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OFFICE OF THE SECRETARY OF DEFENSE

3140 DEFENSE PENTAGON
WASHINGTON, DC 20301-3140

DEFENSE SCIENCE

BOARD

MEMORANDUM FOR UNDER SECRETARY OF DEFENSE (ACQUISITION,
TECHNOLOGY AND LOGISTICS)

SUBJE(T: Final Report of the Defense Science Board Task

Force on Training Superiority and Training Surprise

I am forwarding the final report of the Defense Science
Board Task Force on Training Superiority and Training
Surprise.

The Terms of Reference directed the Task Force to:

¢ Assess the current state of training within
DoD;

¢ Identify the characteristics and advantages of
possible future learning environments and what
key enablers are required to achieve those
learning environments;

e Assess the opportunities for and impediments to
implementing alternative training strategies;

e TIdentify actions necessary to enable the
development and implementation of advances in
individual, collective, and unit training, by
0SD and the Services.

The Task Force determined that a second training
revolution is brewing and cffers exciting possibilities as
the US$ strives to reach JV 2010/20 goals. Achieving the
second training revolution is affordable 1if DoD properly
structures itself to recognize all the benefits of this
training. Furthermore, the US must ensure that potential
adversaries do not surprise the US by embracing the new
technologies without our knowledge. Therefore, the
intelligence community must be on the look out for signs of
increased adversarial capability due strictly to training.

T endorse all of the Task Force’s recommendations and
recommend you forward the report to the Secretary of

Defense.

Craig Fields
Chairman
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MEMORANDUM FOR CHAIRMAN, DEFENSE SCIENCE BOARD

SUBJECT: Final Report of the Defense Science Board Task Force on
Training Superiority and Training Surprise.

Attached is the report of the Defense Science Board Task
Force on Training Superiority and Training Surprise. The Terms
of Reference directed that the Task Force:

¢ Tdentify key training demands that affect development and
maintenance of military proficiency:

¢ Recommend how to c¢reate and maintain individual proficiency
among our warriors and support personnel;

e TIdentify key military training infrastructure which may be
needed, especially in the areas of advanced distributed
learning, embedded training, global networks and information
resources, netted training, and advanced gimulations;

¢ Tdentify useful indicators of high-leverage training
programs for use by the intelligence community to prevent
training surprise.

The Task Force believes that the U.S. armed forces possess a
training superiority which compliments their technological
superiority. Although few other states engage in similar
training environmerits, the US must be constantly vigilant to both
protect itg training superiority edge and to ensure it is not
surprised. Other specific findings include:

¢ Some forms of training can deliver order of magnitude
warfare proficiency gains in times as short as 2 weeks.

¢ The process 1s currently conducted in specialized Army,
Navy and Ailr Force combat training centers (CTC) for
some, but by no means all, service forces. However, the
infrastructure of these centers is being neglected.
2010/20 warfare will require more training, not less.
The Acquisition and testing process pay little attention
to how a weapon system will be provided with trained
operators and maintainers.

¢ Inadequate & poorly timed training will negate the
technical superiority of our hardware.

e A new training revolutieon is posgsible. It can pay for
itself if structural problems are solved.

¢ Adversaries could use a new training revolution against
us, but so far have been restrained by cost and cultural
impediments.




the above findings, the Task Force recommends the
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following:

o The services restore the combat training centers.

e Services and JFCOM recommend how to expand CTC training
to new warfare areas.

e USD(AT&L) make training a co-egqual part of acquisiticon
and testing by insisting that each acquisition program
have a defined training subsystem.

Put USD(P&R) on the Defense Acquisition Board

USD(P&R) develop Advanced Concept Technology
Demonstration (ACTD)-like pilot programs for each service
to 1) make residential training self-paced and 2) move as
much training from schoolhouse to just-in-time, just-
right training in the units.

* DARPA establish a training technoleogy research effort

e Charge someone at ASD/DUSD level with review and
oversjght of training performance and measurement
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e DEPSECDEF reaequest the intelligence community deliver
vearly training report card on potential adversaries.

e The sgervices report to DEPSECDEF vearly on the state of
force training, concentrating on readiness, performance
and adequacy, not on process.

The Task Force would like to express its appreciation for
the cooperation, advice, and help by the government advisors,
support staff, and the many presenters from commercial firms and
government and research organizations.
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Joe Braddock Dr. Ralph Chatham

Task Force Co--Chairman Task Force Co-Chairman
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In late 1998 the Undersecretary of Defense (Personnel &
Readiness), the Director, Defense Research and Engineering, and
the Joint Chiefs of Staff requested the Defense Science Board to
create a task force on training and education. Drs. Joe Braddock
and Ralph Chatham were appointed co-chairmen. The task force
met periodically throughout 1999 and early 2000. This document
isthe report of our deliberations.

Much of what follows is more anecdotal and less
guantitative than we would have preferred. Unlike the other Title
10 Service responsibilities (man and equip), training performance
and resulting military proficiency are not well measured. Training
istherefore easier to ignore. Thus, many of the training issues we
raise are structural rather than technological; we found no one in
the Pentagon with sufficient authority who is graded on force-
wide training performance.

As we proceeded, our emphasis shifted away from
education to highlight training superiority and training surprise.
We were struck not only by the achievement of the Services
where they apply engagement simulation in combat training
centers (CTC) but by the failure of other nations to do this. This
is, in part, due to alack of resources.

This training revolution (CTC use) appears to be a
uniquely American ingtitution and not well coupled to more
hierarchical cultures. It has had as profound an impact on warfare
proficiency as advocates hope that the revolution in military
affairs (RMA) will achieve in the future. Unfortunately, unless
we give it more support than we have in the last few years, it may
not be here tomorrow.

A second training revolution is brewing. Without it the
RMA cannot be sustained. Thoroughly trained warriors are
required to support concepts of massing fires, not forces, with
widely spaced units flawlessly connected to each other and to
their command structure. Future training must be delivered to the
individual, to units, and to joint forces, when it is needed, not in
the schoolhouse after which there is time for proficiency to decay.
Training must be applied over and over again as the composition
of the units and joint forces changes and as skills erode over time.
Training must also become an integral part of the acquisition of
hardware or we will fail to achieve the performance in our
weapons systems that our other superiority (technology) strives to
deliver.

Fortunately, technology is emerging that will support this
and may save money in the process. Unfortunately, thereis no
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DSB Task Force

Training Superiority
&

Training Surprise
Final Report

Dr. Ralph Chatham
Dr. Joe Braddock

Co-Chairmen

MILITARY PERFORMANCE

L~

TRAINING COSTS

This réport can be read on three levels: viewgraph, caption (of which thisis one), and amplifying text. The
sketch above suggests the relation between performance of complex tasks and a hierarchy of part-task learning
curves that make for effective unit and individual training. See page 4 for more details.

training laboratory, development establishment, or manager with sufficient authority who can foster the second
training revolution.

Training Surprise: In the last decade we surprised not only others but ourselves with our warfare
proficiency. There is evidence that the culture of our first training revolution is itself trainable. A potential
enemy might also be able to capitalize on the new training revolution. In 1994 Croatia surprised Serbia with a
military proficiency built up in 1 year. Others could surprise us. Training superiority is ours to lose and for
othersto gain.



The panel was composed of people with relevant
backgrounds in: military, defense acquisition, and training/
learning experts. Some members had participated in previous
Defense Science Board (DSB) training studies. Several were
recruited as well for an Army Science Board 2000 Summer Study
Training Dominance Panel. In addition to those listed, observers
and contributors from the Services, the Joint Staff, and the
intelligence community attended out meetings.

We had eight meetings over approximately 1 year. The
organizations listed on the chart spoke, as well as others. Most of
our meetings were held in the Washington, D.C., area. A
subgroup of us visited new air combat trainers at the Air Force
Research Lab in Mesa, Arizona and at Langley Air Force Base.
We visited the air CTCs, at Nellis Air Force Base, and Naval Air
Station, Fallon, in Nevada.

Recognizing the importance of training for future forces,
we chose to forgo a visit to an Army Combat Training Center and
instead visited the Army’s developing First Digitized Division,
the 4" ID at Fort Hood - a critical part of the Army's
transformation program. We held our final meetings at the newly
named Joint Forces Command, in Norfolk, Virginia, and its Joint
Training, Analysis, and Simulation Center (JTASC) in Suffolk,
Virginia.

DSB Task Force on Training Superiority and Training Surprise

The People and the Places

oCo-Chairmen

Dr. Joe Braddock
Dr. Ralph Chatham

oTask force members &
government advisors:

Dr. John Christie

Dr. Paul Chatelier

Dr. Dexter Fletcher

LTG Bill Hilsman, USA (ret)
Dr. Sung Lee

RADM Fred Lewis USN (ret)
Mr. Joe Markowitz

Dr. Warren Morrison

Dr. Harry O’'Neil

MG George Steiner USAR(ret)
Dr. Gershon Weltman

Ms. Sandra Wetzel-Smith

oExecutive Secretary
Mike Parmentier
& Dan Gardner
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Briefers, Contributing Organizations, Site Visits

ODUSD(R)R&T,PP

Joint Staff (J-7) (JV2010)

USMC Combat Development Command
Defense Intelligence Agency

Joint Staff (J-7) (JPME)

USA Training Doctrine Command

AF Directorate of C2 (XOC)

Dep. Dir. Naval Training (N-7B)

USA Training Directorate (DAMO-TR)
Dep.Chief NAVPERS (P&TI)

USMC Dep COS, Manpower&Reserve Affairs
USAF Dep COS for Pers, Edu. & Training
Joint Staff (J-7) (DOCNET demo)

A Dep. Chief NAVPERS (pers. & tra. resource)
USAF Edu. & Tra, Command (AETC)

OUSD for Acquisition, Technology, & Logistics
ODUSD for Program Integration

ODUSD(R) Readiness and Training

General Motors

HMT-303, FREST (maintenance monitoring)
DUSD Readiness

VADM JD. Williams' USN (ret) Defense Acquisition University (DAU)
RADM Jerome Smith, USN (ret) USN Aegis Training & Readiness Center
CAPT Wayne Thornton, USN(ret) Navy CVX Program Mgr. (PMS 378)

DD 21 Program Office, Manning, HSI, &
Training Manager (PMS 500)

Apache PMO, USA Aviation Training Cntr.

Dr. J. Bruer; James S. McDonnell Foundation

Nav. Air Warfare Ctr. Training Systems Div.

USAF Research Lab, Mesa, AZ.

Dr. D. Towne; Behavioral Tech. Labs, USC
Dr. R. Sternberg; Yale University
Dr. A. Lesgold; University of Pittsburgh
Dr. A. Graesser; University of Memphis
Dr. R. Wisher; USA Research Institute
LTG Hilsman: USA Battle Cmd Sys.
USA 3 Corps, DCOS - Ft. Hood, TX
Digital Force Coordination Cell Dir., Ft. Hood
Technical Director & CCTT Dir., Ft. Hood
CTS Technical Director - Ft. Hood
Director, NSC DIO - Ft. Hood
CDR Navy Strike & Air Warfare Center
NSAWC - (multiple staff briefers) NAS Fallon
414th Combat Training Squadron, Nellis AFB
Commander 57th Wing Nellis AFB
Commandant, USAF Fighter Weps. School
D. Commandant, USAF Ground Ops School
Joint Forces Command (JFCOM),
Joint Warfighting Center (JWFC),
Joint Training, Analysis, & Sim. Center
(JTASC)
JFCOM (J-7)
ODUSD (S&T), Director, Biosystems
JWEFC, Dir. For Interoperability
Nat'l Intel Officer Conventional Military Issues
DIA, CIA, and Service Intel centers
Director, OSD Readiness and Training
Space & Naval Warfare Center (IMAT brief)
Director, OSD (R&T) Adv. Dist. Learning
DoD Chancellor, Edu. & Prof. Development

Thisisa partial list of who we are and whom we talked to.




Summary of Findings
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This chart summarizes our findings and recommendations. We
will address each element in more detail later and then return to
this chart at the end.

We found:

-The U.S. armed forces have a training superiority that
complements their technological superiority.

-Some forms of training can deliver order of magnitude warfare
proficiency gainsin times as short as 2 weeks.

-The process is currently conducted in specialized Army, Navy,
and Air Force combat training centers (CTC) for some, but by no
means all, Service forces.

-The infrastructure of these centersis being neglected.

-2010/20 warfare will require more training, not less.

-Training is also neglected in acquisition and testing; little
attention is paid to how a weapon system will be provided with
trained operators and maintainers.

-Inadequate & poorly timed training will negate the technical
superiority of our hardware.

-A new training revolution is possible. It can pay for itself if
cultural and structural problems are solved.

-Adversaries could use this against us, but so far have been
restrained by cost and cultural impediments.

Werecommend that:

-The Services restore the combat training centers.

-Services and Joint Forces Command (JFCOM) recommend how
to expand CTC training to new warfare areas.

-Undersecretary of Defense for Acquisition, Technology, and
Logistics (USD(AT&L)) make training a co-equal part of
acquisition and testing by insisting that each acquisition program
have a defined training subsystem.

-Put Under Secretary of Defense for Personnel and Readiness
(USD(P&R)) on the Defense Acquisition Board (DAB).

-USD (P&R) develop Advanced Concept Technology
Demonstration (ACTD)-like pilot programs for each Service to 1)
make residential training self-paced, and 2) move as much
training as possible from the schoolhouse to just-in-time, just-
right training in the units.

-Defense Advanced Research Project Agency (DARPA) establish
atraining technology research effort.

-Charge someone at Assistant Secretary of Defense(ASD)/
Deputy Under Secretary of Defense(DUSD) level with review and
oversight of training performance and measurement thereof.

DSB Task Force on Training Superiority and Training Surprise

Summary

eI - dsb tra

oOur uniquely American Training Superiority is eroding
0JV2010/2020 future will require more training, not less
oTraining failure will negate hardware promise

oA second revolution intraining is needed and is possible
» This new revolution should be able to pay for itself but:
<-The incentive structure in the DoD won't foster the revolution without help
¢ A central causeisthat training performanceisnot measured

oTraining should take its Title 10 seat with “Man & Equip”
» Restore & expand upon crown jewels of current training revolution (CTCs)
» Establish and test co-equal training subsystem in each acquisition program
» Raise OSD/Acquidition training conscience:

<-Services & CINCs deliver annual training report card to Deputy Secretary
<-Designate ASD/DUSD to be held accountable for training performance

» Foster the second training revolution by establishing:
<-ACTD-like pilot programs in computerized self-paced and unit-based training
<-An advanced training research program element
<-DARPA office to develop high payoff training/human performance technology

'0DoD & Intel Community act to detect & avoid Training Surprise

Traini ng performance (versus process) is seldom measured. Because no one with adequate authority is graded
on (unmeasured) training performance in units, in joint forces, or in acquisition, training plays second fiddle to

-Deputy Secretary of Defense (DEPSECDEF) request that the intelligence community (IC) deliver a yearly

“Man and Equip.” Conseguences and recommended actions are shown above

training report card on potential adversaries.
And last, but perhaps most important, we recommend:

- The Services and Commander in Chiefs (CINCs) report (with Joint Staff endorsement) to the Deputy
Secretary of Defense yearly on the state of force training, concentrating on readiness, performance, and
adequacy, not on process. The Service reports are to be on service training; the CINC report card is to
cover the state of joint training. The report’s format is not important, but its routine delivery should produce
the kind of training readiness accounting that is needed to prevent the Department of Defense (DoD) from

overlooking tradeoffs between training and hardware.




Detailed Overview



The next three charts discuss some of the characteristics
of learning and training.

The word training has many meanings and is often used
as a synonym for education. For the purposes of this report,
training differs from education in that training is geared to
developing specific skills and delivering people who can perform
defined tasks. Education is a more general process with a broader
goal.

Military training can be sorted in a number of ways. One
such sorting includes training to develop: Service/military culture,
basic military skills, technical skills, specific weapon system
operation skills, small unit warfighting skills, larger unit battle
proficiency, combined arms and interoperability warfare skills,
theater, joint and coalition warfare skills.

Another way of sorting the complex training picture is
suggested in the chart. The process is often viewed with the aid of
alearning curve: a plot of the skills achieved as a function of the
investment in training. The slope is shallow at first. For example,
in pilot training, flying proficiency remains minimal throughout
ground school, climbs rapidly during the early flights, and then
flattens out again.

When measured far out in the learning curve it often
appears that training investments do little to improve
performance. For example, in a large sample of qualified Navy
pilots, a 20 percent change in average flight hours yielded only a 4
percent improvement in carrier landing skills. Looking at single
task learning curves it is hard to see how CTC training can make
such a dramatic improvement in already-trained pilots or Army
units.

While considering this conundrum several years ago, one
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Anatomy of Effective Training
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When proficiency in simple tasks is viewed as a function of training investment, the learning curve flattens out.
Warfighting is not, however, a smple task. Viewing training for war as a set of layered learning curves helpsto
visualize why CTCs work. One lesson, for example, isthat CTCs shouldn’t work well if basic skills have not
been first trained into the unit. Integration of mission training (the dotted line) into the lower levelsis not yet
achieved.

of us (Thornton) pointed out that warfare is a complex task and
training for it involves a stacked set of learning curves, each
springboarding off the levels below it. Carefully done, training
can stay on the steep part of the learning curve until an entire joint
or combined-arms force is trained for its warfare mission.

Currently the process stops cascading at the level of the
CTCs. Higher levels of training are performed in a detached and
uncoordinated process; it is currently very expensive to conduct
mission-level training with the entire force. The new training
revolution may make thiskind of training affordable.

The stacked learning curves are by no means the whole
story, however, for what is learned is often forgotten, as we will
seein the next chart.



After training, if complex skills are not constantly
exercised, proficiency will decay substantially in times as short as
a few months. At that point some level of retained skill remains,
and stays with the individual for years. For complex tasks such as
flying, proficiency can be regained with refresher training in as
little as a few weeks, even after several years of not exercising the
skills. Over-training can slow the loss and improve the base level
to which skills decay.

The graph shows one case of this process. The Navy
patterned their Strike University (now combined with other air
weapons courses at NAS Fallon) after the first CTC, Top Gun, to
teach pilots air-to-ground combat skills. Pilots are well trained
before they go to Strike University in order to be well prepared to
gain the maximum value from CTC learning, and gain they do.

A 1990 Center for Naval Analyses review of 241
bombing runs concluded that after 14 flight hours of training, the
average pilot’s bombing error deceased by a factor of 3.3. The
first factor of 2 improvement came in the first 4 hours. 45 days
later, however, bombing accuracy had decayed to theinitial level.

Note that it is not as easy to measure the forgetting curve
asit isthe learning curve. If you test an individual severa times,
the very act of testing provides refresher training. Given the
steepness of the learning curve, one or two trials should deliver
substantial performance improvements. The forgetting curve
shown here is only a guess at what happens between the two
endpoints.

Our current training and deployment schedules are ill
matched to a skill decay time of 2 to 3 months. Unless tactical
refresher training is provided within the deployed units in the
field, the refresher training will occur in combat. We show later
evidence that this unfortunate situation may be the case today.

The new training revolution may help here. We saw the
Air Force's new Distributed Mission Training (DMT) System at
the Air Force Human Resource Laboratory’s (AFHRL)
Warfighter Training Research Division. The DMT alows four
pilots to fly together against a simulated adversary. Its fidelity is
not exact, but it can deliver realistic training on 80 to 85 percent
of complex air-to-air warfare tasks that a CTC can deliver. It also
allows some freedom to train in ways that safety considerations
do not permit in any real aircraft.

These kinds of training devices should be an integral part
of equipment deployed with combat units, for example on aircraft
carriersin forward areas. System fidelity should grow quickly in
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A Forgetting Curve

Bombing Accuracy of F/A-18 Pilots
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e (total 14 flying hours)
Sketched in gray is a forgetting curve. The highest level of proficiency doesn’t last, although a baseline level

remains. Peak performance can often be restored quickly by refresher training. Note that the time between most
predeployment training and combat during that deployment exceeds the forgetting time.
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the future and their cost should drop, but care must be taken that they do not deliver negative training.

We emphasize that the phenomenon of skill decay does not mean that advanced training in a CTC is
useless. For example, we will show that time to reacquire warfare proficiency is greatly reduced for those who
learned in a CTC. Consideration of skill decay times, does, however, suggest that training systems for complex
tasks should be designed such that 1) the training occurs as close in time as possible to when the skills are
needed, and 2) methods should be devised to deliver key features of the training to deploy with units.
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Historical research by Weiss and others established the
understanding that in air combat the more successful engagements
a pilot had, the higher the probability that he would survive the
next one. An “ace’ (pilot with five kills) had a 95 percent
probability of being the winner of his next decisive engagement
(one in which somebody is shot down) as opposed to the novice,
who had less than a 50 percent chance. The winner of 30 decisive
engagements was amost invulnerable. Weiss also showed this
general trend was the case for other combat situations, for
example with submarine captainsin World War 1.

Weiss believed that this was a selection effect, that aces
were born, not made. The best pilots survived and the worst got
shot down. However, what the Navy's “Top Gun” school (and
later the Air Force's Red Flag Exercises and the Army’s National
Training Center) showed was that this was more than survival of
the fittest; it can be the result of learning. Moreover, it is possible
to train to the ace level without bloodshed.
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The Evolution of a Combat Ace

Pilot Survivahility in Air-to-Air Combat: WW-1I and Korea
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Datafrom H.K. Weiss, Achieving System Effectiveness,
AIAA, New York, 1966,
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IDA, Alexandria, VA 1990

Analysis of air, submarine and other combat showed that individuals who survived an engagement in which a
kill was achieved were much more likely to win the next one. Until Top Gun, this was thought to be battlefield
Darwinism. We now know that much of the effect is the result of to training.



Most U.S. combat forces enjoy a substantial training
superiority over potential adversaries. Much of this comes from
the use of CTCs, an invention of the Navy tactical air forces over
30 years ago. This new approach to training delivered a dramatic
change to their air-to-air combat proficiency over Viet Nam
(discussed in the next chart). In the 1970s and early 80s the Air
Force and Army adopted their own versions of the technique with
the Army’s CTCs created to train units as large as a brigade at one
time.

In a CTC trainees gain the kind of experience that Weiss
showed develops combat aces, but in a CTC there is no risk of
dying from enemy fire. Trainees are far better prepared for
combat than forces trained by other methods. In their Red Flag
Exercises, for example, the Air Force's prime objective is to give
the “blue four” (novice pilot in a four airship formation) a chance
to get seven or eight combats under his’her belt so that he/she
won't have to experience the dangerous part of the learning curve
during real combat.

Until 1991 the Army’s first battle of each war had been a
disaster. In Desert Storm, after a decade of CTC use and with the
insistence that every unit that went to war had to do well in the
National Training Center, the Army had an overwhelmingly
successful first battle. A second battle was not needed. There is
little doubt that training was a prime contributor to that victory.

The key elements of the CTC process include: a highly
competent independent opposing force that uses the tactics and
equipment of the potential enemy; careful post-exercise
reconstruction enabled by the use of an instrumented range; an
after-action review, which consists of frank, objective feedback to
the trainee of what was done and not done in each engagement;
and an expectation of failurein the trained unit.

The last two features in particular appear to be uniquely
coupled to American culture. We found no other armed forces
that had been able to implement engagement simulation for their
general forces. We found no training as effective as that
performed in our CTCs except in afew foreign special force units.

The CTC process is used by most of the Army and the
tactical air forces of the Navy and Air Force. Its institution for
these forces amounted to a revolution in training. That revolution
has not, however, expanded elsewhere within the Services, nor is
it applied routinely for joint warfare training. Most of the Navy,
for example, is not aware of the spectacular results that can be
achieved by CTCs.
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Our Second Superiority

0 The superb performance of our military in the 1990s was not
just aresult of technological superiority but equally of
TRAINING SUPERIORITY

oNew combat training approach invented 30 years ago
devel ops, without bloodshed, individuals & unitsinto aces
<-Instrumented ranges at major Combat Training Centers (CTCs)

<-Highly competent Red/Opposing Force uses “enemy” equipment and tactics
» Uniquely coupled to American culture
<-Objective, no-holds-barred feedback/replay

¢ no longer doesfirst person to blackboard win
<-Expectation of failure in the trained unit and its commanders

»Used by Army & most of the air forces (USAF, USN)

oA second training revolution is brewing
» 1t will be needed for future warfare

» But there are impediments to its implementation

Since WW I we have claimed that we will win wars with technological superiority. Having found in Viet Nam
that technology does not always bring victory, the Army and our air forces have developed a second superiority:
in training. It was a key factor in our Desert Sormvictory.

The Second Training Revolution:

There is an opportunity to create a second training revolution (the first being that started by the Navy Fighter
Weapon, Top Gun, School). The new revolution will be fueled by advances in both learning theory and
computer technology. We may soon be able to export to many other parts of the military and to joint operations
the kind of training that engagement simulation currently brings to U.S. pilots and Army units. Unfortunately,
like other revolutions, there are institutional forces that stand in the way. We will discuss these later in the
report.




The air war over Viet Nam produced one of the best
warfare experiments (albeit an unintentional one) ever conducted.
In the last few months of 1968 the Navy lost 10 aircraft while
shooting down only 9 MiGs and had fired over 50 air-to-air
missiles without achieving a single kill. In 1969 no planes were
shot down on either side because of a bombing halt. When the air
war resumed, the Navy's kill ratio was 12.5 to one while the Air
Force's fell dlightly to 2.0 to one. These ratios are based on the
order of 100 enemy aircraft shot down in the each of the three
year periods (110 kills by U.S. pilots for 1965-1968 and 74 for
1970 to 1973).

Therefore, while there is some room to argue about
details of aircraft types, weapons used, and personnel policy
differences between the Navy and the Air Force, the sample size
is large enough to yield a degree of confidence in drawing the
conclusion that the change in kill ratios was real and that it was
caused by the Navy delivering Top Gun traineesinto the fleet.*

The results of the U.S. Army’s tactical engagement
simulations, as measured by changed performance at the training
site, are as spectacular as the Top Gun influence on air war over
Viet Nam. We would like to show examples from more CTCs but
there are only a few more, totaling three for the Army and one
each for the Navy and the Air Force. Moreover, data from the
centersthat do exist are sparse.

Other kinds