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EXECUTIVE SUMMARY
TOPICS AND GOAL OF THIS REPORT

This Report deals with current issues of training:

 How to quicken the training process while maintaining its effectiveness (Rapidized
Training),

* How to rapidize the transposition of lessons learned from the battlespace into the training
context (Rapidized Knowledge Sharing),

» How to train more quickly to higher levels of proficiency (Accelerated Proficiency), and
* How to insure that training has a stable and lasting effect (Facilitated Retention).

In addition to a literature review, this Report integrates results from a "Workshop on Accelerated
Learning” (June, 2008) and a "Working Meeting on Accelerated Proficiency and Facilitated
Retention” (October, 2009), both sponsored by the Human Effectiveness Directorate and the
DoD Accelerated Learning Technology Focus Team. The Workshops brought together leading
academic, private sector, and DoD specialists in areas of training and expertise studies.

The goal of accelerated learning calls out an important practical tension. On the one hand is the
notion that we must accelerate learning; that is, increase the rate at which highly proficient
performance is achieved. On the other hand, there is a significant amount of evidence that
developing expertise requires up to 10 years of experience, including practice at tough tasks
(Hoffman, 1998). This suggests that it is not possible to accelerate the achievement of high
proficiency. A prime goal of the DoD Accelerated Learning Technology Focus Team is to
identify critical research challenges that are currently underfunded or not funded, and generate a
notional roadmap for science and technology advancement.

BACKGROUND

Domain practitioners who achieve high levels of proficiency provide technical judgment to speed
decision-making in time-critical events. They provide resilience to operations by resolving tough
problems, acting prudently by judgment rather than by rule, and anticipating future demands
with re-planning. High proficiency individuals exercise effective technical leadership in
ambiguous or complex situations, often by communicating subtle features that other people will
not see until they are pointed out. It typically takes years of experience for professionals to
master their domain. Reasons for this include domain complexity and the need for extended and
continuing practice at rare and difficult cases.

Across recent decades, many military workplaces have changed and many new ones emerged, as
forms of "complex sociotechnical systems™ in which the work is cognitive and collaborative, and
heavily reliant on computer technology. Work in such domains requires high levels of
proficiency, in terms of knowledge, reasoning skill, and critical thinking skill. Specific domains
include command posts, intelligence analysis, emergency response, disaster relief, and
cyberdefense. Within the military, the required preparedness status includes capabilities to be
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adaptive, resilient, and robust in the face of unexpected disruptions. This is referred to as
""cognitive readiness” (Morrison & Fletcher, 2002).

Critical military competencies that ordinarily take years to develop include cultural
understanding, understanding and evaluation of political, cultural and economic environments of
the battlespace, military implications of fused sensing and intelligence, space management for
complex operations (i.e., avoiding interference), deception, influence and information operations,
and campaign replanning (Joint Chiefs of Staff, 2005). The challenge of achieving and
maintaining high proficiency is compounded in the military by such practices as collateral
assignment, redeployment (e.g., rapid skill decay on the part of pilots creates a need for
expensive re-training), inadequate or ad hoc mentoring, and the drive for “just-in-time” training.

The concept of accelerated learning was proposed in 1990 and is now a salient notion in business
management and education. The phenomenon of achieving higher levels of proficiency in less
time than taken in traditional training has been demonstrated in business, in teacher education,
and in the training of electronics technicians. The U.S. Army's "Think Like a Commander"
program and the National Training Center have demonstrated accelerated learning, as has the
U.S. Navy's "Top Gun" program. A number of new DoD programs seek to achieve accelerated
learning, such as the Air Force Weather Agency's "Forecast Ready" program.

Acceleration in the sense of rapidized training has also been demonstrated: The quickening of
training without reduction in the proficiency level achieved at the end of the training. Indeed,
indications are that rapidization methods can lead to higher levels of proficiency than legacy
training.

Acceleration in the sense of achieving higher levels of proficiency has also been demonstrated,
and in complex military jobs/tasks. The demonstrations all involve capturing the knowledge and
reasoning of the most experienced experts, and packaging it into practice problems and
scenarios. As a side benefit, the methodology behind such demonstrations also illustrate
rapidized transposition of lessons learned into the training context.

LITERATURE REVIEW

One must be cautious in generalizing with regard to the effects of the numerous interacting
variables that affect training. "Training for complex tasks is itself a complex task and most
principles for good instruction are contextual, not universal” (Reigeluth, personal
communication). Some general findings are:

Training

« Training is generally more effective if the initial learning is about domain concepts and
principles rather than specific details of tasks, and procedures.

« Training at advanced levels (training to perform in dynamic and complex domains where
tasks are not fixed) is generally more effective if it involves extensive practice on realistic
examples or scenarios (e.g., problem-based learning).

« Training has to balance giving and withholding of outcome and process feedback to
achieve optimal learning at different stages of advancement.
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Training at intermediate and advanced levels benefits significantly from experience at
challenging problems or cases, the "desirable difficulties." Short-term performance might
suffer, but longer-term gains will emerge.

Mentoring is valuable and critical for advanced learning, because it provides
opportunities to receive rich process and outcome feedback as learners encounter
increasingly complex problems. However, mentoring is not always necessary in advanced
stages of learning.

Training using intelligent tutoring systems and serious games (virtual reality systems) can
be highly effective.

Transfer

Initial learning that is more difficult can lead to greater flexibility and transfer; when
learners are initially exposed to simplifications of complex topics, serious
misunderstandings can remain entrenched and interfere with or preclude deeper, more
accurate understandings.

Transferring a skill to new situations is often difficult but can be promoted by following a
number of training principles: Employing deliberate practice, increasing the variability of
practice, adding sources of contextual interference, using a mixed practice schedule,
distributing practice in time, and providing process and outcome feedback in an explicit
analysis of errors.

Retention and Decay

Teams

There is a beneficial effect of spacing on learning and memory when the goal is long
retention intervals.

Retention is better if the same task is never practiced on successive trials, but is
randomized with other practices.

Significant decay can occur even within relatively short time frames (days to weeks) for
any form of skill or learned material, including that involved in military tasks.

The best predictor of skill retention following a hiatus is the level of performance
achieved (including over-learning) prior to the hiatus.

The variable having the largest impact on performance after a retention interval is the
similarity of the conditions of testing to those of the training.

Overlearning is the prime determinant of memory and skill decay: The greater the degree
of overlearning the less decay and the less rapid the decline.

Complex cognitive work generally is conducted by collaborations of people and
technologies. Individuals who are more proficient at problem solving place a high value
on cooperation and engage in more work-related communication.

A team of experts is not necessarily an expert team. In high functioning team, the team
members develop rich mental models of the goals and activities of the other team
members.

Team training must consider content knowledge, perceptual-motor skills, reasoning skills
and strategies, coordination and collaboration skills, and attitudes appropriate for
teamwork.

10
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« Communication is key to process and performance. High performing teams effectively
exchange information in a consensually agreed-upon manner and with consistent and
meaningful terminology, and are careful to clarify or acknowledge the receipt of
information.

None of the above generalizations holds uniformly; for all of the above, one can find studies
showing opposite effects, or no effects. For example, while it makes sense to maintain
consistency of team membership, the mixing of teams can allow team members to gain skill at
helping to forge high-functioning teams. In addition, in military teams membership is often
necessarily ad hoc, there is a mixture of proficiency levels, and team membership typically
changes frequently.

The extensive literature on the cognition of experts provides benchmarks and standards, in terms
of the defining features of individuals who achieve high levels of proficiency. The research
literature also presents proven methods for scaling proficiency in terms of performance
measurement. High proficiency in the military is defined by critical skills for accomplishing the
mission and achieving national defense. Achieving that requires a constant 'stretching' of the skill
(defined by increasing challenges), high levels of intrinsic motivation to work hard on difficult
problems, practice that provides rich, meaningful feedback, and practice based on mentoring or
expert instructional guidance. The rule of thumb is that it takes ten years of experience to achieve
expertise. It would be highly desirable to shorten that span. If even a few years could be saved in
the progression from apprentice to expert, there would be a huge savings to the military.

The fact that learning, training and instructional design are so highly complex, with multiple
interacting factors, makes it impossible to compose a recipe for instructional design for
proficiency training. For example, Dodd (2009) discussed the implications of moving target
problems for military training and "end-to-end" evaluation. In an ideal situation, one would be
able to trace the effects of instruction, from the very beginning, noting its effect across the entire
span of learning various knowledge and skills, right through to final operations performance.
Reasons why this is not possible include:

» The time taken for the changes due to training to percolate through to operational effects
can be long and involves complex interactions with other functional realities, such as
organizational constraints and operational pressures.

* There is no straightforward track, from the formal process of lessons-learned to eventual
operational performance, that would enable us to give credit to any particular training
factor.

e Operational outcomes are so contextually and circumstantially driven that they defy
backwards-looking interpretation necessary to understand cause-and-effect linkages.

» Operational effectiveness outcomes are tied to scenarios and circumstances, making it
impossible to get representative coverage permitting generalizations that specify which
training inputs are effective in meeting which possible or future operational challenges.

WORKING MEETING RESULTS
In considering the meanings of accelerated learning, the Working Meeting discussions revealed a

host of paradoxes that work against notions of acceleration. For example, as technology changes,
as assignments change, and as jobs change, the cognitive work changes. Learning and re-learning

11
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on the job must be continuous. But there is too much to train, in too little time. Thus, the pressure
is to do Just-in-Time training, but such training is at odds with notions of proficiency training.
There is a "paradox of tasks." Traditionally, training depends on componential analysis of
relatively stable tasks that can be described as series of steps or procedures. But cognitive work
is the context-sensitive, knowledge-driven choice among alternative activities. The traditional
concept of “task” may actually be an impediment to advances in research and theory in that it
reinforces an artificial notion of separability.

The most salient of the paradoxes was the practice of rotating the most highly-trained and
experienced pilots to other duties and responsibilities and then sometimes rotating them back
into piloting or pilot training. The actual achievement of acceleration (in any of its senses) will
require serious consideration of certain organization traditions and practices. Twelve years of
operational assignments is the country’s return on investment for all the training, but at any time
after two years at the principal piloting assignment, an individual can be moved off that career
path to do something else, typically something that is not flying. Reassigning an individual just
as he or she achieves high proficiency cuts against the notion that organizational capability is
built upon individual expertise. Furthermore, there are practical barriers to refresher training
during hiatus. In the piloting example, although there is the possibility of periodic practice using
a simulator, pilots find that time constraints and duty requirements often preclude opportunities
to practice.

The challenges in the military of skill decay due to hiatus assignments are not unique to the
military. CEOs and senior managers can get cut off from experiences that keep them fresh, and
then they make bad decisions. Discussions at the Working Meeting were anchored in specific
case studies of diverse professional domains, including second language learning, power
generation and coordination, weather forecasting, software engineering, STEM fields,
cybersecurity, cultural awareness, personnel management, and general command. Special
emphasis was placed on piloting (fighters and UAVS), in the Presentations at the Working
Meeting, and a series of career interviews with experienced USAF pilots. Consensus was that the
military has need for more individuals who can perform at very high levels of proficiency in all
of the areas designated by COIN (counterinsurgency), DIME (diplomatic, informational, military
and economic) and PIMESII (political, military, economic, social, information and
infrastructure).

A number of innovative concepts were introduced at the Working Meeting, and ideas for a
program of research were proposed. The Working Meeting resulted in a list of key
considerations in the design of a research and technology roadmap for establishing methods of
accelerated proficiency:

« Research should investigate at least two substantively different domains that have civilian
analogs, relate to STEM fields, and can be treated as "open source” for getting data on
baseline performance.

« Research should investigate domains with recently transformed strategic environment,
where people have more than one duty assignment.

12
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Research must establish methods for rapidized cognitive task analysis. The most
frequently mentioned training challenge was the pace of change in domains of
professions practice, including in military jobs and specialties.

Research needs to rely on established theories of expertise and its development, including
Cognitive Flexibility Theory and Cognitive Transformation Theory, that explain how
people acquire advanced knowledge, skill, ability to refine their mental models, and
ability to adapt to tough cases.

We need to be able to fine-tune training materials and strategies to the different levels of
proficiency: The gap from initiate to senior apprentice, the gap from apprentice to
journeyman, and the gap from journeyman to expert.

Research needs to rely upon, but also expand upon our knowledge of what makes for a
good mentor, and the most efficient and appropriate ways of using mentoring to achieve
accelerated learning. We need to expand our empirical base on how to identify
individuals who could become good mentors, and how to teach people how to be
mentors.

Research needs to rely the known about the features of scenarios that facilitate training,
such as fidelity and pertinence to expert-level knowledge and reasoning.

The Working Meeting resulted in a list of key considerations in the design of a research and
technology roadmap for establishing methods of facilitated retention:

We need to expand our empirical base about individual difference predictors of retention,
such as age, gender, cognitive ability level, education level, etc.

We need to expand our empirical base about how periodic booster sessions (number,
spacing) might affect forgetting rates.

We need to expand our empirical base about differential decay of particular abilities.
Booster training should focus on refresh of skills that would ordinarily show faster drop-
off.

We need to institute procedures for rapidized updating both during and post-hiatus,
because during a hiatus, the missions and the technology are constantly changing.

Finally, the Working Meeting identified a number of key science and technology challenges that
currently are either not funded or are underfunded:

Understanding the requirements for expertise in military jobs and how to accelerate its
attainment.

Understanding how to increase retention of competence and proficiency.
Developing materials and methods for accelerated learning.

Developing technology for rapid understanding of learning and training problems (i.e.,
rapidized cognitive task analysis.

Determining level of competence required for different stages of a war fighter's career.

Determining effective ways to compress meaningful learning experiences with
challenging cases.

Calculating the cost-benefit of implementing accelerated learning.

13
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IMPLICATIONS FOR RESEARCH AND ROADMAP

The opportunity and need is to actually track changes in job requirements longitudinally in one
or more selected domains where there is a rapidly changing job environment (e.g., technology
adoption issues). This would be especially pertinent with regard to the aging civilian population.
Once domains of study are selected, there must commence immediately an effort to forge an
appropriate proficiency scale and develop methods and measures for evaluating performance. A
retrospective study should be conducted that identifies senior (or retired) experts, engages then in
detailed career analysis, and captures their knowledge and reasoning skill. This Cognitive task
analysis will result in work models and will support the process of creating a "library” of cases
(problems scenarios, etc.) that capture expert reasoning and that can be used in training.

Research Design

Tracking performance over the ten-year span going from initiate to expert would be impractical.
It would be a major project to conduct such study long enough (more than five years,
realistically) to cover hiatus periods over actual careers. Nevertheless, it is precisely such study
that would provide the necessary empirical base. Thus, a cohort-select design is recommended.
In such a design, groups at different stages of proficiency are identified and each is tracked
across their development as they progress to the next proficiency level.

Acceleration Methods

Rapidized training and accelerated proficiency can be possible through the use of computer
games, simulations, and immersions, all of which are enhanced through application of intelligent
tutoring and artificial intelligence capabilities.

Accelerated proficiency can be achieved through the use of case-based instruction and realistic
tough cases with focus on errors and "desirable difficulties.”" Expertise is the source for training
materials. Training for accelerated proficiency must rely upon meaningful, corrective feedback
that is appropriately timed (neither too close nor too distance from the performance being
evaluated).

For acceleration of team proficiency, training exercises must encourage the acquisition of
teamwork skills and “people skills.” Training must take into account individual differences in
cognitive style and intrinsic motivation.

Accelerated proficiency and rapidized training could be achieved through "tough case time
compression.” Given that it takes extensive practice at difficult problems to achieve expertise,
and given that tough cases are rare, a library of tough cases would make time compression
possible. (This is not unlike the method of the Think Like a Commander program.) In addition to
scenario and simulation-based training, additional methods for rapidization include Decision
Making Exercises and Operational Simulations, both of which are specifically suited to training
team decision making.
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Together, the prospective and retrospective studies will allow coverage of the developmental
progression greater than the five to eight year duration of the actual research project itself. They
will feed into the formation of general longitudinal models. They will support an activity to
calculate the costs and benefits of instituting accelerated learning methods, and the risks of not
doing so.

Additional Considerations

This Report identifies some general requirements for a research program, some specific
requirements in domain choice, and some methodological and measurement details that have to
be refined and specified: better measures of overlearning, advances in scenario engineering
technology, improved computational models of competence and proficiency, and means for
measuring adaptation and resilience capacity). The Report also lists a number of opportunities to
study training and hiatus effects, including studies with the U.S. Army Reserves, the Corps of
Engineers, and the electric utilities. The paramount goals of a research program would be (1)
Facilitating the achievement of proficiency, especially in the Apprentice to Senior Journeyman
levels, (2) Retaining expertise in the form of both personnel capabilities and in the form of
organizational knowledge, and (3) Result in applications to military domains including USAF
mission-critical specializations.
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1.0 INTRODUCTION

1.1 Background

In recent years there has been wide recognition in the business community of the importance of
knowledge capture, preservation, and sharing in knowledge-based organizations. Largely this is
in response to the coming "grey tsunami—the immanent retirement of senior experts in business
and government (see Hoffman & Hanes, 2003; Moon, Hoffman & Ziebell, 2009). A number of
recent books, both edited and authored, both academic and popular press, have discussed the
training issues and workforce challenges that have emerged as organizations have become more
"knowledge-based" and technologies more pervasive in shaping complex cognitive work (e.g.,
Davenport & Prusak, 1998; Ericsson, 2009; Goldstein, & Ford, 2001; Kraiger, 2001; Nonaka, &
Takeuchi, 1995; O'Dell & Grayson, 1998; Quifiones & Ehrenstein, 1996). The modern
workplace has been dubbed “sociotechnical” in recognition of the fact that the work involves
collaborative mixes of multiple people and multiple machines. Furthermore, the work is
generally “cognitive work” (Hoffman & Militello, 2008). This characterizes many military work
settings and missions.

Domain practitioners who achieve high levels of proficiency provide technical judgment to speed
decision-making in time-critical events. They provide resilience to operations by resolving tough
problems, anticipating future demands and re-planning, and acting prudently by judgment rather
than by rule. High proficiency practitioners exercise effective technical leadership in ambiguous
or complex situations, often by communicating subtle features that other people will not see until
they are pointed out. It typically takes years of experience for professionals to master their
domain. Reasons for this include domain complexity and the need for extended and continuing
practice at tough cases.

As workplaces and jobs become more cognition-intensive, organizations need to take traditional
notions of training to new levels, and well into the territory of complex systems. The workers in
sociotechnical systems must be trained to be adaptive, so that they can cope with the ever-
changing world and ever-changing workplace. People must be trained to be resilient, so that they
can cope with complexity when unexpected events stretch resources and capabilities. And
workers must be trained faster. Intelligent systems technology, and intelligent use of technology,
will certainly play a critical role in this.

Training for the achievement of expertise has become a salient topic for discussion at research
and technology meetings sponsored by all branches of the military (e.g., Hszieh, Shobe &
Wulfleck, 2009). Many current military jobs (estimated at 85%) can be trained through
established methods, and those jobs involve tasks that can be performed by individuals who are
proficient (Wulfleck & Wetzel-Smith, 2008). In classical guild terminology, they would be
"journeymen"—they have practiced to the point where they can perform their duties
unsupervised (literally, they can go on a journey). The military has need for personnel who are
trained at a number of levels of proficiency. While there may be some need for more Senior
Experts in select areas, there is a definite and continuing need across the military for Journeymen
and Senior Journeymen.
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One reason is the constantly-changing nature of the sorts of missions that the military has to
conduct and the various jobs involved. Furthermore, jobs must be adaptive to constantly
changing threats or circumstances. In a sense, everything is getting more complex and important
work is often cognitive work (Wulfleck & Wetzel-Smith, 2008). Research in the field of
Expertise Studies has shown over and over, in diverse domains from medicine to firefighting,
that it takes years of deliberate practice for individuals to master their domain, and this finding
applies for many military jobs (e.g., anti-submarine warfare). Reasons why extended training and
experience are required to achieve high levels of proficiency include domain complexity and the
need for practice at tough cases.

Across recent decades, many military workplaces have changed, and many new ones emerged, as
forms of “"complex sociotechnical systems™ in which the work is cognitive and collaborative, and
heavily reliant on computer technology. Work in such domains requires high levels of
proficiency, in terms of knowledge, reasoning skill, and critical thinking skill. Specific domains
include command posts, intelligence analysis, emergency response, disaster relief, and
cyberdefense. Within the military, the required preparedness status includes capabilities to be
adaptive, resilient, and robust in the face of unexpected disruptions. This is referred to as
"cognitive readiness” (Morrison & Fletcher, 2002).

Many current military career paths involve training to proficiency (often, high levels of
proficiency) and then reassignment for some period of time (sometimes three or more years) at
some other job. The classic example is that of pilot, trained to proficiency and tested in combat,
and then assigned to duty at the Pentagon. Temporary reassignment is commonplace, and raises
additional issues in the general area of training, specifically issues of transfer, decay, and
retention of knowledge and skill.

Many organizations (e.g., DoD, NASA, the electric utilities) are at risk because of the imminent
retirement of domain practitioners who are relied upon to handle the most difficult and mission-
critical challenges (Hoffman & Hanes, 2003). This Report deals with current issues of training:

* How to quicken the training process while maintaining its
effectiveness (Rapidized Training),

* How to rapidize the transposition of lessons learned from
the battlespace into the training context (Rapidized
Knowledge Sharing),

e How to train and train quickly to higher levels of
proficiency (Accelerated Proficiency), and

* How to insure that training has a stable and lasting effect
(Facilitated Retention).

These four concepts refer to different workforce issues, and have different implications for

training research and training methodology. They are the meanings of accelerated learning are
what we will refer to in this Report.
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1.2 The Workshops on Accelerated Learning

A "Workshop on Accelerated Learning™ (June, 2008) was sponsored by the Human Effectiveness
Directorate and the DoD Accelerated Learning Technology Focus Team. The Workshop brought
together leading academic, private sector, and DoD specialists in areas of training and expertise
studies, to discuss the notion of accelerated learning. Presentations at that Workshop laid some of
the many challenges and issues for accelerated learning.

A "Working Meeting on Accelerated Proficiency and Facilitated Retention” (October, 2009) was
sponsored by the 711 Human Performance Wing, Human Effectiveness Directorate, Air Force
Research Laboratory. An interdisciplinary group of participants was presented the specific task
of specifying methods and research ideas for attempts to accelerate the proficiency and facilitate
the retention of expertise in selected mission-critical domains. The participants were to address
the following questions:

« How can we develop operational definitions and measures of proficiency at a fine grain?

« How can we develop methods for identifying expert mentors and revealing their
knowledge and strategies?

« How can we best design training to promote skill retention and prevent skill decay during
periods of hiatus?

« How can we train for adaptivity and the need to cope with the ever-changing workplace
and changing and challenging missions?

« How can we train for resilience and the need to cope with complexity when unexpected
events stretch resources and capabilities?

« What USAF jobs require high levels of proficiency and have analogs in the private
sector?

« How can we construct optimal strategies for mitigating at least some skill decay while
warfighters are on a long term hiatus.”

Responses to these questions would feed into the formulation of guidance for attempts to
accelerate the achievement of proficiency.

This report integrates the following:
(1). The results of this second Workshop,
(2). A literature review of research and ideas on training, skill decay, and transfer,
specifically with respect to concepts of acceleration, and
(3). Recommendations and suggestions for research and applications activities.

1.3 The Challenges

The phrase "accelerated learning” became common currency over a span of just a couple of
years, culminating in the popularization of this scientific concept. Indeed, there is now a web site
that promotes “Seven principles of accelerated learning.”

[http://www.discoverylearning.co.uk/principles/index.html]. This appears to be a course offering
that is built upon some simple generalizations about memory and the brain. The only question we
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might ask is, What do the course providers mean by accelerated learning? Lacking some analysis
of retention/execution across a proficiency continuum, the claim would be that the course teaches
about "learning."”

Acceleration can always be achieved by improving training methods that are clearly lacking in
structure or effectiveness. For instance, many organizations proclaim the value of “on-the-job”
training (Derouin, Parrish, & Salas, 2005), but have no structured focus for the learning,
inadequate plans and procedures, and inadequate management or organizational support
(Stanard, et al., 2002). Acceleration in the sense of improving deficient training is not the focus
of this Report.

Accelerated Learning has been defined in a number of ways (Hoffman, et al., 2009), and we
focus on three of them, which we listed above. The first is "rapidized training"—the idea of
training individuals to achieve some minimal level of proficiency at a rate faster than that
achieved by the current or traditional training. Second, accelerated learning also refers to the idea
of getting individuals to achieve high levels of proficiency at a rate faster than ordinary. This is
the second meaning that we listed above. The most succinct way of saying this is to ask: "Can we
turn an apprentice into an expert in less than ten years?" Third, accelerated learning also refers to
the idea of making learning more immune to decay. Once trained to a high level of proficiency,
how can one stabilize that level of skill?

We take each of these senses of “accelerated learning” as a challenge.
Challenge 1: Accelerated Learning in the Sense of Rapidized Training

The goal of improving training is always paramount for trainers, instructional designers, and
human resources specialists. There is always a search for better methods or for improvements of
existing methods. Entire organizations within the U.S. Military, and not just individual programs,
have the goal of improving training through innovations such as distance learning and
simulation. Each branch of the military has Commands for training, such as the Air Force’s Air
Education and Training Command, Army’s Training and Doctrine Command, and the Navy’s
Naval Education and Training Command.

Recent years have witnessed a significant diversification of critical missions that the military
must perform, shifting from traditional combat to counter-insurgency, emergency relief, and
human terrain. New capabilities, such as Unmanned Vehicles, have changed doctrine and
operations across a broad spectrum of activities. The pace of change, and not just change itself,
presents new and significant challenges, which manifest as issues for training and workforce
capabilities.

Rapidized training is the goal of completing a training program in less time than ordinarily taken,
while achieving the same levels of performance or proficiency at the end of the training. A more
stringent definition would include the additional goal of maintaining the same level retention
(performance tested some time after the conclusion of the training) or even resulting in improved
retention.

20



Report on FA8650-09-2-6033

Rapidized training also includes the idea of speeding up the process of assimilating lessons
learned, converting them into instructional materials, and applying them in the battlefield
context. This goal is significant given the rapid pace at which adversaries can adapt.

Challenge 2: Accelerated Learning in the Sense of Accelerated Proficiency

"Accelerated learning" refers not only to the idea of hastening the achievement of basic-level
proficiency; it reaches across the proficiency scale to the question of how to accelerate the
achievement of expertise, and whether that is even possible. It is widely recognized that
warfighters and teams must be trained to high levels of proficiency, even the level of expertise,
because of the need for operations that rely on cognitive work and are robust, resilient, and
adaptive.

» Robustness is the ability to maintain effectiveness across a range of tasks, situations, and
conditions.

« Resilience is the ability to recover from a destabilizing perturbation in the work as it
attempts to reach its primary goals.

« Adaptivity is the ability to employ multiple ways to succeed and the capacity to move
seamlessly among them.

Experts and Senior Journeymen are individuals who achieve high levels of proficiency. Such
individuals provide technical judgment to speed decision-making in time-critical events. They
provide resilience to operations by resolving tough problems, anticipating future demands and
re-planning, and acting prudently by judgment rather than by rule. High-proficiency practitioners
exercise effective technical leadership in ambiguous or complex situations, often by
communicating subtle features that other people will not see until they are pointed out.

It typically takes years of experience for professionals to master their domain. Reasons for this
include domain complexity and the need for extended and continuing practice at tough cases.
Fundamental to the achievement of robustness, resilience and adaptivity is the opportunity for
practice at problems that stretch current competency (Feltovich et al., 1997). Professionals must
acquire knowledge and reasoning skills that pertain to critical domain goals but which must be
exercised in differing situations or contexts. Capability must transfer in this sense.

Challenge 3: Accelerated Learning in the Sense of Facilitated Retention

The challenge of achieving and maintaining high levels of proficiency is compounded in the
military by such practices as collateral assignment, redeployment (e.g., rapid skill decay on the
part of pilots creates a need for expensive re-training), inadequate or ad hoc mentoring, and the
drive for just-in-time training. Another significant challenge is clustered around career (versus
job) training, and retention. Indeed, the entire field of “knowledge management” is formed
around the notion of achieving stability.

Skill decay is particularly salient and problematic in situations

where individuals receive initial training on knowledge and skills
that they may not be required to use or exercise for extended
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periods of time. Reserve personnel in the military, for example, may
be provided formal training only once or twice a year. When called
up for active duty, however, it is expected that they will need only a
limited amount of refresher training, if any, to reacquire any skill
that has been lost and subsequently to perform their mission
effectively (Arthur, et al., 1998, p. 58; see also Wisher, Sabol,
Hillel, & Kern, 1991).

1.4 The Concept of Accelerated Learning

The concept of accelerated learning was referenced by Gott (1995) in a discussion of how the
acquisition of proficiency on the part of workers in sociotechnical domains is possible only after
the development of rich mental models and strategic reasoning skills; that is, the apprentice who
desires to achieve high levels of proficiency has to engage in difficult cognitive work.

The concept of accelerated learning was implicit in discussions of the concept of the “expert
apprentice.” The idea here is that knowledge management depends on having a workforce of
proficient knowledge elicitors who are trained to be able to rapidly achieve the level of
understanding of an advanced apprentice, minimally. Only by acquiring domain knowledge at
that level can they contribute substantively to processes of capturing and preserving expert
knowledge (Militello & Quill, 2007). The field of Knowledge Management has a theme of
accelerated learning, which is not surprising given the business incentives to train faster and
better. One goal, for instance, is to reduce “time to value” in product innovation. Indeed, the field
of Knowledge Management focused on issues of learning and training. This is shown by the
emergence of the roles of Chief Knowledge Officer and Chief Learning Officer, and is reflected
in magazine articles having titles such as “Learning at Top Speed” (Atkinson & Barry, 2010).

The early work on “expert systems” led to the vision that organizations might create large
knowledge repositories (Becerra-Fernandez & Leidner, 2008). Knowledge Management software
systems differ from traditional management information systems in that Knowledge
Management software tools help create the very content on which they operate. Like traditional
management information systems, however, there are issues of acceptance and integration into
business procedures and organizational cultures.

Over the years since Gary Klein’s seminal publication on "Preserving Corporate Knowledge"
(1992), numerous articles and trade books have appeared bearing such titles as: If we only knew
what we know (O'Dell & Grayson, 1998) and The knowledge creating company (Nonaka &
Takeuchi, 1995) (see also Allee, 1997; Brooking, 1999; Choo, 1988; Davenport & Prusak, 1998;
Lambe, 2007; Leonard & Swap, 2005). All of these discuss expertise (or "core competencies"),
knowledge elicitation and knowledge repositories. These books illustrate what some see as the
knowledge management craze of the late 1990s, when upwards of 25 percent of Fortune 500
companies had a Corporate Knowledge Office (Pringle, 2003). Organizations such as IBM and
the World Bank have made substantial investments in support of organizational knowledge
capture and management. Norman Kamilkow, Editor of Chief Learning Officer Magazine said,
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What we saw was that there is a growing role for a chief learning
officer type within enterprise-level companies . . . there is a need to
have somebody focused on how to keep the skills of the
corporation's work force at a high level (quoted in Pringle, 2003, p.
B1).

In the Knowledge Management process, company management establishes a program whereby
experts who possess valuable undocumented knowledge collaborate with a knowledge engineer.
Working together, they elicit the worker’s wisdom for inclusion in the organization’s knowledge
base. In extreme cases, such as a senior worker retiring, the individual might be retained or
brought back as a consultant (Becerra-Fernandez & Leidner, 2008).

The field of Knowledge Management raises the practical problem of knowledge finding:
Identifying individuals who possess knowledge that is:

1. Unique to them,
2. Critical to the organization, and
3. Tacit in the sense of being undocumented.

This has been recognized as a key to the success of Knowledge Management broadly (Gaines,
2003; Gross, Hanes, & Ayres, 2002; Hanes & Gross, 2002). Recent experience shows that is it
possible and sometimes fairly easy for experts and managers, working together, to identify the
unique and important knowledge areas in which a particular expert excels. Likewise, domain
practitioners can readily identify those important concepts in a domain that seem to be especially
difficult for others to fully comprehend (Dawson-Saunders, et al., 1990). A critical gap, however,
is that a robust, general procedure for doing this has not been formulated in such a way that
anyone might implement it.

Knowledge-intensive organizations rely on decision-makers to produce mission critical decisions
based on inputs from multiple domains (Becerra-Fernandez, et al., 2004). The decision-maker
needs an understanding of many specific sub-domains that influence the decision-making
process, coupled with the experience that allows quick and decisive action based on such
information (Nonaka & Takeuchi, 1995).

An additional recent awareness is that knowledge management via knowledge capture and
knowledge repositories is only a part of the solution to workforce problems.

If an organization could capture the knowledge embedded in clever
people's minds, all it would need is a better knowledge-management
system. The failure of such systems to capture tacit knowledge is
one of the greatest disappointments of knowledge-management
initiatives to date (Goffee & Jones, 2007).

What is needed are new approaches to knowledge training, in particular, a method for
accelerating the achievement of high levels of proficiency. Recognition of this need is illustrated
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by the many recent books that present methods for training an expert business workforce (e.g.,
Clark, 2008; Goldstein & Ford, 2002; Kraiger, 2002; Quifiones & Ehrenstein, 1997).

The Air Force Weather Agency has launched a program to train "Forecast Ready" forecasters
possessing high-level knowledge beyond intermediate skill levels. Such forecasters are capable
of using mesoscale models and remote sensing tools. Such forecasters are able to "explain the
reasoning behind the forecast” (McNulty, 2005, p. 5). To make it possible for training to
accelerate learning in this sense, great reliance will be placed on mechanisms of distance
learning (Pagitt, 2005). "The 7th Weather Squadron is moving at lightning speed towards a new
training initiative... a premier, just-in-time combat field skills training course..." (7th Weather
Squadron, 2005, p. 16).

There are domains of expertise and specialization within the military that are especially strategic
and therefore important from a workforce and training perspective, and to which we would
ideally be able to apply methods of acceleration. An example domain is maintenance of strategic
nuclear and non-nuclear strike systems. Although this domain is not a specific focus of the
present Report, it does serve to highlight some issues.

Future needs for specialized skill sets required in the domain of strategic strike capabilities have
been the subject of extensive study (e.g., Defense Science Board, 2006). Because of this
domain’s importance, and some sense of urgency on the part of the Department of Defense,
forays into research on innovations in training would not be immediately helpful and therefore
not prudent. On the other hand, the recommendations of the Defense Science Board speak
directly to the motivation for the study of accelerated learning, including the immanent problem
of a retiring generation of engineers and the concomitant loss of organizational knowledge and
skill.

Despite the fact that both the Navy and Air Force have programs designed to maintain NBC
strike capabilities, the DSB expressed concerns about: (1) the lack of knowledge management
processes implemented across all of the pertinent organization, to identify, track and retain
critical engineering skills, (2) the challenge of attracting the best students to the pertinent science
and engineering disciplines, (3) the need for high levels of proficiency in order to cope with
unanticipated failures requiring analysis and re-design, and (4) the need for a new generation
trained for adaptation to new concepts and emerging technologies.

“The main finding for our project is the perceived dearth of
expertise, current and future, in various of these areas, particularly
in the area of ballistic missiles. In addition, there is the assessment
that current Human Capital Management Systems" are insufficient
for identifying, tracking, and managing critical skills” (Defense
Science Board, 2006).

These are the kinds of challenges to which accelerated learning should be applicable.
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The four meanings of accelerated learning are captured in the Concept Map shown in Figure 1.
Figure 2 is a Concept Map that describes the related challenges. (This diagram was included in
the handout material for the Working Meeting.)

(What is accelerated Iearning?)

Four Meanings of
Accelerated
Learning

!

Rapidized
Training

Rapidized
Transposition
must take is of

to reach to )
/ into is to
account
Higher Levels — -
of Achievement Current Training Battlespace Skill Decay
(time, cost, etC.) Lessons Learned Due to Hiatus

are refl

Pace of Change in Training

Technology & Mission Programs

[ Journeyman ] ( Expert]

Accelerated
Proficiency

Facilitated
Retention

is to reduce
the time i /
promotes ordinarily taken is relative

prevents
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[What are the goals of accelerated Iearning?J
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2.0 LITERATURE REVIEW

2.1 Introduction to the Literature Review

Scientific literatures that are pertinent to accelerated learning and facilitated retention can be
organized and summarized in a number of ways. One approach is to consider studies of skill
versus knowledge. Another approach is to consider studies of long-term retention versus decay.
One can consider studies of training in general, and military training in particular. One can
consider studies of individual proficient performers or studies of teams. Cutting across all of the
above, one can consider issues of measurement and evaluation.

We begin with a consideration of "types" of knowledge. This topic raises many scientific and
philosophical issues, but especially issues regarding the acquisition and elicitation of knowledge
(Hoffman & Militello, 2008; Carlson 2008). A distinction that is widely drawn in the literature of
the learning sciences is that between declarative and procedural knowledge (as in Anderson,
2000). This distinction is slippery (concept classification an be regarded as a skill). There is a
huge difference between declarative knowledge in the sense of remembering terms and concepts
versus declarative knowledge in the sense of understanding complex causal relationships. There
is a huge difference between procedural knowledge in the sense of stable sequences versus
procedural knowledge in the sense of learning to use heuristics to achieve some goal.

Another distinction is between “memory” and “skill,” with skill trad