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ABSTRACT: A key factor in effective leadership is a high degree of metacognition, or awareness of the processes of 
one's own thinking and the factors and conditions that influence it. This understanding of cognitive filters is critical in 
rapidly internalizing and effectively achieving and using situation awareness. This paper presents historical 
anecdotes supporting this assertion. It then goes on to describe Human-In-The- Loop (HITL) experiences at the Joint 
Forces Command's Joint Concept Development and Experimentation Directorate. It discusses the insights from these 
experiments, analyzes the metacognitive schema in which the participants are immersed, presents the design of an 
instrument to investigate those issues, and analyzes preliminary data. This work is compared to other leadership 
training, both within and outside of the DoD. The authors review the literature supporting the impact of 
metacognition on leadership and survey previous efforts to incorporate this approach into formal and informal 
educational settings. This analysis includes a critical review of efficacy of these approaches and considers the future 
of such programmatic implementations. The authors' experience with live leadership training and with leadership 
growth during large-scale battlefield simulation experiments is set forth, compared and characterized to help 
explicate the issues and the opportunities. They relate successes in the intentional development of metacognitive 
strategies in developing leaders, and demonstrate how the HITL experience is especially effective in this process. The 
DoD trainer will be provided with both the theoretical underpinnings of this discipline and a pragmatic series of 
questions that can be posed when evaluating their own situation and needs. The paper concludes with a supportable 
view of the future requirements and desirable goals of the DoD for continued research into this area of vital interest. 
 
 
1. Introduction 
 
This paper advances the postulate that one of the more 
critical factors in effective command is the 
commanders’ metacognition, i.e. their ability to assess, 

control and implement their own thought processes in 
order to make the optimal decisions in the midst of 
high-stress situations.  Further, the authors’ experience 
with Forces Modeling and Simulation at the Joint 
Forces Command will be set forth as an exemplar of 
the kind of environment that may best facilitate this 



metacognitive development in a non-combat setting, 
with the appropriate aids to better inculcate the insights 
gained by the participants. 
 
1.1. Working Definition of Metacognition 
 
Defined in a phrase, “thinking about how one thinks,” 
metacognition may be one of the most human 
attributes. It is a relatively new term, first propounded 
by Flavell in 1976.   He said that metacognition refers 
to knowledge and cognition about cognitive 
phenomena and broke that down further into subsets of 
metacognitive knowledge and experience. [1]  In this 
paper we will concentrate on relating the warfighters 
metacognitive experience and how that does and could 
impact their metacognitive knowledge, and therefore, 
their ability to command.   
 
1.2. Paper Outline 
 
This paper will begin by discussing the ways in which 
metacognition relates to the warfighter, both 
historically, currently and a defensible view of how it 
will be important in the future.  After that, the current 
state of the art in military simulation will be briefly 
surveyed, especially in the light on the metacognitive 
imperatives set up in the earlier section.  Then a closer 
look at the theory of metacognition will be advanced, 
with the underlying issues identified.  How this is 
being effectively implemented in educational settings 
will provide a practical view of the discipline.  The last 
analytical section will be discussing the enabling 
technology and how it could be efficaciously applied to 
metacognitive improvement in U.S. warfighters will be 
set forth. 
 
2. Metacognition and the Warfighter 
 
2.1. Quick history of the analysis of leadership 
 
Surely, since there was conflict, there have been those 
who have made it a practice to analyze the leaders and 
the choices they have made.  Some of these scribes 
were ostensibly driven by the need to glorify their 
patrons, some ostensibly driven by a self aggrandizing 
need to denigrate their leaders and a few driven by the 
higher calling of ethnographically recording what 
happened, with as little of a personal filter as possible.    
 
Whether it be the characters Fluellen and Gower [2] in 
Shakespeare’s Henry the Fifth, or the multitude of 
standers-by in subsequent wars, some of the analysis is 
more craven than creative.  Some of it is of good 
intention by men of great analytical prowess and a 
sincere desire advance the cause of their nation and 

minimize bloodshed of their countrymen, e.g. 
Clausewitz [3], Mahan [4], Hart [5], and Scales. [6]  
 
2.2. Changing roles of military command 
 
While perhaps the basic qualities of excellent 
command have not changed: courage, commitment, 
concern for troops,   physical stamina and charisma, the 
natural evolution of warfare has given new roles to 
many of this nation’s warfighters.  The locus of control 
has flowed from the front line of Alexander’s hoplites 
to the headquarters of World War II.  Some even say it 
has flowed to the halls of Washington during the 
Vietnam war.   
 
Now it has changed again.  It is rapidly flowing down 
the lowest troop levels in the Gulf Wars.  Low ranking 
officers and senior NCOs are making decisions that 
would have been unheard of in Wellington’s and 
Napoleon’s day.  This means being a junior officer has 
gone from being a baptism of fire to having to make 
decision of national importance and diplomatic 
sophistication.  
 
2.3. Examples of leadership styles 
 
In considering the impact that self awareness may have 
on command, it may be useful to set the context by 
refreshing the memory as to the variable styles of 
leadership in some well known commanders.  The 
readers are invited to refer to their own study of history 
and their own personal experience to validate and 
expand on the following examples.  In his highly 
regarded work on command. [7] the British military 
historian and theorist John Keegan notes that there are 
two common areas of study usually followed in 
analyzing military leadership: traits and behaviors.  He 
then goes on the debunk those as being too driven by 
societal variables and too amenable to analytic bias.   
 
The authors of this paper take no position as to what 
the optimal style of leadership is.  They do note that 
history is replete with examples of leaders who are 
effective using wildly differing styles.  Eschewing the 
temptation to delve into ancient history, some 
examples are offered from U.S History alone.   
 
To begin at the beginning, one might want to look at 
the patrician style of George Washington and who 
could help but marvel at the way his leadership kept 
the Continental Army, as well as the nascent nation, 
together. [8]   This contrasted dramatically from the 
more “rough and tumble” style of another 
Revolutionary War soldier who would later make his 
mark as a General: Andrew Jackson. [9]  Both were 



noted to have reflected on their own capabilities and 
drives. 
 
Shelby Foote remarks at length on the wide disparity of 
the styles of two of the U.S. Civil War’s most 
successful Generals, U.S. Grant and Nathan Bedford 
Forrest.  With disparate backgrounds and dissimilar 
personalities, both forged effective forces that waged 
remarkable campaigns in mid-19th Century America.. 
Grant’s methodical doggedness undoubtedly won the 
war, but Forrest’s dash and élan made the most of his 
limited resources. [10]  Both Grant and Forrest would 
go on to other pursuits and both are recorded and being 
introspective and self-critical. 
 
In World War II, two of the most opposite personalities 
led the U.S. Forces in Europe: George S. Patton and 
Omar N. Bradley. [11]  One quiet and unassuming; the 
other brash and imperious, they both achieved 
remarkable successes with basically the same material.  
Both men were reported to often reflect on their own 
thought processes.  Patton was poignantly aware of his 
own self-destructive behaviors and Bradley retreated 
into calculus exercises to ease his own tortured 
thoughts. 
 
 
2.4. Impact of leadership on  military outcomes 
 
From ancient Asian military theorists [12] to 19th 
Century Novelists [13],  philosophers have pondered 
the question as to the verifiable impact that leaders 
have on the outcomes of battles.  Sun Tzu’s very self-
confident and self-assured view that he was driving 
outcomes contrasts sharply with Tolstoy’s view that the 
Generals matter not, what counts is whether the man in 
the font takes up the flag and says “Follow me” or 
throws down his weapon and says “Flee. We are lost.”. 
 
Some more rigorous approach has been attempted.  In a 
study by the Canadian military, it was determined that 
using Operations Research (OR) techniques, no 
command style was found to have any measurable 
effect.  Their research indicated that battle outcomes 
were driven by external factors, not internal drivers.  
[14]    
 
The authors do not take a position on this issue, but 
they feel it would be prudent for all metacognitively 
active leaders to come to grips with what the 
commanders can and should expect from their own 
efforts.  If Tolstoy and the Canadian study are closer to 
the truth, a reassessment might be in order for all those 
who command.  If history is supportive of the fact that 
leaders make virtually all of the difference, that the 
Greeks would never have gone all the way to India 

without Alexander, that the U.S. is here because 
Washington refused to let it die aborning, and that 
breaking out of the hedgerows of Normandy did 
require a Patton, then command capability is  key and 
metacognition is arguably important to commanders.  
 
 
3. HITL in Practice at JFCOM 
 
3.1. Short history of military simulations 
 
Even the bible has stories of early attempts to use non-
combat situations to train and assess personnel. [15]  
Chess has been used for entertainment, education, and 
training. War games became more sophisticated as 
more education, leisure time and technical capability 
became available. . In the 1600s, the first modern 
wargames appeared and over the next two centuries, 
complex wargames came into existence. These 
wargames were variations on board games that 
replaced the traditional chess pieces with playing 
boards that represented real terrain and playing pieces 
that accurately (to one degree or another) simulated 
current forces and their capabilities. These civilian 
wargames were often lacking in crucial elements of 
reality, as their authors often had minimal military 
experience and limited technology with which to 
simulate real combat. 
 
In the 1800s, members of the Prussian Army, 
developed the first detailed and realistic wargames, 
which were used for training, planning and testing 
military operations. The games were developed after 
careful study of actual military maneuvers and battles. 
The Germans were open about their new techniques, 
and most European armies quickly followed their lead.  
 
At the beginning of the 20th Century,  H. G. Wells 
wrote a book called “Little Wars.” [16]   Regarded 
today as a seminal text, it book described a somewhat 
simpler form of the wargames. He used tin soldiers to 
represent the military units, so it is another of the direct 
antecedents of contemporary wargames. 
 
The majority of the wargames available involved 
battles for the first half of the 20th Century. The 
planning for larger operations lacked gamming 
qualities but became a logistics exercise directed 
toward optimizing the placement of all the pieces so 
they could move at the right place and time, similar to 
running a large corporation. The Second World War 
would change all of that. 
 
The mid-century introduction of more scientific 
techniques was very much a new paradigm. The 
"gaming" that took place after World War II was more 



of a reliance on operations research (OR) and systems 
analysis than the study of history. The study of past 
military operations, and history in general, which had 
formed the basis of the earlier wargames, was very 
much relegated to lesser importance.  
 
3.2. Introduction of computers and FMS 
 
In the second half of the 20th Century, new efforts were 
initiated to implement battlefield simulation models. 
These included simulations of a wide range of Army, 
Navy, and Air Force models at different levels of 
resolution.  Other models were developed to describe 
support operations such as strategic and tactical 
mobility, resupply, and repair, again at several levels of 
detail.   
 
As was apparent, modeling became increasingly 
dependent upon digital computers. The emphasis was 
on models that required no human intervention. This 
was deemed especially important because not having a 
Human-In-The-Loop (HITL) heightened the ability of 
analysts to control and reproduce the results. 
Interactive simulation models were assumed to be 
passé.  
 
These simulations were largely based on mathematical 
formulations, e.g. descriptions of combat based on the 
Lanchester equations. Growing sophistication was 
injected by allowing for independent interactions 
between different types of weapons. [17]  
 
The venerable Distributed Interactive Simulation (DIS) 
communications standard was widely used to interface 
between various simulators, such as tanks and aircraft 
so they could participate in the same scenario. 
 
These simulations were often thought of as being one 
of the following: 

- Live 
- Virtual  
- Constructive. 

Their use was often seen as being: 
- Training 
- Analysis  
- Evaluation 

 
3.3. Popular culture and battlefield simulations 
 
As is not uncommon, when the military expends funds 
for necessary defense needs, the civilian population 
often takes direct advantage of such advances.  The 
case in point is America’s Army. [18]  It was originally 
conceived and implemented by a group led by Prof. 
Mike Zyda at the Naval Postgraduate School in 
Monterey California.  It was supposed to be a 

recruiting tool, but was mainly just an exercise in 
computer science for the students.  It turned out to be 
quite popular, not only among the potential recruits, 
but also with the active duty soldiers who played it and 
were observed as having sharpened their skills by 
doing so. (Figure 1) The Army was quick to recognize 
a good thing and took over the project and it remains a 
major effort: [19]  
 

 

Figure 1 Scene from America’s Army [20]  

 
3.4. HITL vs. Constructive 
The use of interactive or HITL computer training has 
the potential to provide many benefits.  Using 
constructive runs, i.e. letting the computer make all of 
the choices and letting the simulation run to 
completion, may have some simplicity that is 
attractive, but the loss of the engagement that 
interactivity brings is likely to be lost.  As an example, 
pilots might learn some things about flying a plane just 
from watching a computer simulated flight program 
run to completion, but they would certainly learn more 
if they have the ability to “fly the plane” in the 
simulation.  Metacognitive insights are almost surely 
going to be more meaningful if the trainees actively 
participate in the events of the scenario.  
 
3.5. JFCOM’s history and roles 
 
USJFCOM J9 assigned task is to develop innovative 
joint concepts and capabilities providing 
experimentally proven solutions to the problems facing 
the U.S. Forces. They seek operationally relevant 
solutions to be delivered to support current operations 
and drive changes for future joint forces.  
 
This mission is based on strategic guidance within the 
context of the Joint Operating Environment (JOE) [21]  
and Capstone Concept for Joint Operations. (CCJO) 
[22]  These are the conceptual blueprints for how the 



U.S. Armed Forces will leverage technological 
advances and integrate new operational concepts to 
foster innovative military approaches for how our 
forces will conduct future operations. As USJFCOM’s 
experimentation arm, the Joint Concept Development 
and Experimentation Directorate (JCD&E) has for the 
last decade engaged the authors to help them produce a 
series of major simulation events and experiments in 
which warfighters in uniform are staffing the consoles 
during interactive simulations.  
 
In order to simulate the complexities of urban warfare, 
JCD&E has relied on well-validated entity-level 
simulations, e.g. Joint Semi-Automated Forces (JSAF) 
and the Simulation of the Location and Attack of 
Mobile Enemy Missiles (SLAMEM). These need to be 
run at a scale (millions of autonomous entities) and 
resolution (zoomable from global to near photo-
realistic street views) adequate in order to engage 
participants fully and sustain combat realism impact. 
Some of the growing need for realism is driven by the 
heightened expectations of current service personnel 
who grew up playing photo-realistic games. 
 
In order to meet these goals, USJFCOM required the 
dedicated use of an enhanced Linux cluster of adequate 
size, power, and configuration to support simulations 
of more than 2,000,000 entities within high-resolution 
insets on a global-scale terrain database.  If required, 
this facility can be used to interact with live exercises, 
but more typically it is engaged interactively to present 
users and experimenters with virtual or constructive 
simulations. [23], 2005) This technology has proven to 
be robust and to reliably support hundreds of personnel 
committed to the experiments. It has been scalable 
enough to easily handle activities both small and large. 
These experiments have been used to assess the value 
of new sensors, tactics and equipment in an 
environment that allows Humans-In-The-Loop. This 
capability deepens the analyses by engaging the 
warfighters themselves and monitoring their reactions. 
 
3.6. Computers and programs at JFCOM 
 
To enable USJFCOM to meet its goals, a JCD&E team 
designed and developed a scalable simulation code that 
has been shown capable of modeling more than 
1,000,000 entities. This effort is known as the Joint 
Experimentation on Scalable Parallel Processors 
(JESPP) project. [24]  This work was begun under an 
earlier DARPA/HPCMP project named SF Express. 
[25] The early JESPP experiments on the University of 
Southern California Linux cluster showed that the code 
was scalable well beyond the 1,000,000 entities 
actually simulated, given the availability of enough 
nodes. [26]  

 
Early on in the JESPP Project, JSAF, in its current 
instantiation, was successfully fielded and operated 
using USJFCOM’s HPCMP-provided compute assets 
hosted at Aeronautical Systems Center (ASC) Major 
Shared Resource Center (MSRC), Wright Patterson 
AFB, and at the Maui High Performance Computing 
Center (MHPCC) in Hawai’i. The JCD&E team had 
been able to make those dedicated systems suitable and 
reliable for day-to-day use, both unclassified and 
classified. This prevented the disruption of HPCMP 
batch-scheduled jobs at the Major Shared Resource 
Centers (MSRCs). The dedicated compute power 
provided additionally allows for the easy identification, 
collection, and analysis of the voluminous data from 
these experiments, enabled by the work of Dr. Ke-Thia 
Yao and his team. [27]   
 
USJFCOM personnel in Suffolk Virginia worked with 
a “Red Team” in Fort Belvoir Virginia, a civilian 
control group at SPAWAR San Diego, California, 
participants at Fort Knox Kentucky and Fort 
Leavenworth Kansas, all supported by the clusters on 
Maui and in Ohio. (Figure 2)   In some events, up to 
1,500 military personnel were interacting with the 
realistic simulation and with each other, even though 
distributed across the country. The level of 
involvement was witnessed by the authors when they 
saw a fist fight narrowly avoided as Red Team and 
Blue Team members discussed the event post hoc. 
 

 

Figure 2. USJFCOM’s Experimentation Network 

 
Even using these powerful computers, the USJFCOM 
experimenters were constrained in a number of 
dimensions, e.g. number of entities, sophistication of 
behaviors, realism of various environmental 
phenomenology, etc. While the scalability of the code 
would have made the use of larger clusters feasible, a 
more effective, efficient, economical and elegant 
solution was sought. The end of the Moore’s Law 
speed and power improvements decreed that eventually 
USJFCOM would need to seek new ways to deliver 
their services to increasingly sophisticated users with 
increasingly complex and geographically diverse 
conflict environments. One approach is the use of more 



powerful clusters, especially a GPU-enhanced cluster 
like Joshua. 
 
3.7. Current environment 
 
The ability of the U.S. defense establishment to 
conduct large-scale and interactive simulations is 
growing daily, both in systems available and in the 
burgeoning libraries of more and more sophisticated 
FMS programs.  The cutting edge today is the 
incorporation of increasingly valid human behaviors 
that would more than satisfy the Turing Test. [28]  
 
 
4. Current Research and Practice in 

Metacognition 
 
Metacognition is our ability to know what we do and 
do not know, or to identify how and why we think the 
way we do. [29]  Metacognition can be broken down 
into subcomponents such as metamemory, 
metacomprehension, etc. Also, metacognition is best 
observed when cognition breaks down, an event for 
which  HITL design presents an opportunity to 
identify, capture, analyze and respond.  
 
“Metacognition is the process of self-assessment and 
self-correction. It includes evaluating progress, 
correcting errors, and implementing and perhaps 
changing learning strategies. More specifically, 
metacognition consists of three basic elements:  

1. Developing a plan of action,  
2. Maintaining and monitoring the plan, and  
3. Evaluating the plan.” [30]  

 
This schema dovetails with the implied purposes and 
benefits of HITL training, and could be even more 
greatly enhanced by including explicitly metacognitive 
tasks and assessments.  
 
Components of metacognition include: 

1. Metamemory,  
2. Metacomprehension 
3. Self-regulation  
4. Schema training 

 
Current research suggests that metacognitive structures 
are more effective when the learner designs them 
inductively than when imposed by the instructor. They 
must be fluid or natural enough so as not to interfere 
with the learning of the content itself. [31]  The learner 
is then more likely to integrate the metacognitive 
approach into their understanding of the domain 
content. Design of learning environments ideally would 
allow for the learners to use inductive rather than 

predetermined design for at least some of their 
experiences. 
 
The assessment design in a learning environment or 
feedback loop must also encompass the metacognitive 
layer of the learning experience. [32] Self-awareness 
and general processes of intelligence regulate the 
learning of domain-specific knowledge; therefore 
sound assessment and learning tools must incorporate 
indicators of both. [33]   Even the ETS, the Educational 
Testing Service, the corporation responsible for 
developing and administering the GRE and the 
CAHSEE, has a special unit to conduct research into 
“new constructs” including metacognition, signaling its 
significance in the understanding of learning and 
assessment. 
 
In addition, problem-based learning environments may 
enhance metacognitive skill-building compared to 
conventional learning environments. [34]  Learners in 
problem-based environments showed higher 
proficiency in knowing and applying domain-specific 
knowledge, and also in constructing knowledge and 
drawing sound conclusions. A problem-based 
environment presents the learner with concrete, 
complex, real-world problems or directly engages the 
learner in the problem, such as is that case in HITL 
environments. 
 
Metacognitive development  is valuable in that it can 
be “leveraged” across contexts or disciplines, even in 
mature learners. Adults can be seen as “intelligent 
novices” and can still develop new metacognitive 
strategies that can then be transferred across specific 
domains to increase speed of learning in new domains. 
[35]  
 
In practice, educators, programmers and managers in 
business, military and education are increasing the use 
of metacognitive concepts and metacognitive tools, 
frequently in instruction, curriculum and game design. 
One of the authors, (L. Davis) has significant 
experience in designing environments and curriculum 
to enhance the metacognitive development of youth.  
 
Her case studies have been focused on youth between 
the ages of 10 and 17 and have provided easy access to 
a safe, culturally relevant setting in which they receive 
guidance for using metacognitive tactics to impact their 
own decision-making. It has been observed that the 
quantity of “possible outcomes” of decisions generated 
during the students’ analysis increases, usually leading 
to a re-evaluation of their thinking and motivation 
before making a decision. As young people they are 
increasingly acting of their own accord, away from 
adult supervision. They report that their experience in 



“practice” – role playing possible scenarios and 
decisions they may face, all with a metacognitive 
emphasis, directly impacts their decision-making 
ability under emotional or high-stakes circumstances.  
 
Furthermore, when they construct their own 
metacognitive analysis tools rather than following 
prescribed “steps,” the effectiveness and creativity of 
their solutions increased consistently. Recently, one 
group of teens was presented with a task of writing a 
proposal to solve a problem in their own community. 
Once they identified a salient problem (in this case, 
reducing the number of kids and teens who 
experienced collisions with cars while riding their 
bikes in the city), they were asked to propose a change 
the city could make that would reduce the problem. 
The teens had no suggestions to offer, even when 
prompted that they might talk to a city councilperson, a 
conventional, top-down type solution.  
 
However, after participating in an analysis of other 
leaders’ local projects, they developed an ontology for 
the qualities, actions and thoughts that they had 
observed in those leaders, and developed a set of 
criteria for the evaluating the quality of their own 
project.  They focused on whether it served the purpose 
of the project rather than the purpose of the individual 
in the group (e.g. earning credibility from other 

students).  The students designed a solution that was 
significantly more creative, authentic to the purpose 
and executable. When asked what catalyzed their idea 
formation, the students mentioned “making a process” 
or “trying to figure out how someone thinks and what 
would influence them” or “being able to zoom out and 
see if we were doing a good job and if it would work.”  
 
The students then transferred their “guiding questions” 
to a new problem in a different domain (analyzing a 
decision they made that affected their grade point 
average). The role of metacognition and support for the 
individuals’ unique metacognitive processes played an 
important role in the level of insight, communication, 
collaboration and task performance. 
 
The military leaders could and should be able to 
improve upon their own performance in critical 
situations if they were more aware of and open to 
analyses of their own thought processes.  They would 
engage upon a cycle of making decisions, monitoring 
the reasons and methods for doing so, using that feed-
back to assess the results, and thereby generating a 
motivating concept for new action and better processes.  
This would take the form of a continuous loop as was 
suggested by Pierce. (Figure 3) [36]  
 
 

 
 

 
 

Figure 3 Metacognition flow diagram 
after Pierce 

 
  



5. HITL Provides Opportunity to Enable 
Metacognitive Training  

 
Computer generated Human in the Loop simulation 
environments provide a number of critical components 
that can help make metacognitive processes and 
impacts more accessible. Therefore they are a 
potentially rich method for developing meta-cognition 
during leadership training. The components include: 

 
1. HITL design allows for the ability to adjust pace, 

content, context, and risk level. Learner 
engagement, performance and evaluation of 
method effectiveness increases as perceived risk 
level decreases. 

2. Guidelines for design of effective learning 
environments suggest that they should provide 
explicit experience and analysis of  both mental 
and self-management processes. Also, they 
should be sensitive to the individual learner and 
actual field application, and culturally relevant. 
[37][38] 

3. In a military context, one of the most desirable 
features is the obvious ability to engage trainees 
in realistic scenarios to allow them to learn to 
recognize and analyze their own thought 
processes without the loss of life, other 
casualties, material and energy.   

4. Computer HITL simulations offer virtually unique 
opportunities for providing data to the trainee 
and to the mentor/analyst,  both in real time, and 
in after action reporting of trainee reactions, 
behaviors, and likely impacts on know combat 
situations. 

 
The sections below further explicate some of these 
issues. 
 
5.1. Need immediate feedback 
 
One of the issues that comes out of the work by SLA 
Marshall, [39] is the one of the change in perception of 
personnel who have engaged in combat.  He found that 
there were significant differences in the way combat 
was remembered among the participants, increasing as 
time passed.  The computer give the ability to calculate 
and recognize the behavior of the trainee and that 
behavior’s impact on the simulated scenario.  Also, it is 
unbiased, but records and reports “ground truth” 
without any “personal” agenda. 
 
The computer can be set to “alarm the trainee or the 
staff about issues that can be defined as critical in the 
first place. This will then give training that has 
immediate reinforcement, one of B.F. Skinner’s 

insights and central findings: immediate reinforcement 
makes for faster and more durable learning. [40]  
 
5.2. Need ability to “pause” for reflection 
 
The computer also has an ability that is not found in 
combat and is only partially found in live training 
exercises: the ability to pause the scenario and let the 
analysts, mentors and trainees contemplate on what is 
happening.  This seems like an obvious boon to 
metacognitive training, as the trainees would be able to 
pause in midstream and take stock of their own mental 
state.  That seems intuitively more likely to be valid 
than trying to recover emotions, stresses and 
physiological state impressions after the scenario is 
over. 
 
5.3. Need logging and display for later analysis 
 
A third issue of consequence is the topical and orderly 
archiving of simulation and trainee behavior data for 
later and more profound analysis.  The Computer can 
unerringly log and record all actions.  Further it can 
assist in analyzing data by looking for pre-defined 
patters or using known data-mining techniques to look 
for unexpected patterns or anomalies. Newly perfected 
data management techniques allow this all to be done 
without amassing the data on a central server and 
allowing users and analysts to access the data from any 
where they can get network connectivity.  The data can 
also be used to do evaluation of comparative behaviors 
of multiple trainees and to create visualization tools to 
help users make optimal use of the data. 
 
5.4. Need dialog as to better tools 
 
This all helps define and refine the needs the 
simulation community and the pedagogical community 
have for tools to best aid the young leaders to 
understand their own cognitive processes. Many tools 
will emerge, after the computer-aided, HITL 
simulations highlight the needs.  Creation of common 
meta-language for learning environment/engagement 
environment will undoubtedly help reframe situations 
in way that allows new insights about possible actions. 
 
 
6. Summary and Conclusions 
 
6.1. Summary 
 
The authors have reviewed military leadership analyses 
and training histories.  They have surveyed the concept 
of metacognition., the use of HITL simulations at 
USJFCOM, current research in metacognition, how 



HITL simulations might enable better metacognition 
training and current practice in metacognition training.  
They have adduced evidence from their own 
experience and cited the work of others.  They have 
presented areas for further study.   
 
6.2. Conclusions 
 
Computer aided training featuring HITL interactivity 
holds the promise of improving a number of training 
processes.  JFCOM’s simulations have demonstrated 
some of these capabilities.  Meta-cognition is a critical 
new field of study that should be of interest to the 
military command structure.  HITL training shows 
some really unique capabilities that should be of use in 
this field. 
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