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Abstract

This paper examines the interaction between humans and large language

models (LLMs) through the lens of 4E cognition, which encompasses embodied,
embedded, enactive, and extended cognitive processes, to provide a comprehensive
understanding of their relational dynamics. It argues that LLMs should not be
conceived of in terms of objects but be understood as a processual and relational
phenomenon that co-constitutes human agency in a shared sociotechnical
environment. As such, the paper reframes Al as an interactive medium of enactive
and extended human action. By focusing on the relational entanglement of social
databases, dynamic patterns, and algorithmic structures, the paper proposes a
4E-compatible connectionist account of Al—one that understands Al not only as
a technological artifact but as a co-evolving component of the extended cognitive
ecology of human life, shaping and shaped by enactive practices, intentions, and
norms. Finally, the paper discusses the limits of Al, discussing the problem of Al
hallucination and collapse from a 4E cognition perspective.
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1 Introduction

Large language models (LLMs) such as GPT or LLaMA represent a qualitatively new
stage in the history of artificial intelligence (AI). Unlike earlier symbolic Al or recom-
mender systems, they are built on transformer architectures [72] that enable real-time
generativity, linguistic responsiveness, and context-sensitive adaptability. Their outputs
are not mere retrievals from stored data but dynamically recombined sequences, shaped
by attention mechanisms and prompt inputs. This distinctiveness becomes especially
evident in phenomena such as “prompt injection” [44], jailbreaks, or hallucinations [39],
where the generative structure of LLMs interacts with human sense-making in unpre-
dictable ways. Far from being neutral tools, LLMs enter dialogical practices, scaffold
reasoning, and reshape communication norms. These features demand a conceptual
framework that can account for their hybrid, relational role in human cognition and
agency. As Milliere and Buckner [46] have recently emphasized, LLMs occupy a distinc-
tive place in contemporary philosophy of Al, reviving classical debates on intelligence,
compositionality, and semantic competence. Their diagnosis of the “Redescription

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s44163-025-00595-0
http://crossmark.crossref.org/dialog/?doi=10.1007/s44163-025-00595-0&domain=pdf&date_stamp=2025-11-5

Noller Discover Artificial Intelligence (2025) 5:323 Page 2 of 19

Fallacy” [[46], 9-10]—i.e., the tendency to dismiss neural models as “a collection of sta-
tistical calculations”—highlights the need for frameworks that take seriously their role in
reshaping cognition and agency. It is precisely in this spirit that the present paper devel-
ops a 4E account of LLMs, treating them not as trivial statistical devices but as constitu-
tive elements within extended human sense-making.

To date, debates about Al have often been trapped in a dichotomy: on the one hand,
the anthropomorphizing view that treats Al as a quasi-subject such as “artificial agents”
[19], on the other, the reductionist view that regards it as a mere instrument [12]. LLMs
challenge both perspectives. They neither “think like us” in any literal sense nor can
they be reduced to the logic of hammers or thermometers. Their operation on socially
sedimented corpora reflects and extends human purposes [6, 49] while simultaneously
introducing new teleological orientations, such as filtering, ranking, and generating
content [34]. The main problem, therefore, is not whether LLMs are intelligent but how
their integration into human practices transforms action, responsibility, and autonomy.
Fazi [17, 18], for example, argues that LLMs manifest a synthetic world-constitution
rather than simulating human thought. This complements my account of Al as teleologi-
cally constitutive of the lifeworld, though I stress their relational embedding in norma-
tive practices.

This paper develops a 4E account of artificial intelligence that situates LLMs as consti-
tutive elements of cognition and agency. The guiding thesis is that cognition is embodied,
embedded, enactive, and extended [24, 71], [47]. Against anthropomorphic projections
and reductionist trivializations, the paper proposes a relational and processual frame-
work in which humans and Al coevolve within a shared digital lifeworld. According to
this view, LLMs are not external forces acting on otherwise self-contained minds, but
integrated participants in distributed systems of sense-making, decision-making, and
purposive action.

The line of argument unfolds in six steps. Section 2 lays the groundwork by advancing
a 4E agency account of LLMs, showing how their computational, generative, and linguis-
tic capacities extend the lifeworld’s teleological structure. Section 3 develops the notion
of Al-extended agency, reframing classical debates about simulation and intelligence by
analyzing LLMs as “extension relations” that redistribute intentionality across human—
machine assemblages. Section 4 broadens this to Al-extended action, highlighting
language as the medium through which LLMs transform collective intentionality and
normativity. Section 5 introduces the paradigm of human—AlI coevolution [56], situating
LLMs in recursive feedback loops that reshape human preferences and institutions. Sec-
tion 6 turns to the epistemic limits of LLMs, analyzing hallucination and model collapse
as consequences of their associative architecture and disconnection from embodied life-
worlds. Finally, Section 7 concludes by drawing the ethical consequences of this frame-
work, arguing that LLMs must be governed as co-constitutive elements of extended
human agency rather than as autonomous moral subjects.

In sum, the distinctive features of LLMs—generativity, linguistic responsiveness, and
susceptibility to prompt steering—provide the motivation for adopting a 4E framework.
By analyzing them as part of an evolving ecology of human—AI interaction, this paper
seeks to illuminate both the promises and risks of our entanglement with generative lan-

guage technologies.
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2 LLMs and 4E cognition

The rise of LLMs has placed human cognition and agency into a novel technological
ecology. From a 4E perspective—where cognition is conceived as embodied, embed-
ded, enacted, and extended—this does not come as a surprise. Decades of research have
already shown that technologies, artifacts, and social partners can become constitutive
elements of human cognitive ecologies [8, 24, 37].

Such a reframing allows us to move beyond the standard dichotomies that dominate
current debates: the view of Al as an “artificial agent” [19] and the reductionist view of
Al as a mere tool [12]. Consider, for example, how recommender systems or LLMs enter
everyday practices. They do not merely simulate intelligence [70], nor are they neutral
calculators. Their operation on socially grounded databases reflects and extends human
purposes [49], while at the same time introducing new teleological orientations—filter-
ing, ranking, or generating content in ways that guide action [26, 54]. This hybrid entan-
glement requires a framework that acknowledges how Al extends the horizon of human
cognition and agency while remaining dependent on humanly set purposes and the nor-
mative structures of the lifeworld [38], [24, 64]. Seen in this light, the central problem is
not whether Al is intelligent, but how its integration into human practices transforms
the structures of action, responsibility, and autonomy [74], [13].

The task, then, is to develop an account that avoids both anthropomorphization and
trivialization, and instead situates Al as part of an evolving ecology of extended human
agency [50, 56]. This reframing provides the conceptual basis for the 4E perspective
introduced below, in which cognition and agency emerge not from isolated minds but
from embodied, embedded, enactive, and extended relations [71], [47].

According to the common 4E approach, cognition is embodied, i.e. shaped by the
body’s perceptual and motor capacities; embedded, i.e. situated within social and mate-
rial environments; enactive, i.e. arising through active engagement and sense-making;
and extended, i.e. often incorporating external tools and technologies into cognitive pro-
cesses [7, 28, 45]. Together, these four dimensions highlight that thinking is not confined
to the brain but unfolds across bodies, environments, and artifacts [25].

Drawing on Froese and Ziemke [23], recent work has extended this insight specifically
to digital technologies. Al technologies co-shape human agency within these extended
and enactive systems, drawing upon insights from phenomenology, enactivism, and
connectionism [49, 50]. In developing a 4E account of Al, it is essential to acknowledge
both the promises and the risks highlighted in the recent literature. Aagaard [1] cau-
tions against what he terms the dogma of harmony in 4E cognition, the tendency to por-
tray human—technology relations as inherently collaborative and mutually beneficial.
According to Aagaard, such depictions risk ignoring the disruptive or conflictual aspects
of our engagements with technology, including phenomena such as "digital akrasia"—i.e.,
the tendency to act against one’s better judgment when drawn in by digital devices—or
the deskilling that results from overreliance on automated systems. From this perspec-
tive, Al cannot be understood merely as a benign cognitive extension but must also be
analyzed as a potential source of friction, dependency, or erosion of human capacities.
Clowes [9], by contrast, stresses the ecological dimension of digital technologies, with
particular focus on the internet as a pervasive "cognitive ecology". He rejects the “impact
thesis,” which frames digital artifacts as external forces acting upon otherwise self-con-
tained minds. Instead, drawing on Material Engagement Theory, Clowes argues that
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digital infrastructures are constitutive of new forms of human agency. Far from being
passive recipients of technological influence, humans actively co-construct cognitive
practices with digital artifacts, from cloud-based memory systems to algorithmic recom-
mendation platforms. Importantly, this analysis highlights both the empowering and the
constraining roles of digital technologies: they can scaffold planfulness and self-regula-
tion, but they may also inhibit autonomy when their operations remain opaque or exter-
nally controlled. Taken together, these contributions offer a more nuanced backdrop for
theorizing Al within a 4E framework. Aagaard reminds us that not all couplings between
humans and technologies enhance agency—some may disrupt it—while Clowes demon-
strates that such couplings are not merely external influences but constitutive elements
of cognitive ecologies. A 4E account of Al must therefore attend to both the generative
and the problematic dynamics of human—Al interaction, situating artificial intelligence
within a lifeworld that is neither wholly harmonious nor purely disruptive, but marked
by complex, evolving patterns of co-constitution.

What remains underexplored, however, is how Al reshapes the teleological and norma-
tive structure of the human lifeworld. If Als are not merely tools but integrated elements
in the field of embodied, socially embedded action, then their role is not exhausted by
scaffolding cognition. They also transform how purposes, goals, and norms are dis-
tributed across human—machine systems. This paper therefore develops a connection-
ist and phenomenological account of Al-extended agency that centers on coevolution:
the mutual shaping of human practices, linguistic patterns, and algorithmic structures
within a shared lifeworld [36, 14, 49, 50].

Rather than rehearsing the basic 4E claim that technologies can be parts of cognition, I
shall focus on AT’s distinctive role: its computational power, pattern-recognition capaci-
ties, and linguistic responsiveness allow it to become entangled with human sense-mak-
ing in ways that differ from earlier technologies. Building on Don Ihde’s phenomenology
of technics [38] and enactive Al research [23, 63], I will argue that AI functions as an
extension relation: a structure that co-constitutes human cognition and action rather
than standing merely as an instrument or alterity.

A crucial question is how the proposed 4E agency account differs from existing
sociotechnical frameworks on AI. Much recent scholarship has emphasized the socio-
technical embedding of Al for instance in terms of socio-technical systems [[11], 52],
responsible innovation [74], or digital condition [64]. These frameworks highlight the
entanglement of technology, institutions, and social norms, and they often frame
Al governance as a matter of aligning technical systems with societal values. Simi-
larly, human—AlI interaction research frequently employs concepts of affordances [75]
or human—computer symbiosis [43] to account for the co-shaping of practices and
technologies.

While these approaches provide valuable insights, they tend to remain at the level of
external relations between “social” and “technical” domains. By contrast, a 4E agency
framework conceptualizes Al as part of the constitution of cognition and action. Rather
than treating Al as an external factor that merely influences or mediates human behav-
ior, the 4E approach argues that Al can become integrated into the very processes of
sense-making, decision-making, and purposive action. This difference matters in that it
shifts the focus from governance of external impacts to the analysis of extended human
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agency [49], where human purposes, embodied practices, and algorithmic operations
are entangled in distributed teleological structures.

In this sense, the novelty of the 4E agency account lies in its ontological commitment:
Al is not only situated in socio-technical systems but also participates in the enactment
of cognition and action itself. This allows us to capture both the empowering and the
disruptive dynamics of AI more precisely, and to frame normative questions not only in
terms of external regulation but also in terms of how human autonomy and responsibil-
ity are transformed within an Al-extended lifeworld.

This reframing enables us to move beyond the familiar dichotomies—AlI as a quasi-
subject versus Al as mere tool—and instead situate Al within the evolving lifeworld
of human action. Language is crucial here: large language models (LLMs) operate on
socially sedimented corpora [6], but once integrated into human practice they enter sen-
sorimotor loops and dialogical interactions that reshape the very norms of communica-
tion and agency. As Buckner [6] emphasizes, the performance of contemporary language
models depends on their immersion in socially structured corpora and human feedback,
more precisely Reinforcement Learning with Human Feedback (RLHF). Rather than
being abstract statistical devices, LLMs embody a form of empiricism in which human
experiences, purposes, and biases are sedimented into digital corpora. In this sense, their
generative capacities are socially grounded from the outset, reflecting the same kind of
culturally mediated scaffolding that Buckner associates with developmental trajectories
of human social cognition, therefore speaking of “cultural training data” [[6], 341]. Thus,
Al should be examined less as a detached computational entity and more as a co-evolv-
ing component of extended human agency within the digital lifeworld.

This paper contributes to current debates on Al not only at a theoretical level but also
with practical implications. By reframing Al as part of extended human agency within
the digital lifeworld, the argument given offers several benefits across multiple domains.
For data curation and model training, it highlights the importance of situating datas-
ets within social practices and normative contexts [10], [4], thereby drawing attention to
how human purposes and biases are sedimented in training data. For system and inter-
face design, the analysis encourages designers to consider Al not as a neutral instrument
but as a participant in human action [2, 51, 65], shaping and being shaped by users’ goals
and environments. For Al governance, the account provides conceptual resources for
design guidelines that go beyond anthropomorphic or instrumental framings [11, 21],
[74], instead emphasizing instead the need to regulate the relations between humans,
data, and algorithms. For evaluation and benchmarking, it suggests that assessments of
Al systems should not only measure performance metrics in isolation, but also account
for their teleological integration into human lifeworlds [52, 55]. Finally, for educational
programs about Al, the framework supports a more holistic curriculum that integrates
technical, ethical, and phenomenological perspectives [40, 60, 77], equipping learners to
critically understand and responsibly use Al technologies.

3 Towards a 4E agency account of Al

While the notion that technologies can serve as “prostheses” of the human mind has a
long intellectual lineage, stretching from Freud’s [22] reflections on artificial supports to
contemporary accounts of distributed cognition and sociotechnical entanglement, the
framework developed here advances two distinct claims. First, large language models
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should be understood not as embodied but as linguistic enactors. Their mode of partici-
pation in human sense-making is not grounded in sensorimotor coupling but in dialogi-
cal and symbolic responsiveness. This distinguishes them both from classical cognitive
artifacts, such as writing or tools, and from embodied human partners. Second, the pro-
posed concept of extension relations is not reducible to external influence or mediation.
It introduces an ontological shift: LLMs do not simply affect cognition from the out-
side but enter into the teleological constitution of the lifeworld, reconfiguring how pur-
poses, goals, and norms are distributed across human—machine interaction. These two
moves—the relocation of enactment from the embodied to the linguistic domain, and
the shift from external impact to teleological co-constitution—mark the novelty of the
present account. They allow us to capture the specificity of LLMs within the broader his-
tory of cognitive technologies, and to clarify what is at stake in human—AI coevolution.

Rather than contrastingthe digital domain with the analog, I argue—consistent with 4E
cognition and agency—that digital structures can become embedded within the embod-
ied, enactive processes that constitute human sense-making. Husserl (1970) describes
the lifeworld as teleologically structured, meaning that purposes, goals, and intentions
are not external to experience but are the very fabric through which meaning and action
unfold. This is echoed in contemporary 4E cognition accounts, which conceive cognition
as affordance-responsive and goal-directed interaction between agent and environment.
The lifeworld, then, is not simply “the world as experienced,” but the pragmatic field of
embodied coping and skillful navigation [24, 71]. Therefore, the digital lifeworld, under-
stood in terms of pattern-based, affordance-laden structures, can extend and reshape
the analog lifeworld. As LLMs extract and recombine patterns from human-produced
data, they operate on socially embedded databases—particularly language—and thus
participate in enacted, culturally mediated cognition.

While the 4E framework has established itself as a powerful lens for analyzing
human-technology relations, it has also been criticized for being an overly optimistic
portrayal of extended cognition. Slaby [62] highlights the limits of the prevailing user/
resource model, in which individuals are assumed to deliberately and harmoniously inte-
grate external artifacts into their cognitive routines. Against this view, he develops the
notion of mind invasion: processes in which social and technological infrastructures
modulate affectivity and agency from the outside, often contrary to the individual’s prior
orientations. Rather than simple enhancement, technologies can entrench patterns of
habituation and emotional alignment that serve institutional or corporate interests. This
perspective underscores that extended cognition is never neutral—it can involve subtle
forms of control and subjectification.

Aagaard [1] makes a parallel point with his critique of the dogma of harmony in 4E
cognition. He warns that scholars too often assume that human-technology couplings
are cooperative and beneficial, overlooking conflictual relations such as bad habits, digi-
tal distraction, and deskilling. The phenomenon of digital akrasia—acting against one’s
better judgment under the lure of digital devices—illustrates how technological scaffolds
can undermine agency as much as they support it. Aagaard therefore calls for a more
balanced analysis that admits both antagonistic and generative dimensions of cognitive
extension.

Building on these concerns, Haraldsen [27] argues that contemporary digital tech-

nologies introduce a qualitatively new factor into extended cognition, which he calls
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"economic agency”. While historical forms of cognitive engineering (such as the art of
memory or literary writing) aligned external supports with user goals, many digital
systems are designed to advance corporate interests that often diverge from, or even
oppose, those of their users. This means that when we integrate digital technologies
into our cognitive routines, we simultaneously allow economic logics to shape attention,
memory, and sense-making. Haraldsen’s analysis thus extends the critique of optimism
in 4E cognition to the political economy of the digital ecology, where external agencies
actively reconfigure cognitive processes in line with profit motives.

Taken together, these perspectives complicate the assumption that Al and digital tech-
nologies merely enrich human cognitive ecologies. They remind us that the integration
of Al into the lifeworld must be analyzed in terms of power, conflict, and embodiment
as well as in terms of functional enhancement. Moreover, they point to a key tension
for enactivist accounts: while embodied interaction is central to sense-making, much of
contemporary Al use is characterized by low levels of embodiment, as in text-based inter-
faces and screen-mediated engagements. The challenge, then, is to reconcile the enactiv-
ist emphasis on sensorimotor grounding with the increasingly disembodied modes of
interaction that AI affords.

This more critical framing situates the present account within ongoing debates in 4E
cognition. It underscores that the significance of Al does not lie only in its role as a novel
extension of mind, but also in the ways it can conflict with human purposes, shape affec-
tive life, and embed economic and institutional agencies within cognitive systems.

From the perspective of 4E cognition, artificial intelligence must be situated within the
broader history of cognitive technologies such as writing, reading, artifacts, and socially
distributed practices. Menary’s [45] theory of cognitive integration emphasizes how
writing is not merely an external tool but part of our cognitive system, enabling new
forms of reasoning and reflection through the manipulation of external symbolic vehi-
cles. Similarly, Kukkonen [41] demonstrates that reading practices are deeply enactive
and scaffolded, involving the embodied engagement of readers with textual structures
that extend cognitive capacities in ways that reshape both attention and imagination.
Heersmink [28] develops a taxonomy of artifacts—embodied, perceptual, cognitive, and
affective—that clarifies how diverse material objects support, transform, and sometimes
even constitute human capabilities. Hutchins [37], in his seminal study of ship naviga-
tion, shows how cognition in practice is distributed across individuals, tools, and cul-
tural routines, underscoring the irreducible social dimension of cognitive systems.
Tribble [69] provides a complementary historical analysis of Shakespeare’s theatre as a
cognitive ecology, highlighting how memory and attention are scaffolded by material
and social arrangements. Sutton [66] similarly stresses that remembering is often scaf-
folded or co-constituted in socially distributed networks.

Within this broad ecology of cognitive technologies, Al introduces both continuities
and novelties. On the one hand, it resembles earlier artifacts insofar as it provides exter-
nal scaffolds for memory, reasoning, and imagination. Like writing, it stabilizes infor-
mation across time; like reading practices, it shapes attention and interpretive patterns;
and like socially distributed cognition, it embeds individual users in collective systems
of knowledge production. On the other hand, Al differs in at least two crucial respects.
First, it is highly responsive—unlike static artifacts such as notebooks or memory pal-
aces, Al systems adapt in real time to user input, producing outputs that are dialogical
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rather than inert. Second, while Williams [76] shows that cognition is always pragmati-
cally oriented toward action rather than passive representation, Haraldsen [27] empha-
sizes that Al systems often embody agential forces that diverge from user intentions.
Whereas writing or mnemonic techniques generally aligned with their practitioners’
goals, many digital systems are designed to pursue corporate or economic interests,
introducing what Haraldsen calls "economic agency” into the very fabric of cognition.

Thus, the difference between Al and earlier cognitive technologies is not that the for-
mer extends cognition while the latter did not, but that Al participates in extended cog-
nition in ways that are strategically goal-directed on behalf of external actors. This raises
novel normative concerns: whereas writing, reading, and collaborative memory prac-
tices primarily scaffolded human purposes, Al systems frequently embed priorities—
optimization for engagement, prediction, or monetization—that may conflict with user
agency. Recognizing this both situates AI within the long trajectory of cognitive tech-
nologies and clarifies the stakes of its distinctiveness: Al is not just another extension of
mind, but a responsive, semi-agentive technology that refracts human agency through
powerful institutional and economic logics.

The empirical foundations of artificial intelligence—particularly in the case of machine
learning—rest heavily on the availability, quality, and structure of training data. As Buck-
ner [5] argues, contemporary Al systems operate in terms of empiricism by abstract-
ing complex patterns from data bases, in which performance improvements are largely
driven not by conceptual breakthroughs in representation or reasoning, but by the scale
and character of empirical data.

While Buckner’s [5] analysis of abstraction in neural networks remains valuable, it
predates the rapid rise of large language models. Recent discussions by industry play-
ers—such as Google’s work on transformer architectures [72], Anthropic’s reflections on
constitutional Al [3], or Meta’s transparency reports on LLaMA models [68] —demon-
strate how the field has shifted toward scale, safety, and alignment. Yet, these accounts
remain largely silent on the 4E dimensions of cognition. Training practices emphasize
technical optimization while overlooking how models become part of social lifeworlds
and human agency. A 4E perspective can therefore complement existing technical dis-
courses by showing that LLMs are not just statistical systems but are already woven into
embodied, social, and purposive practices that require critical reflection and governance.

However, the current paradigm often treats data as abstract inputs divorced from the
embodied, situated contexts in which human cognition unfolds. From the perspective
of 4E cognition, this detachment constitutes a profound limitation. Data in human cog-
nition is not merely informational but is always affectively and pragmatically charged,
arising from lived interaction with the world. In contrast, Al systems trained on static
datasets lack access to the sensorimotor contingencies and interactive feedback loops
that characterize human learning. This epistemic asymmetry points to the need for an
alternative approach in Al development—one that acknowledges the empirical impor-
tance of data while embedding it within dynamic, embodied engagements, thereby
aligning with the principles of 4E cognition.

However, a more precise account of large language models (LLMs) is needed in
order to avoid conflating them with earlier forms of AI such as recommender systems.
While both can be situated within the digital lifeworld as elements of extended cogni-
tion, they operate on different architectures and exhibit distinct interactional dynamics.
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Recommender algorithms, for example, primarily function by correlating past user
behavior with predefined patterns of similarity across datasets. By contrast, transformer-
based LLMs employ the attention mechanism to dynamically weight and recombine
learned representations during inference. Although trained on static corpora, they do
not merely retrieve stored content but generate novel sequences in response to user
prompts through real-time contextual recombination.

This distinction matters for 4E analyses. The generative process of LLMs allows for
context-sensitive adaptability during interaction, including the well-documented phe-
nomena of jailbreaking and prompt injection, where outputs can be steered or manipu-
lated by strategically crafted inputs [44]. While such adaptability does not amount to
enactive sensorimotor coupling in the biological sense, it nevertheless exemplifies a form
of responsive engagement grounded in linguistic rather than embodied interaction.

Acknowledging this nuance enriches the 4E framework: it shows that LLMs partially
instantiate the “enactive” and “interactive” dimensions of cognition, while simultane-
ously highlighting where they fall short. Their responsiveness is confined to symbolic
patterns and lacks the sensorimotor grounding of embodied agents, yet it is precisely
this hybrid form of linguistic responsiveness that makes them distinctive within the
ecology of cognitive technologies. Rather than treating LLMs as static repositories, we
should recognize them as dynamic interlocutors whose generativity reshapes human
cognitive practices, even if their “engagement” is circumscribed by the statistical and
non-biological nature of their architecture.

As Buckner [6] argues, such databases embody a kind of empiricism in which human
experiences, purposes, and biases become embedded and sedimented within digital
corpora. These patterns, once processed by artificial neural networks (ANNs), do not
remain isolated from human practice. Instead, they enter into sensorimotor loops, prac-
tical reasoning, and social interactions. The digital lifeworld is, therefore a relational
field of extended cognition and action—a domain in which purposes, symbols, and bod-
ies converge and co-evolve.

Luciano Floridi’s concept of the “onlife” [20], understood as a hybrid between online
and offline existence, describes the phenomenon of the digital lifeworld. According to
this hybrid conception, we no longer operate in distinct “online” and “offline” worlds, but
in a merged ecology of analog and digital structures that shape our cognition and action.
Within this hybrid space, tools, media, and algorithms actively shape the affordances
and trajectories of action. This supports the 4E thesis that cognition is not internal, com-
putational symbol manipulation, but distributed activity across brain, body, tools, and
environment [25, 47].

The concept of affordance, originally developed by James J. Gibson and further elabo-
rated in ecological psychology and enactivist philosophy, plays a central role in linking
4E cognition to Al. Affordances refer to “the possibilities for action that are available to
agents in their environments” [[32], 3]. As such, they do not only address our cognition
but also our action. In the framework of 4E cognition, affordances are not merely objec-
tive features of the environment, nor solely internal representations. Rather, they emerge
from the dynamic interaction between an agent and its situated world. This relational
ontology challenges the traditional subject—object dichotomy by showing that percep-
tion and action are co-constituted in practice.
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In the digital lifeworld, individuals are not merely consumers of information but also
its producers. Alvin Toffler’s term prosumer—originally describing people who con-
sumed what they themselves produced [[67], 282]—captures this dual role. Yet the digital
prosumer differs from Toffler’s original figure: she consumes and produces simultane-
ously, through her very participation in the digital lifeworld. In 4E terms, this reflects a
coupling between humans and digital systems that is not merely unidirectionally causal
but potentially constitutive and co-evolutionistic: cognition and action emerge from
recurrent sensorimotor interaction with the world, and that world now includes Al sys-
tems trained on human data.

Drawing on Don Ihde’s phenomenology of technics allows us to further illuminate this
structure. His taxonomy of human-technology relations—embodiment, hermeneutic,
alterity, and background—can be reinterpreted within the 4E paradigm. While classical
Al systems may once have constituted alterity relations, modern ANNs participate in
what I propose to call extension relations: they are not simply used or interpreted but are
co-constitutive of human cognition and action.

Al systems today not only change what we do, but how we act, what we perceive, and
what possibilities we consider actionable. Their influence reaches into domains such as
perception (through algorithmic filtering), social interaction (through platform design),
and even identity (via recommendation systems). These are not peripheral effects—they
indicate that Al systems are now constitutive elements of the digital lifeworld, which in
turn extends to the physical lifeworld.

To analyze these dynamics, we must shift our focus from ontological distinctions
(machine vs. human) to teleological entanglements: how purposes, intentions, and affor-
dances are redistributed across human-Al systems. This allows us to ask ethical ques-
tions not about machine “autonomy” but about how human autonomy is extended,
reconfigured, or constrained by its integration with digital technologies.

4 Al extended agency

The distinction between “simulation” and “duplication” of human intelligence—central
to classical debates on strong vs. weak Al—rests on the assumption that intelligence is
an internal property of a system, whether human or artificial. Yet from a 4E perspective,
this distinction can be modified: intelligence is not a static property, but a dynamic pro-
cess enacted in specific bodily, social, and environmental contexts. Rather than asking
whether machines possess intelligence, we must ask how cognitive performances emerge
from interactions between humans and Al systems, and what roles these systems play in
our extended cognitive and agential ecologies.

Alan Turing’s famous “imitation game” [70], often interpreted as a simulation bench-
mark, already hints at this shift. The Turing test does not assess internal mental states
but instead evaluates socially situated linguistic performance [57]. It is thus inherently
enactive and relational, assessing whether a machine can participate in the dialogical
fabric of social cognition. From this angle, the test anticipates the 4E thesis: cognition is
not hidden “inside,” but enacted in intersubjective exchange.

However, philosophers like John Searle [58] opposed this functional view by empha-
sizing that machines lack semantic understanding—they only manipulate symbols syn-
tactically. This critique rests on a representationalist framework that the 4E approach
explicitly challenges. In the 4E view, meaning arises not from internal representations
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alone, but through sensorimotor coupling with the environment, affordance-responsive-
ness, and norm-governed interaction with others [24, 48].

Therefore, rather than defending or rejecting strong Al, this paper reframes the debate
by focusing on Al as an extension of human cognition and agency. A part of human Al-
interaction, Al systems do not replicate human minds, but participate in enactive prac-
tices that extend and transform human intentionality. This reflects Douglas Engelbart’s
idea of an “augmented human intellect” [15], although his instrumental focus on “effec-
tiveness” underemphasizes the qualitative shifts in cognition and normativity that occur
through such augmentation.

To better capture these qualitative transformations, I propose to understand Al-
human interaction not in terms of “simulation” or “duplication,” but as an intertwining
of affordances, patterns, and actions, forming what Ihde might call an extension relation.
This goes beyond the instrumental use of technology (as in mere “tools”) and beyond
anthropomorphizing (as in “artificial minds”). Instead, AI becomes a co-regulative struc-
ture in extended agency—shaping how humans perceive, decide, act, and relate.

The concept of interobjectivity, developed by Latour [42], offers a sociomaterial lens
to describe this entanglement. Originally meant to account for how artifacts participate
in social life, interobjectivity can be reinterpreted here to describe the material-semi-
otic coevolution between human purposes, digital artifacts, and algorithmic processes.
Importantly, such coupling does not render machines “social agents,” but instead high-
lights how cognitive agency emerges across distributed systems that include humans,
tools, languages, and infrastructures.

This is supported by Hui’s [35] account of interobjectivity as the structured relational-
ity between digital objects. However, where Hui focuses on the materiality of connec-
tions, I emphasize the teleological and agential dimension: how human intentions are
extended, delegated, and transformed via algorithmic processes that operate on socially
meaningful data. Thus, the key question is not whether Al is intelligent per se, but how
it becomes a constitutive part of human practical reasoning, moral responsibility, and
cultural meaning-making in coevolution.

From a coevolutional point of view, Searle’s distinction between syntax and semantics
becomes less decisive. Within a 4E framework, semantic meaning does not reside solely
in mental representations but in the dynamically enacted patterns of interaction across
humans and their technological environment. By analyzing Al as part of these extended
and enacted cognitive systems, we can shift the focus from metaphysical debates to
practical concerns about agency, responsibility, and normativity in the digital lifeworld.

Finally, these insights allow us to recast artificial neural networks not as isolated com-
putational systems, but as relational technologies embedded in human teleological
fields. The performance of ANNs—pattern recognition, language generation, recom-
mendation—only becomes meaningful when situated within shared intentional con-
texts, structured by social norms and linguistic practices. As such, Al is not an alien
other, but a functionally integrated participant in the ecology of extended human action
and coevolution.
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5 Al-extended action

Luciano Floridi’s concept of “artificial agents” within the infosphere reflects a growing
recognition that Al systems are becoming embedded in the normative, social, and moral
fabric of everyday life [19]. He distinguishes between responsibility, attributed to human
designers and users, and accountability, which can be ascribed to artificial agents within
constrained operational frameworks. While this distinction is insightful, it remains
grounded in an informationalist paradigm, which treats AI primarily as a system of sym-
bolic manipulation.

However, from a 4E perspective, such a framing is too narrow. As Gallagher [25] and
Varela et al. [71] have argued, cognition—and by extension agency—is best not under-
stood as internal information processing, but as enacted engagement with a meaningful
environment, shaped by bodily capacities, social affordances, and temporal dynamics.
Consequently, Al systems should not be framed as informational entities operating on
abstract levels of description, but as components of extended, embodied, and teleologi-
cally structured human action.

The framework of extended mind theory [8] has already shown how tools, symbols,
and environments can become constitutive parts of cognitive processes. While the origi-
nal focus was on belief and memory, this insight applies equally to practical reasoning
and intentional action. Artificial neural networks, trained on vast social-linguistic cor-
pora, participate not merely in cognition but in the realization of goals and purposes—a
domain traditionally reserved for human agency.

However, 4E theorists have gone beyond Clark and Chalmers by emphasizing that cog-
nition is not just extended, but also embodied, enactive, and embedded. This means that
Al cannot be understood simply as a cognitive prosthesis. Rather, its role in the human
lifeworld must be seen as co-constitutive of agency: Al systems reshape what actions are
possible, desirable, and normatively appropriate. They mediate human sense-making in
dynamic and often implicit ways.

Language plays a central role from the perspective of 4E cognition and action. As
emphasized in enactivist theories of cognition, language is not merely a code, but a
mode of embodied, intersubjective coordination. Al systems like large language mod-
els operate on this dimension by transforming linguistic structures and thus enabling or
constraining collective intentionality. This does not mean that machines have intentions,
but that they participate in the social ecology of meaning, in which human intentions are
formed, stabilized, and enacted.

Thus, the notion of Al-extended agency does not imply attributing autonomy to
machines, but rather refers to the distributed and hybrid character of intentional action
in the digital lifeworld. Drawing on the enactivist concept of human-Al coevolution, we
can understand the human-AlI relation as one of mutual modulation: human purposes
are shaped by technological affordances, while Al outputs are in turn shaped by the
social, cultural, and ethical frameworks in which they operate.

Floridi’s level-of-abstraction (LoA) model rightly emphasizes that ethical evaluations
of Al depend on how we describe and conceptualize them. However, instead of choos-
ing an informational LoA, I argue for a teleological LoA grounded in practical contexts,
embodied interactions, and value-laden affordances. This entails not merely a descriptive
shift but a normative demand: if Al systems co-determine our field of possible actions,
then responsibility must concern the human—AI ensemble, not just isolated agents.
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Moreover, as recent theories of cyberbilities [16] suggest, Al does not merely extend
cognition, but also modifies emotional, volitional, and social capacities. These cyberbili-
ties are not confined to individuals but extend to institutions and collective practices. In
this light, Al becomes part of the distributed infrastructure of practical rationality, shap-
ing how intentions are formed, coordinated, and acted upon.

A normative understanding of Al, then, cannot rest on rules applied to autonomous
machines. It must concern the quality of coupling between human purposes and Al
performances— i.e., the transparency of affordances, the inclusivity and objectivity of
training data, and the intelligibility of algorithmic mediations. Responsibility resides not
in the machine, but in the patterns of interaction that sustain, extend or distort human
agency.

In summary, Al-extended action reflects a transformation in the structure of human
intentionality, one that calls for a 4E-compatible ethical framework. Rather than debat-
ing Al's moral status in isolation, we should focus on how human autonomy is trans-
formed through technologically mediated relations. This requires attending not only to
representational content, but to the affordances, feedback loops, and power asymme-
tries that structure human agency.

6 Human-Al coevolution: feedback loops in the digital lifeworld
The emerging paradigm of Human—AlI coevolution [[56], 1], which means “a process in
which humans and AI algorithms continuously influence each other’, offers a compel-
ling framework for understanding the mutual shaping of human practices and artificial
intelligence systems. This coevolutionary perspective challenges linear models of tech-
nological progress by emphasizing the bidirectional dynamics through which AI sys-
tems not only influence but are also shaped by human behavior, institutional norms, and
cultural practices. From the standpoint of 4E cognition, this perspective is particularly
salient. Rather than viewing Al as an external tool or isolated artifact, coevolution fore-
grounds its integration into the embodied routines and socio-material environments of
human agents. Human—AlI interaction thus becomes a site of continuous cognitive and
teleological reconfiguration, where agency is not located solely within the human or the
machine but emerges relationally through distributed, interactive processes. In this con-
text, 4E agency can be seen as the dynamically extended capacity to act and make sense
within a hybrid digital lifeworld of human and artificial agents, technologies, and affor-
dance-rich environments. Recognizing this co-constitutive entanglement is essential for
developing normative and design frameworks that support not only effective but also
meaningful and ethically sound human—AI relations. The concept of human—AI coevo-
lution, as developed by Pedreschi et al. [56], provides a complementary and empirically
grounded perspective on the dynamic interplay between human agency and artificial
intelligence. While the 4E approach emphasizes the embodied, embedded, enactive, and
extended character of cognition, coevolution theory focuses on the iterative feedback
loops through which humans and Al systems mutually transform one another over time.
Pedreschi et al. [56] argue that Al-based systems—particularly recommender systems
and digital assistants—are not merely tools but structural components of sociotech-
nical ecosystems. In such ecosystems, user behavior generates the data AI models are
trained on, which in turn shape user preferences and behaviors in subsequent iterations.

This recursive interaction creates a nonlinear coevolutionary dynamic that gives rise
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to emergent and often unintended systemic effects such as filter bubbles [53], opinion
polarization, model degradation, or behavioral conformism.

Viewed through a 4E lens, these dynamics can be interpreted as enactive couplings
between human agents and algorithmic structures: cognitive agency does not merely
adapt to technological environments—it is co-constituted within them. This resonates
with the phenomenological notion of the lifeworld as a teleologically structured horizon
of meaning: in the digital lifeworld, intentionality is increasingly mediated and modu-
lated by algorithmic affordances, which themselves are the sedimented products of past
human actions.

The coevolutionary perspective foregrounds the distributed nature of responsibility
and normativity in human—AlI interactions. Since recommender systems adapt based
on aggregated user behavior, individual intentions are recursively enfolded into collec-
tive algorithmic patterns that then act back upon individuals. In this sense, Al systems
become not only epistemic tools but teleological structures—not in the sense of possess-
ing intentions, but in shaping the field of possible intentions available to human agents.

To be sure, the attribution of teleology to Al systems requires careful qualification.
Large language models, as probabilistic next-token predictors, do not engage in causal
reasoning or autonomous goal-setting in the way biological agents do. Their generative
process is fundamentally associative, producing outputs by recombining statistical regu-
larities rather than by pursuing ends of their own. In this respect, it may be misleading
to speak of Al itself as “teleological” Instead, the teleological dimension emerges rela-
tionally, through the way LLMs shape the field of possible intentions available to human
agents—by filtering, ranking, or generating patterns that guide subsequent human
action.

This point becomes clearer when set against ecological-enactive theories of agency.
Segundo-Ortin [59] emphasizes that agency is best understood not as an internal
causal sequence of mental states but as a relation between organism and environment,
structured by affordances, habits, and sensorimotor schemes. From this perspective,
teleology is not an intrinsic property of isolated systems but arises from embodied
engagement with meaningful affordances. Extending this insight to Al, we can see that
LLMs function less as teleological agents in themselves than as artifacts that modulate
human affordances and intentions. In this sense, they are comparable to other cultural
artifacts—such as architecture or public institutions—that structure the horizon of pos-
sible actions without possessing intrinsic purposiveness.

Accordingly, the 4E agency framework does not anthropomorphize Al as an inten-
tional subject. Rather, it analyzes Al as a relational extension of human agency, where
the apparent teleology of the system is a reflection of its embedding in human practices,
goals, and sociocultural norms.

7 Avoiding Al collapse and hallucination

The phenomenon of hallucinations provides a decisive test case for a 4E agency account
of LLMs. Hallucinations show that these systems are not external tools that simply fail,
but elements within extended and enactive processes of sense-making, where their
breakdowns must be interpreted within the teleological and normative structures of
the lifeworld. Recent studies on the epistemology of LLMs converge on the diagnosis
of a structural deficit, namely the systematic exclusion of embodied, situated human
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engagement in the development and deployment of Al systems. This leads to a form of
Human-—Al irrationality that manifests in diverse phenomena.

Shumailov et al. [61] describe the phenomenon of “model collapse” as a progressive
degeneration that occurs when models are recursively trained on their own outputs
rather than on human-authored data. Successive training cycles cause LLMs to “forget”
the statistical long-tail of rare but important patterns, resulting in homogenized, impov-
erished, and epistemically diminished outputs. As they note, the continued availability
of genuine human data is crucial if Al systems are to avoid polluting their own training
environment. From a 4E perspective, this degeneration exemplifies how disembedded
and disextended architectures sever ties to the lifeworld that normally sustain cognitive
diversity and meaning.

A similar diagnosis is offered by Hicks et al. [33], who argue that LLMs produce
bullshit in the Frankfurtian sense: not because they lie, but because they are structur-
ally indifferent to truth. Their design prioritizes linguistic plausibility and surface coher-
ence over epistemic responsibility. In this way, Al systems persuade without convincing,
reflecting a deeper disconnection from the embodied and dialogical contexts in which
meaning becomes accountable.

Other recent contributions sharpen this insight. Heersmink et al. [29] frame LLMs as
"cognitive artifacts” whose opacity and quasi-human phenomenology can foster mis-
placed trust, especially in cases of hallucination. This aligns with my view that hallu-
cination is not merely a technical failure but an epistemic risk grounded in relational
dynamics of trust, responsibility, and integration into the lifeworld. Heimann and
Hibener [30, 31] go further by interpreting LLM hallucinations through Lacanian psy-
choanalysis, likening them to the structural logic of psychosis and “absolute metaphors.”
Their account resonates with my claim that hallucinations reveal the specifically lin-
guistic mode of enactment of LLMs: they generate coherence around gaps in knowledge
without embodied grounding.

Kalai et al. [39] add a complementary statistical perspective, showing that hallucina-
tions are predictable outcomes of training regimes that reward confident answers over
abstention. Models thereby develop a structural bias toward guessing, which dovetails
with my claim that hallucinations are shaped not only by architecture but also by socio-
technical evaluation practices. From the standpoint of extended agency, such failures
must be interpreted within the teleological and normative structures of the lifeworld,
where incentives and benchmarks co-constitute both model behavior and human
expectations.

Taken together, these perspectives clarify why hallucination and collapse cannot be
reduced to incomplete datasets or missing embodiment. They are rooted in the gener-
ative design of LLMs as next-token predictors, whose associative operations privilege
plausibility over truth-tracking. Logical coherence, when it arises, is a secondary effect
of pattern learning rather than a built-in objective. This explains why LLMs can generate
fluent, contextually appropriate text while producing factually inaccurate or contradic-
tory claims. From a 4E standpoint, hallucinations are therefore not incidental failures
but structural features of Al as an associative process. Precisely because of this, human—
machine co-regulation is required if LLMs are to function as reliable extensions of cog-

nition and agency.
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8 Conclusion

In this paper, I have argued that artificial intelligence, especially in the form of artificial
neural networks and LLMs, should not be conceptualized as either a simulation or dupli-
cation of human intelligence. Instead, it should be understood as part of an extended,
embodied, embedded, and enactive system of human agency that stands in a relationship
of human-AI coevolution. Through its interaction with human purposes, language, and
practical contexts, Al participates in the ongoing constitution of the digital lifeworld—a
space in which cognition, meaning, and action are co-shaped across human and techno-
logical domains.

The key to responsible human—AlI interaction lies not in attributing subjectivity or
moral agency to machines, but in recognizing the distributed structure of intentionality
in socio-technical systems. Drawing on the concept of interobjectivity, I have shown that
human actions and Al processes are increasingly interwoven in patterns of mutual coor-
dination, mediated by language, databases, and algorithms. These patterns are not neu-
tral, since they reflect and perpetuate human interests, values, and biases, both implicit
and explicit.

From a 4E perspective, these interactions are not merely causal but constitutive: the
coupling of Al systems with embodied human practices shapes affordances, transforms
action spaces, and reconfigures what is perceived as normatively appropriate or mean-
ingful. Responsibility, therefore, cannot be localized solely in the user or designer, but
must be understood as emerging from the entire ecology of interaction in which Al sys-
tems operate.

Ethical reflection on AI must thus move beyond the framework of rule-based evalua-
tion of machine behavior. Instead, it must ask: how does Al mediate and extend our cog-
nitions and actions? How does it reorient our goals, constrain our options, and modulate
our affective or collective responses? The answers to these questions will depend not on
abstract ontologies but on concrete, lived patterns of interaction, shaped by institutions,
infrastructures, and historical trajectories.

By analyzing Al as part of extended human agency, we open the way for a new form
of responsibility that is situated, relational, and sensitive to the dynamics of human-AI
coevolution. Rather than moralizing technology in general and Al systems in particular
as such [73], we must reflect on the design of interactions that either support or distort
human flourishing—a design that allows for productive and objective human-AI coevo-
lution. This includes critically examining the training data, feedback loops, algorithmic
structures, and sociocultural practices that form the background of Al systems.

In conclusion, artificial intelligence does not stand beside the human lifeworld as an
object, nor does it merge with it as a subject. It is, rather, enacted within it—as a func-
tional extension of our embodied capacities, embedded in our social environments,
enacted through our goals and actions, and extended across the tools and technologies
we create. Understanding and shaping this relation responsibly requires a 4E-informed
ethics, attentive to the ways in which intelligence, action, and meaning emerge not in
isolation, but in interaction.
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