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Abstract

The history of technology can be understood largely as the history of externalizing human capacities. In this sense, the emergence of Generative Artificial
Intelligence (GenAl) marks an inflection point by delegating, for the first time, executive and reasoning functions. A fundamental dilemma thus arises: is GenAl an
amplifier that democratizes performance or a mechanism of dependence that leads to cognitive offloading? Drawing on recent literature, this article examines its
educational, cultural, and social implications, highlighting the need to understand it both as a technical tool and as a phenomenon that transforms the relationship
between mind and knowledge. In a future where humans and artificial intelligence become intertwined, the ultimate question is whether this symbiosis will open a
new chapter in intellectual evolution or, instead, trigger an involution that undermines the mind's sovereignty over its own processes.

Keywords: Cognitive atrophy, digital literacy, educational technologies, technological dependency, neuroplasticity.

Resumen

La historia de la tecnologia puede entenderse como la historia de la externalizacién de las capacidades humanas. En este sentido, la irrupcién de la Inteligencia
Artificial Generativa (IAG) marca un punto de inflexién al delegar, por primera vez, funciones ejecutivas y de razonamiento. Surge asi un dilema fundamental: ses la
IAG un amplificador que democratiza el desempefio o un mecanismo de dependencia que conduce a la atrofia cognitiva? A partir de la literatura reciente, se examinan
sus implicaciones educativas, culturales y sociales, destacando la necesidad de comprenderla tanto como herramienta técnica como fenémeno que transforma la
relacion entre la mente y el conocimiento. En un futuro donde lo humano y lo artificial se entrelazan, la cuestion final es si esta simbiosis abrird un nuevo capitulo
en la evolucién intelectual o, por el contrario, derivara en una involucién que amenace la soberania de la mente sobre sus propios procesos.

Palabras clave: Atrofia cognitiva, alfabetizacion digital, tecnologias educativas, dependencia tecnolégica, neuroplasticidad.

From Tool to Agent: The Externalization of Cognition

Human history can be understood largely as the externalization of human capacities through tools. Each technological
innovation has served as a means of transferring physical or intellectual functions outside the individual (Donald, 2002;
Malafouris, 2016). Thus, the advent of writing served to avoid memorizing large volumes of information, a practice Socrates
criticized on the grounds that it would weaken memory (Gill, 2020; Roochnik, 2024). Later, the calculator transformed
arithmetic competence by automating numerical processing, relegating mental calculation to a secondary role (Boyle &
Farreras, 2015). Over time, technological progress has centered on delegating specific mental functions in order to free
resources for more complex tasks (Clark, 2008; Lee et al., 2025; Risko & Gilbert, 2016). Until now, the consensus was clear:
tools assumed the heavy or repetitive task, and in exchange, the human mind remained available for more creative or

demanding activities.
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However, the emergence of Generative Artificial Intelligence (GenAl) marks an inflection point and constitutes a radical
shift that disrupts this balance. Unlike tools limited to storage or algorithmic execution, Large Language Models (LLMs) such
as ChatGPT (OpenAl), Claude (Anthropic), Grok (X Corp.) and Gemini (Google DeepMind) do not merely perform tasks; they
also emulate reasoning processes. They are capable of synthesizing, arguing, creating, and solving complex problems with
a fluency that often exceeds typical human performance (Naveed et al., 2023; Saleh et al., 2025; Shahzad et al., 2025).

This phenomenon poses an evolutionary challenge to educational systems regarding the development of students’
capacities (Holmes et al., 2022; Jose et al., 2025). On the one hand, a scenario of hybrid intelligence is emerging, in which
GenAl acts as an amplifier for creativity and productivity, facilitating access to the zone of proximal development that would
otherwise remain out of reach (Doshi & Hauser, 2024; Giannakos et al., 2024). On the other hand, growing scientific evidence
warns of the risk of widespread deskilling. The continuous externalization of higher-order cognitive processes, or cognitive
offloading, could lead to an accumulated cognitive debt, resulting in the loss of intellectual agency, the weakening of long-
term memory, and a structural dependence on algorithms even for basic thinking tasks (Gerlich, 2025; Risko & Gilbert, 2016;
Tian & Zhang, 2025).

Hence the need for a critical analysis of the current scientific literature considering the speed with which GenAl tools have
been incorporated into academic and professional settings, often without a clear understanding of their implications for
learning (Holmes et al., 2022; Kosmyna et al., 2025). Within this framework, the present article aims to examine the evolution
of cognitive externalization through GenAl and its impact on learning processes. The question is not whether GenAl should
be integrated into education, but how its interaction with humans reconfigures the neural circuits that sustain complex
thought (Kosmyna et al., 2025; Lee et al., 2025).

In this context, a paradox emerges: is GenAl the ultimate tool capable of democratizing human genius and tearing down
the barriers to knowledge, or does it represent, by contrast, an externalization process so extensive that it threatens to

atrophy what defines intelligence and, ultimately, the human condition?

Benefits of GenAl: The Democratization of Competence

Just as the Industrial Revolution mechanized physical labor, the era of GenAl promises to industrialize cognitive effort
(Giannakos et al., 2024; Lee et al., 2025). Recent research indicates that this technology can accelerate workflows and
redistribute tasks, increasing execution speed and improving the quality of outcomes (DellAcqua et al., 2023; Saleh et al.,
2025).

This shift represents a new paradigm. If the Internet and smartphones democratized access to information, LLMs are
democratizing intellectual competence (Doshi & Hauser, 2024; Peldez-Sanchez et al., 2024). Their capacity to synthesize and
organize knowledge offers the potential to reduce inequalities in both academic and professional performance (Lee et al.,
2025; Naveed et al., 2023; Shahzad et al., 2025).

In this context, the primary impact of the technology is not the amplification of excellence, but rather the narrowing of the
performance gap between individuals. Evidence suggests that GenAl acts as a modulator in educational and professional
environments (Giannakos et al., 2024; Lee et al., 2025; MacCallum et al., 2024; Pallant et al., 2025).

Studies on creativity and assisted writing demonstrate that GenAl particularly benefits those starting from lower baseline
levels of proficiency (Gavira-Durdn et al., 2025; Kosmyna et al., 2025). By lowering the barrier to producing complex texts or
solving logical problems, GenAl can operate as a ubiquitous tutor (Shahzad et al., 2025). Students previously marginalized
by difficulties in spelling, grammar, or structural organization can now demonstrate their conceptual competence (Doshi &
Hauser, 2024; Kosmyna et al., 2025; Shahzad et al., 2025).

In this sense, the tool does not democratize knowledge per se, but rather the capacity for execution. It allows the focus
to shift toward the quality of ideas rather than the mechanics of their presentation (Han, 2024). This is not a matter of
externalizing thought, but of filtering out the surrounding noise, allowing thought to flow with greater clarity and depth. The
risk, however, is to confuse access to information with genuine acquisition of knowledge (Holmes et al., 2022).

Biological Foundations of Learning

There is a common misconception that the brain operates like a computer, as if downloading a file were equivalent to storing

it in memory (Brette, 2022). However, neuroscience demonstrates that the human brain far more closely resembles a living
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ecosystem than a mass storage device (Fields, 2005; Marzola et al., 2023). Learning is not a passive repository; it depends
on physical changes in neural structure through processes such as long-term potentiation (LTP), axonal myelination, and
synaptogenesis (Mount & Monje, 2017; Nicoll, 2017).

A fundamental principle was formulated by Donald Hebb (1949): “Cells that fire together, wire together.” When two
neurons are activated repeatedly and simultaneously, their connection strengthens (Ostroff, 2023). This process accelerates
the transmission of nerve impulses and ensures that the most frequently used circuits become preferred pathways for
thought and memory (Flower et al., 2025; Morris, 1999). However, these structural changes require active cognitive effort.
As Daniel Willingham (2009, 2021) notes, “memory is the residue of thought”. If technology removes the need to think, it
also removes the opportunity to learn.

Brain Development

The brain matures through specific phases of heightened neuroplasticity, during which experience plays a fundamental
role in shaping its architecture (Fleming & McDermott, 2024). In childhood and adolescence, an abundance of synaptic
connections combines with a high sensitivity to environmental stimuli, consolidating functions such as memory, attention,

and abstract reasoning (Wang et al., 2025).

During these critical stages, exposure to GenAl can produce contrasting effects. On the one hand, it offers opportunities
to personalize learning and introduce desirable difficulties, tasks that require enough effort to trigger learning and can
enhance neuroplasticity (Harris et al., 2024). On the other hand, cognitive offloading, the act of delegating tasks like planning
or information synthesis to an external tool, can reduce the practice of executive functions, weakening their consolidation
and producing anaccumulated cognitive debt (Sadegh-Zadeh et al., 2024; Topolnyk et al., 2025).

In adolescence, the brain refines its connections through synaptic pruning, a process of eliminating lessfrequently used
connections to optimize the efficiency of neural networks (Selemon, 2013; Wang et al., 2025). Consequently, if executive
functions are consistently externalized to GenAl, there is a risk that the brain may categorize these neural pathways as
expendable, potentially leading to their attrition (Delevich et al., 2018).

Effort and Reward

Learning is supported by a cycle of effort and reward, in which solving a difficult problem generates a prediction error that
triggers the release of dopamine, reinforcing perseverance and the habit of confronting new challenges (Michely et al., 2020;
Wang et al., 2020). Consequently, dopamine acts as a reinforcer, modulating the relationship between the cost of effort and

the value of the reward (Duncan & Shohamy, 2024).

Based on these mechanisms, GenAl has the potential to disrupt this balance by delivering outcomes, such as a finished
text or a solved problem, without the prior cost of effort. This creates a state of illusory efficiency, where the brain receives
a strong reward signal for nearly zero energy expenditure (Chong et al., 2017). In the short term, this produces immediate
satisfaction that may condition the brain to prefer shortcuts. Over the long term, it undermines intrinsic motivation, causing
cognitive effort to be perceived as something to be avoided (Schultz, 2016; Weinstein, 2023).

The Paradox of Assisted Learning

Neuroscience demonstrates that plasticity and maturation depend on active effort and cognitive friction (Bjork & Bjork,
2020). While GenAl can serve as a support that frees up resources for abstract thought, it can also erode essential circuits if
it systematically replaces executive functions (Kosmyna et al., 2025; Kirschner & Hendrick, 2024).

In this regard, GenAl-assisted learning is not neutral; its impact depends on how it is integrated into educational practice
(Holmes et al., 2022). If GenAl is conceived as scaffolding, it can facilitate the consolidation of mental schemas and enhance
understanding (Han, 2024). Conversely, if it used as a shortcut, it threatens to weaken memory, self-regulation, and intrinsic

motivation (Pan et al., 2023).
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The Value of Desirable Difficulties

By flattening the learning curve, there is a risk of depriving students of the cognitive gymnasium necessary to develop critical
thinking. This phenomenon relates to the desirable difficulties described by Robert and Elisabeth Bjork (2020). According to
these researchers, deep learning is inherently uncomfortable: it requires proposing provisional answers, making mistakes,
tolerating uncertainty, and retrieving information from memory through active effort (Bjork & Bjork, 2020).

If GenAl provides the solution before students formulate a hypothesis, the learning process may be interrupted (Kosmyna
et al., 2025). The problem is not that the machine knows too much, but rather that its continuous use can lead to atrophy
through disuse, weakening the ability to think critically without external support (Gerlich, 2025; Risko & Gilbert, 2016).
Hence the efficiency paradox: by reducing the friction of effort, tools that facilitate academic work may make learning more
superficial, depriving it of the discomfort necessary to consolidate knowledge (Kosmyna et al., 2025; Risko & Gilbert, 2016).

This saving of effort also affects the self#perception of one's competence. Fernandes et al. (2025) describe a variant of the
Dunning-Kruger effect in GenAl-assisted environments. Instead of an individual's incompetence limiting the outcome, the
algorithm performs the complex work, and the user interprets the success as their own (Pallant et al., 2025). Thus an illusion
of mastery arises: a metacognitive failure in which the student believes they understand a subject simply because GenAl
enabled them to produce a coherent text, thereby deactivating the self#regulatory mechanisms needed to consolidate new
knowledge (Jwair, 2025; Matueny & Nyamai, 2025).

Compounding this is a troubling inverse correlation: the greater the trust in GenAl, the less critical thinking is applied
(Matueny & Nyamai, 2025). The fluency and confident tone of GenAl responses induce users to accept information under
the premise that “if it reads well, it must be true”, thereby reducing critical scrutiny (Lee et al., 2025). Consequently, the risk
is not merely that GenAl will hallucinate facts, but that it will generate a hallucination of competence in the user, who avoids
cognitive effort by confusing the ability to produce an answer with their trueunderstanding.

The Challenge of Generative Al Literacy

Faced with the risk of disuse atrophy, the response from institutions cannot be rejection: it must involve the pedagogical
management of this cognitive offloading (Gerlich, 2025). Integrating GenAl requires a shift from an education focused on
producing answers to one oriented toward knowledge verification and practical application (MacCallum et al., 2024). In
an environment where generating content incurs virtually zero cost, it is essential to develop a literacy that goes beyond
instrumental use (Han, 2024) and teaches students to distinguish between instances where technology acts as a legitimate
support and those where it serves as a substitute that impoverishes reasoning (MacCallum et al., 2024).

To consolidate cognitive sovereignty, clear frameworks must be established. UNESCO proposes a dual approach: to
transform the student into a citizen capable of demystifying technological magic (UNESCO, 2024a) and to professionalize
the teacher as a designer of learning experiences (UNESCO, 2024b). This literacy is not achieved through isolated theory,
but through practical friction and progressive scaffolding (MacCallum et al., 2024).Constructivist models such as Scaffolded
Al Literacy (SAIL) advocate for a progression from basic comprehension to critical evaluation, integrating ethical and socio-
emotional impacts (Palmquist et al., 2025). The goal is to ensure that technology functions as a resource for empowerment
rather than replacement (MacCallum et al., 2024; Soto-Sanfiel et al., 2025). It is not enough to simply use the tool; students
must understand its ethical biases and be challenged to design their own systems to solve real-world problems, thereby
avoiding the illusion of machine authority.

Therefore, it is necessary to move beyond the human-in-the-loop model, where the user acts merely as a supervisor,
and advance toward a human-in-charge model that restores critical control and final authority to the individual (Jose et al.,
2025). Without a solid foundation of knowledge established in long-term memory that allows auditing and correction of the

algorithm, the student becomes not a pilot assisted by technology, but a blind passenger in an autonomous vehicle.
The Future of Work: Risks and Opportunities
The implications of GenAl transcend education, extending into the labor market and the configuration of professions. The

World Economic Forum anticipates that, from 2025 onward, a major transformation will occur, altering both the distribution
of employment and the manner in which individuals acquire and exercise their competencies.
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The Specter of Deskilling

Within this horizon, the specter of deskillinglooms large, understood as the progressive atrophy of professional skills
resulting from automation (Crowston & Bolici, 2025). In this process, the erosion of intermediate roles, often referred to as
the hollowed-out middle, emerges as the most vulnerable segment (Acemoglu & Restrepo, 2018). If GenAl assumes routine
tasks, future entry-level workers lose the indispensable practice opportunities needed to become experts (Ferdman, 2025;
Tyson & Zysman, 2022).

Compounding this is the paradox of automation: the more competent GenAl-based systems become, the fewer
opportunities people have to practice relevant skills (Daware, 2025; Nilsson, 2025). Consequently, when the algorithm fails or
hallucinates, the professional lacks the necessary experience to correct it, producing fragile, long-term dependent systems
(Gerlich, 2025; Shukla et al., 2025).

Toward Hybrid Intelligence

The alternative to the risk of deprofessionalization is the construction of a hybrid intelligence model. In this framework,
collaboration between people and GenAl systems is not conceived as a substitute, but as a complementary system (Passerini
et al., 2024). Hybrid intelligence seeks to articulate an ecosystem in which human creativity and algorithmic power are
combined (Dell'Acqua et al., 2023; Fragiadakis et al., 2024). Evidence confirms that this collaboration, where the human
guides and refines GenAl outputs, generates solutions that are more innovative and applicable than those produced by

either the algorithm or the human acting in isolation (Labedzki, 2025).

Skills of the Future

The World Economic Forum'’s Future of Jobs Report 2025 highlights a profound shift in the professional world: competencies
based on mechanical repetition or encyclopedic memory are losing relevance, while metacognitive and social skills are
moving to the center of human labor.

According to the report, analytical thinking and innovation are the most sought-after competencies. These are joined
by leadership, social influence, resilience, flexibility, and agility, all necessary for adapting to changing environments (World
Economic Forum, 2025). In a scenario where GenAl amplifies production, the capacity to orient, inspire, and coordinate
human teams becomes a decisive factor (Chiu, 2025; Fernandes et al., 2025). At the same time, active learning and learning
to learn strategies become even more essential: it is no longer sufficient to accumulate knowledge; one must know how to
generate and apply it (Blasco & Charisi, 2024; Gerlich, 2025).

In this context, Al literacy should not be understood as an isolated technical skill but as the foundation that supports
all others. It is necessary to understand how GenAl systems function, how to evaluate their results, and how to use them
critically. Thus, the future of work should not be defined by the replacement of the human, but by the ability to articulate
a symbiosis between technology and metacognition, where GenAl acts as a catalyst rather than a substitute for complex
thought.

Conclusions

The availableevidence suggests that GenAl is not a neutral instrument; its impact on cognition depends entirely on how
it is integrated into educational, professional, and social processes. Used as a convenient shortcut, it may erode memory,
attention, and critical thinking. Conversely, when conceived as productive friction and metacognitive scaffolding, it has the
potential to become the most transformative tool since the printing press.

History shows that the human mind adapts to the tools it employs. The challenge, therefore, lies not in competing with the
algorithm in terms of speed or storage capacity, but in preserving what the machine lacks: intentionality, ethical judgment,
and the capacity to make sense of complexity.

Human cognition is already hybrid and will become irreversibly hybrid in the immediate future. The decisive question is
not whether the mind will merge with GenAl, but whether this hybridization will result in evolution or involution. Everything
will depend on one condition: that the human mind retains its sovereignty as a cognitive agent, that it defines the ends,
judges the means, exercises final judgment, and maintains authority. The outcome will be decided by whether humanity

acts as a pilot guidedby technology or as a passenger confusing the illusion of understanding with the act of thinking.
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