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Neuroscience Education 
as a Force Multiplier

To think about the future usefully, we must describe change in 
a rigorous and credible way. Concurrently, we must creatively 
account for the unexpected by stepping outside the assumptions and 
certainties that anchor us today.

     — Vice Admiral Kevin D. Scott

Ever-increasing lethality and superior technology epitomize the American way of war. 
However, despite continued investments in technological innovations, military equipment 
alone has rarely sufficed to ensure victory.1 Indeed, war is an affair with humans, not 

hardware. Until recently, widespread efforts to shape cognitive development in servicemembers 
remained a fringe issue. After more than a decade at war, acceptance of cognitive training is rising 
but is mostly limited to resilience-focused programs, such as Comprehensive Soldier/Airman Fitness 
and Defender’s Edge.

Resilience is a complex, multi-dimensional construct through which individuals cope, withstand, 
recover, and grow in the face of stressors and changing demands.2 Contemporary resilience programs 
integrate cross-functional education activities and programs such as mental and physical wellness; 
social activities; family, peer, and mentor support; and spiritual health.3 As enterprise-directed 
endeavors, military resilience programs offer a broad array of training and tools to provide something 
for everyone. However, blanket approaches to cognitive training overlook important age-related 
differences and fail to directly enhance duty performance. Reliance on young adults—ages 17 to 
25—to execute decentralized operations on the future battlefield should spur leaders to understand, 
tailor, and apply neuroscience research today.

The Joint Chiefs of Staff’s Joint Operating Environment 2035, the U.S. Air Force’s Future 
Operating Concept, and the U.S. Army’s Win in a Complex World forecast future operating 
environments of unprecedented complexity, making agile and adaptive decision-making and 
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...performance and operational 
risk stem from the brain’s 
natural maturation and 
survival-based responses...

measured motor responses as critical frontline 
traits.4 These environments require bold 
innovation in the human cognitive domain to 
ensure individual, leader, and team readiness. 
Service, branch, and unit leaders should begin 
incorporating tailored neuroscience research 
and education into unit training programs to 
enhance operational frameworks and improve 
young-adult reflexive performance in judgment-
dependent situations.

This article examines the relationships 
between young-adult brain development, 
operational responsibilities, and current and 
future operating environments. It briefly 
discusses foundational neuroscience education 
concepts with an emphasis on the neuroanatomy 
and physiological responses commonly exhibited 
by military-aged young adults. This article 
explores five core questions to help leaders 
understand how neuroscience education can aid 
in developing the performance of young adults 
in high-threat situations:

1. What living and moral forces shape 
how leaders train young adults? 

2. What are relevant neuroanatomical 
fundamentals? 

3. How does neuroanatomy influence 
physiological response? 

4. What are the key neuroscience 
education takeaways? 

5. How can leaders apply 
neuroscience education?

Living and Moral Forces 
Shaping Future Training

Leaders should study brain function to 
develop awareness—in themselves and their 
subordinates—regarding how neuroanatomical 
factors influence contextual interpretation 
and performance under threatening situations. 
As this article outlines, performance and 
operational risk stem from the brain’s natural 
maturation and survival-based responses. Both 
young and mature adults are capable of good 
and bad decision-making. However, mature 
adults have a fully “wired” brain to help shape 
informed, interpretive decisions over uninformed 
instinctual reactions. Neuroanatomical 
limitations coupled with perceptual threat 
danger and time constraints characteristic of 
use-of-force situations leave young adults more 
vulnerable to committing errors than their mature 
adult counterparts.

The linkage between young adults and 
cognitive processing in perceived high-threat 
situations is an enduring military consideration. 
Nearly two centuries ago, Prussian military 
theorist Carl von Clausewitz remarked how the 
unpredictable nature of war creates cognitive 
dissonance or “fog” in the minds of young 
soldiers. Clausewitz discerned that when soldiers 
mentally processed environmental sensory inputs 
(i.e., peripheral sights, smells, and sounds), 
personal beliefs, and the threats themselves, fog 
pervaded.5 

Neuroanatomical limitations stemming from 
developmental age and relative inexperience 
appear to amplify fog in chaotic or complex 
operating environments. Recent examples 
of situational miscalculations by civilian 
law enforcement officers and para-military 
agencies—actual or perceived—demonstrate 
how single instances of cognitive errors 
compromise the credibility and trust of the 
people they serve. 
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Despite consistently high perceptions of 
public trust, the U.S. military is not immune from 
the public’s growing desire for decision-making 
perfection. With one eye on future operating 
requirements and the other on the implications 
of tactical errors, the U.S. military’s internal 
and external pressures for its servicemembers to 
perform at near-zero-defect levels is palpable. 
Tactical-level judgment errors, captured and 
transmitted nearly instantaneously by non-
traditional media, can strike at the U.S. “narrative 
space” and spark disastrous operational and 
strategic-level implications. Strategic leader 
interest in tactical-level performance will 
continue to grow if U.S. military forces become 
overextended, and dependence on decentralized 
operations and disciplined initiative increases.

Military branches employ young adults 
to conduct highly-contextual duties in gray 
circumstances—duties for which they may not 
necessarily be cognitively prepared. Thoughtful 
training and leadership create a context for 

change. Neuroscience is a critical part of this 
context development. 

Relevant Neuroanatomical 
Fundamentals

Neuroscience education is the synthesis 
of relevant neuroanatomical and physiological 
response processes. In the context of this article, 
neuroscience education aims to improve self-
understanding of brain functions and cognitive 
limitations based on age. Current neuroscience 
research indicates human brain maturation 
requires at least 26 years.6 Even more surprising, 
emerging neuroscience research suggests brain 
integration could continue beyond age 30.7

Over the last decade, the National Institute 
of Mental Health conducted a major study to 
examine how brain regions activate over the 
first 21 years of life.8 The study found that the 
brain’s connectivity and input patterns move 
from the bottom of the brain to the top and from 
the back of the brain to the front (see Figure 1). 

Figure 1. The Brain’s Neural Flow.
Source: Created by author. Data adapted from Eric Cobb, Z-Health R-Phase 
Certification, 5th ed., Health Performance Solutions, Tempe, AZ, 2013, p. 5.
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Consequently, the brain operates in the same 
fashion as it evolved. The brain’s bottom-to-top 
and back-to-front neural flow is significant to 
understanding how neural integration occurs and 
sensory information is processed.

The brain operates as a “system of 
systems” model. As the young-adult brain 
matures, systems increasingly integrate from 
evolutionarily primitive autonomic brain 
systems to high-functioning cognitive systems. 
In general, young-adult brains are only about 80 
percent mature, with the strongest connections 
rising from the lower-back (i.e., the brain stem).9 
The remaining 20 percent, located in the upper 
front (i.e., the frontal lobes) where the neural 
integration is weakest, is crucial to controlling 
self-behavior. Indeed, the very last places to 
“link” and the areas of weakest integration until 
approximately age 26 or beyond are the frontal 
lobes.10 Weak frontal-lobe integration helps 
explain why young adults sometimes behave in 

risky or irrational ways.11

The frontal lobes regulate executive 
functioning. As the brain’s highest processing 
system, the frontal lobes act together to generate 
characteristic human behaviors and decision-
making.12 The frontal lobes coordinate or 
inhibit other parts of the brain, help the mind 
focus on key situational aspects, generate long-
term planning, and enable critical and creative 
thinking processes.

Under threat, a well-integrated brain accesses 
frontal lobe resources to make sense of perceived 
threats from a rational perspective. Weak front-
brain integration, such as that commonly found 
in young adults, presents frontal lobes that are 

less capable of rationally evaluating threats.13 

The result is a brain that may be structurally 
ill-equipped to anticipate the potential 
consequences of actions. Incomplete brain 
development also impacts the production of 
critical thought and agile decisions under 
pressures characteristic of military and law 
enforcement situations.

Physiological Response 
Considerations

While the frontal lobes represent the 
hallmark of all neuroanatomical evolution, they 
are not a primal autonomous system. In the 26 
years it takes for the frontal lobes to develop 
fully, the brain relies on the limbic system and 
the autonomic nervous system (ANS) to ensure 
survival during high-threat situations. 14 In 
general, as the brain matures and myelinates, 
the ability to regulate the limbic system and 
the ANS increases.15 Regulating the limbic 
system and the ANS improves the probability 
of making appropriate decisions faster in high-
threat situations,16 which explains why young 
adults who lack experience and the full ability 
to inhibit limbic and ANS responses are more 
prone to display impulsive or unintentional 
reactions or hesitation when faced with high-
threat decisions.17

The central nervous system (the brain 
and spinal cord) and the peripheral nervous 
system comprise the nervous system. The 
ANS is one of two primary peripheral nervous 
system components and consists of two major 
subsystems: the parasympathetic nervous system 
(PNS) and the sympathetic nervous system 
(SNS). As the term “autonomic” suggests, the 
ANS reflexively performs tasks that most neither 
think about, nor have much control over without 
awareness or deliberate training.18 (See Figure 2.)

Together, the PNS and SNS operate in a 
mutually-supporting, alternating fashion to 
maintain a state of homeostasis. Under normal 
operating conditions, the PNS is dominant. The 

Weak front-brain integration, 
such as that commonly found in 
young adults, presents frontal 
lobes that are less capable of 
rationally evaluating threats.
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PNS regulates heart rate, breathing, digestion, 
and many other functions that are essential for 
survival.19 Exposures to threat activate the SNS 
and disrupt normal PNS function.

The SNS prepares the body for fight, flight, 
or freeze responses. The degree to which the 
SNS activates depends on the level of perceived 
threat. Under extreme threat, the SNS can 
cause catastrophic failures in the visual and 
memory centers, executive functioning, and 
motor control.20 SNS effects last as long as the 
perceived threat exists, until catastrophic failure 
occurs, or the PNS is reactivated.21

The activation of the SNS is dependent on 
how the limbic system’s thalamus interprets and 
processes the perceived threat. The thalamus acts 
as a sensory input gatekeeper, directing where 
information processing will occur to create an 
output. The thalamus directs sensory inputs to 
the low road or high road.22 The differences 
between the two pathways are rate of speed and 
interpretation clarity. The low road is a raw, 

unfiltered direct input to the amygdala—the 
brain’s fear response center. The high road also 
feeds into the amygdala but with clearer, more 
refined information input.

The low road is the brain’s quickest way 
to create a motor output. The purpose of this 
primitive pathway is to generate a survival 
response before the brain fully understands what 
is happening.23 A classic example of low road 
processing involves walking on a path and seeing 
a snake. The natural reaction is a startle reflex. 
Only after additional cognitive processing does 
one realize the “snake” was nothing more than a 
harmless stick.24 The low road is an evolutionary 
protective mechanism that enables the brain to 
generate fight, flight, or freeze motor responses 
in less than 12 milliseconds.25

The low road operationalizes at a very 
young age. Based on an individual’s internal 
model (previous sensory input, life experiences, 
cultural factors, and perception of social or 
work environments), the low road signals the 

Figure 2. Nervous System Hierarchy.
Source: Created by author. Data adapted from Sandra Blakeslee and Matthew Blakeslee, 

The Body Has a Mind of Its Own, Random House, New York, 2007, p. 183.
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amygdala to “sound the alarm” and mobilize 
sufficient SNS functions.26 Unfortunately, a low 
road response is not always appropriate. (See 
Figure 3.)

Conversely, the high road offers the brain 
an alternative to uninformed, survival-based 
actions. The high road applies cognitive 
processing “filters” to produce more accurate and 
detailed interpretations but at a slightly slower 
motor response—from 12 to 36 milliseconds.27

There is a clear connection between frontal 
lobe development and the low road/high road 
paradigm. Research suggests there is a gradual, 
but non-linear shift from low road to high road 
processing as the young-adult brain matures 
and gains experience.28 Default frontal lobe 
processing (high road or low road) is a prime 
delineator between mature and young adults. It 
helps explain why young adults often struggle to 
regulate emotions, especially in crisis situations. 
The good news is the brain is not fixed. The brain 

is trainable. Neuroplasticity or brain adaptability 
is the rule not the exception.29

Neuroscience Education Takeaways

What is the relevancy for military leaders of 
neuroanatomical fundamentals and physiological 
response considerations? In high-threat 
situations, personnel will respond using one of 
two neural flow pathways to interpret a situation 
and generate a motor response. The low road 
produces a fast but hard-to-predict response. 
Under threat, the brain reverts to encoded data 
to process what is going on and to predict what 
will happen. The data retrieved, whether from 
an instinctual response, experiential memories 
stored in the amygdala, or ingrained training, 
determines the brain’s response.

Relying on the brain to recall limited 
training or experiences is hit-or-miss, especially 
for young adults. Without sufficient encoded 
training or integration of the frontal lobes, prior 

Figure 3. The High Road/Low Road Response.
Source: Created by author. Data adapted from Joseph LeDoux, The Emotional Brain: The 
Mysterious Underpinnings of Emotional Life, Touchstone, New York, 1996, p. 64; David 

Eagleman, The Brain: The Story of You, Pantheon Books, New York, 2007, Kindle, p. 772.
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Commanders—regardless of 
branch or specialty—may not 
clearly understand the inherent 
risks of fielding a force primarily 
composed of young adults.

experiences stored in the amygdala dominate 
the brain, and reactions are protective but 
uninformed survival responses. Response is 
highly individualistic. Response unpredictability 
underlies the performance output and risk 
concerns during use-of-force employment. Thus, 
training should incorporate individual response.

The high road is the neural flow pathway 
the military profession demands—for young 
and mature adults alike. During high-threat 
situations, the high road is slightly slower than 
an instinctive reaction but highly effective in 
producing a rational response.

The ability to operate effectively in high-
stress and quick-decision-making environments 
is challenging for young adults who lack full 
neuroanatomical capacity. Understanding how 
young-adult brain function develops and differs 
from mature-brain function presents significant 
challenges and implications for commanders and 
supervisors.

Leadership Applications

Commanders—regardless of branch or 
specialty—may not clearly understand the 
inherent risks of fielding a force primarily 
composed of young adults. However, recent 
lessons learned by civilian law enforcement 
should generate a sense of urgency for all 
services and branches to take an introspective 
look at how they train their servicemembers. 
Leaders should ask themselves: “Is our current 
training consistently producing the desired 
attributes required for tomorrow’s operating 
environment?” Developing an awareness that 
gaps exist is the first step to enhancing young-
adult duty performance.

Can leaders accelerate the shift from 
survival to performance processing in young 
adults? Leaders cannot “force” biological 
development to occur, but perhaps they can 
set conditions to enable change. Leaders have 
wide latitude in integrating neuroscience into 
performance training. There is no one way to 

produce positive performance results. Different 
organizations have distinctive needs based on 
their compositions and missions. However, 
creating awareness of young-adult-specific 
brain function and biological limitations 
and developing a deliberate practice culture 
are two recommended starting points for all 
organizations.

Neuroscience Education

Stages of change.

The first technique is to provide and 
integrate neuroscience education into formal 
training. Branch or unit leaders should 
develop and deliver a targeted “Neuro 101” 
course to inform young adults on their brain’s 
structure and how its design affects judgment 
and decision-making. A “Neuro 101” course 
would move leaders and young adults from not 
knowing a problem exists (the pre-cognitive 
stage of change) to deciding if they want to 
act on that information (the awareness stage of 
change).30 Neuroscience evidence should inform 
the “why” behind the “what” of military and law 
enforcement procedures and decision-making 
processes. Simply creating awareness that a 
cognitive gap exists will elicit behavior change. 
Additional research indicates that developing 
an awareness of brain functions and limitations 
creates a natural motivation to want to reduce 
those gaps.31

 A key consideration behind the 
study’s result is the average age of the study’s 
participants. Most young adults are primed 
to receive similar education. Similar duty 
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performance results are possible. Creating 
awareness of brain structure and functions will 
nudge many young adults to take an active role 
in their professional and intellectual efforts. 
Even if results are modest, minor improvements 
applied across the future force are significant in 
both short- and long-term.
Deliberate practice. 

The second technique requires a commitment 
to quality over quantity. Leaders focus on how 
available time is used, not on how much training 
time is available. Leaders should develop a 
culture of deliberate practice, building both 
motor and decision-making skills. Deliberate 
practice is defined as working on technical skill, 
seeking constant critical feedback, and focusing 
ruthlessly on weaknesses.32

Based on research of world-class performers 
from every domain, the deliberate practice model 
follows three primary guidelines:

• Practice with an explicit goal of getting 
better. The human brain is a target-focused 
system. Start each training block by 
identifying the specific skill being trained. 
A trainer’s job is to create trainees who 
are fluent in the components of mission-
essential tasks. Trainers must spend an 
inordinate amount of time teaching in the 
cognitive (crawl) and associative (walk) 
stages of learning as compared to the 
autonomous (run) stage. Trainers with 
limited time must focus on the “crawl” and 
“walk” phases and fight the gravitational 
pull to focus on the “run” phase. Many 
trainers mistakenly believe that all good 
training comes from the “run” phase when 
trying to master a skill. In reality, the 
greatest gains occur in the “crawl” phase. 
Even after mastering their specific skill, the 
best performers always return to the “crawl” 
stage to refine the basics that actually make 
them better. 

• Stay in the moment and be present. Leaders 
should think about how training cycles are 
designed to maximize mental repetitions. 
Since it is rare for all trainees to participate 
at the same time, leaders should assess if the 
culture is conducive to learning by active 
viewership. Is the training area viewable 
by inactive trainees? Are phones allowed 
in the training area? Are noncommissioned 
officers talking through another team’s 
performance with his team? Likewise, 
trainers involved must remain present for 
signs of threat response or startle reflex 
at the individual level and readily provide 
immediate feedback.

• Get as much feedback as possible. 
Immediate feedback is essential, especially 
in the “crawl” phase. Trainers should 
identify and address performance errors 
the moment they occur to avoid encoding 
poor motor movements. It is much easier to 
instill correct neuro- signatures or “muscle 
memory” than to alter an incorrect one. A 
properly trained, ingrained movement will 
retain its quality even as speed and intensity 
increases. Trainers must remain attuned to 
how trainees move in the “walk” and “run” 
phases. When motor outputs are no longer 
quality, stop training. The goal of training is 
to develop proper neuro-signatures to create 
skilled pathways for real-world application. 
Quantity over quality compromises neuro-
signature development and produces 
diminishing returns.

The deliberate practice model offers leaders 
an adaptive training framework. Serious focus 
on the quality of training holds greater potential 
than quantity alone. Quality-focused training 
creates motor-response fluency by building and 
reinforcing brain myelination of gray matter. The 
quality of training expedites brain myelination 
and correlates to the quality of real-world 
decision-making. 
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Myelination increases integration between rear-sensory and front-motor cortices and the frontal 
cognitive system’s synaptic speed, precision, and efficiency.33 The results are not subtle—myelinated 
neurons deliver signals up to 100 times faster than non-myelinated neurons.34 Increased synaptic 
speed helps level the response time deviation between the low road and high road.

Conclusion

There are no simple solutions to address the relationships between young-adult brain 
development, operational responsibilities, and current and future operating environments. However, 
leaders must be willing to wrestle with the unfamiliar and seek better ways to meet tomorrow’s 
challenges.

What does the future look like with increased neuroscience integration into military training and 
operations? Predictive results are promising. Reviews of cross-functional domains and accumulating 
scientific knowledge indicate neuroscience integration could benefit a wide range of learners over 
broad fields.35 Neuroscience offers leaders a unique lens from which to redesign training and lead 
operations. Leaders who operate using concepts grounded in neuroscience will open new avenues 
to improve young-adult effectiveness and reduce operational risk to a greater extent than those who 
do not. 

The future operating environment will be the most complex in history. State and non-state 
adversaries will continuously seek to disrupt communications to gain positions of relative advantage. 
Decentralized operations relying on the concept of disciplined initiative to cope with uncertainty will 
dominate operations. The skills required to operate in this environment are not intuitive. Leaders 
must repeatedly explain and train the desired skills. Leaders who engage in neuroscience education 
and link available research to duty performance open new, viable approaches to improve individual 
decision-making and reduce tactical risk.

As history repeatedly reveals, militaries and branches that fail to innovate are destined to fail 
in future conflicts. Leaders should begin to embrace neuroscience concepts today to prepare young 
adults for the cognitive challenges of tomorrow. Training must evolve beyond traditional methods 
if and when scientific research identifies better ways. Indeed, better ways exist now. Now is the 
time to embrace innovative human performance strategies. IAJ

We now face another of those crucial moments in time. The dynamic, 
complex future is already beginning to challenge us. It is time for this 
generation of [leaders] to develop a way to succeed.

      — Deborah Lee James
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