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Introduction

The arrival of generative Al and large language models (LLMs) has opened
extraordinary possibilities for how we think, learn, and create. Used well, Al can
expand human capacity by allowing us to offload rote tasks and direct our limited

cognitive energy toward deeper reasoning, imagination, and connection.

In this white paper, our first on the topic, we aim to provide a larger, human context
for thinking about how AI will influence brain performance. Our focus is not to alarm

but to guide. There's no denying that Al is now part of the human experience.

We are not going to comment on whether Al will destroy employment or chatbots are
going to take over the world. Our role at Center for BrainHealth is to consider the

impact of Al on brain health and performance, and to do something about it.
Let's give away our big idea up front:

The key is to ensure that AI serves as a co-pilot to enhance your most
valuable asset, your brain, and to retain your agency in the midst of

tradeoffs, whether by choice or by inaction.

But to make a convincing case, we need to build this argument step by step. And then
we need to tell you what we're doing about it.

The Brain: A Remarkable Control System

Biologically speaking, the mammalian brain is an information processing system,

fueled by glucose metabolism, restored by sleep. Fundamentally, it is a control



system, a system that acts on the world with purpose and adapts based on outcomes.
While it is a delightfully complex system, the unifying job description of all those

neurons and glial cells is to better control actions in different circumstances.

This broad statement is intended to be broad: It extends to actively choosing and
modifying those very circumstances. It even extends to the brain itself, one of the
most important functions of the brain is self-regulation, the control of the control

system itself. This remarkable control system has enormous upward potential.

We can monitor our focus, regulate our emotions, question assumptions, and direct
our beliefs and behaviors toward long-term goals. This capability for self-direction,
or agency, is rooted in our executive functions, higher-order cognitive skills that
enable us to chart our own course in a world of competing demands and make each
of us unique in our thinking and being. Agency allows you to coach yourself through
taking on challenges, including claiming and even increasing your agency.

Challenges Can Have Desirable Side-Effects

What makes the human brain so extraordinary is not just its complexity, but its
adaptability. With billions of neurons forming and reforming synaptic connections in
response to experience, the brain is changing at every moment, a phenomenon
known as neuroplasticity, the nervous system's capacity to reorganize its structure

and function based on demands placed upon it.

The continuous utilization and challenge of the prefrontal cortex, the brain region
most responsible for executive functions like planning, reasoning, and inhibitory
control, is how you shape your brain to perform better. Grappling with challenges
modifies your neural architecture, strengthening the very circuits required for
complex thought. Research from our center has demonstrated this directly: healthy
adults who participated in strategy-based cognitive training showed a 7.9% increase
in global cerebral blood flow, physical evidence that cognitive challenge restructures

the brain [22]. But it's not instant.

The term that captures this best is desirable difficulty. To learn from experience, to
mature and truly flourish, the growth process requires these desirable difficulties [1].
If something comes too easily, it's less likely to be remembered and mastered. Like

bones and muscle, human control systems get stronger through load-bearing exercise



and resistance training. However, much like too much strain can damage a muscle,

too much challenge can lead to frustration and stress.

Challenges need to be developmentally and skill-level appropriate, requiring just
enough effort to stretch capabilities but not too much to be overwhelming. What's
required for optimal growth is what psychologist Lev Vygotsky called the zone of
proximal development, that sweet spot where challenge slightly exceeds current
ability, and guidance bridges the gap.

By persevering through the grind, you cannot help but draw on and engage self-
regulation. Life demands that you manage volatility, uncertainty, complexity,
ambiguity, anxiety, distraction, temptation, boredom. Self-regulation is a skill; it can
be learned. You can choose to impose on yourself the necessary conditions for
strengthening it. When you go outside your comfort zone and go through with it, you
have made that zone larger.

From the perspective of Center for BrainHealth, you're not expressing your full
humanity if you don't take on desirable difficulties. Your brain won't function
optimally without challenge. Conquering desirable difficulty creates a rich
intellectual life as you develop into someone who is thoughtful, efficacious, confident,

and interesting. You develop your own unique perspective and depth.

To summarize: while the output your brain produces could be something that Al
produces fifty or even a thousand times faster, working through the problem for your
own solution is necessary for brain health and performance. If you're not taxing your
brain to solve complex problems or produce meaningful solutions, your brain is

effectively declining.

Technology Changes the Brain (and the Body)

Before we bring Al into the picture, we need to understand that many technologies

impact how the brain or body functions. Three examples illustrate the pattern:

Writing fundamentally changed the demands placed on memory as it replaced the
oral tradition. Before writing, the brain had to store vast bodies of knowledge. With
written language, memory became externalized. The need for extreme memory
capacities reduced, but it also freed cognitive resources for more complex problem

solving.



GPS has a similar effect on spatial abilities. Classic studies of London taxi drivers
show enlarged posterior hippocampi, reflecting the cognitive map required by those
who tax spatial memory every day [2]. GPS offloads this function; individuals engage
their spatial abilities less, and their hippocampi shrink over time. However, this isn't

necessarily catastrophic, it reflects the brain's adaptability redirecting resources.

Labor-saving devices dramatically reduced physical exertion. These innovations
increased efficiency but contributed to sedentary lifestyles that negatively influence
cardiovascular, metabolic, and brain health. In response, we created gyms to
compensate for the reduced physical demands of modern life. However, only a

portion of the population exercises regularly.

Technology consistently shifts the brain-body workload by removing certain
demands and creating opportunities for new engagement. But as in the case of labor-
saving devices, we must think critically about how we continue to exercise our minds

and bodies.

The Evidence Is In: AI Can Harm Your Brain

With all this as background, we can now ask the key question: how will AI enhance
and/or derail a self-regulating, multi-dimensional control system, one that is not

engineered but nurtured?

The research community has begun answering this question. And the early findings

demand our attention.

Your Brain Literally Works Less

In a controlled study at the MIT Media Lab, researchers used
electroencephalography (EEG) to track neural activation while participants wrote
essays over four months. Those using ChatGPT showed reduced activity in neural
networks associated with cognitive control, working memory, and creative synthesis.
Eighty-three percent of LLM users could not quote from essays they had just written,
suggesting impaired encoding into long-term memory. Over time, ChatGPT users

became progressively less engaged, resorting to copy-and-paste by the study's end

[3].

This is not speculation. It is measured, visible, neurological change.



Critical Thinking Erodes with Trust in Al

A study by Microsoft Research and Carnegie Mellon University surveyed 319
knowledge workers and found a troubling confidence relationship: the more you
trust Al's abilities, the less likely you are to think critically about its outputs. GenAl
shifts thinking from active reasoning toward passive verification [4]. Separately, a
study across five North American universities found that STEM students who trusted
and routinely used GenAl reported significantly lower cognitive engagement, less

reflection, less need for understanding, and less critical thinking [5].

Paradoxically, the students most prone to cognitive disengagement were those with
the highest technological confidence, traits typically celebrated in STEM education.

Prior experience with AI and academic seniority offered no protection [5].

A Self-Reinforcing Cycle of Decline

These aren't isolated findings. They point to what Choudhuri and colleagues at
Oregon State University are calling a "cognitive debt cycle," where routine AI use
weakens the intellectual habits required for independent thought, which makes Al
feel even more necessary, which further weakens capacity [5]. Eliav formalizes a
related pattern as the "delegation feedback loop": as Al capacity grows exponentially,
preliminary evidence suggests human sustained attention may be shrinking in
parallel; less attention leads to more delegation, which leads to less practice, which

leads to less attention [6].

Another framework, proposed by Di Santi, draws the distinction between cognitive
amplification, where Al improves performance while preserving human expertise,
and cognitive delegation, where reasoning is progressively outsourced, risking long-
term atrophy [7]. Which path you're on is not determined by the technology. It is
determined by you, by whether you choose to engage actively with AI as a thinking
partner or passively accept its outputs as a substitute for your own reasoning. This is

where agency meets design, and it is the central thesis of this paper.

Deskilling Is Already Happening

In medicine, a systematic review found that Al-driven decision support systems
erode clinical expertise over time by reducing opportunities for skill acquisition [8].
In education, a randomized controlled trial found that undergraduates with
unrestricted ChatGPT access performed substantially worse on assessments

administered weeks later, because they bypassed the self-quizzing and note-taking



essential for knowledge consolidation [9]. Microsoft researchers found the same
pattern in secondary schools: students using Al-generated notes perceived tasks as

easier but demonstrated weaker retention [10].

The paradox is clear: Al raises short-term productivity while potentially eroding the

expertise on which those productivity gains depend [11].

Ideas Are Becoming the Same

Creativity emerges when the Default Mode Network (DMN), which supports self-
referential processing, autobiographical memory, and spontaneous thought,
dynamically couples with the prefrontal cortex to evaluate, select, and recombine
information in novel ways. Each idea is uniquely generated, shaped by the

individual's lived experience and cognitive architecture.

By contrast, LLMs generate outputs by predicting statistically likely token sequences
based on training data, converging toward the most probable output rather than the
most original one. A landmark study published in Science Advances demonstrated
this experimentally: writers given GenAl ideas produced stories rated as more
creative individually, but those stories were significantly more similar to each other
[12]. Individual gain, collective loss. A social dilemma in which everyone is

individually better off, but collectively a narrower scope of novel content is produced.

In engineering education, Al-assisted design teams generated ideas faster but
experienced premature convergence, narrowed exploration, and compromised
functional quality. Human-only teams engaged in more iterative experimentation
and produced designs of higher quality and greater diversity [13].

The Unexamined Risk: Social Cognition

There is a dimension of brain health that current AI research has almost entirely
overlooked: social cognition, the capacity to read others, navigate ambiguity in
conversation, regulate emotions in real-time interaction, and build meaningful

connection.

Social cognition is itself a desirable difficulty. Learning to interpret nonverbal cues,
manage conversational uncertainty, take another's perspective, and assert yourself in
a group are skills that require practice under real social pressure. They depend on
many of the same prefrontal networks involved in executive function and creative
thought [22].



We are witnessing a shift in how people connect. Real human relationships, with all
their friction, unpredictability, and vulnerability, are increasingly being exchanged
for Al interactions. People confide in chatbots, seek advice from AI companions, and
report feeling genuinely understood by systems designed to simulate empathy. This
is not inherently bad. AI is designed to feel natural, and there's nothing wrong with

feeling supported. But we have questions.

When a conversation with AI feels easier than a conversation with a person, what
happens to your willingness to navigate the harder one? When an Al validates you
without challenge, what happens to your tolerance for disagreement? When social
friction is removed, the misunderstandings, the awkwardness, the effort of truly
hearing someone, what happens to the social muscles that grow only through that

friction?

Al is increasingly mediating social interaction in subtler ways too. Messages are
drafted by AI. Meetings are summarized by Al for those who didn't attend. Conflict is
navigated by asking a chatbot how to respond. Each of these removes an opportunity
to practice the social reasoning that keeps our social brains sharp. If the cognitive
offloading pattern we see in critical thinking and creativity also applies to social
cognition, and we have no reason to believe it wouldn't, then AI may be eroding our

capacity for human connection in ways we haven't yet measured.

The early data supports this concern. A 12-month longitudinal study of over 2,000
adults across four countries found a bidirectional relationship: emotional isolation
predicted increased AI companion use, which in turn predicted further emotional
isolation, a social cognition parallel to the cognitive debt cycle [30].

At Center for BrainHealth, our research on social brain health predates the Al era but
positions us to measure exactly this effect. Through our IASSERT assessment,
delivered via the Charisma™ virtual social training platform, we have developed
validated measures of social assertion, perspective-taking, and communicative
effectiveness in immersive environments [23, 24]. TASSERT captures how
individuals navigate social complexity in real time: whether they can assert their
ideas, read social cues, regulate emotional responses, and adapt their communication
under pressure. This research demonstrates that social skills can be measured
precisely, trained effectively, and improved, even in adolescent populations where

social cognition is still developing [25].

The question now is whether Al-mediated communication is producing a social
deskilling analogous to the cognitive deskilling already documented. Are people who
rely on Al for social navigation losing the capacity to navigate on their own? Is the



"Connectedness" dimension of brain health declining as real human interaction

becomes optional?

This is a dimension of brain health that requires measurement, with validated
instruments, longitudinally, as a brain health outcome. Our IASSERT platform and

Charisma™ virtual social training environment position us to do exactly that.

But the Story Is Not All Decline

The evidence above paints a concerning picture, but it is only half the picture. The
same research community that has documented Al's risks has also documented its
genuine benefits. And the pattern that emerges from both sets of findings is not that
Al is inherently harmful or helpful, but that the outcome depends on how it is used

and who is using it.

Here is where we refuse to be alarmists. The evidence is clear that Al can harm brain
health, but it is equally clear that it doesn't have to. When used intentionally, as a
collaborator rather than a replacement, Al has been shown to boost productivity,
accelerate learning, and enhance creative output. The research on the benefits is just

as rigorous as the research on the risks.

Al Genuinely Helps People Who Need It Most

In a natural experiment with over 5,000 customer support agents, Al assistance
increased productivity by 14% on average, and by 34% for novice and low-skilled
workers [14]. A randomized experiment found that AI closes approximately three-
quarters of the productivity gap between higher- and lower-education workers [15].

For people at the beginning of a learning curve, Al can accelerate growth.

Collaboration Outperforms Either Alone

A meta-analysis across multiple creativity studies found that humans collaborating
with GenAl significantly outperform those working alone, with a moderate effect size
(Hedges' g = 0.27, indicating a meaningful and consistent advantage) [16]. Neither
human nor AI alone is optimal; the combination is stronger. Separate research
confirms that human-AI collaboration remains superior to AI-AI collaboration,
underscoring the irreplaceable role of human contribution [17].



For experienced designers, Al elevates quality and refinement. For novices, it
facilitates idea generation [18]. The benefit depends on what you bring to the

interaction.

When Al Supports Thinking Instead of Replacing It

A meta-analysis of Al-based educational interventions found positive effects on self-
regulated learning across cognitive, motivational, and behavioral dimensions, when
Al is designed to support self-regulation rather than bypass it [19]. Researchers have
proposed the "cognitive mirror" framework, where Al reflects learners' thinking back
to them rather than serving as an omniscient oracle [20]. When Al is designed to

provoke reflection rather than deliver answers, metacognition stays engaged.

Research also shows that when cognitive offloading is strategic, freeing resources for
meaningful activities, it supports adaptive coping and emotional regulation. The

outcome depends entirely on whether offloading is intentional or habitual [21].

The distinction is not whether you use Al It's how.

The Core Argument: Al Is a Tool. Your Brain Is Not
Optional.

Every technology in history has shifted the brain-body workload. Writing reduced
memory demands. GPS reduced spatial demands. Labor-saving devices reduced
physical demands. In each case, the technology freed capacity, but also created risks

when people stopped exercising the abilities that the technology replaced.

Al is the same pattern, but at unprecedented scale and speed. What previously took
generations, the shift from oral tradition to written, now takes months. And unlike
previous technologies, Al targets the executive functions themselves: reasoning,

planning, critical evaluation, creative synthesis.

The research tells us three things:

1. When AI replaces thinking, brains decline. Neural activity decreases,

critical thinking erodes, expertise atrophies, and ideas homogenize [3, 4, 5, 8, 12].

2. When AI amplifies thinking, people flourish. Productivity rises, creativity

improves, learning curves accelerate, and the combination outperforms either



alone [14, 15, 16, 17].

3. The difference is agency. Individuals with strong executive functioning use Al
as a strategic co-pilot. Those without default to Al as a substitute, and the gap

widens [4, 5, 7].

This is why brain health and performance matters now more than ever. The future
won't be determined by who has access to Al (because everyone will have access), but
by who has the cognitive agility to use it wisely.

You Can Wither Away, or You Can Become

Extraordinary

In the United States, we already have a significant health divide, income divide, and
social connectedness divide. In the Al age, we risk adding a further inequality: an

executive functioning divide.

Individuals with strong executive functioning skills are far more likely to use Al
intentionally and strategically. For them, AI becomes a multiplier: strong brain
health enables better use, which strengthens higher-order thinking and creative

capacity. A virtuous cycle.

For individuals with weaker executive functioning, the effect may go in the opposite
direction. Without agency and self-regulation, these users default to AI as a
substitute for thinking. Over time, this dependency weakens the cognitive abilities
required to use AI well. Diminished confidence, lower cognitive endurance, a

growing gap in brain power. A vicious cycle.

At Center for BrainHealth, we're extremely concerned that a significant portion of the
population will simply become less cognitively capable in an AI world, not because Al
is malicious, but because the easy path is always available, and the easy path is the

one that lets your brain atrophy.

When you outsource too much, you weaken the capacities that enable you to thrive.
Without intentional use or guidance, those at risk of becoming dependent on AI will

do so at an accelerating pace.



How to Navigate an AI World: Four Practices

We believe strong brain health is the best defense, and offense, in the Al era. We

propose four practices to reclaim and strengthen your cognitive agency:

Learn neuroscience young and continuously. Understanding how the brain
works, and practicing desirable difficulty, will be essential to developing fundamental
brain skills for life. When you know that challenge is the mechanism of growth, you

stop avoiding it.

Use Al as a co-pilot. Balance offloading rote tasks to AI while reserving desirable
difficulty for yourself. Originate ideas yourself before handing them over to Al to

improve. Use Al to refine, not to replace your thinking.

Disengage strategically. Spend time away from AI building your own personal
database. Connect with others, experience new things, be bored, reflect deeply. These
moments shape your subjective experience and enhance your self-confidence as you

experiment in the world.

Reflect wisely. Pay attention to how you are using Al. Do you feel challenged to
expand your thinking with its help? Self-reflection on your AI use will further build
your capacity for sustained attention and problem solving.

We Are Not Standing Idly By

The evidence is accumulating. The questions are sharpening. And at Center for
BrainHealth, we are entering this conversation not as observers but as active

participants.

For nearly thirty years, we have studied how the brain performs, how it declines, and
how it recovers. We developed the BrainHealth Index, a validated, multi-dimensional
measure of cognitive performance spanning reasoning, emotional balance, social
connectedness, and clarity of thought [26]. In a landmark three-year study of nearly
4,000 adults aged 19 to 94, we demonstrated that brain performance can improve at
any age, with the greatest gains in those who most actively engaged in strategy-based
training and brain-healthy practices [27]. We created SMART (Strategic Memory
Advanced Reasoning Training) cognitive training strategies, validated across military

populations with traumatic brain injury [28], corporate teams, education settings,



and community programs [29]. We trained over 600 educators reaching more than
80,000 students through our Adolescent Reasoning Initiative.

Now, we are bringing all of this to bear on the defining cognitive challenge of our era.

What We Are Doing

We are launching a longitudinal research study, tracking how Al use patterns
correlate with brain health outcomes over time. We are classifying users into
typologies (non-user, novice, moderate, strategic) and measuring relationships
between AI engagement and cognitive performance using the BrainHealth Index.
Built on the infrastructure of the BrainHealth Project, a 100,000-participant, decade-
long digital platform for measuring brain health across the lifespan [29], this study
will provide the evidence base the world needs. Not assumptions about what Al

might do to us, but measured data on what it actually does.

We are building a User's Manual for Your Brain in the AI Age. For over a
decade, our lecture series has carried this title, a guide to understanding and
optimizing your brain. Now, we are updating that manual for a world where Al is a
constant cognitive partner. What should you offload? What should you never
delegate? When does Al help your brain grow, and when does it let your brain decay?

We intend to answer these questions with data, not opinion.

We are developing BrainHealthy AI Agents, Al tools designed from the ground
up to strengthen rather than replace human thinking. These are not productivity
tools. They are cognitive health tools: systems that provoke reflection, support
metacognition, track your cognitive engagement, and ensure you remain the pilot of

your own craft.

We are measuring the social dimension, through IASSERT, our validated
social cognition assessment delivered via the Charisma™ virtual social training
platform [23, 24]. As Al mediates more social interaction, and as people increasingly
substitute AI companionship for the harder work of human connection, we are
positioned to detect and address social cognitive deskilling before it becomes
entrenched. TASSERT measures whether people can still navigate the real thing:
asserting ideas, reading ambiguity, managing conflict, and connecting authentically

under social pressure.

We are measuring the economic impact through Brainomics, our framework
for quantifying the return on investment in cognitive readiness. Because the

argument for brain-healthy AI adoption isn't just a health argument. It's an economic



one. Organizations that invest in cognitive resilience will outperform those that
simply automate and hope for the best.

We Already Know How to Protect the Brain

The research on AlI's cognitive effects is new. The science of neuroplasticity is not.

For nearly three decades, we have studied how the brain reorganizes itself in
response to what we ask of it, and what we stop asking of it. The principle is
consistent: circuits that are challenged grow stronger; circuits that are bypassed grow
weaker. This is not metaphor. It is measurable structural and functional change,

visible in blood flow, white matter integrity, and network connectivity.

What this means for Al is straightforward. The prefrontal networks responsible for
reasoning, creative synthesis, and self-regulation are not fixed capacities. They are
use-dependent systems. When AI removes the demand on these systems, when it
does the reasoning, generates the ideas, and makes the decisions, those systems
receive less activation. Less activation means less maintenance. Less maintenance

means decline.

But plasticity works in both directions. The same mechanisms that allow decline also
allow recovery and growth. We have demonstrated that adults at any age can increase
cognitive performance, including measurable increases in cerebral blood flow, when
they engage in strategy-based cognitive challenges [22, 27]. The brain does not have
to weaken in response to Al. It weakens only when we let Al replace the engagement

that sustains it.

With what we already know about neuroplasticity, we know how to protect ourselves.
We know which cognitive demands must be preserved for the brain to maintain its
architecture. We know that intentional engagement, choosing when to delegate and
when to do the hard thinking yourself, is the difference between amplification and
atrophy. And we know that these patterns can be trained, practiced, and

strengthened at scale.

We have translated this neuroscience into a structured approach, designed
specifically for how people actually use Al in their work and daily lives. It is not a set
of restrictions. It is a set of practices that keep the brain's use-dependent systems
active while still leveraging everything Al offers. Think of it as cognitive fitness for an

Al-powered world: not anti-Al, but pro-brain.

As our longitudinal research matures and we learn more about the specific dose-

response relationships, how much AI offloading is too much, which cognitive



domains are most vulnerable, and which interventions are most protective, this
approach will sharpen. But the neuroscience foundation is not speculative. It is the
accumulated evidence of decades of work on how brains adapt, how they decline, and

what we can do to tip the balance toward growth.

Why This Matters Now

The research window is closing. As AI becomes ubiquitous, the opportunity to
establish baselines and track change narrows. The studies cited in this paper are
early, small samples, short timeframes, mostly students. The field needs what we are
uniquely positioned to provide: a large-scale, long-term, validated investigation of

Al's effects on human brain health across diverse populations.

Our role in this emerging field is grounded in what we have already built: a validated
instrument for measuring cognitive change (the BrainHealth Index), nearly thirty
years of cognitive training science to build interventions from, a virtual social
training platform for measuring social cognition (IASSERT/Charisma™), and a
longitudinal infrastructure designed to track 100,000 adults over a decade. Whether
these tools can detect and characterize the specific cognitive effects of Al use is
precisely what our longitudinal AI study is designed to answer. We bring these
capabilities to bear on the defining question: What is the User's Manual for Your

Brain in an age when Al can do your thinking for you?

We are asking. And we are building the answer.

Conclusion

Brain skills aren't optional. They're the necessary interface for navigating Al. And like

any skill, they can be trained.

Used unreflectively, Al can take over the very systems that make us human. When we
let it do all the thinking for us, we risk weakening our executive functioning, the
brain's control system for reasoning and creativity, and collectively narrowing the

diversity of ideas as everything starts to look and sound the same.

Used intentionally, AI becomes the most powerful cognitive co-pilot humans have
ever had. It accelerates learning, enhances collaboration, and frees mental bandwidth

for the deep, creative, distinctly human work that no machine can replicate.



The competitive differentiator in an AI world will not be who has the best tools.
Everyone will have those. It will be who has the strongest brain, the clearest thinking,

the deepest creativity, the most resilient agency.

Be the pilot of your own craft. Your unique experience and creativity will be your

greatest advantage in this AI world.

You can choose to take on desirable difficulties. You have the potential for agency;
claiming that inheritance, owning it, bringing it to maturity here and now, might feel
like work. It can also feel like purpose or vitality, unexpected energy, lightness, and

forward motion.

We are not standing idly by while this plays out. We are measuring it, we are studying
it, and we are building the tools to ensure that the age of Al is also the age of
BrainHealth.
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