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Abstract: In the contemporary landscape, we witness and debate the adoption of digital
technological devices by children and adolescents, both in schools and private settings. The
provision of these tools by parents and teachers, while fearful, is often automatic, trans-
forming digital technologies into educational and domestic environments. Even in the edu-
cational context, the debate turns into critical examinations regarding their optimal use to
promote learning. This paper, therefore, aims to trace the differences and implications be-
tween first-order analog technologies and modern third-order technologies, within the
framework of embodied education and cognition. Drawing on interdisciplinary frameworks,
including the studies of Floridi (In-betweenness), the paper explores the underlying peda-
gogical reflections. Specifically, the proposal invites us to think of these new technologies as
mind-environment, which, at phenomenological and experiential level, recode spaces, pet-
ceptions, and self-control. Finally, it proposes new pedagogical challenges, analyzing the
possible shift from “error is master” to “error is the master (algorithm)” and the possible
repercussions on the teacher's care and supervision of students.
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1. Introduction

The early and extensive use of digital devices among young children is growing
rapidly. A meta-analysis found that only a quarter of children under 2 years old and a
third of those between 2 and 5 years old meet the American Academy of Pediatrics
(AAP) guidelines, which recommend against screens before age 2 and limit their use
to less than an hour per day for children aged 2 to 5 (McArthur et al., 2022). Among
adolescents, one in three is constantly online (Nuvoli et al., 2025).

Smartphone adoption by children is a complex phenomenon, often a source of
family tension: young people are enthusiastic about it, while parents are concerned
about the effects on cognitive, social, and relational development (Matthes et al.,
2021). The debate highlights parents regulating technology use and children influ-
encing adults' adoption of new technologies.

1 This contribution is the result of joint work. Specifically, paragraphs 1, 3, and 4 are attributed to C. Gardoni and paragraph 2 to E. Renzi. The con-

clusions are the result of joint reflection and writing.
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The use of digital technologies is also increasing in schools, albeit with contextual
limitations. The pandemic has accelerated the expansion of EdTech and the “Guoog-
lization of the classroons”, with companies like Google and Microsoft offering free or
subsidized solutions to schools, gaining access to data and standardizing teaching
practices (Livingstone et al., 2024).

Digital platforms operate according to proprietary models, defining formats,
protocols, and metrics, implicitly influencing learning, how to measure it, and the
goals to which it should be directed, replacing pedagogical language with that of
performance (Lascoumes & Le Gales, 2007).

The diffusion of technologies represents an anthropological shift, modifying
skills, preferences, ways of thinking, and constructing identities (Prensky, 2013). It is
crucial to evaluate the power of “platform societies” (Van Dijck et al., 2018), which
concentrate opacity and dark patterns, unwittingly involving children, learners, and
educators.

Error, experience, and learning raise central pedagogical questions that require
epistemological reflection on their connection, making it crucial to distinguish the
different technological orders and analyze their theoretical and practical implications
for education.

2. The Pedagogical Value of Error

Numerous writings, spanning different eras and scientific cultures, highlight the
value and impact of error in the human educational process (Narciss & Alemdag,
2025). Error today represents a fundamental stage of learning, serving as an indicator
of development, a driving force for research, and, above all, a creative space for re-
working (Ponzo, 2025). The act of erring is, in fact, the manifest sign of cognitive
tension. It is not only a symptom of one's own movement, but also a driving force that
evokes and enables the activation of feedback (Chi, 1996). This dynamism challenges
established paths and accepts the variability of individuals and their growth paths as
the norm between possibilities and alternatives. It is precisely in the fracture produced
by error that the subject's agency is inserted. The act of "erring" takes on its peda-
gogical value if we recover its etymology: one who, with a restless spirit, wanders
(GDLI, 2026). It thus transforms into an existential journey where uncertainty is not
an obstacle to progress, but the fertile ground on which a profound understanding of
oneself and reality is built through a unique heuristic device. Error, therefore, should
not be considered a marginal step, but rather is placed at the heart of the formative
moment, as a constitutive element of being and a phenomenological moment in
which “the irreducible tension between actuality and possibility, between the given
and the becoming, between knowledge and the unknown is expressed” (Ponzo, 2025,
p. 109).

The advancement of knowledge is not, therefore, a linear progression of accu-
mulated truths, but an uninterrupted series of fallible conjectures and necessary ref-
utations. This requires a radical distinction between a destructive failure, an end in
itself, and an "intelligent failure" (Edmondson, 2024) that views the negative outcome
not as a fault, but as a precious informational resource for refining future hypotheses,
a flourishing space for innovation.

What does not emerge with the same force in contemporary debate, however, is
how the nature of error changes radically in relation to the technological artefact used
in the cognitive process.
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In first-order technologies, the relationship between user and world was char-
acterized by a "transparency of use" that makes errors immediately visible and, con-
sequently, the object of continuous practical reinvention. If a craftsman misplaces the
pressure of a cut, the feedback from the material is instantaneous, tangible, and un-
equivocal; in simple terms, he learns by doing and highlights a reworking of the
process. This is not so automatic with the advent of third-order technologies — in
which technology interacts primarily with other technology, completely mediating the
relationship between humans and the world — humans are often relegated to the role
of mere passive users. In these digital ecosystems, errors are preemptively neutralized
by algorithms or absorbed into a stream of low-threshold micro-failures (such as
self-correction prompts or preset feedback) that do not trigger any deep cognitive
reflection, inevitably leading to the loss of the error's ability to generate true agentive
learning.

An error becomes meaningful, from a pedagogical perspective, only if it allows
the subject to reconstruct their cognitive schemas, reflect on the systemic causes of
the malfunction, and open themselves to unexpected alternatives and possibilities. In
this sense, it represents a fertile gap between memory and creativity, between ex-
perimental tools and learning by discovery (Bruner, 1961). Conscious error man-
agement, therefore, is not merely a tolerance of failure, but the intentional design of
cognitive spaces that recognize the heuristic value of limitations and the need for ex
post reflection. These elements are indispensable in a world where complexity is the
norm and perfect knowledge a myth.

Error, in its relationship with third-order technologies, risks no longer modifying
its operational patterns, no longer emerging as an epistemically fruitful event, but as a
pre-configured outcome of architectures that deliberately incorporate frustration and
forced iteration. As a result, error no longer triggers a reflective process oriented
toward understanding causes, but is naturalized, emptying the agency of those who,
lacking the tools, are unable to escape the determinate (Rosati et al., 2024).

This is why, if we intend to continue to embrace the variability of individuals and
their ability to navigate real alternatives, error must and will have to maintain its role as
a necessary "epistemic fracture," capable of triggering the reflective thought that, by
restructuring one's cognitive and operational patterns, allows for effective self-care
and one's life plan.

3. Technological orders and algoritmic governmentality

Following Floridi (2014), technologies are not passive channels but agents that
reshape reality. Technology, in fact, is an entity characterized by its in-betweenness,
that is, by being an intermediary between the user, the person who interacts with it,
and a prompter, the cause and reason why the artifact is created. Therefore, a user can
be an individual who uses the "tool" to solve or simplify a problem. An example is the
individual (user) who uses it to protect themselves from the sun (a natural prompter).
The latter is the entity that essentially "suggests" the need for the work to be created.
This illustration allows us to clearly introduce what are called “first-order technolo-
gies". These connect the user directly with a technological artifact, which in turn puts
them in contact with the natural world (such as an axe, scissors, etc.). In this case,
Floridi (2014) emphasizes that both the interface and the tool's protocol are visible
and modifiable by the user.
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A second-order technology is more sophisticated. It is in this type of phase that
the relationship between the human user and the prompter becomes more complex,
as the latter is no longer natural but corresponds to another technology. This is the
case with motors or other tools used to activate or control other technologies. In
these cases, the protocol becomes less accessible.

As a final stage, third-order technologies respond to the highest level of com-
plexity, where the interface is invisible and technology communicates with other
technologies via other technologies. They aim to eliminate human intervention, where
devices communicate with each other autonomously and seamlessly. Floridi (2014,
pp. 34-37) states that:

Janus is [...] our god of interfaces and presides over all digital technologies, which are by defini-
tion bifront. One face of our bifront ICTs looks at the user and it is expected to be friendly. The
other face connects the technology in question to its prompter. [...| Depending on the order [...]
the protocol face may become increasingly less visible, with the user’s interface ending up being
treated as the interface, until it too may disappear. [...] iz a first-order technology |[...] the user
[-..] have access to both of Janus’ faces, the user’s interface and the protocol. [...] Consider a
modem [...], a case of technology—technology—technology scheme [...]. The tendency is to in-
terpret the whole interface as a set of protocols. Technological protocols ensure that the tech-
nology in-between, the two modems, take care both of the technological user [...] and of the
technological prompter. The dynamic, automated process of negotiation of protocols, [...] is
known as handshaking. It is what goes on between |[...] your smartphone and your laptop. [...]
You and I are neither invited to, nor involved in [...]. Now both faces of Janus may be hidden
from us. [...] All the required handshaking and the issuing data processing is invisible to the ul-
timate beneficiaries. [...] Unless there is some malfunctioning, we may not even know that such
technologies are in place.

These technologies, and particularly the smartphone (which simultaneously func-
tions as all three orders), exhibit increasingly emergent properties and technosocial
opacities (Vallor, 2016) that belie their neutrality, conveying risks regardless of the
uset's intentions and will.

In this context, the problem of algorithmic governmentality arises, used by
Rouvroy and Berns (2013) based on Foucauldian ideas, understood as the set of
practices and techniques aimed at "directing the conduct” of individuals and popula-
tions. In particular, the author recognizes that Big Data and profiling systems are the
latest incarnation of governance that uses statistics and scientific knowledge to
manage life, falling within the scope of biopower (Rouvroy, 2016). Algorithmic
governmentality, however, does not focus on legal subjects or populations, but on
relationships.

We thus move from a governance of subjects to a governance of statistically
determined possibilities (Rouvroy, 2016). Algorithmic power reduces the individual to
an aggregate of propensities and probabilities, transforming those relationships
themselves into fixed and measurable states (Rouvroy & Berns, 2013)>.

2 Algorithmic power adopts an immune strategy of pre-emption (Rouvroy & Berns, 2013), which aims to preemptively neutralize any potential for
crisis or deviation, thus deactivating the space for political decision-making and critique. Reducing reality to automatic, probabilistic management
negates the possibility of acting as autonomous subjects, relegating individuals to a state of powerlessness in the face of the self-generated norms of

algorithmic control.
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At this point, for an integration of complexity, entropy takes over, thus gener-
ating a new algorithmic meta-regulation. In fact, the digital ecosystem also exists on a
threshold oscillating between entropy and negentropy, where the tension between the
two poles fuels the system's growth and adaptability. They are the same platforms that
through gamification and aesthetic virality, transform users into co-producers of con-
tent, data, and behavioral experiments, contributing to the continuous optimization of
the system itself. Studies by Moldon et al. (2021) show how this can become a device
for large-scale behavioral experimentation. The collected "behavioral traces" — fre-
quencies of use, times, and modes of interaction — thus become data through which
the platform observes, measures, and optimizes itself. In this sense, users are not only
producers of content, but also co-producers of data and behavioral experiments that
feed back into the system's design and evolution. Added to this are dark patterns, design
elements of digital interfaces that compromise user autonomy by preventing fully
informed choices, leveraging cognitive biases and artificial obstacles in deci-
sion-making processes. They manifest primarily through forms of digital dark nudging,
which influence user decisions, and digital sludging, which introduce unjustified fric-
tion (Kollmer & Eckhardt, 2023), exploiting frustration, grinding, or temporal manip-
ulation (Zagal et al., 2013).

In short, the complexity and captology of designers create a dense intersystemic
network between graphical interfaces and meta-regulation that forces the user into a
user experience based on the logic of the atfention economy. This gives rise to an algo-
rithmic meta-governmentality that binds the user to the complexity of digital tech-
nologies, not only with regard to the logic of surveillance, data extraction and pre-
ventive study, but also through online activity that forces error and the repetition or
stagnation of action’. The intense relationship between interface and hidden algo-
rithms appears, to the user, to be the result of chance or of his sole responsibility.
Digital biopower therefore acts on a plane of opacity and complexity of third-order
technologies and of the algorithmic and interfacial captology that determines the
constant oscillation between order/disorder, error/fluidity, blockage/progtess, en-
tropy/negentropy and so on. Error, indeed, as Morin (1993) recalls through Des-
cartes, is characterized by the fact that it does not manifest itself as such and does not
even appear to be so.

4. From Master error to Master algorithm

Error, as noted, has always constituted an important basis for development and
education. In the age of sociomateriality, marked by the manual nature of objects and
first-order technologies, “error is master” while in the contemporary era of
third-order technologies, the semantic and anthropotechnical relationship is reversed,
thus establishing that “error is the master algorithm”. This raises a fundamental risk
for young users: the progressive replacement of a situated experience based on the
direct manipulation of tools with a guided cognition, shaped by the opacity of digital
technologies and, above all, by the algorithms that regulate their functioning.

In the case of traditional technologies, the reduced degree of technosocial opacity
and neutrality allowed for a form of experiential learning, in which the manipulation

3 Examples include seemingly incorrect clicks, random pop-ups and banners, captchas, forced page refreshes and closures, pull-to-refresh, and de-

ceptive hurdles such as “Forced Action”, “Roach Motel” and so on.
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of objects in a given context translated into problem-solving skills and a gradual ac-
quisition of self-control. In contrast, contemporary digital technologies, while ap-
pearing as tools with direct motility, rely on indirect motility: proprietary algorithms
and logics not only mediate interaction, but also guide perception, experience, and
even users' capacity for self-control.

In this context, the challenge is for young people not to “cognitively embody
situated experience”, but rather to embrace guided cognition, in which autonomy is
progressively eroded by the invisibility of the mechanisms governing digital tools. The
challenge, therefore, does not concern only the use of technologies, but the ability to
preserve spaces of authentic experience in an environment increasingly mediated by
algorithmic approaches, profoundly altering educational phenomenology. In this
sense, Leroi-Gourhan (1964) shows how tool and gesture are inseparable and how
technology derives from abilities already present in ancient times, transformed by
humans thanks to the upright posture and the development of the nervous system.
Technical evolution proceeds by externalizing first the gesture, then the driving force,
and finally memory and control, up to automatic machines equipped with sensors and
programs. This transformation benefits society but reduces the technical and manual
freedom of the individual, causing a regression of the hand and a loss of traditional
skills in a technical world that surpasses it. This technology, therefore, translates and
transposes from mere digitalization to become technology within another technology
with a high level of opacity. For users interacting with smart devices — which simul-
taneously incorporate multiple technological orders and contribute to the externali-
zation and externalization of memory and strength — the algorithm becomes a master
who guides them beyond cognition, perception, and learning.

In this context, third-order technologies transcend any pretense of value-nentrality
and emerge as new cultural and cognitive tools for guided learning. Unlike first-order
technologies — which allowed for error and made it a fundamental pedagogical mo-
ment today — the complexity of systems and their preordained nature drastically re-
duce the margins for spontaneous error, replacing it with error that is already fore-
seen, channeled, and managed within pre-established paths.

5. Conclusions

The analytical process outlined highlights how the pervasiveness of digital de-
vices represents a genuine anthropological and epistemological shift. The transition
from first-order to third-order technologies has radically rewritten the connection
between subject, artifact, and world, shifting the focus of the educational experience
from direct manipulation to opaque algorithmic mediation. In this scenario, the
pedagogical function of error undergoes an unprecedented crisis. If error was un-
derstood as a fertile “epistemic fracture” — a space of agency in which the learner
reconstructs their cognitive schemas through tangible feedback from the material — in
today's digital ecosystems, error is preemptively neutralized or metabolized by pro-
tocols. Algorithmic governmentality (Rouvroy & Berns, 2013) transforms the possi-
bility of error into a pre-configured statistical outcome, guiding conduct through dark
patterns and pre-emption logics that empty intentional action. The risk is the transition
from situated learning to guided cognition, in which the subject's autonomy is eroded
by the invisibility of control mechanisms.

With Leroi-Gourhan (1964), we glimpse an extreme form of externalization that
no longer concerns only gesture or memory, but the very control of the cognitive

Jo ology gy In Learsing and Teaching

www.inclusiveteaching.it 6/8



Epiziont UNIVERSITARIE ROMANE
editoria scientifica dal 1952

Journal of Inclusive Methodology and Technology in Learning and Teaching
ISSN 2785-5104 R
Anno 6 n.1 (2026)

process. When the algorithm replaces error in the role of “teacher”, education risks
becoming flattened into an iterative performance devoid of reflexivity, where the user
is reduced to a co-producer of data within an entropic system. In conclusion, it is
therefore necessary to reclaim the necessity of uncertainty, of wandering. It is urgent
to design educational spaces that preserve the heuristic value of limits and “fractures”,
freeing the learner's experience from the predefined fluidity of platforms. Only by
rehabilitating error as a moment of authentic cognitive resistance will it be possible to
ensure self-care that is an expression of freedom and not the reflection of algorithmic
optimization. The future of education, in a world governed by data, paradoxically lies
in the human capacity to deviate from the expected path, once again transforming
error into an act of discovery and subjectivation. These perspectives and frameworks,
within the theory of Morin's complexity, allow us to deduce and pose new questions
regarding the crisis of subjectivation and the challenges for current pedagogy, par-
ticularly in relation to educational technologies and the eatly availability of smariphones.
Specifically, these challenges arise in how the act of care is transformed into this status
and how governmentality modifies the space and capacity for learning.
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