ate wihout having the ality to cognitively memorize and internalize. Rather,
infants learn by sensory stimulation, agtively solving real-lifeproblems, and by experience.
“Children are born with a remarkable capacity to learn and they do leacessfully from
whole-brain experiences during the first few years of their lives until, that is, they enter €éhool.”
This “whole-brain,” experience, or hyperlearning, is central to our concept for learning in 2025.

The hyperlearning concept acknowledges the unique capacity of the brain to learn when
immersed in a total learning enmnment, and it rects the old paradigm of the brain as
computer. People learn most effectivelyaugh whole-brain experiences rather than rote
memorization of facts and concepts. The human brain does not evolve as a solution to memory
requirements; rather, its evolution is the result of intentional and sometimes spontaneous
responses to problems in natural environments, where inputs and stimuli to multiple senses are
available simultaneously to contribute to learrfingWhat form would this system take, and
might it be available in 2025?

If education is to improve, and it must improve if our society is to continue to
thrive in an increasingly complex and competitive world, teachers must be experts
in human learning and development and not just subject-matter techni@ans.

the base of this is the ability to devise a system that relates instruction to real-
world applications™

The recent Star Trek movi&enerationspegan with the charactersrducting a promotion
ceremony on the deck of ailsgy ship. In the movie, the sailing ship, as well as the entieauo
environment, were degtied as a virtual reality simulatioproduced by a device called a
“holodeck.” Advances in virtual reality by 2025 could make the holodeck concept a viable

answer to several required capabilities. Morpdrnantly, such a system would activelypport
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the hyperlearning concef)St. Current trends in simulatiotechnologies demonsite some
movement towards this concept.

Air Force flying training, a major user of simulators and simulation technology, provides
some insights into current simulation efforts. For starters, the current generation of simulators is
hardware intensive. As an example, one of the most recently acquired and complex simulators,
the B-1BWeapon System Trainer (WST), relies on several large mainframe computers for digital
processing and two large cockpit sectigfts both pilot and aft tations), each wunted on a
complex three-axis-of-motion hydraulic system to sateilflight. Several large daide-ray
tubes make up the visual (outside the cockpit) system. Actual panels and displays, including
disarmed ejection seats, make up the cockp@onsequently, the entire system is large,
expensive, and maintenance intensive.

Two Air Force Institute of Technology (AFIT) programs demaatstithe movement towards
virtual simulators and away from system-specific physical simulators. The first program, the
virtual cockpit, is a low-cost, manned flight simulator of an F-15E. The pilot flies the simulator
using a hands-on throttle and stick (HOTAS) and has the tipeddrop bombs, as well as fire
rockets and guns. What makes this simulator different from everything used in the past is the
revolutionary display system. The pilot observes the in-cockpit and out-of-cockpit imagery
through a head-mounted display. The only physical instrumentality in the Virtual Cockpit is the
HOTAS?

The second AFIT program provides us with another example of the move towards virtual
simulation and of its benefits. The virtual emergency rodlinbe a “dateof-the-art virtual
reality environment for use within emergency roofifs.Doctors will be able taccess virtual

records, monitor a “patient’s” vital signs, and view radiological and other diagnastic ®irtual
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patients will testeach doatr’s ablity to regpond to trauma, aneurysms, poisonings, and other
time-critical medical emergencies.
The move towards virtual simulation offers another advantage: flity tbbe netvorked

to expand training realism. The simulation lab at the Institute for Defense in Alexandria,
Virginia, provided the central effort in the development of the SimNet system. Through SimNet,
participants around the world are networked together and fight on a vigttlefield. Peterson
describes one such scenario.

Ships in the Pacific can have real-time radar displays that look like the

“battlefield” located in North Carolina. Army tankers in trainers in Fambi

Kentucky, look out of their sights and see the samatim-only fromeach of

their individual perspectives. Air Force pilots in @ainia can “fly” missions in
support of other participants from their trainers at the same’fime.

Clearly then, the next generation of simulation technolotiyneve several gpund-breaking
characteristics. First, thereilwbe intensive use of virtual reality display systems t@riove
simulation realism to “suspend disbelief.” Also, the new generation of simulators will be
software intensive rather than hardware intensive. Next, simulators will be increasingly
networked to expand training opportunities. And, finally, the servidégxploit simulators in
areas of endeavor other than flying training, such as the medical simulation noted above.

The question now becomes, “What will simulation trainoakl like in 2025, and how should
the air and spacéorces leverage themselves to take advantage of developing concepts and
technologies?” It is reasonable to assume advances in displayology, computer processing
speed, and signal processing will make simulators even more realistic, software intensive, and
network capable. It is also reasonable to assume more and more training eatbredoth
flying and nonflying--vill be done in simulators. These advanceseiohnology, along with an

increasing reliance and emphasis on simulator training, may lead to a merging of simulator
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training into a single simulator platform, much like the holodeck previously described. Users
would enter the holodeck and direct the computer to load whatever simyatigram they
needed, whether an emergency room simulation, a flying mission, or an airfield defense scenario.
Enhanced realism and network caipdss would make possible highly realistic, inexpensive, and
possibly more frequent joint training exercises. This software-intensive system would reduce the
need for expensive, single purpose, maintenance intensive hardware-based simulators. We could
afford more of them. The simulators couldeha wide variety of training needs, including flying
training, surgical procedures, bomb disposal, base defense, and air traffic control--all in the same
versatile simulator platform.

The realism inherent in this platform also could provide otherwise unavailable training. If
current trends continue, increasing air traffic, along with increasing urbanization, may seriously
impact the availality of actual flight training, especially in the low-level regime. Low-altitude
simulator training, with realism sufficient to “suspend disbelief,” is just one example where the
capability of “superrealistic” simulators could overcome environmental limitations.

The networking capalities of a holodeck style simulator opens up a vast number of training
and education posdities. Complex joint exercises could becomplished entirely in the ether.
Students completing professiomallitary edwcation could netark in a virtual classroom then
work through a significant crisis like the pktary defense action @015. Leadership training
scenarios, from thedittlefield to the Air Operations Center, could be simulated vativincing
realism. The possibilities are limited only by imagination.

Such a virtual system boasts many advantages that answer numerous requirditiesapab
being software intensive, it would be relatively inexpensive as well as easy to update; it would

answer the problem of difficult environmental constraints to realistic training; and, it would
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provide realistic training for complex real-world scenarios. Most importantly, the system would
conform to and shape the new paradigm of hyperlearning. Participants wanicheesed in a
total learning environment, bathed in sound, light, and sensations of touch, seltdid, and
pain. Through rich combinations of highly realistic sensory stimulation, realistic problem solving,
and the total suspension of disbelief, we may be better able to esyplogxponential learning

capabilities.

Enhanced Screening

Enhanced screening capabilities are exxassary precursor for agile TRED, the overall
concept that incorpates the ideals of just-in-time learning, learning on demand tailored
Iearning?9 To minimize the demandgon the edcation and trainingrocess and to enhance the
overall quality of the Briliant Force, the military must be able to identify anecséhe right
person to receive the right training at the right time.

When we think of screening today, we think of testing: physical, emotional, and mental.
We screen a person’s health with X raysifg history questionnaires, blood tests, and eye tests.
We screen physical diby with tests of strength, dexterity, speed, and flexibility. We screen
mental ability with psychological and intelligence tests. People are askedrpyahiakblots, to
indicate preferences, and to makeravassociations to understand their personality and behavior
traits. Intelligence tests measure ability to oeagshink, and eécall information. These types of
tests help employers to decide whom to hire and whether person A or person B is better suited
for a particular task. Many corporations use the tests, and the results from these tegts indi
they work. More and more, the corpte world is using screening techniques to make decisions

about people and their training and eaion. Why? Rcause this meod is a cost-efictive
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way to ensure time and money are not being wasted on the wrong training for the wrong
employee.

Joseph Matarazzo, winner of ti®91 APA Distinguished Professional Contributions to
Knowledge Award, indiates emerging tests and theifshoots may offer some “different
approaches” to the screenﬁ?g. For example, biological tests (such as electrocardiogram
readings), nerve responseaction time measurements and brain-imaging techniquerosg
useful in predicting human performance in certain areaataidzzo predicts advances in these
biological-physiological-behavioral processeft help us to measure intelligence and cognitive
capacitief.l The emotional quotient concept sutied to the2025 study suggests we measure
and screen for “qualities of the mind like empathy, discipline, fairness, ten%?ciﬂ]hé author
suggests such testing will allow the military to assess how an individualeadk in a crisis
situation more accurately. Using a variety of these screening techniques and then loading them
into data systemsillv provide a multitude of opportunities for enhancing Air Force TRED in
2025. Indeedaccurate andipdated screening is a prerequidite the agile TRED system
discussed earlier.

A variant of Armstrong Laboratory’s Intigence Tutoring System (ITS) could be used to
predict someone’s capabilitié%‘.l’he futuristic versions of the ITS involve a VR tutor “with facial
expressions and voice.” The student learns imnmamersive learning enronment wherein the
“learners can move their own hands to pick something3‘hpxl'bt only will students learn tasks
through kinesthetic feedback, theyl\wave oneon-one éctures from VR tutors like Sun Tzu or
Aristotle.

By immersing an individual into a VR situati, the ITS also can be adapted for screening.

This variant—an intelligent screening system (ISS)—pntivide individuals with a totally new
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and unknown problem, evalte the results of the individual's attempt to react antbpe the

desired tasks, and explore the individual's abilities to adapt and rio I€Ehe ISS combines
Matarazzo’s measurement tools, data on the human brain, and advances in predictive neural-
networktechnologies, which together might lead to identifying supercritical taklty abmagine

being able to identify and predict which individuals have the capacity for some presently
unknown supercritical task. Or, not finding the petfindividual to accomplish a particular
military task, imagine having the capability to identify the best qualified of those available for
consideration. Thailitary could not only identify the best qualified caraties, it could identify

and tailor the specific type and quantity of training required to fully develop their skills—
regardless of their initial knowledge oiilslevel. Advances in screenirtgchnologies need to be

an integral part of the military’s Brilliant Force architecture.
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Chapter 4

Concept of Operations

Kelly was born in the year 2005. Kelly’s childhood years were spent playing video and
virtual reality (VR) games, with some physical playgroaetivity with other children. 12010
Kelly began school and spent hours in front of a computer terminal at thectnterstiool desk.

Few books were issued as the information was either read, heard, or seen by way of the
computer. Students took almost all tests on the computer. Typlisgngce honed, and writing

skills were marginal. By020 Kelly was talking to an intactive system rather than typing.
Keyboards were backups.

In 2025 Kelly joined the United t&es military forces and underwent a series of
psychological, emotional, and physical tests to etalucognitive andphysical skls and
aptitudes. In addition, Kelly’s last five years of school work was added to the Joint Personnel
Center's KSA database. The tests showed Kelly was best fuiteervice as an Interplatary
Defense System technician.

Initially, Kelly entered basic militaryndoctrination and training. Kelly joined a class of 70
other new recruits for a three-to-six week indoctrination program. During the first two weeks,
trainees were subjected to “historical trainingmoels” where they experienced 1996 methods of

military training. They increased their fitness levalough cardiovascular and strength training
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exercises, shot nonenergy type weapons, wereatesttio certain activities, and learned to work
together as a group. THROD retained this training becausepitovided a foundation foater
operations and instilled blgp military fundamentals should modetachniques be rendered
unusable.

Following the two-week group intaction, the trainees began their tailored training
programs. This phase lasted one to three weeks, depending on the indiZ@cialtrainee spent
several periods per day in the TRED center where an individually tailored EXTOR helped the
trainee to develop the balance of knowledge needed for induction imitib@ry. This
knowledge included leadership and followerstaphniques, values and ethics training, critical
thinking skills, and military history, among other topics.

Upon induction as a T-Gdchnician apprentice), Kelly moved on to the first dustign.

Once there, Kelly checked into the TRED center fdl skining. (Rather than traveling to a
dedicated training base, Kelly could receive allskraining localy.) Kelly was introduced to

the computer at the TRED center. The computer accessed all databases concerning Kelly’s
previous training and networked with thatabasdor Interplaretary Defense Systems. The
EXTOR synthesized all module training curricula with what it has already learned about Kelly’s
KSA and then tailored a training program. Kelly thescdmeimmersed in a VR holodeck to
rapidly learn everything necessary to keep the Interplanetary Defense Systems operable. Kelly
was then an initially qualified IDS technician and received the requisite pay raigecenotion

to T-1.

One day Kelly was directed to participate in a combined exercise roemantalimitations
had for years prevented physically largditary forces fromactually exercising together . Since

2011, all major exercise had been cartdd “virtually” with tremendous cost savings and
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minimal environmental impct. Organized, planned, and executed by SimNetoafold, the
exercise involved several natiomsilitary forces, as well as other organizations (United Nations,
Centers for Disease Control, and Grezanqe). Prior to exercise kiakff, Kelly visited the
TRED center to update ilk via EXTOR, which had identified netechniques since Kelly’s last

visit to the TRED center. Kelly’s highly successful performance in the giant exercise earned
Kelly a promotion to journeyman ID$echnician (T-4). In addition, Kellyeceived a
performance-based raise. Now Kelly was eligible for his next phase of military education.

On off-duty time, Kelly visited the TRED center to continue leadership and judgment
educatbon. The EXTOR provided Kelly the curricula online from the Maxwedbhdership
Center of Excellence, and Kelly learned more about leadership, judgment, integrityilitamy
values. After completing these modules, Kelly reported to the Collaborateglership
Laboratory (CLL) at Maxwell (7-10 days) for interpersonal bonding with peersaaedt-face
leadership experiences and exercises. The Microbrewery in downtown Montgomery remains a
premier site for after-hours bonding. Having costpdl CLL, Kelly retirned to the original duty
station.

A contingency arose and the folks at JPC identified Kelly from theaitthse as possessing
the appropate KSA to participate in the opexati Notified of this assignment, Kelly reported
to the TRED center, and the EXTOR shuttled off to the curriculum banks to retrieve courses on
asteroid composition, t@gtory physics, and language training—courses which Kelly ciegbl
before conecting with the rest of the ad hoc teamough the holodeck to rehearse the entire
scenario. If necessary, Kelly could have deployed with the rest of the specededeleam to

fulfill specific military objectives.
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Throughout a 20-year career, Kelly continued to learn and advam@aning opportunities
were always available and most military membeoktadvantage of them to increase their rank,

pay, and responsibilities.
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Chapter 5

Recommendations

Technologies coming of age in the first quarter of the twenty-first century should make agile
TRED possible. Several of the technologies inherent in the ET202%eatane likely wll be
available well before 2025. Nonetheless, it may be 2025 before these ideas andiltegsab
warrant the confidenceegessary to allow their implementation on a global scale. For example,
there will be geat reluctance to allow automated, interactivarseware and expert training aids
to replace the direct personal interactianmn which we traditionally rely for instruction,
evaluation, and validation. Therefore, these concepts must undergo a significant validation
process (10 years?) to prove their efficacy.

The armed forces must conduct validation testing of several major areas prior to embracing
these capabilities to build the brilliafdrce. The services are currently developing learning
ability measuremenprograms, advanced setion tools, and other persnel testing programs
that will be available prior t2025. However, prior to employing thet®ehnologies in Bltiant
Force applications, thmilitary must @nduct significant validation testing in parallel with more
traditional force maintenance tools to verify, vate, and build high levels obnfidence in their
performance predictive dbies. On a parallel note, the military must valid the pdormance

of automated, interactive, and distance learningrelogies by conducting a scientific analysis
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comparing their performance with more traditiotedching métods. It is entirely possible the
technology adveated to build the Hliant Force archiecture vill not prove feasible for all types
of TRED requirements. This analysis and testing period must iaeirwhich TRED
opportunities demonsite the greatest paybadé&r applying future learningechnologies to
particular situations.

Agile TRED can become a reality for the air andapservices of the future if we invest in
the right technologies and discard the pipeline paradigm for TRED. Concurrent with revamping
our TRED structures, we may also need to change our compensation (rank/pay) structures. Tom
Broersma, a consultant specializing in developing high-performance learning organizations,
suggests twenty-first century organizations, including government agendlespavate more
effectively if people are paid based on thianowledge and sks, rather than longevity. He
further suggests thatams bould evalate their members based onrfpemance, and then use
performance to eterminepromotion and salary. Among other things, this scheme would
establish motivation for members to acquire TRED on their own, decreasing the on-duty time
required to train personnel. To Broersmagefive organizations W view the capacity to
learn—both individually and as an organization--as a competitive advantage ilarnview
training as an investment strategy.

As the services consider adopting new training paradigms, they also should consider adopting
new training partners. To paraphrase Alphonso Hall, agileagidu requires an enfaise-wide
view that takes advantage of forming alliances with other organizations to fulfill mutual goals.
The military $ould consider cooperation wiitademia andocporate America to meet TRED
requirements in 2025. Mannyilitary specialties, particularly in medicine, engineering, and the

sciences, have requirements that mirror the training requirements of their counterparts in the
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civilian world. Would it not make sense in a future wherecatkd, intéigent people will be at
a premium, to encourage cooperation, rather than competition, with the corporate world?

Using the current reserve system as a point of departummjlitaey and the orporate world
could arrive at some workable solution which would cut initial and continuing training costs for
each angrovide increased commusition andunderstanding oéach other’s needs and goals.
Mutual investment in and development of agile training technologies—VR and Al--and sharing
of those technologies, rather than of the human resources, might provide aatealeeans of
establishing cooperation with indusf’ry.

Finally, it is likely that sophistiated education and training kewlogies and sophisated
screening tools may not prove to be coseetif/efor all career fields or dkis. To make the best
use of these emerging technologies, the services should review their specific needs to identify
mission-critical, service-unique il& and capabilities that could be well served by advancements
in selection and TRED tlaoologies. Further, the services also should work to identify those
skills that could beorovided through nanmilitary training, either bi®re accession orhtrough
cooperation with industry. The concept paper, “Pre-Trained Service Personnel,” also suggests
this, noting the services could recruit personnel based on thetratgmhal and technical
qualifications’

Emerging technologies in edation and training, suitably cultivated an@peoprately
validated, have tremendous potential to revolutiom#gary edwcation and training. Advanced
screening techniques, advances in artificial intelligence and artificial reality, anchumnrgi
improvements in computing and comnmuations tebnology wil enable a truly “agile” edcation
and training architecture 8025. This arclécture, consisting of such elements as the national

knowledge superhighwayacademic centers of excellence, and expert tutoils,brving the
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concepts of just-in-time learning, learning-on-demand, and tailored learning to fruition and will

underpin the success of the Brilliant Force across the full spectrum of military operations.

Notes

! Several other concepts submitted to the 2025 study detail technologies or ideas already
accessible; they could be implemented in 1996 if anyone chose to do so. Thus, the following
concepts are not included in this 2025 white paper: 900174, 900327, 900644, 900247, 900171,
900349, 900119, 900226, 900631.

zTom Broersma, “In Search of the FutureTtaining and Developmendanuary 1995, 39.

Ibid.

* Moskal, 14.

> Kimball and Young, “Educational Resource Sharing and Collaborative Training in Family
Practice and Internal MedicineJournal of the American Medical Associati@b January
1995, 320.

®2025 concepts, no. 900174, “Contracted Support Infrastructure” and no. 900247,
“Enhanced Total Force,” 2025 concepts database (Maxwell AFB, Ala.: Air War Cal02%e/
1996). These concepts tie in with this. The first one advocates contracting out most support
functions and becoming a single service. The most significant drawback to this would be the
nondeployability of contracted personnel during hostilities. The second concept suggests a
greater use of the guard and reserve forces which might be more feasible if a comprehensive
program of cooperation with industry were initiated.

72025 concept, no. 900569, “’Pre-Trained’ Service Personnel,” 2025 concepts database
(Maxwell AFB, Ala.: Air War CollegeZ025 1996).
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Appendix A

Technologies and Capabilities Summary

Table 1 lists the key Brilliant Force concepts and subsystems, aatkgselhch with respect
to the technologies and cajldies upon which it builds. The resulting matrix visually depicts
two key notions: the technologies and caleds most critical to the development of advanced
learning and TRED architecturées 2025. It also depicts those concepts and subsystems relying
on the broadest spectrum of technological advancements to achieve full utility.

From this chart, we can discern that the education and training architecture envisioned for
2025 relies heavily on continuingchnological advancements in three primary areas: artificial
intelligence, expéfadaptive systems, and computing power. Further, it appears that the
concepts requiring advancements across the broadsdrisp of technologies include the full

use of enhanced screening capabilities and the development of a hyperlearning capability.
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Technologies and Capabilities

Table 1
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