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Abstract: This article reconceptualizes didactic transposition as a semiotics of learning
grounded in Jakob von Uexkill’s concept of Ummwelt and in teacher reflexivity as a core
pedagogical competence. Moving beyond traditional views of transposition as content sim-
plification or sequencing, the paper argues that learning is a biosemiotic, situated, and
co-constructive process in which learners integrate new knowledge into subjective, mean-
ing-laden worlds shaped by embodied, cultural, linguistic, and technological experiences.
From this perspective, teaching is understood as semiotic mediation: an interpretative practice
through which teachers design, orchestrate, and regulate semiotic pathways that enable dis-
ciplinary knowledge to become intelligible and meaningful across plural Umwelten. Particular
attention is given to the role of digital technologies and artificial intelligence, which increas-
ingly extend learners’ semiotic environments by introducing adaptive feedback, multimodal
representations, and generative outputs. While these tools expand educational affordances,
their pedagogical value depends on reflexive teacher mediation capable of aligning techno-
logical signs with curricular goals, cultural frameworks, and ethical considerations. The article
positions teacher reflexivity as both an epistemic and professional competence that supports
inclusion, interpretive flexibility, and culturally sustaining pedagogy in heterogeneous class-
rooms. By integrating biosemiotic theory, semiotics of learning, and contemporaty educa-
tional technology, the paper offers a theoretical framework and practical implications for
curriculum design, assessment, and teacher education in complex, Al-augmented learning
ecologies.

Keywords: Teacher reflexivity; Didactic transposition; Al Education; Embodied-Education.

1. Introduction

The process of making disciplinary knowledge teachable, traditionally concep-
tualized as didactic transposition, has long been interpreted as a simplification or
adaptation of content for students (Chevallard, 1985; Perrenoud, 1998). Within the
classical educational perspective, transposition focuses on transforming academic
knowledge so that it can be delivered in school, through successive restructuring of
content and sequences of activities specific to educational contexts (Chevallard, 1985;
Bjelde, 2021; Winslow et al., 2024). While operationally useful, this model often ne-
glects students’ individual semiotic horizons and the active ways in which they con-
struct meaning (Campbell et al., 2019). This article proposes a reconceptualization of
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didactic transposition from a bioeducational and biosemiotic perspective (Frauen-
felder, 2004; Frauenfelder et al., 2013), interpreting it as a semiotics of learning. Here, the
novelty does not lie in reversing the flow of knowledge—whether from the student
toward the scholarly knowledge or vice versa—but in framing transposition as a
process through which disciplinary content is translated and adapted within students’
subjective worlds, leveraging their perceptual, cognitive, emotional, and functional
resources. In other words, transposition becomes a means to guide students’ semiotic
and cognitive capacities toward disciplinary understanding, rather than treating them
as passive recipients of pre-formed knowledge. Contemporary classrooms, characte-
rized by cultural heterogeneity, differences in perceptual, cognitive, and functional
dispositions, and diverse prior experiences, foreground the complexity of such me-
diation (Uexkill, 2017; Goldin-Meadow et al., 2015). Students interpret educational
phenomena through their own experiential worlds, shaped by embodied histories,
cultural practices, and individual semiotic systems. These experiences are increasingly
mediated by digital technologies and artificial intelligence (Al), which introduce
complex networks of interactions, representations, and adaptive feedback (Mitchell,
20006; Zhou et al., 2024). Tools such as interactive simulations, augmented and virtual
reality environments, collaborative platforms, and Al-based personalized learning
systems expand students’ perceptual and cognitive capacities, generating semiotic
configurations that guide meaning-making (Holmes et al., 2019; Glickman & Sharot,
2025). In this context, technologies do not function merely as channels for content
delivery but as active agents within the classroom semiotic ecology, requiring inten-
tional pedagogical mediation to harness the plurality of emergent interpretations
(Schiavo et al., 2025).

Our proposed reconceptualization of didactic transposition draws on Jakob von
Uexkill’s concept of Umwelt, framing transposition as a semiotics of learning (Kruis,
2014). Ummwelt refers to the organism-specific subjective world, emerging from func-
tional interactions with the environment and structured by perceptual and operational
relations that constitute meaningful semiotic systems (Uexkill, 2017; Tonnessen &
Brentari, 2016). Contemporary biosemiotic research further highlights the recursive
nature of signification and organisms’ active engagement in co-constructing meaning
(Kull, 2022; Kull & Velmezova, 2024; Zengiaro, 2023). From this perspective, lear-
ning is not passive reception of content but the situated integration of new signs, di-
stinctions, and relations into students’ semiotic horizons, supported by digital tools
and Al as facilitators of supplementary semiotic pathways (Sibilio et al., 2023). Tea-
ching, within this framework, is an interpretative practice in which instructors mediate
disciplinary knowledge across multiple Umwelten, translating content into semiotically
accessible and operational configurations for heterogeneous students (Aiello et al.,
2013). Mediation entails selection, sequencing, and transformation of content, making
it interpretable both through direct interaction and via digital tools or Al-generated
outputs (Goldin-Meadow et al., 2015; Ciccarelli & Tafuri, 2024). Navigating between
human and technological semiotic inputs requires systematic teacher reflexivity,
conceived as an epistemic and cognitive stance that deliberately regulates interpretive
processes and conditions of signification (Dewey, 1910; Finlay, 2002; Pillow, 2003;
Schon, 2017; Selwyn, 2020). Reflexivity involves continuous attention to teacher as-
sumptions, interpretive models embedded in Al systems, and implicit classroom
norms.
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In sum, conceptualizing didactic transposition as a semiotics of learning, with teacher
reflexivity at its core, allows the integration of biological, cultural, symbolic, and
technologically mediated dimensions of learning (Bagni & D’Amore, 2005; Kull,
2022). In pluralistic and technologically complex contexts, educational effectiveness
increasingly depends on the ability to orchestrate human and Al-generated semiotic
inputs. Reflexivity thus becomes a structural and indispensable condition of con-
temporary education, capable of supporting the construction of individual meanings,
recognition of semiotic diversity, and the development of critical, integrative com-
petencies.

2. The Concept of Umwelt: Subjectivity, Meaning, and Educational Implica-
tions

A perspective informed by Ummwelt reconceives learning as a biosemiotic, socially
situated, and contextually grounded process, in which students inhabit multiple, dy-
namic, and meaning-rich worlds (Aiello & Sibilio, 2012). Jakob von Uexkill’s notion
of Unmmelt emphasizes that an organism’s experience is inherently subjective, shaped
by the interplay between perceptual capacities, operational tools, and environmental
stimuli (Uexkiill; Tonnessen & Brentari, 2016). Applied to education, this perspective
highlights that knowledge is not passively received but actively constructed through
semiotic interaction with signs, embodied experiences, and social engagement (Aiello
et al., 2013). Students continuously interpret and integrate new signs into their expe-
riential horizons, which are themselves influenced by prior knowledge, cultural and
linguistic resources, bodily dispositions, and personal histories (Stables et al., 2018;
Fosnot, 2013; Vygotsky, 1978). Divergent responses to the same instructional content
should not be interpreted as deficits; rather, they reflect distinct semiotic pathways
and individualized modes of meaning-making, highlighting the richness and hetero-
geneity of classroom semiotic ecologies.

Educational practice should therefore be understood as deliberate semiotic
mediation rather than mere content adaptation. Teachers design learning environ-
ments, tasks, and interactions that invite students to rework and reconfigure signs in
ways that resonate with their subjective worlds (Deni & Zingale, 2018). This includes
diverse semiotic resources: spoken and written language, visual representations, ge-
stures, embodied experiences, digital tools, and technological interfaces (Bezemer &
Kress, 2015). For instance, interactive simulations can model ecological processes,
allowing students to manipulate variables and observe tangible effects, thereby linking
abstract concepts to perceptible embodied experiences. Similarly, multimodal repre-
sentations diagrams combined with verbal explanations or gesture-supported ma-
thematical demonstrations can facilitate entry into complex content. Digital tools and
Al further enrich this semiotic ecology by providing personalized suggestions, feed-
back, and examples aligned with students’ prior knowledge and preferred learning
styles (Holmes et al., 2019). In these contexts, the teachet’s role is not supplanted but
enhanced: they interpret Al-generated outputs, guide critical reflection, and ensure
that technologically mediated signs are meaningfully integrated into stu-
dents’ Ummwelten (Todino et al., 2016).
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Semiotic approaches challenge simplistic dichotomies between internal cognitive
processes and external stimuli, emphasizing learning as a transactional, embodied, and
context-sensitive engagement with signs, objects, and other participants (Kress, 2010;
Di Paolo, Rohde & De Jaegher, 2022). Student subjectivity is not an add-on to co-
gnition but co-constituted through semiosis, underscoring that ethical and relational
dimensions are inseparable from educational practice (Deely & Semetsky, 2017).
Every instructional decision—whether emphasizing a particular diagram, modeling a
problem-solving strategy, or providing an Al-generated prompt—affects the semiotic
pathways through which students construct understanding and meaning. Within these
semiotic ecologies, teachers assume an intrinsically interpretive and reflexive role.
Effective semiotic mediation requires observing how students integrate multiple
modes of expression - verbal, diagrammatic, gestural, digital, and multimodal - into
their emerging worlds of meaning, while simultaneously regulating the teacher’s own
interpretive processes to account for implicit assumptions, classroom norms, and the
structural affordances of technological tools, including Al systems (Schoén,
1983/1987; Pillow, 2003; Selwyn, 2020). For example, when students use generative
Al tools to produce summaries of historical events, the teacher guides them in eva-
luating accuracy, identifying implicit assumptions, and integrating new content with
prior knowledge. In collaborative digital projects, teachers observe how students
negotiate meaning through shared interfaces, providing prompts that highlight di-
stinctions and connections, safeguarding interpretive diversity, and supporting lear-
ning.

In this sense, learning is fundamentally co-constructed: knowledge and meaning
emerge from continuous interaction, negotiation, embodied engagement, and reflec-
tive participation, rather than from the passive transmission of standardized content
(Stables et al., 2018; Deely & Semetsky, 2017). This approach underscores the need
for flexible, responsive pedagogical strategies sensitive to the semiotic richness of
students’ experiences. Teachers must balance guidance and openness, allowing stu-
dents to explore, question, and reinterpret content while maintaining coherent pa-
thways toward understanding. By strategically designing semiotic conditions, selecting
and sequencing signs, and integrating digital tools and Al with reflective pedagogical
oversight, educators support students in navigating complex content while preserving
interpretive autonomy and diversity.

3. Didactic Transposition as a Semiotics of Learning

From an Ummwelt perspective, didactic transposition extends beyond mere
adaptation or simplification of disciplinary content, as often assumed in traditional
models (Chevallard, 1985; Winslow et al., 2024). Rather, it constitutes a complex
semiotic process in which knowledge is transformed into networks of meaningful
signs interpretable within students’ subjective horizons. The novelty of this approach
does not lie in reversing the flow between disciplinary knowledge and learners, but in
conceiving transposition as an orchestration of signs and meanings that leverages
students’ cognitive, emotional, and functional resources, guiding them toward ad-
vanced disciplinary understanding. Traditional models, while offering operational
guidance, often overlook students’ situated and meaning-rich worlds and the inter-
pretive work required to integrate new knowledge (Lave & Wenger, 1991; Sfard,
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1998). The biosemiotic perspective foregrounds active student engagement, reco-
gnizing that each individual interprets educational phenomena through prior expe-
riences, cultural and linguistic resources, bodily dispositions, and idiosyncratic pet-
ceptual capacities (Uexkdll, 1934/2010; Tonnessen et al., 2016). Cognition is distti-
buted, embodied, and socially situated (Clark, 1998; Varela, Thompson & Rosch,
1991), and learning involves integrating new semiotic relations into pre-existing
networks in ways that are meaningful, coherent, and actionable (Rogoff, 2003; Wer-
tsch, 1998). Students do not passively receive information; rather, they interpret,
negotiate, and integrate linguistic, visual, gestural, mathematical, and digital signs into
their cognitive and experiential schemas (Chandler, 2022; Deely & Semetsky, 2017;
Jewitt, 2009). In mathematics, for instance, symbolic notation may be supported by
dynamic digital graphs, gestural explanations, and verbal reasoning, facilitating con-
nections between abstract representations and embodied understanding (Mariotti &
Maftia, 2018). In science, interactive simulations and models allow students to ma-
nipulate variables, observe emerging patterns, and link theoretical content to percep-
tible experiences. These examples illustrate that knowledge emerges relationally and
co-constructively, through the interaction of teacher, student, and content, mediated
by semiotic structures orchestrated by the educator (Gensini, 2016; Sessa & Aiello,
2025; Laurillard, 2012). Central to this process is teacher reflexivity, understood as
both an epistemic and professional competence. Reflective educators continuously
monitor interpretive habits, attentional focus, and assumptions, avoiding the impo-
sition of a single normative perspective (Di Tore et al., 2020). They attend to how
cultural, linguistic, and technological mediators—including Al explanations, digital
simulations, and collaborative platforms—shape students’ semiotic pathways (Schon,
1983/1987; Beauchamp, 2015). Reflexivity creates cognitive and semiotic space for
alternative meanings, supporting the exploration of multiple interpretations and
conceptual pathways. Ethical considerations are integral to this process: unexamined
scaffolding or instructional cues may privilege certain modes of knowledge while
marginalizing others. Reflexive mediation fosters equitable learning environments,
culturally sustainable pedagogy, and inclusive recognition of students’ semiotic re-
sources (Florian, 2014; Slee, 2018; Paris & Alim, 2017).

Within this framework, teaching becomes a form of bio-educational mediation:
educators design and orchestrate semiotic pathways that enable students to integrate
new knowledge without flattening the complexity of their subjective worlds. In
contexts with Al-mediated simulations, teachers guide students in critically comparing
algorithmically generated predictions with empirical observations, stimulating reflec-
tion on implicit assumptions and connecting outcomes to prior knowledge and lived
experiences. In sum, didactic transposition, reconceptualized through the semiotic
lens of Uwmwelt, is neither linear nor purely technical; it is a co-constructive and in-
terpretive process. Reflexivity allows educators to anticipate and respond to how
students comprehend content, ensuring adaptive, inclusive, and ethically grounded
instruction. By attending to the semiotic richness of students’ Ummelten, educators
create environments in which knowledge traverses multiple subjective worlds, pro-
moting critical understanding, learner autonomy, and meaningful integration of di-
sciplinary content (Sessa & Aiello, 2025).
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4. Extending Umwelten: Digital Technologies and Artificial Intelligence

In contemporary educational contexts, digital technologies and artificial intelli-
gence (Al) systems extend far beyond content delivery; they operate as extensions of
students’ Unawelten, enriching their subjective worlds with complex networks of signs,
interactions, and adaptive feedback (Holmes et al., 2019; Luckin et al., 2016). Adaptive
learning platforms, for example, analyze engagement patterns and dynamically adjust
activity sequences, scaffolding, and pacing to support individualized learning trajec-
tories (VanLehn, 2011). Intelligent tutoring systems provide context-sensitive and
targeted feedback, updating mastery profiles in real time and offering corrective
guidance to foster conceptual understanding and the integration of new signs (Hef-
fernan & Heffernan, 2014). Generative Al tools, including agents based on large
language models, enable the creation of explanations, examples, and interactive sce-
narios on demand, producing multiple semiotic pathways tailored to each student’s
context. These technologies expand opportunities for exploring complex concepts
across diverse semiotic modes—verbal, visual, gestural, and digital—allowing stu-
dents to manipulate, integrate, and negotiate signs within their subjective worlds
(Holmes et al., 2019; Glickman & Sharot, 2025; Sibilio et al., 2023). Crucially, access to
digital or Al-mediated tools does not automatically guarantee meaningful learning.
Their effectiveness depends on reflective teacher mediation, functioning as a semiotic
curator: educators evaluate the relevance and accuracy of Al-generated outputs, in-
tegrate them coherently with curricular objectives, and guide students in interpreting
content relative to their cultural, cognitive, and affective contexts (Schon, 1983/1987;
Zeichner & Liston, 2013). For instance, when an Al system generates multiple solu-
tions to a scientific problem, teachers can orchestrate comparative analysis among
students, prompting reflection on implicit assumptions, highlighting emerging pat-
terns, and connecting new knowledge to prior understanding (Aiello et al., 2013;
Holmes et al., 2019). Teacher reflexivity is also essential for identifying and mitigating
algorithmic biases, calibrating scaffolding according to cognitive and cultural diffe-
rences, and preventing overreliance on automated feedback, thereby preserving cri-
tical thinking, autonomy, and student agency (Eubanks, 2018; Selwyn, 2020).

Within this framework, digital technologies and Al do not replace the teacher;
rather, they amplify students’ capacity to explore and construct meaning within a
dynamic semiotic ecosystem. Human mediation, technological tools, and cultural
contexts co-construct meaningful, situated learning pathways, transforming didactic
transposition into an interpretive and relational process. In this model, learning is
neither linear nor passive, but co-constructed through the integration of cognitive,
emotional, and social competencies, with students’ subjective worlds serving as the
focal point of the educational experience (Sessa & Aiello, 2025; Todino et al., 2016).

5. Discussion: Reflexive Mediation and Pedagogical Implications

Teacher reflexivity constitutes a critical epistemic and professional competence,
enabling educators to regulate interpretive processes, formulate context-sensitive
judgments, and implement ethically grounded and inclusive practices (Sessa & Aiello,
2025). It extends beyond retrospective reflection, requiring continuous monitoring of
assumptions, attentional foci, and interpretive habits in order to ensure that students’
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semiotic experiences are recognized and valued within instructional settings (Beau-
champ, 2015; Pace, 2025). Reflexivity can be systematically developed through
structured pedagogical practices such as video analysis, the examination of minimally
contextualized instructional sequences, Al-generated simulations, and interactive di-
gital environments (Russell, 1996; Catlson, Moses & Breton, 2002; Sibilio, Aiello & Di
Tore, 2013). These practices support the differentiation between observation and
interpretation, suspend automatic judgments, and create cognitive space for alterna-
tive meanings, thereby fostering interpretive flexibility and adaptive expertise (Sessa &
Aiello, 2025). A reflexive stance is central to the promotion of inclusion, equity, and
culturally responsive pedagogy (Florian, 2014; Paris & Alim, 2017; Slee, 2018). By
attending to students’ linguistic, embodied, cultural, and digital semiotic resources,
teachers can design learning trajectories that legitimize diverse ways of knowing and
acting. Reflective mediation also guides students’ engagement with Al-generated
outputs, digital simulations, and other semiotic cues, supporting critical evaluation,
integration into existing meaning-making frameworks, and awareness of the assu-
mptions embedded in technological systems (Holmes et al., 2019). Curricula informed
by reflexivity accommodate multiple semiotic pathways and promote diversified
forms of epistemic engagement, enabling students to construct knowledge rather than
merely reproduce content (Rogoff, 2003; Vygotsky, 1978). Accordingly, assessment
practices should address interpretive processes, collaborative problem solving, and
students’ capacity to integrate information from multiple sources, including
Al-mediated ones (Sadler, 2013; Andrade & Cizek, 2010). Teacher education thus
plays a pivotal role, as it must explicitly cultivate metacognitive and reflexive com-
petencies, preparing educators to operate with epistemic rigor and ethical sensitivity in
heterogeneous and technologically enriched classrooms (Hargreaves, 2005). Within
this framework, didactic transposition—reinterpreted as a semiotics of learning—is
grounded in Jakob von Uexkull’s concept of Ummwelt and sustained by structured,
trainable reflexivity. Teaching is thereby configured as bio-educational mediation: a
co-constructive process operating across heterogeneous Umwelten that preserves in-
terpretive diversity and cultural responsiveness (Sessa & Aiello, 2025; Gol-
din-Meadow et al., 2015). Reflexive teachers anticipate and respond to students’
meaning-making processes by orchestrating human and Al-mediated semiotic inputs
in ways that foster cognitive integration, agency, and ethically oriented participation
(Aiello, 2019). Educators thus design semiotic conditions through which knowledge
enters students’ subjective worlds in perceptible, interpretable, and meaningful forms,
without flattening the complexity of their Ummelten (Di Gennaro et al., 2014). This
model integrates biological, cognitive, cultural, and technological dimensions of
learning, supporting inclusive, adaptive, and intellectually generative pedagogical
practices (Frauenfelder, 2011). It offers a coherent theoretical—practical framework
for addressing complex and technologically dense educational ecologies while safe-
guarding pedagogical coherence, student agency, and equity. Future research should
examine the longitudinal effects of reflexivity-oriented teacher education, the inte-
ractions between Al-mediated semiotic environments and learning outcomes, and the
scalability of bio-educational mediation within teacher training programs (Fenwick,
2019; Panadero, 2017). By positioning reflexivity at the core of semiotic mediation,
this model delineates operational pathways for engaging diverse learners in ways that
are both ethically grounded and epistemically robust.
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