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The brain side of human-AI interactions in
the long-term: the “3R principle”
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Neuroplasticity is shaped by how humans interact
with AI. We argue that passive, uncritical, reliance
on AI may weaken activity-dependent brain
plasticity and erode cognition, whereas active co-
creation can sustain or enhance it. Drawing on
plasticity rules and ethical considerations, we
propose the 3R principle—Results, Responses,
Responsibility—as a preventive framework for
cognitive hygiene, urging education towards AI use
to preserve agency, meaning-making, and long-
term brain health.

The concept of brain plasticity
Neuroplasticity is the remarkable brain’s ability to modify synaptic
efficacy or form new neural connections and reorganize networks
throughout lifespan. It is foundational to development, learning,
memory, healthy ageing, post-lesional recovery1,2 and possibly even
human intelligence capabilities3. According to the historical “use it or
lose it” principle, applicable to every brain function, which became
popular in neuroscience in the latter half of the 20th century, plasticity is
an active phenomenon that needs to be maintained through consistent
engagement in a given cognitive, motor or perceptual brain function
(i.e., activity- and time-dependent plasticity1). Contemporary neu-
roscience is now showing3,4 that neuroplasticity is a complex ensemble
of neurobiological phenomena that may take place at several levels of
the nervous system, spanning from modifications of communication
efficiency at synaptic level (see below), including metaplasticity and
homeostatic plasticity, up to network-level dynamics or structural
reorganizations. Metaplasticity5 (i.e., the activity-dependent modula-
tion of the capacity for future synaptic change) and homeostatic
plasticity6 (i.e., the ability of the system to preserve a stable overall
excitatory-inhibitory balance in brain networks) contribute to shape, in
the long term, network level adaptations by impacting on functional
and structural connectivity.

Styles of human AI-interaction may shape plasticity
Since ChatGPT became publicly available and widely used as of November
2022, the time people spend interacting with artificial intelligence (AI) has
significantly increased. Data from the Advanced Interactive Prompt
RepositoryManagement (AIPRM) suggest that adults now spendnearly 2 h
per day in direct AI interaction, with indirect interactions—via personalized

feeds or algorithm-driven searches—extending this to about 6–7 h7.
Therefore, the human brain is more and more subjected to an increasing
amount of daytime in dialogue with AIs.

Of course, styles of interaction with AI vary widely. While some users
passively and uncritically accept (i.e., copy and paste) AI outputs, others
interpret, verify, and continuously collaborate with AI in a conscious and
critical interplay. Based on the premise that the following concepts will
require support from prospective studies, we hypothesize that these con-
trasting human attitudes to AI will differently impact brain plasticity over
time, with the consequences that passive interaction may lead to cognitive
erosion, while active engagement may produce beneficial outcomes. In
particular, we argue that AI, if used uncritically, poses a dual risk: it may
encourage cognitive offloading, potentially undermining our abilities to
process information, plan actions, and solve problems -but also (and cru-
cially for this comment) intentional offloading- i.e., eroding our moral
compass and weakening personal agency. To counter these risks, we then
propose a preventive framework.

This idea is rooted primarily in the Bienenstock–Cooper–Munro
(BCM) theory8, which posits that synaptic strength (the efficacy of com-
munication between neurons) changes depending on the postsynaptic
neuron activity relative to a dynamic threshold. Different regimens of
human-AI interaction may trigger opposite metaplastic, experience-
dependent shifts in the long-term depression (LTD)/long-term potentia-
tion (LTP) threshold, as well as homeostatic attempts to regulate prolonged
up or down-states of synaptic activity9. If a human interacts passively with
AI over weeks/months, by just accepting suggestions or following chatbot’s
recommendations, neural activity could remain below this threshold, trig-
gering LTD and weakening synaptic strength. In contrast, active engage-
ment (e.g., questioning, refining, co-creating with AI) could raise activity
above the threshold, promoting LTP and strengthening neural commu-
nication. In other words, a passive attitudemay erode decision-making and
critical thinking (see later in the article), whereas active interplay may
enhance learning and preserve, if not improve, cognitive function.

Preliminary, so far unpeer-reviewed study10, seems to support this
hypothesis: networks’ connectivity (measured through the recording of
brain oscillatory electrical activity during writing tasks) is weakened if
subjects rely exclusively on AI help, while it is strengthened if they rely on
their own brain capacities, and is intermediate when traditional internet
searches are performed. Future prospective studies based on neurophysio-
logical and metabolic functional investigations of brain dynamics and
connectivity are warranted to disclose system-level neural signatures of
these different AI-interaction attitudes.

Ethical and philosophical considerations
Beyond the neurobiological dimension, human-AI interactions may rise
additional philosophical and ethical questions. We have encapsulated these
concepts in what we call “the 3R Principle”, originally described with a
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different meaning (Replacement, Reduction, Refinement) to guide animal
research11,12. By translating the 3R principle to human-AI interaction, we
would like to stress the differencebetweenResults andResponses by focusing
on Responsibility. AI outputs are basically results, if accepted without ver-
ification, rather than genuine responses: this because large languagemodels
(LLMs) neither represent nor operate on meaning. They lack internal cri-
tical evaluation and do not understand their outputs. Thus, as results, they
maybewrong or right, but it is clear that they lackmeaning until interpreted
by humans. For instance, AI can equally suggest both a positive or negative
course of action basedon the same data, depending on the prompt, ignoring
their value or consequences. LLMs have no aetiology, no grounding in a
meaningful value system or, in other words, they can encode optimized
objectives without moral understanding. Humans do.

A response, unlike a result, is not simply a statistically viable outcome
but has a moral and existential value based on its consequences—i.e., a
response has meaning. The latter depends on which value humans chose to
as criteria for their actions. Crucially, values are not cost functions to be
optimized: rather, they determine which cost functions humans choose.
This choice, the uniquely pertains to humans, is the essence of what we
referred to as Responsibility in the 3R principle.

Any cognitive decision process involves existential considerations that
extend beyond purely rational processes. For example, an agentmay need to
choose between increasing Gross Domestic Product and reducing envir-
onmental impact, which cannot be resolved by rational calculation alone.
Responsibility entails selecting which outcome is preferable. While rational
decisions rely on deliberate evaluation and consequence assessment,
responsible choices are not fully determined by reason alone and place the
burden of responsibility on the agent.

Nobel laureate Herbert Simon distinguished between rational
deliberations and pay-off choices13. Simon recognized a pre-rational,
axiological, and existential foundation for responsibility.Henoted: “There
is no satisfactory theory today that explains how values are formed, where
they come from, or how they are modified in the decision-making
process”14. LLM and AI provide no existential contribution unless they
mimic human values. In fact, an active aetiological attitude requires at
least intentionality and embodiment, which are missing from current
LLMs that focuses on generation of stochastically consistent content.
Clearly, the brain does the extra job of choosing values and therefore
assuming the responsibility of his decisions. In summary, assuming
responsibility has associated costs and requires additional effort beyond
standard cognitive deliberation that, if neglected, will reduce such an
aspect in human beings.

Thus, Results and Responses form the first two elements of this beha-
vioural framework, while the third R stands for Responsibility (Fig. 1). While
results and responses can bemodelled purely in computational and cognitive
ways, responsibility has an ethical, aetiological and existential nature that
cannot be ignored. Regardless of how much cognitive capacities are exter-
nalized to AI, the 3 R principle underscores that humans must always take
responsibility for these results, which aren’t yet real responses. The 3R prin-
ciple highlights that before any cognitive process, there is always an aetiolo-
gical and ethical evaluation that is not externalizable to AI. As said, humans
should actively interpret and judge AI results, contextualizing them within
their ethical, social and cultural principles and weighting up the meaning of
their consequences. Only though this process do results become responses.
This step is crucial, as it is the moment when data becomes meaning (or
acquires a value), and possible results give rise to responsible actions.

Recently, some researchers have proposed that AI may represent an
additional artificial, non-biological layer of distributed intelligence, called
system 015, that interacts continuously with the two classical, although still
lackingof empirical demonstration16, Kahneman’s operationalmodalities of
the human brain reasoning (system 1: fast, intuitive thinking and system 2:
slow, analytical thinking)17. Thus, system 0 would represent a more per-
vasive way to outsource more cognitive tasks to AI, leveraging on its vast
knowledge and processing speed beyond human capabilities, but carrying
probable risks not only for cognitive offloading18, but even of erosion of
human autonomy, cognition, agency and identity, in ways that directly
implicate human responsibility19.

The 3R principle as a cognitive hygiene suggestion
By adopting the intuitive 3R principle, that could well resonate either
across disciplines or among lay people due to its simplicity and
immediacy, it is possible to highlight the existence of the aforemen-
tioned aetiological level, leading to responsible responses rather than to
simple results. Given AI’s current inability to produce meaning20, fail-
ure to distinguish between results and responsible responses leads to
abdication of responsibility. On the other hand, embracing the 3 R
principle, nomatter howmuch humanswill delegate cognitive chores to
AI, they will still be responsible for the meaning of such results. Such
responsibility demands sustained cognitive engagement, a mental cost
that may foster brain plasticity.

At the onset of the AI-age, taking into account that the growing
human-AI interplay cannot be reversed, the 3R principle offers a cognitive-
hygiene guideline to protect the brain from cognitive erosion in the long-
term due to an aetiologically passive attitude towards LLMs.

Indeed, such a principle highlights the difference between cognitive
processes, which lack meaning and goal-directedness, and aetiological
evaluation and choices, which are crucial to choose meaningful actions and
take responsibility for such actions. The mere AI advisory behaviour can
influence moral decisions and explicit responsibility attributions in simu-
lated high-stakes contexts21.

Given that brain plasticity is activity- and time-dependent22, early
adoption of the 3R principle is critical. Educators in primary, middle, high
school and University can use this framework to encourage students not to
relinquish in questioning AI-generated content, from a perspective that is
irreducible to pure cognitive processes. Likewise, the 3R principle might also
be useful for scholars, researchers, white and blue collars and laypersons to
preserve their brainplasticity and critical thinking. Indeed, recent behavioural
findings on over-reliance onAI dialogue suggest a reduction of analytical and
critical-thinking skills23 and that, while AI support is often perceived as effi-
cient, many users report reduced cognitive effort and critical-thinking
practices24, with younger individuals being especially affected25.

Fig. 1 |The 3 R principle: IA provides results that can become true responses only by
means of the responsible evaluation of humans. A passive attitude reduce activity-
dependent brain plasticity in the long term. An aetiologically active attitude promote
brain plasticity. Credits for the Fig. CC BY-NC-ND.
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In conclusion, the 3R principle delineates two modes of mind: the
purely cognitive and the aetiological one. The former would produce
results, and the latter would produce meaning. Surrendering both means
relinquishing control of the bar: this will likely lead not only to cognitive
offloading but also to a deeper and more dangerous form of offloading
the will.
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