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As of early 2026, Artificial Intelligence (AI) has transitioned from an experimental auxil-
iary tool to a foundational pillar of modern mathematical pedagogy. This paper evaluates
the rapid evolution of Al-driven mathematics tools over the academic year 2025-2026, em-
phasizing the shift toward adaptive, Socratic tutoring systems. We analyze key platforms
and tools such as Khanmigo, Mathos AI, and Tutor CoPilot, assessing their impact on
student mastery and teacher efficiency. Empirical studies from recent years suggest that
Al-assisted human tutoring can lead to measurable improvements in student topic mas-
tery. However, the integration of Al in mathematics education faces ongoing challenges
regarding cognitive over-reliance and data privacy. This review synthesizes contemporary
research to provide a framework for balanced Al integration that prioritizes conceptual
understanding over automated problem-solving.

Keywords: artificial intelligence, mathematics education, intelligent tutoring systems,
adaptive learning systems, Socratic Al tutoring, human—AI hybrid instruction, concep-
tual understanding

PASHINPABAIIINAT CE OBXBAT HA UHTETPUPAHETO
HA NBKYCTBEHUA MHTEJIEKT B OBYYEHUETO IIO
MATEMATUKA: BCEOBXBATEH OB30P
Ilserenuna Credanosal, Cnasu T'eoprues??

'"Karenpa , KOMIIOTbPHY CHCTEMH 1 TEXHOIOTHR®, Pycencku ynusepcurer ,Auren Kbuues”
2I/IHCTI/ITyT 10 MaTeMaTHKa U UHOOPMATHKA, Bbiirapcka akajeMus Ha HAYKUTE
3KaTesza JIIpumoxkHa MaTeMaTUKa U craTuctuka’, Pycencku yausepcuret ,,Anres Kbuues®
e-mails: 'tsstefanova@uni-ruse.bg, >*sggeorgiev@uni-ruse.bg

https://doi.org/10.55630/mem.2026.55.242-254
2020 Mathematics Subject Classification: 97D40, 97P80, 97U50, 97U70.

242


https://doi.org/10.55630/mem.2026.55.242-254

KbM Havganoro Ha 2026 r. uskycreenusr unresekt (M11) npemuHaBa OT eKClIepUMEHTAJIEH
TIOMOIIEH WHCTPYMEHT K'bM OCHOBHA OMOPa HA CbBPEMEHHATA MATEMATHYECKA TIeIArOTH-
Ka. Hacrosimmara crarusi onensiBa 6bp3ara eBosionus Ha M-6a3upanure miardopMu u
WHCTPYMEHTH 3a o0yueHue 110 MaTeMaTuKa Ipe3 akanemudHara 2025-2026 roguna, KaTo
aKIEHTHPA BbPXY IPeXoJa K'bM aJalTUBHH, COKPATHYECKU CHCTEMH 32 IOJIIOMaraHe Ha
yuaeHero. AHanusupaHu ca kiodoBu miardopmu karo Khanmigo, Mathos Al u Tutor
CoPilot, kaTo ce oreHsBa BIUSHHETO UM BDPXY YCBOSIBAHETO Ha YIEOHOTO ChIIbprKAHUE
OT YYEeHUIUTE U ePEKTUBHOCTTA HA YIUTEINTE. EMINPHYIHN TPOYUIBAHUS OT MTOCJIETHUTE
TOIMHH ITOKa3BaT, Ue 00yIE€HNEeTO C TIOMOIITA Ha N3KYCTBEH UHTEJIEKT MOXKeE Ja OBEIE 10
U3MEPHUMU ITO0OPEHHS B OBJIa/IsIBAHETO Ha y4eOHNUTE TeMU OT yUeHHIUTe. Bbipeku Tosa
npuitoxkernero Ha MV B obyueHmeTO 110 MaTeMaTHKa IPObJRKABA J1a Ce COIBCKBA CbC
CBINECTBEHN IIPEIU3BUKATEICTBA, CBbP3aHu ¢ npefosepsiBane Ha VI u 3amura Ha aud-
Hure nanau. Hacrosmuar o630p cHHTe3Upa aKTyaJHU M3CIEIBAHUS U IIPEJJjara PaMKa
3a OasraHcupana uHTerpamnus Ha M, KosTo mocTraBsi MpUOPUTET BbPXY KOHIEIITYAJHOTO
pa3bupaHe, a He BbPXY aBTOMATU3UPAHOTO DeIllaBaHe Ha 3a/1a4M.

Kuaro4yoBu gyMu: U3KyCTBEH UHTEJIEKT, 00y IeHNE TI0 MATEMATUKA, MHTEJTUTEHTHH 00y Ja-
BAIllA CUCTEMHU, 3IATHBHA 00yJaBaIiy cucreMu, cokparudecko N-obyyenne, xubpuaao
obyuaenne gyoBek—VU, konmnenryaano pazbupare

1. Introduction

The period 20252026 represents a watershed moment in the digital transformation
of education. Global investment in the EdTech AI sector reached an estimated $7.6
billion in 2025, with projections suggesting a rise to over $30 billion by 2029, reflecting
both the growing maturity of AI solutions and their mainstream adoption in schools and
universities [32]. In mathematics education, Al integration serves two primary functions:
enhancing student learning through personalized, adaptive exercises and feedback, and
improving teacher efficiency by automating time-consuming administrative burdens such
as grading, progress monitoring, and lesson planning. These capabilities increasingly
position Al as not merely a supplementary tool, but as an integral component of the
instructional ecosystem. Current leadership sentiment reflects this shift, with 69% of K-
12 leaders viewing AI’s impact on mathematics instruction as inherently positive, citing
its potential to support differentiation, remediation, and enrichment at scale [3, 20].

2. Literature Review: Trends in AI-Mediated Mathematics Edu-
cation (2025—-2026)

Recent research indicates that Al-mediated mathematics education has entered a
phase of consolidation, moving from experimental use toward systematic integration into
instructional practice. Whereas earlier studies largely framed Al as a computational or
assessment aid, literature from 2025-2026 increasingly conceptualizes Al as a pedagogical
mediator embedded within human-guided learning environments [28, 36, 40]. This shift
is evident across systematic reviews, bibliometric analyses, and empirical studies.

2.1. From Automation to Pedagogical Mediation

Systematic reviews document a clear move away from solver-centric automation to-
ward adaptive tutoring, formative feedback, and instructional scaffolding. The longitu-
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dinal review (2015-2025) reports a decline in purely answer-generating systems and a
rise in tools designed to support learning processes and conceptual understanding [28].
It is similarly noted in [36] that recent studies increasingly evaluate Al tools based on
pedagogical impact rather than computational efficiency. These trends extend earlier
concerns regarding over-reliance on automated solvers, as highlighted in our previous re-
search [35], and place greater emphasis on design features such as delayed answer release,
adaptive hints, and reflective prompts.

2.2. Learning Outcomes and Mastery

Empirical studies suggest that Al-supported mathematics instruction can lead to
measurable learning gains when pedagogically aligned. The review of Al-powered as-
sessments [25] reports improvements in student performance, engagement, and feedback
quality, particularly in algebra and calculus. Research on intelligent tutoring systems
(ITS) such as DreamBox, ALEKS, and Mathspace shows that adaptive readiness models
can enhance mastery by sequencing content and enforcing prerequisite knowledge [37].
Several platforms now hold “strong” evidence ratings under the Every Student Succeeds
Act (ESSA) framework.

Human—AT hybrid tutoring models receive particular attention. [39] demonstrates
that Al-augmented human tutoring significantly increases the likelihood of topic mastery,
with especially strong effects for less-experienced tutors, indicating that AI can amplify
pedagogical expertise rather than replace it.

2.3. Socratic and Dialogue-Based Approaches

A prominent trend in the 2025-2026 literature is the rise of Socratic and dialogue-
based tutoring systems. Bibliometric analyses identify dialogic scaffolding and non-
directive tutoring as emerging focal concepts in mathematics education research [40].
Enabled largely by Large Language Models (LLMs), these systems aim to promote
metacognitive regulation by guiding learners through questions and hints instead of pro-
viding direct solutions. However, studies caution that generative dialogue alone does
not guarantee pedagogical soundness, noting risks of fluent but mathematically incorrect
explanations when models are insufficiently constrained [5]. Consequently, teacher-in-
the-loop designs are increasingly emphasized as a necessary safeguard [22].

2.4. Teacher Support, Risks, and Equity

Recent literature also frames Al as a tool for teacher support. Survey evidence indi-
cates that educators using Al-based tools for lesson planning, assessment, and feedback
report substantial reductions in administrative workload [3], potentially enabling greater
focus on student reasoning and targeted intervention [34]. At the same time, studies con-
sistently highlight risks of cognitive over-reliance. Excessive dependence on solver tools
has been linked to weakened independent problem-solving and retention, particularly in
scan-to-solve workflows [6, 38].

Equity and governance concerns remain unresolved. Uneven access to advanced
AT tutoring systems may exacerbate existing educational inequalities [7], while policy-
oriented research underscores growing challenges related to data privacy, procurement
transparency, and accountability as Al becomes embedded in assessment and learning
analytics [24].
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2.5. Summary

Overall, the 20252026 literature portrays Al-mediated mathematics education as
shifting toward integrated, dialogic, and human—AI hybrid models. Evidence suggests
that educational impact depends less on raw problem-solving capability and more on
pedagogical alignment — specifically, the ability of Al systems to support explanation,
verification, and conceptual understanding under human oversight. The focus shifts from
the question “Should we use AI?” to “How do we integrate it ethically and pedagogically?”.
The main challenge remains the balance between automated assistance and preserving
students’ ability to think critically without external help. These findings motivate the
comparative analysis of tools and use cases presented in the following sections.

3. Comparative Analysis of Contemporary AI Tools Used in
Mathematics Education

The 2025-2026 Al-in-education landscape is characterized by the convergence of large
language models (LLMs) and natural language processing (NLP) with domain-specific
symbolic mathematics engines. Rather than treating Al as a monolithic category, cur-
rent tools differ substantially in pedagogical intent, degree of automation, and the role
assigned to teachers and learners.

Table 1 provides a functional comparison of major Al tool categories currently used
in mathematics education, organized by pedagogical designation rather than underlying
technology alone. For each category, the table summarizes representative platforms, key
innovations introduced during 2025-2026, and the strongest forms of research-backed
educational impact reported in recent studies. This structure reflects the paper’s focus
on how design choices — such as answer withholding, adaptive sequencing, or human-in-
the-loop support — shape learning outcomes.

Table 1: Pedagogical Design, Innovation, and Impact of Contemporary AI Mathematics
Tools

Core Des- | Sample 2025-2026 Innova- | Research-Backed Im-

ignation Tools tion pact

Socratic Tu- | Khanmigo, Teacher-in-the-Loop | Active Recall Effi-

tor Google So- | Safeguard: Tools now | cacy: By refusing to
cratic, Astra | feature dashboards | provide direct answers,
AlI, Theta- | that allow teachers to | these tools enforce active
wise, Rori toggle “reveal answer” | recall. Cognitive science

privileges and view | research confirms this
chat logs to identify | method increases long-
misconceptions without | term retention by up to
manual grading. 50% compared to passive
review.
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Adaptive Wolfram Al- | Domain-Specific Procedural Fluency:
Solver pha, Mathos | Fine-Tuning: Unlike | Studies on tools like
Al, Mi- | general chatbots, these | Microsoft Math Solver
crosoft Math | solvers are now fine- | show that when combined
Solver, Pho- | tuned specifically on | with “similar problem”
tomath, mathematical notation | generation, they signifi-
Symbolab and step-by-step logic, | cantly improve students’
aiming to eliminate cal- | ability to solve multi-step
culation hallucinations. | calculus and algebra
problems.
Intelligent ALEKS, Predictive Readi- | ESSA Strong Evi-
Tutoring DreamBox ness Models: Sys- | dence: ITS platforms
System Learning, tems like Mathspace | like DreamBox hold the
(ITS) with | Mathspace, and ALEKS now use | highest strong rating
Real-time Knewton Al to predict a stu- | under the Every Student
Assessment Alta, Eedi dent’s knowledge state, | Succeeds Act (ESSA)
blocking advanced top- | [14], proving students
ics until prerequisite | achieve more growth in
skills are statistically | math proficiency than
mastered. peers.
Visual Scaf- | GeoGebra, Dynamic 3D & AR | Conceptual Ground-
folding Desmos, Visualization: Re- | ing: Research indicates
Solvely, cent updates (e. g., | that dynamic graph-
Graspable Desmos 3D) allow | ing tools help ground
Math, Poly- | students to manipulate | abstract  symbols in
pad variables in real-time to | concrete visuals, measur-
visualize abstract con- | ably improving student
cepts like multivariable | performance on concep-
calculus and geometric | tual questions regarding
transformations. functions.
Human-AI Tutor Real-Time Pedagog- | Mastery Gains: A
Hybrid CoPilot, ical Prompting: Al | Stanford University RCT
Thinkster analyzes the live session | (2024-25) on Tutor CoPi-
Math, AS- | and whispers sugges- | lot proved that students
SISTments, tions to the human tu- | were 4% more likely to
MATHia, tor (e. g., “Ask them to | master a topic when their
Brainly, explain the next step”), | human tutor wused Al
TutorMe turning novice tutors | prompts [39].

into experts.
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General Al | ChatGPT, Chain-of-Thought Benchmark Break-
Model Gemini, (CoT) Processing: | throughs: CoT rea-
DeepSeek, These models gener- | soning has raised Al

Claude, ate a hidden internal | performance on difficult

Microsoft monologue to plan, cri- | math competitions (like

Copilot tique, and verify their | the AIME) from ~11.67%

logic before outputting | (GPT-40) to ~81.67%

a final answer. (ol), significantly reduc-

ing logic errors [5].

The table highlights a clear shift toward Socratic and adaptive tutoring systems, in
which AT is designed to prompt reasoning, enforce active recall, and support conceptual
understanding rather than deliver immediate solutions. At the same time, solver-oriented
systems remain prominent, particularly for procedural fluency, benefiting from recent ad-
vances in domain-specific fine-tuning that reduce mathematical hallucinations. Intelligent
Tutoring Systems (ITS) occupy a middle ground, combining automated assessment with
mastery-based progression models that have accumulated strong empirical validation.

Notably, human—AT hybrid tools emerge as the category with the most consistent
evidence of learning gains, aligning closely with the abstract’s emphasis on Al-assisted
human tutoring. By augmenting — not replacing — human instructors through real-time
pedagogical prompts, these systems demonstrate measurable improvements in topic mas-
tery while mitigating risks of cognitive over-reliance. General-purpose Al models, while
increasingly capable due to chain-of-thought reasoning, remain pedagogically ambiguous
and require careful instructional framing to avoid reverting to answer-centric use.

Table 1 makes explicit that contemporary mathematics Al tools are converging on
natural-language interaction while diverging sharply in pedagogical posture — from dia-
logue-driven scaffolding to solution-centric automation to human-in-the-loop augmen-
tation. The distribution of research-backed outcomes suggests that learning gains are
most robust when Al systems are embedded within pedagogically constrained or hybrid
instructional designs, rather than used as fully autonomous solvers.

3.1. Advancements in Socratic and Generative Assistants

The most significant technical leap in 2025 was the reduction of hallucinations in
general-purpose models through the adoption of reinforcement learning and chain-of-
thought architectures. DeepSeek, with its R1 model released in early 2025, exemplified
this shift by introducing a thinking phase, where the Al plans multi-step solutions be-
fore generating output. This architecture raised performance on high-stakes benchmarks
like the AIME to levels previously attainable only by closed-source proprietary models
[11]. Similarly, Google’s Gemini ecosystem evolved with the release of the Deep Think
capability in its 2.5 Pro model, which iteratively explores hypotheses for complex logic
puzzles. Google further refined this for education with “Gems” — customized Al personas
that educators can fine-tune to align with specific curricular standards, effectively creat-
ing bespoke teaching assistants for distinctive classroom needs [19]. Antropic’s Claude
continued this trend with its 3.5 and 4.0 model updates in mid-2025, introducing “Ar-
tifacts” — a feature that renders interactive code and quizzes in a dedicated window,
transforming static text interactions into dynamic, visual learning experiences [2]. In
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the realm of dedicated educational assistants, Khanmigo expanded its utility beyond
student tutoring. As of April 2025, it features a comprehensive “Teacher Tools” suite
integrated directly into Learning Management Systems (LMS) like Canvas. This update
allows educators to automate the creation of rubrics, exit tickets, and lesson plans with-
out leaving their gradebook environment, significantly reducing administrative overhead
[33].

3.2. Innovations in Symbolic, Visual, and Solver Tools

Tools rooted in symbolic computation have integrated Large Language Model (LLM)
capabilities to enhance accessibility without sacrificing accuracy. Mathos Al (formerly
MathGPTPro) released a “PDF Homework Helper” in 2025 that goes beyond simple
photo scanning. Students can now upload entire document files, where the Al overlays
annotations and step-by-step guidance directly onto the page. This system utilizes a spe-
cialized model that claims 20% higher accuracy than standard GPT-4 implementations
for calculus tasks [23]. Wolfram Alpha has solidified its role as the grounding engine
for the AI ecosystem. Through a robust 2025 plugin architecture, it now integrates
seamlessly with ChatGPT and other LLMs, allowing them to verify their computational
outputs against Wolfram’s structured data libraries, effectively solving the arithmetic
hallucination problem [30].

Visual graphing tools have also seen substantial updates to support higher education.
Desmos Studio updated its 3D Calculator in early 2026 to include enhanced visualiza-
tion controls — such as disabling lighting for clearer surface viewing — and expanded regres-
sion capabilities (cubic, quartic, and sinusoidal) that allow students to model complex,
real-world data sets [12]. GeoGebra similarly launched “Math Practice”, an adaptive
mode that provides step-by-step feedback on algebraic problems, encouraging students to
explore multiple solution paths rather than adhering to a single rigid method [18|. Pho-
tomath refined its visual scaffolding approach by launching “Animated Steps”’, which
break down static scan results into dynamic progressions to help learners visualize the
procedural flow of a solution [31]. Solvely and Microsoft Math Solver have also inte-
grated similar scan-to-solve upgrades, with Microsoft’s Math Progress in Teams now
using Al to identify class-wide error trends and automatically generate targeted practice
assignments [26].

3.3. Evolution of Adaptive Learning Platforms

Comprehensive learning platforms have focused heavily on accessibility and verified
content reliability. DreamBox Learning (now part of Discovery Education) released
significant updates in January 2025, including new “Racecourse” lessons for fraction flu-
ency and enhanced accessibility features that allow students with low vision to navigate
complex manipulatives using keyboard commands [9]. Brainly addressed the reliability
crisis with its 2025 “Al Learning Companion”, which uses scan-to-solve technology to
provide explanations verified against a database of textbooks, distinguishing itself from
raw generative text by citing specific academic sources [§]. ALEKS and Mathspace
continued to refine their adaptive engines, with Mathspace’s 2025 updates focusing on
its Mixture-of-Experts AI, which now provides voice-based coaching to support students
with reading difficulties. Finally, human-hybrid systems like Tutor CoPilot and Astra
AT have moved toward a teacher-in-the-loop model, where the Al provides real-time sug-
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gestions to human tutors or parents, effectively augmenting rather than replacing human
instruction [39].

3.4. Evidence of Student Usage

Available surveys and institution-level studies indicate that GenAl use for learning
is now mainstream across secondary and higher education, though prevalence varies by
sampling and definitions. In the United States, high-school students’ self-reported use of
GenAl for schoolwork rose from 79% (Jan 2025) to 84% (May 2025), with ChatGPT the
dominant tool (69% reporting use for assignments/homework) [1]. Meanwhile, among
U.S. teens overall, 64% report using AI chatbots; usage concentrates in a few mainstream
systems — ChatGPT (59%), Gemini (23%), and Meta AI (20%) — with others trailing
[15].

In higher education, the same concentration pattern appears. An institutional study
reports ChatGPT as the primary tool (89.3% of AI users), with Gemini (13.5%) and
Copilot (7.7%) far behind and other platforms each <5% [10]. A separate survey similarly
shows students assembling tool portfolios, but with strong skew: ChatGPT is cited most
(606 mentions), followed by Copilot (67) and Gemini (51), with a longer tail including
Grammarly, Claude, and math-oriented apps such as Gauth [27].

For mathematics, students commonly combine general chatbots with specialized sol-
vers. A 2025 study of engineering students reports frequent use of ChatGPT (62.7%)
alongside high usage of Mathway (51.7%) and Photomath (48%), reflecting a pragmatic
blend of explanation-seeking and scan/stepwise solution workflows [16]. Finally, tool
choice can be region- and access-dependent: qualitative evidence from pre-sessional in-
ternational students (UK) documents multi-tool habits shaped by VPN and language
constraints, including reliance on region-specific systems such as DeepSeek alongside
global tools and routine Al-to-Al cross-checking [4].

4. Primary Use Cases in Education

Al-enabled mathematics platforms are increasingly used to build personalized learn-
ing pathways, where learner data are continuously collected and analyzed to adapt the
sequence, difficulty, and pacing of practice. In adaptive learning platforms, this typically
involves model-based estimation of student knowledge and readiness, allowing systems
to recommend targeted exercises and feedback aligned with the learner’s evolving profile
[35, 37].

Closely related is misconception remediation: rather than treating errors as generic
“wrong answers”’, diagnostic approaches aim to infer which misconception is most likely
and to trigger immediate, targeted interventions. Tools such as Eedi explicitly opera-
tionalize this idea through diagnostic questioning and misconception mapping to support
rapid, instructionally meaningful feedback [17].

A second dominant use case is multimodal interaction, reflecting the broader move-
ment toward systems that combine text with image and speech. In practice, this enables
students to scan printed or handwritten mathematics and receive step-by-step guid-
ance (a workflow popularized by tools such as Photomath), while emerging multimodal
foundation models expand the feasibility of voice-based and visually grounded tutoring
scenarios [25].
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Finally, Al is increasingly framed as a teacher-empowerment layer, accelerating rou-
tine tasks such as generating practice sets, drafting lesson materials, and producing
feedback at scale. Survey evidence from 2025 suggests that teachers who use Al tools at
least weekly estimate time savings of roughly six hours per week on average — highlighting
why administrative relief is often cited as a primary driver of adoption [3].

5. Challenges and Ethical Considerations

There are many challenges arising with the introduction of Al mathematical instru-
ments in education [29]. While the potential of Al-supported mathematics instruction
is widely acknowledged, the 2025-2026 literature is equally explicit about the risk of
cognitive disengagement. When students treat Al as an “answer vending machine”, learn-
ing can shift from sense-making to output optimization, weakening productive struggle
and durable problem-solving habits. This is particularly acute in mathematics because
low-friction workflows (scan — answer) invite students to bypass verification and ex-
planation; in Bulgaria, practitioners and education media have repeatedly noted ex-
tensive use of Photomath for homework and even tests, often with limited critical as-
sessment — an archetypal “vending machine” pattern that prioritizes completion over
comprehension [38]. The same shortcut dynamic is increasingly reinforced by general
AT chatbots (especially ChatGPT), which are now widely used for schoolwork and for
clarifying /double-checking solutions in policy and survey reports [1, 21|. Large surveys
of educators therefore report substantial concern that AI can erode critical-thinking and
research skills, underscoring the need for classroom norms that require justification, re-
flection, and error-checking rather than solution acquisition [6].

A second constraint is reliability, which matters because students increasingly con-
sult general-purpose LLMs as if they were authoritative math engines. Even as frontier
systems have achieved striking results on demanding tasks (including widely reported
near “gold medal” performance on Olympiad-level subsets), outputs can still contain
subtle reasoning gaps, incorrect intermediate steps, or explanations misaligned with a
learner’s grade level. Recent “live” evaluations such as MathArena highlight this asym-
metry: many leading models score very highly on final-answer competitions, yet are less
dependable on proof-style/justification-heavy tasks, with proof-based Olympiad settings
still leaving substantial room for improvement [5]. As a result, a student may receive the
correct final answer while internalizing an invalid method or a fluent but mathematically
unsound explanation. Consequently, “Socratic” scaffolding and teacher oversight are de-
sign requirements, not add-ons: the key question is whether systems can consistently
support valid, student-appropriate reasoning, surface assumptions, and promote verifica-
tion. This aligns with evaluation-focused work emphasizing representative datasets and
meaningful metrics, since superficial accuracy can mask pedagogically harmful failure
modes (e. g., plausible-but-wrong steps and curriculum misalignment). In practice, the
photo-based convenience and step-by-step outputs common in student-facing math tools
can be beneficial, but without structured norms for checking and explaining, they may
unintentionally amplify uncritical acceptance [13].

Finally, the expansion of Al in classrooms intensifies equity and privacy concerns.
Access to high-quality AT tutoring and teacher-support systems may widen existing gaps
if advanced tools are concentrated in well-funded schools, contributing to a broader Al
literacy divide [7]. In parallel, schools face growing scrutiny around student-data gover-
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nance, procurement transparency, and the downstream risks of breaches or surveillance-
oriented deployments — issues that become more acute as Al tools integrate deeper into
assessment, learning analytics, and identity-related systems [24].

Conclusions

Evidence from 20252026 indicates that Al is becoming an increasingly entrenched
component of mathematics education — less a short-lived trend than a structural shift in
how learners practice, receive feedback, and access support. The most effective deploy-
ments to date align with a human—AT hybrid approach, in which technology amplifies
teacher and tutor expertise — through targeted scaffolding, formative feedback, and work-
flow automation — rather than attempting to substitute for instructional judgment. In
parallel, the rapid rise of model capability, including demonstrations of near-gold-medal
performance on elite mathematical benchmarks, underscores a crucial pedagogical in-
flection point: the central question is no longer whether Al can solve difficult problems,
but whether it can reliably help students learn to solve them through age-appropriate
reasoning, explanation, and metacognitive support.

Solver-style apps (camera-based and symbolic engines) make mathematics fast and
frictionless via scan-to-solution, stepwise transformations, visualization, and instant che-
cking — useful for practice, but also prone to turning learning into “outsourced thinking”.
At the same time, benchmarking shows rising accuracy on answer-checkable tasks (high
scores on final-answer competitions) while proof-quality reasoning and fully reliable ex-
planations remain less stable. With student adoption now high (e. g., 84% of US high-
schoolers report using GenAl for schoolwork, and teens’ chatbot use is led by ChatGPT
and Gemini), teachers and tutors should integrate Al as a coach and checker — for hints,
what-if prompts, explanation requests, and misconception diagnosis — while reserving
full solver mode for moments that require student justification, comparison of methods,
and reflection (e. g., a written reasoning chain or error analysis before consulting full
solutions).

Future research should prioritize (i) causal classroom evidence beyond short inter-
ventions, including longitudinal studies that test retention, transfer, and mathematical
identity; (ii) measurement frameworks that distinguish conceptual growth from answer
productivity (e. g., explanation quality, error diagnosis, and strategy diversity); and (iii)
implementation science for equitable and privacy-preserving adoption, covering procure-
ment, data governance, and teacher professional development. A particularly promising
direction is the design and evaluation of “Socratic-by-default” systems that can adapt
their questioning strategies to student level while remaining robust to hallucinations
and misuse — shifting Al evaluation from raw problem-solving accuracy to instructional
reliability and learning impact.
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