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Abstract

The integration of Artificial Intelligence (AI) into mathematics education has generated
a polarized debate: while some studies present AI as a personalized tutoring tool,
others warn of its effects on critical thinking and creativity. Both positions conceive
learning as the acquisition of information, overlooking its historical, affective, and
embodied dimensions. This study proposes a reframing of that debate through the Theory
of Objectification (TO) developed by Radford (2021, 2023), a sociocultural framework
that conceptualizes mathematical learning as an embodied, collectively enacted, and
historically situated process. The objective is to reinterpret the role of Al in middle and
high school mathematics education through the principles of the TO, with emphasis on
implications for teaching practice. The methodology consists of a systematic literature
review following the PRISMA protocol, with a corpus of 32 documents published between
2019 and 2025, analyzed through a theoretical-interpretive approach that contrasts the
principles of embodiment, joint activity, and historicity against available empirical
evidence on Al in mathematics classrooms. The findings show that Al does not think,
it acts as a cultural sign that reorganizes mathematical activity, and its uncritical
integration carries three identifiable pedagogical risks: the disembodiment of thought,
the de-historicization of mathematical knowledge, and the erosion of joint activity. At the
same time, the analysis demonstrates that a pedagogically situated integration can expand
the semiotic horizon of the classroom without displacing the relational and embodied
dimensions of learning. The study concludes with guidelines for designing activities in
which Al functions as a semiotic provocation rather than a cognitive substitute.

Keywords: artificial intelligence, theory of objectification, semiotic mediation,
mathematics education

Introduction

A tenth-grade student shows the teacher her phone: ChatGPT has just solved the assigned quadratic
functions exercise. The solution is correct, clearly presented, and accompanied by a step-by-step
explanation. The teacher is left with a question that does not appear in the curriculum: what did
this student actually learn? This scene, increasingly common in middle and high school classrooms
around the world (Egara & Mosimege, 2024; Wardat et al., 2023), captures the central challenge this
study examines. The question is not whether Al can solve mathematical problems, evidence confirms
that it can (Pardos & Bhandari, 2024) but rather what happens to the process of learning mathematics
when an automated system occupies the place of thinking.
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The debate surrounding Al in education tends to polarize between positions that celebrate it as an
unlimited personalized tutor and positions that warn of dependency and the erosion of critical thinking
(Opesemowo & Ndlovu, 2024; Selwyn, 2022). Recent systematic reviews confirm that most research on
Al in mathematics education focuses on procedural performance and adaptive personalization, with
little attention to the sociocultural nature of learning (Hwang & Tu, 2021; Nifio et al., 2024; Topali et al.,
2025). In both cases, mathematical learning is conceived as the acquisition of measurable skills, leaving
its historical, relational, and embodied dimensions unexamined. This absence defines the problem the
study addresses.

The Theory of Objectification (TO) developed by Luis Radford (2021, 2023) offers a framework for
examining that problem. For the TO, learning mathematics is not a matter of storing concepts in
the mind: it is a cultural, embodied, and collective process in which students, teachers, and artifacts
participate in historically situated ways of thinking and acting. Under this framework, tools such
as ChatGPT are not neutral, they reorganize the conditions under which mathematical activity takes
place. The objective of the study is, accordingly, to reinterpret the role of Al in middle and high school
mathematics education through the principles of the TO, with emphasis on concrete implications for
teaching practice.

The paper is organized in four sections. The first develops the TO principles most relevant for analyzing
AT’s presence in the classroom: embodied thinking, joint activity, and the historicity of mathematical
knowledge. The second describes the systematic review methodology following the PRISMA protocol,
with a corpus of 32 documents published between 2019 and 2025. The third contrasts the theoretical
principles with recent empirical evidence, identifying the pedagogical risks and potentialities of Al. The
fourth section discusses implications for instructional design that preserves the human dimensions of
mathematical learning.

Theoretical Framework

The Theory of Objectification (TO) emerges at the intersection of the Vygotskian tradition, the
philosophy of praxis, and cultural semiotics. Its point of departure is relational ontology, the subject
does not preexist cultural practices, but it is constituted in and through them (Radford, 2021). Unlike
constructivist epistemologies that conceive the knowledge as individual mental construction, the TO
conceptualizes knowing as a process of objectification, a progressive approximation to historical forms
of thinking that are embodied in gestures, rhythms, signs, and symbolic mediations (Radford, 2023).
Therefore, learning mathematics is not a private act of the mind: it is a form of cultural becoming in
community.

This conception has direct implications for analyzing AI's presence in the classroom. If mathematical
knowledge is cultural, embodied, and collective, then no artifact mediating its learning, whether
a calculator, dynamic geometry software, or a language model is pedagogically neutral; each one
modifies the possibilities of perception, action, and interaction available to participants (Cevikbas
& Kaiser, 2024; Radford, 2023). The relevant pedagogical question is not whether Al can improve
performance, but how it reconfigures the constitutive dimensions of learning. The following
subsections develop the three TO principles that structure the analysis.

Embodiment of Thought: The Body as the Site of Knowing

Mathematical thinking is not an abstract mental operation that precedes its bodily expression: it is,
from the outset, a sensory and situated activity (Radford, 2013). The gestures with which a student
traces a curve in the air, the rhythm with which they move through a numerical sequence, the
muscular tension of holding a ruler on an inclined plane, these constitute mathematical thinking
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in act, not representations of it. Radford (2013) specifies that no abstract thought precedes its
bodily manifestation; the body and its movements constitute thinking itself. This phenomenological
perspective distances itself from dualist conceptions that separate mind and body and situate sensory
experience at the core of learning.

Shvarts and Abrahamson (2023) documented that embodied understanding of trigonometric functions
emerges from intercorporeal coordination between students and artifacts: learners do not merely
observe representations; they inhabit them with their bodies. Cevikbas and Kaiser (2024) show that
this dimension of mathematical learning is especially vulnerable in digital environments, where the
interface tends to interpose itself between the student and direct material exploration.

Al sharpens that vulnerability: by generating complete cognitive outputs, solutions, explanations,
representations, without a body, without perceptual history, and without the lived dimension of
meaning-making (Radford et al., 2008), it substitutes the exploratory journey with a finished product
that omits the process through which a result acquires meaning for the learner.

Joint Activity: Learning as a collective Praxis

Joint activity, the term Radford (2006) proposes to name the radically collective character of learning,
does not simply describe students working in groups. It points to the fact that knowledge emerges
in the dialogic interaction among subjects, artifacts, and cultural mediations, and cannot exist outside
of that interaction. Teachers, students, materials, and technological artifacts participate in a shared
praxis in which disagreement, negotiation, and the joint construction of meanings are constitutive of
learning, not obstacles to it (Radford, Miranda, & Vergel, 2023).

The gap between generating dialogic responses and participating in the collective pursuit of meaning
is central to this principle. Pardos and Bhandari (2024) explicitly note that their Al-based learning
measurements do not capture the social and dialogic dimensions that occur in the classroom; Wardat et
al. (2023) observed that ChatGPT systematically falls short in tasks requiring collective argumentation.

Both findings point to the same structural limit: Al can generate responses that adopt the form of
dialogue, but it cannot commit to the joint construction of knowledge because it lacks the ethical and
affective dimension that Guillemette and Radford (2022) identify as constitutive of joint labor.

Historicity of Knowledge: Mathematics as Cultural Tradition

For the TO, mathematical concepts are not timeless truths or innate cognitive structures, they
are historically sedimented configurations embedded in cultural practices, products of accumulated
debates, conventions, and transformations (Radford, 2021, 2023). Learning mathematics means
entering a tradition, appropriating ways of thinking that bear the imprint of generations of
mathematicians and teachers who constructed them collectively.

Vergel, Radford, and Rojas (2022) show that when middle and high school students understand why
certain algebraic conventions prevailed over others —and who debated them— they come to perceive
mathematics as a human production rather than a natural dogma, deepening their relationship with
knowledge. Asenova et al. (2021) documented that recovering the historical dimension of concepts
supports higher levels of generalization and comprehension.

Language models create tension with this principle. By producing polished responses, they present
results as given and conceal the struggles, debates, and historical contexts that shaped them. When a
student asks ChatGPT why triangle angles sum to 180° and receives a formal proof, they miss that this
was controversial for centuries, its validity depends on the geometric system, and that Euclid, Gauss,
and Riemann held different positions.
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Al as a Cultural Artifact: Synthesis

The three principles converge on a precise theoretical position: Al does not think in the sense that
the TO attributes to thinking. It lacks a body, does not participate in collective praxis with its own
intention, and carries no personal or cultural history. What it produces are simulacra of the products
of human thought, as solutions, explanations, and representations that reproduce the external form
of mathematical reasoning without participating in the cultural and embodied process that gives that
reasoning meaning (Radford, 2022; Selwyn, 2022).

The distinction between AI’s operation and human thinking is not quantitative in the matter of
processing speed or volume, but ontological. That said, this position does not lead to rejecting Al in
the classroom. The TO holds that no cultural artifact is pedagogically neutral, all artifacts can enrich
or impede mathematical objectification depending on how they are integrated (Radford, 2023). Table
1 synthesizes the three principles and their implications.

Table 1. Principles of the Theory of Objectification and their pedagogical implications in the presence of
Artificial Intelligence. Authors’ own elaboration based on Radford (2006, 2013, 2021, 2023).

Principle

Definition in the TO

Implication for Al in the classroom

Embodiment of
thought

Joint activity

Historicity of

Mathematical thinking emerges as
sensory, corporeally situated activity;
gestures, rhythms, and perceptions
are constitutive of mathematical
thought, not mere accompaniments
(Radford, 2013).

Learning entails acting jointly with
others, humans and artifacts, in a
shared labor where dialogue,
disagreement, and the negotiation of
meanings are constitutive (Radford,
2006).

Mathematical concepts are

Al operates without a body or
perceptual history. The pedagogical
risk is that embodied exploration is
displaced by automated outputs,
impoverishing the objectification
process.

Al may function as a cultural
co-participant, but its positioning as
the primary interlocutor erodes the
authentic human interaction that
produces deep understanding.

Al models present results stripped of

knowledge historically sedimented historical context, rendering invisible
configurations; learning mathematics  the debates and conventions that
means entering a specific cultural shaped them. Teacher mediation is
tradition, not discovering timeless necessary to recover that dimension.
truths (Radford, 2021, 2023).
Methodology

The study adopts a theoretical-interpretive approach that articulates the conceptual analysis of TO
principles with a systematic literature review on Al in mathematics education. No primary field data
were collected; the documentary corpus functions as both the object of analysis and the foundation of
the theoretical argument. This approach is recognized in the field as a legitimate mode of knowledge
production when its purpose is to construct or refine conceptual frameworks that guide practice and
research (Cevikbas & Kaiser, 2024; Topali et al., 2025).

The literature review followed the PRISMA protocol across its phases of identification, screening,
eligibility, and inclusion. Searches were conducted in ERIC, Scopus, and Google Scholar between
August 2024 and January 2025, using four search strings: (1) Theory of Objectification + Al +
mathematics education; (2) ChatGPT + generative Al + mathematics + middle and high school; (3)
intelligent tutoring systems + embodied learning + Vygotsky; and (4) semiotic mediation + digital
technology + mathematics + Radford. The search period was restricted to 2019-2025, except for
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foundational TO works included from 2006, as primary sources of the theoretical framework. Table 2
summarizes this process.

Table 2. Systematic review process following the PRISMA protocol. Authors’ own elaboration.

PRISMA Phase Process description Outcome

Identification Search in ERIC, Scopus, and Google Scholar 178 initial records
using the four search strings described. Period:
2019-2025 (foundational TO works from 2006).

Screening Exclusion criteria: (a) no reference to 112 excluded
mathematics education, (b) university-level 66 to full-text review
focus without applicability to secondary
settings, (c) full text unavailable, (d) duplicates
across databases.

Eligibility Full-text review using empirical evidence or 34 excluded for insufficient
critical reflection on pedagogical implications; theoretical-pedagogical
alignment with at least one TO principle; contribution

publication in an indexed journal or recognized
academic press.

Inclusion Final corpus: 32 documents (empirical articles, 32 documents included
systematic reviews, TO works, and institutional
reports). Fifteen additional sources were
incorporated beyond the initial corpus.

The corpus analysis combined two procedures. First, thematic coding of TO works identified the core
concepts relevant to the dialogue with Al, embodiment, joint activity, historicity, semiotic mediation,
and the lived dimension of meaning-making.

Second, content analysis of the Al in-mathematics education literature examined which learning
dimensions each study reports, like procedural, relational, embodied and historical, and what type of
pedagogical integration it proposes or documents. The results of both procedures were systematically
contrasted to identify convergences, tensions, and gaps between what the TO demands pedagogically
and what Al implementations offer or risk.

The final corpus comprises 32 documents: 14 works of the TO or directly linked to Radford’s research
program, and 18 studies on Al in mathematics education, of which 7 are empirical investigations in
middle and high school or university classrooms, 6 are systematic reviews with bibliometric analysis,
4 are critical analyses of educational technology, and 1 is an institutional report by the OECD.

The study carries two limitations. The review is restricted to publications in Spanish and English,
which may exclude contributions in other languages, particularly those relevant in the Latin American
context. Additionally, the theoretical and interpretive scope does not allow for establishing causal
relationships between Al integration and learning outcomes; rather, its purpose is to build a conceptual
framework that guides pedagogical decisions.

Results and Analysis

The contrast between TO principles and the reviewed empirical evidence supports organizing the
findings into three analytical blocks: first, the ontological distinction between human thinking and
AT’s operation; second, Al as a cultural sign that reconfigures mathematical activity; and third, the
pedagogical risks that uncritical integration entails. These blocks are structured around a central
thesis, Al does not think, but it does mediate, and that mediation can be impoverished or enriched
depending on the teacher’s pedagogical decisions.
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Al Does Not Think: An Ontological Distinction

Thinking, in the sense the TO attributes to the term, is a specific way of being-in-the-world: a culturally
constituted movement that involves body, affect, personal history, and participation in collective
practices (Radford, 2013). Thinking mathematically entails particular gestures, temporal rhythms,
and practical engagement with objects and other subjects. Language models, by contrast, produce
responses through probabilistic calculations over patterns in large volumes of data (Selwyn, 2022);
their operation lacks the three constitutive conditions of thinking that the TO establishes: a situated
body, cultural history, and shared praxis.

The distinction is both technical and ontological. Al simulates products of mathematical thinking as
solutions, explanations or representations, but it does not participate in the process of objectifying
ideas. When a student solves a quadratic functions problem, they traverse a path of trials, errors,
adjustments, and progressive understandings that constitute objectification. When an AI model
delivers the same solution, it executes a statistical process over textual corpora. The difference is
not one of speed or precision, but of nature. Radford (2022) clarifies that consciousness arises from
social and historical mediation, not from isolated symbolic manipulation.

Empirical evidence illustrates this distinction clearly. Wardat et al. (2023) found that ChatGPT
is effective for standard algorithmic procedures but systematically insufficient for tasks requiring
conceptual justification and argumentation. Pardos and Bhandari (2024), despite reporting procedural
learning gains comparable to human tutoring, acknowledge that their instruments do not capture
the relational and dialogic dimensions that the TO identifies as the core of learning. Both findings
are consistent with the TO thesis, Al can improve procedural performance precisely because that
dimension does not require thinking in the sense the theory attributes to it.

Al as a Cultural Sign That Reconfigures Mathematical Activity

Al acts in the classroom as a complex cultural sign that reconfigures the conditions under which
mathematical activity takes place (Radford, 2023). Just as a calculator does not merely speed up
computation but transforms the student’s relationship with numbers and operations, Al modifies the
possibilities of the classroom with a qualitatively different semiotic power: it generates complete
mathematical discourse as notations, arguments, representations, in real time, and that discourse
carries epistemic frameworks, modes of reasoning, and conventions derived from its training corpus.

If that corpus was built predominantly from formal academic texts, its outputs will reproduce that
register; if it includes informal forum responses, it will incorporate their conventions. Al is not a
neutral mirror of mathematical knowledge: it refracts knowledge according to the data that constitute
it (Cevikbas & Kaiser, 2024).

This semiotic reconfiguration has a potentially enriching dimension. Radford (2018) notes that semiotic
variation—access to multiple representations, examples, and connections of the same mathematical
object— is a favorable condition for objectification. Al can expand that horizon in ways difficult to
achieve with conventional resources: simultaneously generating algebraic, graphical, and numerical
representations of a function; proposing alternative strategies for solving a system of equations; or
connecting a concept with diverse disciplinary applications. This potential is actualized only when the
teacher converts that breadth into an object of collective analysis rather than a destination for passive
consumption.
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Pedagogical Risks from the Perspective of the TO

The literature review identifies three pedagogical risks that uncritical Al integration entails, each
associated with one of the TO’s principles.

The first is the disembodiment of learning. When AI displaces embodied exploration like tracing
figures, moving objects or sensing spatial relationships with automated outputs, the objectification
process is impoverished in its most fundamental constitutive dimension. Radford (2006) establishes
that gestures are constitutive of mathematical thinking, not mere accompaniments.

Opesemowo and Ndlovu (2024) document that habitual Al use to obtain solutions reduces students’
disposition to explore problem-solving processes autonomously, with direct consequences for critical
thinking development. Egara and Mosimege (2024), in their study with middle and high school students
in Nigeria, found greater initial engagement with AI but lower development of deep conceptual
knowledge compared to groups that worked without it.

The second is the de-historicization of mathematical knowledge. By presenting polished and
definitive results, Al systems render invisible the conceptual struggles, historical debates, and cultural
conventions that shaped mathematics. Guillemette and Radford (2022) establish that historicity is not
a curricular ornament, it is the condition for students to perceive mathematics as a revisable human
enterprise. When Al answers a question about the definition of a limit without mentioning the decades
of controversy between Newton and Leibniz, or without noting that epsilon-delta formalization was
an achievement of the nineteenth century, it suppresses the dimension that allows mathematical
knowledge to be understood as cultural production.

The third is the erosion of joint activity. If Al positions itself as the student’s primary interlocutor,
it displaces peer interaction and interaction with the teacher, deteriorating the quality of collective
dialogue. Holmes et al. (2022), in their study with researchers specializing in Al ethics in education,
note that the predominant concern among specialists is not the technical imprecision of systems but
the risk that automation erodes the social and affective dimensions of the classroom as a space of
shared construction. The OECD (2021) adds that the promise of adaptive personalization may reduce
opportunities for the spontaneous dialogue that characterizes authentic learning.

Discussion

The findings of the theoretical-interpretive analysis allow for situating AI's integration into
mathematics education within a tension that the TO names precisely between the procedural efficiency
that automated systems offer and the cultural richness that genuine mathematical learning requires.
That tension is not resolved by rejecting technology or by ceding it the center of the pedagogical
process; it is managed through informed decisions about which dimensions of learning to preserve
and which are risked by each design choice. The discussion is organized around three axes that
emerge directly from the analysis: preserving embodiment, sustaining joint activity, and safeguarding
historicity.

Axis 1: Preserving Embodiment, Sequencing Before Substituting

The risk of disembodiment is not inevitable: it depends on how AI use is sequenced in relation
to embodied exploration. Research on embodied learning in digital environments shows that
technological tools can coexist with material experience when instructional design positions them
as amplifiers of exploration rather than substitutes for it (Shvarts & Abrahamson, 2023).
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The practical implication is the sequencing principle, embodied and material exploration must precede
or accompany -never be replaced by- the use of the system. When a student first draws a function by
hand before querying the Al it brings a perceptual and gestural experience to their encounter with the
machine’s outputs that makes critical comparison possible. If instead he/she receives the automatically
generated representation first, that embodied experience is preempted. In the former case, Al amplifies;
in the latter, it substitutes.

Egara and Mosimege (2024) observed that students who used AI as their first resource when
approaching a problem showed less willingness to explore their own strategies and lower conceptual
development. Within the TO framework, this result is coherent, objectification requires traversing
the path of thinking, with its trials, errors, and adjustments, and receiving the destination before the
journey produces superficial recognition of someone else’s result, not objectification.

Axis 2: Sustaining Joint Activity: Al as Input for Collective Dialogue

The difference between simulating dialogue and participating in the collective pursuit of meaning
is the central conceptual distinction in this axis. A language model can generate responses that
adopt the form of dialogue, follow-up questions, adaptive feedback, graded explanations; but it cannot
commit to the joint construction of knowledge because it lacks the ethical and affective dimensions that
Guillemette and Radford (2022) identify as constitutive of joint labor. The student who debates with a
peer about why two solution strategies yield the same result builds a relationship with mathematical
knowledge and with the community of mathematical practice that interaction with an automated
system cannot generate.

The design implication that follows is that Al must be positioned in the classroom as input for dialogue
among people, not as the final destination of the query. Topali et al. (2025) documented that the
most pedagogically effective Al integrations are those in which the teacher actively mediates between
the system’s outputs and students’ collective activity, converting responses into starting points for
argumentation. Radford, Miranda, and Vergel (2023) show, in the Latin American context, that the
joint teacher-student labor around a cultural artifact generates richer forms of objectification than
individual work with the same artifact.

Axis 3: Safeguarding Historicity: AI's Omissions as a Pedagogical Resource

Al systems present mathematical knowledge as a set of stable and definitive results, erasing the
historical trajectories, conceptual controversies, and human decisions that shaped each concept. This
de-historicization is not a technical flaw that future versions will correct, but a structural consequence
of how language models produce text by synthesizing corpus patterns, not by narrating critical history.

AT’s historical omissions can, however, become a pedagogical resource. When a model answers a
question about the concept of a function without mentioning that Leibniz, Euler, and Dirichlet defined
it in radically different ways, the teacher can ask the group what that omission reveals about how Al
constructs knowledge. This line of questioning develops in students a critical relationship with Al as
an epistemic source, a competency that Selwyn (2022) identifies as urgent in the context of educational
datafication.

The evidence supports the potential of this strategy. Vergel, Radford, and Rojas (2022) show that
understanding the debates behind algebraic conventions generates a more active and deeper grasp
of mathematical knowledge. Asenova et al. (2021) confirm that recovering the historical dimension
supports higher levels of generalization. Paradoxically, Al can become an ally in this recovery: its
standardized and ahistorical responses create the contrast that teacher mediation can exploit to portray
mathematics as a living cultural tradition.
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The three discussion axes converge on a vision of the mathematics teacher that the TO has historically
sustained and that Al's presence makes newly pertinent: a teacher who constructs the conditions for
students’ encounter with mathematical knowledge to be embodied, collective, and historically situated.
Al does not replace that role; it challenges it to become more consciously aware of its own foundations.

Faced with a tool that generates rapid, polished, and ahistorical responses, the pedagogical value of
embodied exploration, productive error, and collective argumentation becomes not only defensible but
constitutive of a mathematics education that preserves its essential dimensions.

Conclusions

The analysis developed here has reinterpreted the role of Artificial Intelligence in middle and high
school mathematics education through the principles of the Theory of Objectification. The central
argument unfolded in three movements. First, Al does not think, it produces simulacra of the products
of mathematical thinking through statistical operations over textual corpora, without the corporal,
historical, and collective conditions that the TO identifies as constitutive of understanding,.

Second, Al does mediate: it acts as a complex cultural sign that reconfigures mathematical activity in
the classroom, expanding the available semiotic horizon while also generating risks of disembodiment,
de-historicization, and erosion of joint activity. Third, that mediation can be enriched or impoverished:
the difference is determined by the teacher’s pedagogical decisions, not by the system’s sophistication.

The systematic review of 32 documents published between 2019 and 2025 confirms that empirical
research on Al in mathematics education focuses predominantly on procedural and adaptive learning
dimensions, with scant attention to their embodied, relational, and historical counterparts.

This gap reflects a conception of mathematical learning as the acquisition of computable skills and
leaves unexamined the dimensions the TO identifies as constitutive of genuine mathematical thinking.
The study’s contribution consists of offering a conceptual framework that makes it possible to name,
analyze, and pedagogically address what that research does not measure.

The discussion around the three axes, embodiment, joint activity, and historicity, suggests that
pedagogically situated Al integration requires neither exceptional resources nor advanced technical
competencies, it requires clarity about which dimensions of mathematical learning no computational
system can provide.

A teacher who recognizes that mathematical thinking is embodied, will design activities in which
corporal exploration precedes AI use. A teacher who recognizes that learning mathematics is a
collective praxis will use Al outputs as inputs for student dialogue, not as responses that close the
conversation. A teacher who recognizes that mathematics is a culturally constructed tradition will
leverage AI’s historical omissions to open questions about the debates and human decisions that gave
shape to knowledge.

For future research, the Theory of Objectification offers analytical categories that merit empirical
investigation. Studies are needed that document specific instructional situations in which Al is
integrated under TO principles, that analyze the gestures and forms of joint activity that emerge, and
that compare Latin American cultural contexts with other educational settings. Iriarte et al. (2024),
in their review of Latin American studies on Al and mathematics, note that the region produces
scarce evidence on Al’s effects on the socioemotional and cultural dimensions of learning, a timely
and relevant research agenda.

In a context of increasing automation, the Theory of Objectification offers a framework that recenters
the cultural and relational dimension of mathematics education: one that preserves embodied
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experience, the collective construction of knowledge, and the recognition of mathematics as a
historically situated human enterprise.

The challenge for teachers is not to resist technology but to integrate it with the understanding that
the constitutive dimensions of learning mathematics, embodied exploration, collective argumentation
and connection with those who thought before, are not algorithmically replicable.
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Appendix: Three Principles for Al in Your Math Classroom

Why This Matters

Picture this: A student shows you their phone. ChatGPT just solved the quadratic functions
homework—correctly, clearly, with step-by-step explanations. Your first thought might be, "Great,
they’re resourceful!” Your second thought is probably, "Wait...what did they actually learn?”

If you’ve had this moment, you're not alone. Al tools like ChatGPT are already in our classrooms
whether we plan for them or not. The question isn’t whether students will use them (they will), but
how we can guide that use so it supports genuine mathematical learning instead of replacing it.

This guide offers three practical principles to help you make those decisions. These aren’t abstract
theories—they’re grounded in how students actually learn mathematics, and each comes with concrete
classroom examples you can use Monday morning.

Principle 1: Embodiment—Keep Students’ Hands and Minds Engaged

The Core Idea: Mathematical understanding doesn’t happen just in students’ heads. It happens when
they move, manipulate, gesture, and explore with their whole bodies. When a student drags a slider
to see how a graph transforms, traces a curve with their finger, or physically rearranges algebra tiles,
they’re not just seeing mathematics—they’re doing mathematics. That embodied engagement is where
learning lives.

Al tools that generate complete solutions short-circuit this process. Students get an answer without
the journey, and the journey is where understanding develops.

Classroom Example: Graphing Quadratic Functions (Grade 9)

The Problem: Your students need to understand how transformations affect the graph of f(x) = (x —
h)? + k.

What doesn’t work: Students type the function into ChatGPT, get a perfect graph with explanations,
copy it into their notebooks, and move on. Assignment complete, learning bypassed.

What works better: Start with hands-on exploration using Desmos or GeoGebra. Give students three
sliders: one for h, one for k, and one that doesn’t do anything (to see if they’re paying attention!). Their
job: Figure out what each parameter does by playing with it.

As they explore, watch for their gestures—students will physically move their hands to show ”it shifts
left” or ”it goes up.” These gestures are mathematical thinking in action. Have them write conjectures
in their own words before formalizing anything.

Only after this embodied exploration should they check their conjectures with ChatGPT. Now Al
becomes a verification tool rather than a replacement for discovery. Students ask: "We think changing
h shifts the graph horizontally. Is that right? Why does it move in the opposite direction we expected?”

The Teaching Move: Before allowing Al, ask yourself: "Have students physically manipulated
something, gestured about it, or explored it with their bodies?” If not, they’re not ready for Al yet.
Embodied learning must come first, or it won’t come at all.

Pro tip: If students come to class with Al-generated solutions already complete, don’t punish it—redirect
it. Say: ”"Great, you have a solution. Now I want you to recreate that solution using Desmos. Can you
figure out how ChatGPT got that answer by experimenting?” Turn the Al output into a puzzle that
requires embodied exploration to solve.

Ohio Journal of School Mathematics, Volume 103, Number 1, Summer 2026 37



Moreno Cabeza & Buitrago Ramirez

Principle 2: Joint Activity—AI as Input for Dialogue, Not Oracle

The Core Idea: Real mathematical learning happens when students talk, debate, compare, and build
ideas together. Learning isn’t about importing correct answers into individual brains—it’s about
collectively negotiating what makes sense and why:.

When Al becomes the definitive authority that ends conversation (*ChatGPT said so, we’re done”), it
kills the dialogic process. But when Al-generated content becomes the starting point for discussion, it
can actually enrich collaborative learning.

Classroom Example: Proving Triangle Angle Sum (Grade 10)
The Problem: You want students to prove that the interior angles of any triangle sum to 180°.

What doesn’t work: Each student individually asks ChatGPT for a proof. Each gets a different correct
proof (auxiliary line method, exterior angle approach, parallel line construction). They copy “their”
proof into notebooks. No discussion happens because everyone already “has the answer.”

What works better: Assign this deliberately as a group task with Al Form three groups and give each
a different prompt:

+ Group 1: "Prove the triangle angle sum using an auxiliary line parallel to one side”
+ Group 2: "Prove the triangle angle sum using exterior angles.”
+ Group 3: "Prove the triangle angle sum the simplest way possible.”

Each group gets a different ChatGPT proof. Now the real work begins. Display all three proofs side
by side. Facilitate discussion:

« Which proof do you find most intuitive? Why?

« Which one requires the fewest assumptions?

« What do all three approaches have in common?

« If you had to explain this to a 7th grader, which proof would you choose?
+ Can anyone think of a fourth way to prove it?

Suddenly AI isn’t giving “the answer”—it’s providing multiple entry points for rich mathematical
debate. Students learn that there isn’t one correct proof, but rather a landscape of valid approaches,
each with trade-offs.

The Teaching Move: Use Al-generated content as raw material for analysis, not as finished products.
The question shifts from "Is this right?” (Al is usually right) to "Why is this approach interesting? What
are its limitations? How could we improve it?”

Caution: Students will initially resist this. They want you to tell them which proof is "best” Push back
gently: "They’re all correct. The question is which one helps you understand why it’s true. That’s
different for everyone” This teaches a crucial lesson: mathematics involves judgment and taste, not
just correctness.

Principle 3: Historicity—Mathematics Has a Story

The Core Idea: Mathematics didn’t fall from the sky fully formed. Every concept we teach emerged
from centuries of human struggle, debate, false starts, and gradual refinement. When students
understand this history, mathematics stops feeling like arbitrary rules handed down by authorities
and starts feeling like something humans invented to solve real problems.
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Al tools typically present polished, ahistorical definitions that erase all that messy humanity. But
here’s the good news: Al also has access to the entire history of mathematics. We just need to prompt
it differently.

Classroom Example: Introducing Complex Numbers (Grade 11)
The Problem: You need to introduce complex numbers and the imaginary uniti = v—1.

What doesn’t work: Students ask ChatGPT, "What are complex numbers?” They get a clean definition:
“Complex numbers have the form a+bi where i = V—1.” Students memorize it. The idea seems inevitable
and slightly magical.

What works better: Before giving any formal definition, show students this ChatGPT prompt:

“Explain the controversy among 16th-century Italian mathematicians (Cardano, Tartaglia, Bombelli)
about square roots of negative numbers. Why did they call them ‘impossible’ or ‘useless’> What problem
finally forced mathematicians to take them seriously?”

Let students read the historical account. They’ll discover that complex numbers were considered
nonsense for decades. Serious mathematicians dismissed them as meaningless. It took nearly 200 years
before the mathematical community accepted them as legitimate.

Then ask: “So why do we teach them today as if they’re obvious?” This question reframes everything.
Now when you introduce the formal definition, students understand it as a hard-won human invention
that solved real problems (like finding roots of cubic equations), not as an arbitrary rule.

The Teaching Move: Deliberately prompt Al to reveal the debates, controversies, and historical
messiness behind mathematical concepts. Try these questions:

+ "What did mathematicians argue about when this concept was first proposed?”
« "Who resisted this idea, and why?”

« "How long did it take for this to become accepted mathematics?”

« "What problem finally forced mathematicians to accept this idea?”

Why this matters: When students see that even brilliant mathematicians struggled with ideas we now
consider basic, it normalizes their own struggles. Confusion isn’t a sign of failure—it’s part of how
mathematics has always worked.

Bonus application: This works beautifully for negative numbers (ancient debates about whether they’re
“real”), zero (centuries of resistance in Europe), infinite series (Euler vs. Berkeley controversy), and
limits (took 2000 years to formalize). Pick any concept your students find confusing and ask ChatGPT
about its controversial history. You’ll almost always find a good story.

Putting It All Together: Your Al Decision Framework
When you’re planning a lesson or evaluating how students are using Al, ask these three questions:
1. Embodiment: Will students explore with their hands/bodies/senses before getting Al
explanations? Or will Al bypass that physical engagement?

2. Joint Activity: Will Al-generated content spark discussion and comparison among students? Or
will it end the conversation before it starts?

3. Historicity: Will students learn where this mathematical idea came from, who debated it, and
why it matters? Or will they just get a timeless definition?
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If your answer to any of these questions is "no” or "I'm not sure,” pause and redesign. Alisn’t inherently
good or bad—it’s a tool that can support deep learning or undermine it, depending entirely on your
pedagogical choices.

A Final Word

Your students are already using ChatGPT. Some of them are using it thoughtfully; others are using it
to avoid thinking entirely. Your job isn’t to ban it (that won’t work) or to naively celebrate it (that
won’t work either). Your job is to teach students how to use it in ways that deepen their mathematical
understanding rather than replacing it.

The three principles in this guide give you language to talk with students about productive Al use:

+ "Before you ask ChatGPT, show me what you tried with Desmos.”

+ ”You and your partner both used Al. Compare your results and tell me which explanation makes
more sense to you.”

+ "Before we define this formally, let’s ask ChatGPT why mathematicians argued about this for
200 years”

These aren’t perfect solutions—this is new territory for all of us. But these principles give us a starting
point for integrating AI thoughtfully, preserving what matters most about mathematical learning: the
embodied, collaborative, human work of making sense of powerful ideas together.
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