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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



Report on FA8650-09-2-6033

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



Report on FA8650-09-2-6033

« 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.
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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?)
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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 traditionally meaning motor skill
(typified in the academic laboratory by the pursuit rotor and the typewriter). This distinction is
slippery because memorization is a skill that can involve applying numerous strategies. In
modern sociotechnical work systems, reasoning strategies are considered to be sets of learnable
“skills” We find in this one example a need to be cautious about conceptual terminology that is
laden in tradition. Complex cognitive work typically involves acting and is not merely thinking.
The medical sonographer has to know how to control the sensor, the pilot has to know how to
move the stick. It would be misleading to call these “motor skills” or “behaviors,” since the
activities are knowledge-driven, perception-driven and context-dependent.

The phrase “declarative knowledge” assumes a class of knowledge that is not declarative or not
verbalizable in principle. This latter category represents an indeterminate class, sometimes called
"tacit" knowledge, hiding in a philosophical hornet’s nest. Thus, we might refer instead to
Teachable/Conceptual Knowledge as knowledge that is developed by being taught or mentored
and by studying training materials. Experiential Knowledge can be learnt only by direct personal
experience—actually being there to know what it felt like. Conjectural Knowledge/Skill is ability
at strategic sensemaking, mental projection, insightfulness, resourcefulness, opportunism and
similar capabilities.

These distinctions, while slippery, are important because all generalizations about learning,
retention, decay, transfer, the role of feedback, etc. regarding one type are not likely to apply
directly to other types. Various combinations and degrees of the types are involved in individual
sub-tasks and are admixed further in the composition of tasks and jobs. The definition of a
concept can be memorized (declarative knowledge), it can be understood through comparison
and contrast with related concepts (declarative knowledge), or it can be learned by classifying

27



Report on FA8650-09-2-6033

examples and nonexamples (procedural knowledge). The same is true for principles (e.g. causal
models) and for procedures. Memorization, understanding, and application are different kinds of
learning, just as factual conceptual, procedural (steps), and causal knowledge are all very
different, and all of them are required to reach proficiency in a complex cognitive task
(Reigeluth, personal communication).

For further discussion of distinctions on types of knowledge and skill, see Chapter 5 in Hoffman
and Militello (2008).

2.2 The Nature of Proficiency

Three topics of proficiency development are particularly pertinent to accelerated learning: The
nature of high proficiency, proficiency scaling concepts and methods, and the features that make
the achievement of high proficiency difficult.

2.2.1 High Proficiency

In this Report we are considering a concept of expertise referred to as “high proficiency.” To
accelerate proficiency, one must accelerate the acquisition of knowledge that is extensive and
highly organized. One must also accelerate the acquisition of expert-level reasoning skills and
strategies (Klein, et al., 2003). Thus, expertise is the “gold standard” for training, it is the source
for training materials, and it is a goal for accelerated learning.

One might anchor any proficiency scale with a concept of “master.” This category is used in
some modern proficiency scales, such as that for chess. Simonton, (1990, 2004) has used an
historiographic approach to study the progression from expert to senior expert to master in such
domains as science. In some craft guilds of the middle ages, an expert was designated a master
when he had created what was popularly regarded as a “masterpiece.” In some craft guilds a
maestro was simply the guild leader. In some craft guild traditions, a master was an expert who
was elected to the council that set standards. In yet other craft guilds a “master” was any
practitioner who was qualified to have apprentices. (That is, qualified specifically to be a mentor;
a journeyman could be a master). Because of this polysemy, and linkage to considerations other
than domain proficiency per se, we chose not to rely on the concept of master.

Research in the field of Expertise Studies has burgeoned since its inception in the mid to late
1980s (e.g., Chi, 2005; Ericsson, et al., 1981; Hoffman, 1992). (For reviews see Bereiter &
Scardamalia, 1993; Ericsson, et al., 2005; Feltovich, et al., 1997).

The expert is a repository of vast historical information that enables the exercise of effective
technical leadership in ambiguous or complex situations, often by communicating subtle features
that other people will not see until they are pointed out. Estimates of the extent of knowledge of
the average person put it at anywhere up to one million concepts (or "frames") (e.g., four new
long-term memories per hour over a lifetime) (Lenat & Feignebaum, 1987). Estimates of the
extent of expert knowledge put it anywhere from tens to hundreds of thousands of individual
propositions (Lenat & Feigenbaum, 1987), and somewhere in the neighborhood of 50,000
concepts (or "chunks") (e.g., chess masters can purportedly recognize tens of thousands of game
patterns) (Reddy, 1988; Simon & Barenfeld, 1969; Simon & Gilmartin, 1973). A review of the
expert systems literature shows that some prototype systems have as few as 50 rules. However,
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as many as 2,000 rules are needed even for tasks that are apparently simple, such as landuse
classification. In expressing their pessimisms about the goals of Al, Dreyfus and Dreyfus (1986)
asserted that simply "too many" propositions or frames would be needed to represent even a
limited domain of common sense knowledge, let alone expert knowledge.

Expert knowledge is certainly extensive, and can be so extensive that even people who are
regarded as "novices" can actually be very highly experienced. In the judging of livestock, for
example, one might remain "novice" even after as much as ten years of experience at school and
club training. Generally, those who are regarded as "experts" have 20 to 30 years of experience
in domains such as livestock judging and auditing studied by James Shanteau (1988). Renowned
expert aerial photo interpreters have decades of experience behind them (Hoffman, 1984).
Workers in such domains naturally distinguish their peers who are good, even very very good,
from the "real" experts.

Proficiency is defined not just in terms of knowledge but also in terms of reasoning strategies
and skills. In one classis study, Larkin (1983) asked physics students (we would class them as
initiates or apprentices) and experienced physicists to solve mechanics problems involving
levers, weights, inclined planes, pulleys, forces, etc. The results of a number of such studies have
shown that the basic reasoning operations or strategies (deduction, induction, goal
decomposition, etc.) are applied in different orders and with different emphases for experts
versus non-experts. In the initial stages of problem solving, experts spend proportionately more
time than students in forming a conceptual understanding of the problem. Experts generate
representations that are conceptually richer and more organized than those of the students.
Students tend to use hastily-formed "concrete” (that is, superficial) problem representations
whereas experts use "abstract” representations that rely on "deep” knowledge,” that is, imaginal
and conceptual understanding of functional relations and physical principles that relate concepts
(in the case of the research on experts at mechanics, principles such as conservation of energy).
Furthermore, experts are better able to gauge the difficulty of problems and know the conditions
for the use of particular knowledge and procedures (for example, if there is acceleration, use
Newton's second law) (Chi et al., 1982).

One widely cited rule of thumb is that the development of high proficiency takes at least ten
years (Hayes, 1985). Another rule of thumb is 10,000 hours of practice or engagement with a
task. (Ten years at a full time job would be about 20,000 hours, assuming that in an eight hour
work day the typical worker spends about half their time engaged in their fundamental task
work.) These rules are admittedly approximate and there is considerable variation across
domains (Hoffman & Militello, 2009).

It is obvious that mere time in grade does not enable just anyone to qualify as an expert. A
person may achieve journeyman status, become demotivated, and stay at that level for the rest of
their career. To achieve high proficiency in the military there needs to be:

» Critical skills for accomplishing the mission and achieving national defense,

» A constant 'stretching’ of the skill, defined by increasing challenges (tough or rare cases),
» High levels of intrinsic motivation to work hard, on hard problems,

* Practice that provides rich, meaningful feedback,

» Practice based on mentoring or expert instructional guidance.

This was termed “practice with zeal” by Edwin Thorndike (1912), one of the founders of
educational psychology who focused on classroom learning and the learning of simple tasks.
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More recently, it has been termed "deliberate practice” by Ericsson (e.g., Ericsson, et al., 2006)
with reference to such skills as in music and chess. But the notion also holds for such domains as
science, weather forecasting, engineering, piloting, and military command (Hoffman, 2007). The
journeyman is one who has practices until he can reliably get it right. Achievement at that level
can be accomplished by repetition. The expert practices until he can’t get it wrong. Mere
repetition is not sufficient for that. What is necessary is practice that systematically engages the
learner in increasingly challenging ways.

The key features of High Proficiency are listed in Table 2.1.
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Table 2.1 Some features of high proficiency.

» The expert is highly regarded by peers.
* The expert’s judgments are accurate and reliable.
» The expert’s performance shows consummate skill and economy of effort.

» For routine activities, experts display *“automaticity” in which conscious processing is
bypassed and the expert seems to be carrying out a task without significant cognitive
load.

» The expert possesses knowledge that is fine-grained, detailed, and highly-organized.
* The expert knows that his knowledge is constantly changing and continually contingent.

» The expert forms rich mental models of cases or situations, to support sensemaking and
anticipatory thinking.

» The expert is able to create new procedures and conceptual distinctions.
» The expert is able to cope with rare and tough cases.

* The expert is able to effectively manage resources under conditions of high stakes and
high risk and high stress.

» Typically, experts have special knowledge or abilities derived from extensive experience
with sub-domains.

 The expert has refined pattern perception skills and can apprehend meaningful
relationships that non-experts cannot apprehend

When an expert approaches a familiar problematic situation, their responses do not tend to be
from an analytical or deliberative process as is the case for non-experts (Frensch, 1988). Rather,
an organized set of memories drawn from extensive experience forms schemas or mental models
(Gentner & Stevens, 1983), which give meaning and structure to familiar repeatedly encountered
problem sets. These schemas provide intuitive, immediate cognitive frameworks to help
understand the nature of the problem, derive potential solutions, and anticipate constraints
(Reimann & Chi, 1989). In Recognition-Primed Decision Making, the recognition of case
typicality provides intuitive, immediate sensemaking frameworks to help understand the nature
of the problem, derive potential solutions, and anticipate constraints (Klein, 1989; Oliver &
Roos, 2005). In addition, experts are able to recognize aspects of a problem that make it novel or
unusual, and will bring special strategies to bear to solve "tough cases."

What about criteria for high proficiency for military domains? It is generally assumed that
expertise is valuable for the military, but how can we know? Casual observation suggests that the
factors noted in the academic literature that characterize expertise are also observed in highly
accomplished members of the armed services: Self-assessment and self-directed learning,
deliberate practice, self-awareness of the development toward expertise, and so forth (Fletcher,
2009). Success at conducting military operations is the ultimate criterion against which these
components have to be assessed. As is true for expertise in general, greater intelligence is related
to better performance on military tasks, but high intelligence is not a prerequisite for the
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achievement of proficiency of expertise (Ceci & Liker, 1986; Lafrance, 1989). For military jobs,
as is true for expertise in general, there is mixed evidence that increased experience alone is
related to improved performance (Fletcher, 2009). Rather, success seems to be related to such
additional factors as cognitive flexibility, team composition, and practice, especially deliberate
practice.

2.2.2 Proficiency Scaling Concepts and Methods

The analysis of proficiency and proficiency scaling can usefully commence by distinguishing
experts (high and very high proficiency) from novices (very low proficiency). In the
psychological and educational research literatures, expertise has defined by the contrast with
novices. Research on expertise is usually premised on experimental designs have these two basic
proficiency groups as the main comparison (experts vs. novices as the main independent
variable) (cf. Lajoie, 2003). However, there is considerable variation in tacit definitions of
“novice.” For example, in a study of expert-novice differences, Chi, Hutchinson, and Robin
(1988) relied on the participation of an avid dinosaur fan who happened to be a young child. In a
similar developmental study, Means and Voss (1985) relied on the participation of preschool
children who were avid fans of the "Star Wars" films. In many academic studies, college
students have served as experts because of their knowledge of particular domains (e.g., football,
wedding apparel, regional geography). In some studies of expertise in the solving of mechanics
problems, graduate students have been the experts. In research on expertise in computer
programming, an "expert" can be someone who has taken a few courses, and would therefore
properly be called an apprentice) (Mayer, 1988).

Technically, a novice is a person who has begun an introductory course of instruction. Unlike a
“naive,” who is a person who may not even know that the domain exists, the novice is the
individual who has committed to a course of training.

Many studies have revealed various strategies and heuristics that experts create and rely upon
(Hoffman, 2007; Lajoie, 2003). This clearly distinguishes higher from lower levels of
proficiency. When presented with domain problems, novices and apprentices tend to rely on
superficial features and rote procedures whereas more proficient individuals apprehend the
underlying relational structure, the constraints, and the pertinent principles (Carlson, 1990; Chi,
Glaser, & Rees, 1982; Egan & Schwartz, 1973; Larkin, 1981; Reed, Dempster, & Ettinger,
1985). Experts engage in rapid apprehension of cases and paths to solutions, whereas novices
engage deliberate processing (Frensch, 1988).

The assumption of proficiency scaling is that across the developmental continuum there are
qualitative shifts (Dreyfus & Dreyfus, 1986; Lajoie, 2003). "The knowledge of novices is not
simply an incomplete version of the knowledge of the expert or mature learner, it is qualitatively
entirely different” (Cazden, 1976, p.320).

The literature of Expertise Studies includes many discussions of the notion of "automaticity"
(James, 1890), which is the idea that knowledge or skill undergoes a "declarative-to-procedural
shift" or becomes "routinized" (Anderson, 1987). In a number of cognitive theories,
developmental levels are defined entirely in terms of the development of automaticity and a
reliance on implicit knowledge, that is, procedural knowledge and perceptual skills rather than
explicit or declarative knowledge (e.g., Benner, 1984; Charness & Campbell, 1988; Dreyfus &
Dreyfus, 1986; Fitts, 1964; Fitts & Posner, 1967; Gordon, in press; Norman, 1987; Rasmussen,

32



Report on FA8650-09-2-6033

1986). Dreyfus and Dreyfus (1986; Dreyfus, 1989) proposed a five-level theory that focuses
exclusively on the development of "intuition™ (i.e., non-verbalizable procedural knowledge and
metaknowledge), which they regard as the essence of proficiency.

Most such theories have levels such as those presented in Table 2.2.

Table 2.2. Levels of proficiency (after Dreyfus & Dreyfus, 1986).

Level One. Practitioners at this level have knowledge that is declarative or propositional, their
reasoning is said to be explicit and deliberative. Problem solving focuses on the learning of facts,
deliberative reasoning, and a reliance on general strategies.

Level Two. The declarative knowledge of practitioners at this level has become procedural and
domain-specific. They can automatically recognize some problem types or situations.

Level Three. At this level, procedures become highly routinized.

Level Four. These practitioners are proficient and have a great deal of intuitive skill.

Level Five. Practitioners at this highest level can deliberately reason about their own intuitions
and generate new rules or strategies (what Dreyfus and Dreyfus call "deliberative rationality").

The essence of all such theories is the notion that reasoning or knowledge originates as an
analytic, conscious, deliberative, step-wise process, and evolves into rapid, automatic, non-
conscious, understanding or immediate perceptual judgments. Many researchers in psychology
and education have noted what seems to be a natural developmental sequence from superficial
understanding, to a semantic understanding, and finally to a qualitative understanding (Van
Lehn, 2009).

We rely on a modern variation on the classification scheme used in the craft guilds (Renard,
1968), presented in Table 2.3.
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Table 2.3. Basic proficiency categories based on the traditional craft quild terminology (adapted
from Hoffman, 1998).

NAIVE One who is ignorant of a domain.

NOVICE Literally, someone who is new—a probationary member. There has been some
(“minimal”) exposure to the domain.

INITIATE Literally, someone who has been through an initiation ceremony—a novice
who has begun introductory instruction.

APPRENTICE | Literally, one who is learning—a student undergoing a program of instruction
beyond the introductory level. Traditionally, the apprentice is immersed in the
domain by living with and assisting someone at a higher level. The length of an
apprenticeship depends on the domain, ranging from about one to 12 years in
the craft guilds.

JOURNEYMAN | Literally, a person who can perform a day’s labor unsupervised, although
working under orders. An experienced and reliable worker, or one who has
achieved a level of competence. It is possible to remain at this level for life.

EXPERT The distinguished or brilliant journeyman, highly regarded by peers, whose
judgments are uncommonly accurate and reliable, whose performance shows
consummate skill and economy of effort, and who can deal effectively with
certain types of rare or “tough” cases. Also, an expert is one who has special
skills or knowledge derived from extensive experience with subdomains.

MASTER Traditionally, a master is any journeyman or expert who is also qualified to
teach those at a lower level. Traditionally, a master is one of an elite group of
experts whose judgments set the regulations, standards, or ideals. Also, a master
can be that expert who is regarded by the other experts as being “the” expert, or
the “real” expert, especially with regard to sub-domain knowledge.

Proficiency scaling is the attempt to forge a domain- and organizationally-appropriate scale for
distinguishing levels of proficiency. Some alternative methods are described in Table 2.4.
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Table 2.4. Some methods that can contribute data for the creation of a proficiency scale.

METHOD

YIELD

EXAMPLE

In-depth career
interviews
about
education,
training, etc.

Ideas about breadth
and depth of
experience;
Estimate of hours of
experience

Weather forecasting in the armed services, for instance,
involves duty assignments having regular hours and
regular job or task assignments that can be tracked
across entire careers. Amount of time spent at actual
forecasting or forecasting-related tasks can be
estimated with some confidence (Hoffman, 1991).

Professional
standards or
licensing

Ideas about what it
takes for individuals
to reach the top of
their field.

The study of weather forecasters involved senior
meteorologists US National Atmospheric and
Oceanographic Administration and the National
Weather Service (Hoffman, Coffey, & Ford, 2000).
One participant was one of the forecasters for Space
Shuttle launches; another was one of the designers of
the first meteorological satellites.

Measures of
performance at

Can be used for
convergence on

Weather forecasting is again a case in point since
records can show for each forecaster the relation

the familiar scales determined by | between their forecasts and the actual weather. In fact,

tasks other methods. this is routinely tracked in forecasting offices by the
measurement of "forecast skill scores” (see Hoffman &
Trafton, forthcoming).

Social Proficiency levels in | In a project on knowledge preservation for the electric

Interaction some group of power utilities (Hoffman & Hanes, 2003), experts at

Analysis practitioners or particular jobs (e.g., maintenance and repair of large

within some
community of
practice (Mieg,
2000; Stein, 1997)

turbines, monitoring and control of nuclear chemical
reactions, etc.) were readily identified by plant
managers, trainers, and engineers. The individuals
identified as experts had been performing their jobs for
years and were known among company personnel as
"the" person in their specialization: "If there was that
kind of problem I'd go to Ted. He's the turbine guy."

A proficiency scale for a given domain
types of method listed in Table 2.4, and

should be based on more than one of the four general
ideally should be based on at least three. This has been

referred to as the “three legs of a tripod” (Hoffman, Ford & Coffey, 2000; Hoffman & Lintern,

2006).

Social Interaction Analysis, the result of which is a sociogram, is perhaps the lesser known of the
four kinds of methods. A sociogram, that represents interaction patterns between people (e.g.,
frequent interactions), is used to study group clustering, communication patterns, and workflows
and processes. For Social Interaction Analysis, multiple individuals within an organization or a
community of practice are interviewed. Practitioners might be asked, for example, "If you have a
problem of type x, who would you go to for advice?" or they might be asked to sort cards
bearing the names of other domain practitioners into piles according to one or another skill
dimension or knowledge category.
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It is important to create a scale that is both domain and organizationally-appropriate, and that
considers the full range of proficiency. In the project on weather forecasting (Hoffman, Coffey &
Ford, 2000), the proficiency scale distinguished three levels: experts, journeymen, and
apprentices, but each of these was further distinguished by three levels of seniority, up to the
senior experts who has as much as 50,000 hours of practice and experience at domain tasks.

Although mere years of experience does not guarantee expertise, there is a partial linkage in that
the longer the career the greater the opportunity for more experience, and more diverse
experiences. Experience scaling can also involve an attempt to gauge the practitioners' breadth of
experience—the different contexts or sub-domains they have worked in, the range of tasks they
have conducted, etc. Deeper experience (i.e., more years at the job) affords more opportunities to
acquire broader experience. Hence, depth and breadth of experience should be correlated. But
they are not necessarily correlated, and so examination of both breadth and depth of experience
is always wise. Thus, one comes to a resolution that age and proficiency are generally related,
that is, partially correlated. This is captured in Table 2.5.
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Table 2.5. Age and proficiency are partially correlated.

LIFESPAN

10

| 20 [ 30 | 40 | 50

| 60

Learning can commence at any age 2> -

Achievement of expertise in

NoVICE (e.g., the school child who is avid about significant domains may not
dinosaurs; the adult professional who be possible
undergoes job re-training).
Individuals Achievement of
INTERN & less than18yrs expertise in
APPRENTICE | of age are Can commence atany age > > - significant
rarely domains may
considered not be possible
appropriate as
Apprentices
It is possible | Is typically achieved in mid- to late-20s, but
to achieve development may go no further
JOURNEYMAN journeyman
status (e.g.,
chess,
computer
hacking,
sports)
It is possible to Most typical for 35 yrs of age and beyond
Expert achieve expertise
Stage (e.g., chess,
computer hacking,
sports)
MASTER Is rarely It is possible to | Most typical of seniors
STAGE achieved early achieve mid-
in a career career

In the proficiency scaling in weather forecasting, Hoffman, Coffey and Ford (2000) conducted
interviews, sociometric analysis and performance evaluation at a U.S. Navy weather forecasting
facility situated at an airfield. By comparison of the forecasts with forecast verification data, it
was possible to scale performance. By detailed analysis of personnel records (duty and duty
assignments), it was possible to estimate hours spent at forecasting-related activity. Through
sociometry and career interviews it was possible to gauge depth and breadth of experience. Depth
of experience (number of hours) was compared to breadth of experience, as indicated by the
variety of experiences possible—forecasting while at sea, experience in more than one climate,
and so on. The expectation was that depth of experience (number of hours) would be verified by

37




Report on FA8650-09-2-6033

breadth (variety) of experience, if only because longer experience affords more opportunities for a
greater variety of experiences. By using these combined methods, the researchers converged on a
proficiency scale that included levels (expert, journeyman, apprentice) and sub-levels (e.g., junior,

senior). Table 2.6 describes the skill factors definitive of each level in the scale.

Table 2.6. Skill factors forming a proficiency scale appropriate to U. S. Navy forecasting.

APPRENTICE JOURNEYMAN EXPERT SENIOR EXPERT
PROCESS | Forecasting by Begins by Begins by Begins by
extrapolation from formulating the formulating the formulating the
the previous weather | problem of the day problem of the day problem of the day
and forecast and by | but focuses on and then buildinga | and then building a
reliance on forecasting by mental model to mental model to
computer models. extrapolation from guide further guide further
the previous weather | information search information search
and forecast and by
reliance on
computer models.
STRATEGY | Reasoning is at the Reasoning is mostly | Reasoning is in Process of mental

level of individual
cues within data

types

at the level of
individual cues,
some ability to
recognize cue
configurations
within and across
data types

terms of both cues
and cue
configurations, both
within and across
data types. Some
recognition-primed
decision-making
occurs

model formation and
refinement is more
likely to be short-
circuited by
recognition-primed
decision-making
skill

For purposes of this Report we must repeatedly regain focus on a proficiency scale beginning at
the apprentice level and including the intermediate journeyman category, and a scale in which
the category of “novice” as —a person who knows next to nothing about a domain—is not nearly
as pertinent as the concept of the junior journeyman. In a review of the literature of expertise
studies written in 1999, Hoffman et al. said:

Relatively little

research has looked at the midrange—the

distinctive qualities of apprentice-level and journeyman-level
individuals (Bereiter & Bird, 1985; Campbell, Brown, & DiBello,
1992; Glaser, 1976; Mayer, 1988). Some exceptions are Means and
Voss's (1985) study of the development of knowledge about the
"Star Wars" films, with participants spanning ages 7 to 19 years,
and Myles-Worsley, Johnston, & Simon's (1988) study of initiate
(student) and journeyman (intern), and well as expert (resident)
radiologists (Ch. 3.)
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This statement is still true.

2.2.3 What makes the Achievement of High Proficiency Difficult?

Studies that have attempted to create domain-appropriate proficiency scales (e.g., Ericsson, et al.,
1993; Hoffman, et al., 2002) have shown that the amount of practice is the single greatest
determinate of superior expertise, followed by specificity of practice and deliberateness of
practice to task performance (Schmidt & Lee, 2005; Ericsson, 2003). Expertise is achieved only
after working hard, on hard problems (Eccles, et al., 2009). For instance, in the field of
continuing education it is recognized that the progression to proficiency depends on practice at
difficult tasks. Valkeavaara (1999) interviewed a group of highly experienced workers in the
field of human resource management to reveal the features of problems that made them difficult.
The semi-structured interviews confirmed that the best "lessons learned" were in situations that
placed new demands on the worker.

Research by Paul Feltovich, Rand Spiro (Working Meeting Participants) and their colleagues on
expert-novice differences in domains of medicine investigated how people deal with difficult,
challenging cases (e.g., Feltovich, Spiro, & Coulson, 1989; Feltovich, Coulson, & Spiro, 2001).
That research identified characteristics of problems that cause cognitive difficulty for learners,
but not for experts. It also revealed how people respond to these elements of difficulty in
learning and in the application of knowledge.

The research was initially driven by the identification of important biomedical science concepts
that routinely cause difficulty among students for learning, understanding and application. These
were identified by large-scale polling of experts (medical school teachers) across the United
States and Canada. They were asked to propose areas of basic biomedical science that were both
important to the practice of medicine and also very difficult for learners to master (Dawson-
Saunders, Feltovich, Coulson, & Steward, 1990; see also Patel, Kaufman, & Magder, 1991). The
resulting compilation was used to guide the research on cognitive responses to difficulty, using
cognitive task analysis methods such as think-aloud problem solving. The research identified
characteristics of subject matter or situations that cause difficulty for learners, including learners
nearing the journeyman level of proficiency (Feltovich, Spiro, & Coulson, 1989; Feltovich,
Spiro, & Coulson, 1993; Feltovich, Coulson & Spiro, 2001). The “dimensions of difficulty” that
make tasks difficult and require mental effort, on the part of learners, but that are less
troublesome for experts, are presented in Table 2.7.
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Table 2.7. The Dimensions of Difficulty.

Static versus dynamic

Are important aspects of a situation captured by a fixed *“snapshot,” or are the critical
characteristics captured only by the changes from frame to frame? Are phenomena static and
scalar, or do they possess dynamic vector characteristics?

Discrete versus continuous

Do processes proceed in discernable steps, or are they unbreakable continua? Are attributes
describable by a small number of categories (e.g., dichotomous classifications like large/small),
or is it necessary to recognize and utilize entire continuous dimensions (e.g., the full dimension
of size) or large numbers of categorical distinctions?

Separable versus interactive

Do processes occur independently or with only weak interaction, or is there strong interaction
and interdependence?

Sequential versus simultaneous

Do processes occur one at a time, or do multiple processes occur at the same time?

Homogeneous versus heterogeneous

Are components or explanatory schemes uniform (or similar) across a system—or are they
diverse?

Single versus multiple representations

Do elements in a situation afford single (or just a few) interpretations, functional uses,
categorizations, and so on, or do they afford many? Are multiple representations (e.g., multiple
perspectives, schemas, analogies, case precedents, etc.) required to capture and convey the
meaning of a process or situation?

Mechanism versus organicism

Avre effects traceable to simple and direct causal agents, or are they the product of more system-
wide, organic functions? Can important and accurate understandings be gained by
understanding just parts of the system, or must the entire system be understood for even the
parts to be understood well?

Linear versus nonlinear

Are functional relationships linear or nonlinear (i.e., are relationships between input and output
variables proportional or non-proportional)? Can a single line of explanation convey a concept
or account for a phenomenon, or are multiple overlapping lines of explanation required for
adequate coverage?

Table continues
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Table continued

Universal versus conditional

Do guidelines and principles hold in much the same way (without the need for substantial
modification) across different situations, or is there great context-sensitivity in their
application?

Regular versus irregular

Is a domain characterized by a high degree of routinizabilty or prototypicality across cases, or
do cases differ considerably from each other even when they are called by the same name? Are
there strong elements of symmetry and repeatable patterns in concepts and phenomena, or is
there a prevalence of asymmetry and absence of consistent pattern?

""Surface versus ""deep"

Are important elements for understanding and for guiding action delineated and apparent on the
surface of a situation, or are they more covert, relational, abstract?

When the material to be learned or understood is characterized by the second alternative in each
of the pairs in Table 2.2, then learners will tend to interpret the situations as though they were
characterized by the simpler alternatives, their understandings will tend to be reductive, that is,
they will tend to simplify, they will tend to attempt to defend their simple understandings when
confronted with facts that suggest that the situation is more complex than what they suppose.
These "knowledge shields” will allow them to maintain their incorrect beliefs and
understandings. It requires effort, practice, experience (i.e., the achievement of expertise) for
people to begin to overcome the knowledge shields.

This is the “reductive tendency,” the inclination for learners to construct understandings and
categories that are overly simplistic. The reductive tendency is an inevitable consequence of how
people learn (Feldman, 2003; Feltovich, Hoffman & Woods, 2004). That is, when people are
forming a new understanding or developing a new category their knowledge is necessarily
incomplete. It is only through additional experience and thought that distinctions come to be
perceived, understood, and learned. So at any point in time, the human's understanding of
anything that is at all complex, even some of the understandings held by domain experts, is
bound to be simplifying at least in some respects. In the areas of complex cognition studied (e.g.,
the learning of clinical medicine), the reductive tendency has been shown to lead to significant
misconceptions (e.g., Coulson, Feltovich, & Spiro, 1989; Feltovich, Coulson & Spiro, 2001;
Spiro, Feltovich, Coulson, & Anderson, 1989), and in some instances to degraded medical care
(Coulson, Feltovich, & Spiro, 1997). In addition, the misconceptions and errors that develop can
be resistant to change, an obstacle to the achievement of expertise. When learners are confronted
with evidence contrary to their views, they engage mental maneuvers to rationalize their faulty
beliefs without fundamentally altering their views. These are the “knowledge shields.” Twenty-
three of them have been identified (Feltovich et al., 2001).

Although this research first had its impact primarily in the domain of biomedical science as it
relates to clinical medicine, it has found widespread application. Diverse areas where the
research on the dimensions of difficulty and the reductive tendency have seen application and
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validation include biology (e.g., Patel, Kaufman, & Magder, 1991), complex systems (e.g.,
Hmelo-Silver & Pfeffer, in press; Resnick, 1996), lay-people's understanding of disease (Furze,
Roebuck, Bull, Lewin, & Thompson, 2002), work-place error and mishap (Cook & Woods,
1994), military command and control (Houghton, Leedom & Miles, 2002), and the process of
design, especially the design of complex sociotechnical systems (e.g., Woods, 2002).

Studies of experts and expert-novice differences also suggested that the achievement of
proficiency depends on the learner’s active, deliberative creation and refinement of their own
knowledge. The Cognitive Flexibility Theory of Paul Feltovich, Rand Spiro, and their colleagues
(Spiro, Feltovich, Jacobson & Coulson, 1991, 1992; Spiro & Jheng, 1990) asserts that people
(especially experts) have the ability to restructure their knowledge to adapt to complex, ill-
structured problems. Cognitive flexibility is “the ability to represent knowledge from different
conceptual and case perspectives and then, when the knowledge must later be used, the ability to
construct from those different conceptual and case representations a knowledge ensemble
tailored to the needs of the understanding or problem-solving situation at hand" (Spiro, et al.,
1992, p. 58). This ability hinges on experience with diverse problem types, and opportunities to
understand the material from differing perspectives. This enables people to refine their
understanding of concepts and the relations among concepts, in processes such as those
discussed by Jean Piaget (e.g., Inhelder & Piaget, 1958) and David Ausubel (1968; Ausubel,
Novak, & Hanesian, 1978) such as assimilation and accommodation. The theory also asserts that
knowledge and knowledge-in-use are context-dependent, and so instruction needs to be with
reference to meaningful contexts. This entails some straight-forward guidelines for effective
instruction:

» Learning activities must provide multiple representations of content.

» Instructional materials should avoid oversimplifying the content domain and support
context dependent knowledge.

e Instruction should be case-based and emphasize knowledge construction, not
transmission of information.

» Knowledge sources should be highly interconnected rather than compartmentalized.

These guidelines have been widely and successfully applied (e.g., Jonassen, Ambruso, & Olesen,
1992).

2.3 Training and Practice

Most traditional training covers what is generally familiar and well-known to trainers, educators
and training establishments in the context of bounded operational and organizational settings. As
such the ‘training for the test” measures can be base-lined and validated to create normative
performance scores. It is still appropriate for training in many jobs/tasks to rely on checklist
evaluation based on correct or expected answers or fixed procedures.

However, the need for or a capacity for critical thinking (in terms of thinking laterally and

innovatively or being able to improvise) and capability to engage with what cannot be or has not
been foreseen is central to many existing and emerging jobs/tasks, including many emerging
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military jobs (e.g., cultural analysis, SASO operations, PIMESII, etc.) (Center for Applied
Systems Studies, 2010).

If there can be any one generalization about the science of training and instructional design it is:
Generalization is difficult.
2.3.1 Types of Practice and Training Sequences

Massed versus Distributed Practice

A long line of psychological research has shown the beneficial effect of spacing on learning and
memory when the goal is long retention intervals (e.g., Bahrick, Bahrick, Bahrick, & Bahrick,
1993; Bjork & Allen, 1970; Bloom & Schuell, 1981; Dempster, 1988; Glenberg, 1976; Glenberg
& Lehmann, 1980; Greene, 1989; Reynolds & Glaser, 1964; Schmidt & Bjork, 1992).

Some studies find that optimal performance at test seems to result when the interval between
practice trials is approximately equal in length to the retention interval. This conclusion seems to
hold even when practice is distributed across sessions rather than across trials within a session
(Healy, 2007.)

With respect to military tasks looking at massed versus distributed practice, similar evidence has
been found. For example, Hagman (1980) varied this type of practice in a maintenance task and
found that, when tested two weeks later the participants in the massed practice condition
committed 40% more errors and took 51% longer than the distributed practice group.

This finding has a direct implication for retraining following hiatus. Many ideas about skill
retention during hiatus involve practice experiences that would inevitably be massed in the sense
of concentrated at particular times within the practitioner’s primary work schedule. The literature
on distributed practice would suggest that training during hiatus be distributed.

Blocked versus Scheduled Practice

Blocked practice refers to practice in which there are successive trials that repeat a particular
activity. This is contrasted with a randomized schedule in which the same task is never practiced
on successive trials, but is randomized with other practices. A number of researchers have found
that retention is better in random versus blocked practice schedules (Landauer & Bjork, 1978;
Rea & Modigliani, 1985). This holds true for both simple motor skills and simple verbal memory
tasks. It is theorized that randomized practice forces the learner to continuously engage with new
and difficult information to process, which can be to the detriment of initial retention, but
prevents reliance on a stable set of “superficial massed rehearsal.” This allows for greater long-
term retention.

Sequencing by Content Type

There is considerable evidence that training experiences need to be sequenced with respect to the
“knowledge type.” Koubek and Clarkston (2004) demonstrated that training can affect the
development of knowledge structures which can in turn affect training effectiveness. Their study
focused on the question of whether trainees benefit more from first learning about domain
concepts and principles, or first learning about specific details of tasks, and procedures. Students
with no prior knowledge about plastic extrusion machines were taught about plastic extrusion by
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presentations in one of two orders involving the two training topics of domains concepts and
principles, or by versus details of processes. Trainee knowledge was assessed by asking for
trainees to indicate the relations between all possible pairs of domain concepts (e.g., mold-
warpage, resting period-barrel). These pair-wise judgments could be used to form hierarchical
models of the trainees' "knowledge structures,” which could be evaluated for correctness,
completeness, and complexity (number of hierarchical levels). Overall, the group receiving the
first training about concepts and principles did better on the final test (i.e., more levels in the
knowledge hierarchies and more interconnections among concepts).

One must note that the participants were naive to the domain at the outset, and also received no
actual experience with plastic extrusion machines. Likely the ordering of the conditions, and the
resultant effects, would differ were one to have apprentices or journeymen with actual
experience as the participants.

Sequencing by Complexity

It is sometimes assumed that the way to help learners cope with complexity is to simplify the
situation and then incrementally introduce increasingly complex elements. However, initial
learning that is more difficult can lead to greater flexibility and transfer. Research on high-end
learning (e.g., in medical education) has shown that when learners are initially exposed to
simplifications of complex topics, serious misunderstandings can remain entrenched and
interfere with or preclude deeper, more accurate understandings (Feltovich, Spiro, & Coulson,
1993). Complex tasks are typically taught as a procedure when it is more appropriate to train it
as:

“...a combination of domain and system knowledge (conceptual
models of the system including system components and
interaction, flow controls, fault states, fault characteristics,
symptoms, contextual information and probabilities of
occurrence); troubleshooting strategies such as search and replace,
serial elimination, and space splitting; and fault testing procedures”
(Jonassen, 2007, p. 12).

Sequencing by Readiness Level

A well-known finding in research on text comprehension is that low-knowledge and high-
knowledge readers learn different things and in different ways (e.g., MacNamara, et al., 1996).

Based on a review of research on student learning from textbooks and diagrams, Mayer (2001)
concluded that inexperienced learners benefit far more from instructional presentations designed
to provide a better support for cognitive processes than high-knowledge learners. Less
knowledgeable learners benefit from additional, integrative material whereas more
knowledgeable learners do not.

Kalyuga, et al. (2003) reviewed the literature showing that learning depends on the level of
proficiency (expertise) of the learner. Instructional techniques that are highly effective with
inexperienced learners can lose their effectiveness and even have negative consequences when
used with more experienced learners. Conversely, instructional methods that work for more
advanced learners may be ineffective for less advanced learners. One hypothesis has been that
"schemas" stored in long-term memory (said to be a defining feature of expert memory
organization) reduce working memory load during learning and thereby aid learning. For less
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advanced learners, instructional guidance can compensate for the learner's lack of schemas.

If the instructional presentation fails to provide necessary guidance,
learners will have to resort to problem-solving search strategies that
are cognitively inefficient because they impose a heavy working
memory load (p. 24).

In contrast, since more advanced learners bring their memory schemas to bear, if the problem
task includes integrative material, this can be a distraction.

This additional cognitive load may be imposed even if a learner
recognizes the instructional materials to be redundant and so
decides to ignore that information as best he or she can (p. 24).

For the novice learner, excessive working memory load inhibits the ability to adequately process
material if it is beyond their level of expertise. For experts, on the other hand, learning is
inhibited if they are forced to work with material below their level of expertise, because it forces
redundant processing. This is referred to, somewhat misleadingly, as the expertise reversal
effect: experts are more likely learn if they are given the opportunity to engage in exploratory
problem solving that engages previously acquired schemas, whereas novices are likely to benefit
from worked examples that do not involve exploratory problem solving. This accords with the
guidelines of Problem-Based Learning.

In a study of comprehension of electrical circuit diagrams, Kalyuga, Chandler, and Sweller
(1998) found that less experienced electrical trainees benefitted from textual explanations
accompanying the circuit diagrams that were not able to comprehend in a diagram-only format.
More experienced trainees performed significantly better with the electrical circuit diagram-only
format and reported less mental effort associated with studying the diagram-only format.

A host of studies have shown that when learning to solve problems of a given kind, examples
help. Beyond this finding, presenting example problems that are fully worked-out can sometimes
be as good an instructional method as presenting incomplete problems that the learner has to
work out (e.g., Trafton & Reiser, 1993). However, this too can depend on the learner's
proficiency level. Once a student has learned to solve a problem type to a reasonable level of
proficiency, when problem solving becomes less effortful, presenting a fully worked example
that the student has to work through can entail a cognitive load greater than that of problem
solving (Kalyuga, et al., 2001).

. inexperienced learners benefitted most from an instructional
procedure that placed a heavy emphasis on guidance. Any
additional instructional guidance (e.g., indicating a goal or
subgoals associated with a task, suggesting a strategy to use,
providing solution examples, etc.) should reduce cognitive load for
inexperienced learners, especially in the case of structurally
complex instructional materials. At the same time, additional
instructional guidance might be redundant for more experienced

45



Report on FA8650-09-2-6033

learners and require additional working memory resources to
integrate the instructional guidance with learners’ available
schemas that provide essentially the same guidance. A minimal
guidance format might be more beneficial for these learners
because they are able to use their schema-based knowledge as
guidance in constructing integrated mental representations without
overloading working memory (Kalyuga, et al., 2003, p. 27).

Such an interaction also obtains for the effect of mental practice, which is more beneficial for
more advanced learners than less advanced learners. This is also explained on the hypothesis that
advanced learners have developed mental schemas (Cooper, et al., 2001).

The findings and effects described here depend on the nature of the to-be-learned material. Some
material consists of elements or chunks that can be understood separately, whereas other material
consists of elements or chunks that have to be understood as an interacting whole. If a learner
understands material in an integrated way, they will have formed schemas that can be used to
organize information presented in new problems. Novices need to be presented the information
in such a way that they can understand the individual elements and then develop the integrated
understanding, but such "mixed instruction” does not benefit more advanced learners (Pollock, et
al., 2002).

Learning Styles

Although school children up through adults will indicate that they prefer to learn in certain ways
and from certain kinds of instructional formats (so-called learning styles), and there is ample
evidence that people differ in aptitude for learning different kinds of material and reasoning in
different ways, there is no evidence for the interaction between these two that a learning styles
hypothesis would predict. That is, there is no clear evidence that students having one particular
learning style will achieve the best educational outcome when trained using a method that
matches their style, as opposed to training that matches some other learning style (Pasher, et al.,
2009).

Types of Training and Practice: Mental Practice

Given that mental rehearsal or imaginary practice appears to be an effective strategy to reduce
forgetting or skill decay during the retention interval, mental rehearsal can be considered
"practice.” Research has shown that mental practice can serve as an effective substitute for
physical practice for both enhancing knowledge of particular sequences and improving general
skill. Indeed mental practice might be superior to physical practice under circumstances that
promote retroactive interference. By hypothesis, mental practice can retard forgetting and
promote transfer of training (Healy, 2007).

Measurement Issues

Sequencing, whether by content or by readiness, has implications for evaluation. Dodd (2009)
presents a useful scheme for classifying military jobs in terms of kinds of knowledge required
and types of decision-action roles. For example, the equipment operator needs technical skills to
operate equipment and conceptual knowledge to diagnose and repair problems. The unit
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commander, in contrast, requires conjectural skill and problem solving skill to cope with
complex situations.

Such cognitively different jobs require different forms of learning and experience, which in turn
will be best measured in ways that are appropriate to the cognitive work. For example, time
taken to complete tasks and degree of confidence are useful training measures for certain jobs
and tasks. However, they may not tap into the decision-maker's approach to situation assessment,
or ability to spot anomalies, or motivation to practice in at unfamiliar and unforeseen situations.

2.3.2 Problem-Based Learning and Guidance Fading

The educational philosophy of John Dewey (1916) advocated "learning by doing” and
emphasized the development of critical thinking skills through problem solving exercises.
Originating primarily in the area of medical education, Problem-Based Learning is an
instructional method that has students collaborate in work on challenging practical problems (ill-
structured, open-ended, ill-defined). Instructional activities include case-based or analogical
reasoning, causal reasoning, story creating, concept mapping creating stories; reasoning about
cases; concept mapping, and others (see Hmelo-Silver, 2004; Hmelo-Silver, & Barrows, 2006).

Research by Sweller (2006) and his colleagues on how students learn algebra suggests that
Problem-Based Learning is more effective for later or more advanced learning rather than initial
learning. Indeed, they find that initial learning is facilitated if the trainee studies “worked
examples” (Sweller & Cooper, 1985; Cooper & Sweller, 1987). Early in the learning process,
learners may find it difficult to process a large amount of information or assimilate concepts at
odds with their existing knowledge. Thus the rigors of active problem solving may be an issue
for initiates. Once learners gain expertise the scaffolding provided by in Problem-Based
Learning helps learners avoid these issues. Sweller calls this “guidance fading.” Worked
problems are replaced by completions problems, with the eventual goal of solving problems on
their own (Sweller, Van Merrienboer, & Paas, 1998).

The fading notion is defined with reference to a concept of “cognitive load” and the goal of
reducing the cognitive load of learners. This does not directly accord with the theory of
"desirable difficulties,” which asserts that any condition that causes a desirable difficulty during
learning facilitates retention (Bjork, 1994; McDaniel & Einstein, 2005; Schneider, et al., 2002).
Research has established the finding that learning at initial and intermediate levels can be faster
under easy conditions than under difficult conditions; performance immediately after learning
will tend to be better for students who learned under easy conditions than under difficult
conditions. However, when testing is after a delay or in a slightly changed situation, it is often
found that performance is better for trainees who learned under difficult than under easy
conditions. In fact, introducing desirable sources of difficulty or interference during training has
been shown to be an effective way to promote retention and transfer (Healy, 2007).

The fading notion also does not accord with what is known about expertise: The achievement of
high proficiency entails increasing the task difficulty, not decreasing it. Thus, a simple fading
hypothesis is bound to be incomplete.

What might be generalized is a notion of guidance changing, not guidance fading: What
“counts” for difficulty, and a desirable difficulty, differs from early versus more advanced
learners. Sometimes withholding information or assistance can lead to defeat and sometimes it
involves a desirable difficulty that helps the learner advance to higher levels of capacity. The
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"Assistance Dilemma" is for the researcher or instructional designer to determine what is optimal
for a given learning domain (Koedinger, et al., 2008).

Long-standing notions like zone of proximal development
(Vygotsky, 1978)... or model-scaffold-fade (Collins, Brown, &
Newman, 1990) suggest that instructional assistance should be
greater for beginning learners and be reduced as student
competence increases. Such long-standing notions and the more
recent extensive experimental research on cognitive load, desirable
difficulties, etc. might lead one to wonder “what’s the dilemma?”
Just give novices more assistance and fade it away as they become
more expert. However, current theory does not predict how much
assistance to initially provide nor when and how fast to fade it
(Koedinger, et al., 2008, p. 2156).

2.3.3 Feedback

Research shows that giving and withholding of assistance or feedback have both costs and
benefits. Sometimes instructional assistance can be a crutch that does not substantively advance
the learner's capabilities, sometimes it can be a scaffold that does. At the most general level,
training should balance giving and withholding information or assistance to achieve optimal
student learning. Key research results and generalizations concerning feedback have been
presented in many reports and reviews (e.g., (e.g., Marton & Sélj6, 1976). Some were mentioned
above in the discussion of Desirable Difficulties.

In the literature on the learning of simple tasks, it was sometimes assumed that feedback is best
when provided close in time to performance, but this is not necessarily the case at all. While
immediate feedback may improve performance in the near-term, it can also have the opposite
effect on long-term performance. When learning a skill that is knowledge or reasoning-intensive,
the learner benefits from having the time to think back on poor performance and cogitate on what
was done right, what was done wrong, and what might be done differently in the future.
Immediate outcome feedback can prevent such post-task cogitation and thus not contribute to
accelerated proficiency or the improvement of metacognitive skills (thinking about one's own
reasoning strategies).

While feedback is able to guide the learner toward the correct behavior, it can also inhibit
performance in the long run in other ways (Schmidt, 1991). If feedback is too frequent, it blocks
important information processing activities. Furthermore, if there is too much feedback, it
becomes part of the task itself, and no longer serves the function of reflection and organization of
information.

It should be noted in this context that the importance of feedback links in a significant way to
what is known about high proficiency (i.e., expertise.) Over the past two decades, the field of
Expertise Studies has revealed a significant difference between two kinds of domains. In Type 1
domains it is relatively easy to define expertise and find true experts. Examples are sports,
medicine, and weather forecasting. In Type 2 domains, it is not easy to define expert
performance. Examples are jurisprudence, economics, and psychotherapy. Type 2 domains are
ones in which the principal task goals involve predicting individual or aggregate human behavior
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(Shanteau, 1992), but they are also domains in which feedback is minimal to non-existent, or is
often significantly delayed. Domain-dependence is a very important consideration for any
training program aimed at accelerating the achievement of proficiency.

Types of Feedback

Most learning researchers and theorists have discussed the importance of feedback and many
have highlighted the significant difference between outcome feedback and process feedback. The
latter informs the learning of such performance aspects as correctness or accuracy and the latter
provides information and the learner's process and what might have been good or not good about
it. Both forms of feedback can be valuable to learners. For example, error analysis and
correction, as a form of feedback training, is exemplified by After Action Reviews (Hunt, 2009).
It is critical to recognize that feedback can be, and typically has to be, a mixture of types and
delivery strategies: immediate vs. delayed, outcome vs. process.

Corrective Feedback

Studies of diverse domains of expertise reveal a great variability between domains (and
specializations within domains) in the extent to which workers receive any feedback, let alone
timely, high-quality feedback (e.g., Salas, Nichols, & Driskell, 2007). In some cases, the inherent
nature of the domain makes it impossible for the practitioner to receive timely feedback (e.g.,
long-term weather forecasting, intelligence analysis for policy projection). This may be one
reason why it can take a decade or more for an individual to achieve expertise.

Experts learn more from their mistakes than from what they get right. It has been said that
apprentices make the same mistake twice, journeyman make the same mistake once and experts
work until they never make mistakes. While this is a point well taken, domain specialists who are
intrinsically motivated often seek out corrective feedback that allows them to perceive their
errors (Sonnentag, 2000). The more highly experienced and motivated domain practitioners seek
feedback from coworkers. When everything works the way it is supposed to, one is less likely to
receive feedback about what did not work or what might have been done better. As such, experts
seek out corrective feedback, feedback pointing out targets for improvement. Cognitive
Flexibility/Transformation Theory suggests that feedback should help the learner transcend the
inclination to invoke a knowledge shield (i.e., rationalize away a misunderstanding), and un-
learn concepts or notions that incorrectly simplify their understanding of the domain.

Continuous Feedback

It is possible for feedback to be continuous. That is, the learning environment provides continual
displays of performance indicators. This is called “dynamic assessment.” Continuous feedback
and monitoring as learners encounter increasingly complex problems, can accelerated the
achievement of proficiency in certain tasks (Pellegrino et al., 2001; Frederiksen, 1990; Lajoie &
Lesgold, 1992). Feedback also allows for more active self-monitoring and self-assessment,
which can enhance the development of proficiency (Lajoie, 2003; Bransford & Schwartz, 1999;
White, Shimoda, & Frederiksen, 2000).

Educational psychologist John Bransford (2009) introduced the notion of “transfer-appropriate
processing” in cognitive science (Barclay, et al., 1974; Bransford & Franks, 1976; Bransford et
al., 1979). In his recent studies of classroom learning he has focused on expertise at teaching at
primary and secondary school levels. Bransford and Schwartz (2009) speculate that the best
conditions for the development of expertise are those that afford bi-directional feedback between
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teachers and learners—where the teacher learns from the students and the students learn from the
teachers. They advocate the use of simulations, to reinforce they ability to apply knowledge.
They refer to "Top Gun" kinds of training programs as ones that seem to provide such
bidirectional feedback and are successful—representative, measurable tasks with record of
performance and guided feedback. Lack of feedback is argued the reason that many professionals
in some domains (e.g., clinical psychologists) seem not to improve. Bransford and Schwartz also
address the problem of "inert knowledge,” learners not being able to apply what they have
"learned."” He sites some forms of learning that are addressed to this problem, for example
Problem-Based Learning.

Debriefing as a Form of Feedback

The comparison of training in the military with issues in sports is interesting for two reasons.
One is the overall similarity of training approaches and the second is the possibility of adapting
training methods used on athletics over into military arenas (Fiore, Hoffman & Salas, 2008).

In competitive sports it is standard practice for athletes to closely monitor and tabulate
performance and to engage in preparatory behaviors in service of improvement and reflective
behaviors in service of diagnosing good and poor performance. One practice method that is
associated with this in sports is the technique of studying “game tapes.” Teams spends hours
analyzing their opponent (i.e., the team for which they are preparing) as well as hours discussing
and reviewing tapes of their actual play against that team. This, of course, bears similarity to the
military’s use of the brief-debrief cycle in which teams engage in reflexive activity and
systematic integration of preparation, execution, and reflection (see Fiore, Johnston, & Van
Duyne, 2004; Vashdi, Bamberger, Erez, &Weiss-Meilik, 2007).

Preparation involves pre-task activities such as planning through the use of techniques such as
briefing visualizations or the use of technologies such as mobile learning devices (see Metcalf,
2006), where initial expectations are created in anticipation of the interaction. Reflection
includes post-task rumination on performance (e.g., debriefing), where task feedback can be
administered to individuals and/or groups via after-action review technologies (see Fiore,
Johnston, & McDaniel, 2005).

All branches of the military, and organizations within the branches, have detailed protocols for
mission debriefing intended to result in “lessons learned” (and not just conduct root cause
analysis of critical incidents) (e.g., Hernandez, 2000). In U.S. Air Force training using
debriefings there is a set structure to debriefs (Brown, 2006). An example is the five phases of an
F-16 debriefing for a "flight lead": (1) gathering data, (2) an "administrative phase" in which the
flight lead covers issues not main to the mission, (3) reconstruction of the mission, (4) analysis of
"why questions,” and (5) generation of lessons learned. The main motivation appears to be
increased efficiency and accuracy in the conduct of debriefing amidst the fog of war and making
the debriefing fast and accurate (Hernandez, 2000). It is not clear how this might contribute to
making debriefing a learning experience, or might detract from it.

Brown (2006) has presented recommendations that would likely make debriefs more of a
learning experience. This paper proposes a detailed, standardized procedure for conducting
debriefings, focusing on Debrief Focal Points (DFP). It is prompted by the perception that
current debriefs can be improved. In that regard, the author notes common shortfalls including:
The Debrief Focus Points method is intended to prevent inaccuracies in mission reconstruction,
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and focus on the determination of “contributing factors” and root causes, and use those—in the
debriefing itself—to generate instructional fixes.

Debriefing can rely on Instrumented Debriefing Systems (IDSs), which use mocks of aircraft
instrumentation to aid the pilot in the debriefing process. This idea emerged in the 1970s and has
been used for debriefs of large-scale exercises as well as debriefs for individual pilot mission
debriefs. Despite the growing fidelity and availability of IDSs, most syllabi across the combat air
forces require students to reconstruct missions by drawing. Greater reliance on IDS is
recommended (Gaetke, 2009), to facilitate mission reconstruction rather than forcing the pilot to
get “lost in the weeds” trying to correctly draw mission sub events (e.g., a turn radius based on
the fact the fighter was 16° nose low?) and also to make the debriefing more of a
learning/training experience.

In conclusion, there is variety to debriefing methods and debriefing goals, and not all of these
can or should be changed or standardized since they are formed, in part, by the urgencies and
exigencies of combat situations. That being said, there are suggestions for changes in debriefing
procedures that might make debriefings more of a learning/training experience. Generally, these
involve structured methods for scaffolding the process of retrospection and reconstruction.

2.3.4 Desirable Difficulties

Psychologist Robert Bjork (1994, 1999, 2001, 2009: Bjork & Allen, 1970) has emphasized a
number of useful generalizations from academic research:

» What counts as an appropriate instructional method depends on whether the learning is
initial learning or is advanced and longer-term.

» Learning benefits from errors with good feedback.

» Cases or problems that make initial learning difficult (e.g., learning a sequence in mixed
parts, rather than just sequentially), can aid long-term learning and higher order learning,
such as transfer. Bjork calls these "desirable difficulties.”

Examples include:

The finding that methods that lead to good immediate reproductive memory (such as massed
practice) may not be well suited to longer-term retention, or transfer.

The finding that making task performance harder during instruction by delaying feedback can
lead to better long-term retention (see Schmidt and Bjork, 1992).

The finding that worked examples make performance easier during initial instruction, and greater
variability in example content makes performance harder during early instruction. But
variability-based early instruction also contributes to better learning later on (Paas & Van
Merrienboer 1994).

The notion of “desirable difficulty” resonates with the method called Problem-based Learning
(see Boshuizen, 2009).

The ideas about “desirable difficulties” resonate with what is known about high proficiency, in
particular the implications for training and mentoring that derive from the Cognitive
Flexibility/Transformation Theory (see Section 4.3.1).
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While the concept of desirable difficulties has surface validity, and is a concept upon which this
Report relies, it is not clear how to operationalize the definition of desirable difficulty and
distinguish desirable from undesirable difficulty. It is a certainty that what constitutes a desirable
difficulty is dependent on context and upon the trainee's level of proficiency. "Training for
complex tasks is itself a complex task, and most principles for good instruction are contextual,
not universal" (Reigeluth, personal communication).

2.3.5 Mentoring

The English word "learn” comes from words meaning to lead, in the literal sense of a track or rut
caused by a wheel. This explains the origins of idioms such as to get off track, or in the extreme,
as in delerium (de <down> -laeria <track>). From its origins describing wheel tracks, laern
evolved in Romance languages to denote the process in which one person leads another: the
teacher and student relationship. In Old High German OLD High German, learn meant not the
process in which one person remembers information. Rather, it is a two-person relation meaning
to cause understanding.

In any given operational work environment, whether in the private sector or the military, there
will be individuals who span the proficiency continuum, including trainees (apprentices),
journeymen, and experts. Workers at all levels are generally accountable for one another’s
actions. Often this takes the form of mentoring, which can be done informally or out of intrinsic
motivation, or can be a formal organizational process and requirement (see Hoffman, et al.,
2002). Workers devise coordinated solutions that mix expert and trainee contributions (Lajoie,
2003).

It is widely recognized that mentoring is important in organizational learning (e.g., Ford, 2000).
Workforce trends are raising the stakes with regard to on-the-job training and mentoring.
Increasing complexity, pace of change, pace of decision making, and increasing worker mobility,
all entail fewer opportunities for mentoring (Be