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Abstract. In the context of digitalization of education and the rapid development of 

artificial intelligence (AI) technologies, the problem of developing students’ logical and 

analytical thinking becomes particularly important. Modern mathematics education 

requires not only mastery of algorithmic skills but also the ability to reason, argue, and 

find solutions independently. The application of AI technologies in mathematics 

education makes it possible to reorganize the learning process - to make it adaptive, 

interactive, and oriented toward the cognitive characteristics of students. AI tools such as 

Intelligent Tutoring Systems (ITS), Computerized Dynamic Assessment (CDA), 

Automatic Speech Recognition (ASR), Natural Language Processing (NLP), and chatbots 

provide new forms of interactive engagement, analytical observation, and reflective 

learning. Therefore, the relevance of this study lies in the need for a scientific and 

methodological understanding of the role of AI technologies in developing logical 

thinking during mathematics education and in justifying the pedagogical conditions for 

their effective use in a digital learning environment. 
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Introduction 

Artificial intelligence (AI) can be understood as a set of computational systems 

capable of performing tasks that are traditionally associated with human cognitive activity 

[8, 24]. From a technical perspective, AI represents a computing technology designed to 

simulate aspects of human intellectual functioning [18]. In recent years, AI technologies 

have been rapidly adopted across numerous domains, including education, where they are 

becoming deeply embedded in all stages of the learning process [20, 23]. The introduction 

of AI into educational environments not only facilitates automation but also opens new 

opportunities for fostering students’ logical reasoning, analytical skills, and reflective 

thinking. Kukulska-Hulme and colleagues identify three principal modes through which 

artificial intelligence influences education: 
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Learning with AI, where instructors and learners employ intelligent tools as 

supportive instruments that enhance academic activities. 

Learning through AI, in which AI systems autonomously analyze, interpret, and 

explain instructional materials while providing personalized guidance. 

AI-integrated learning, where artificial intelligence becomes an inherent 

component of the educational environment, enabling the development of logical, 

analytical, and reflective thinking through adaptive instruction, reasoning analysis, and 

automated error diagnostics. 

Such a conceptual differentiation allows for a more systematic examination of the 

pedagogical potential of AI technologies in mathematics education. Within this 

framework, the application of AI in teaching mathematics extends beyond solving routine 

algorithmic problems and serves as a means of cultivating logical reasoning, proof 

construction skills, and the ability to draw well-grounded conclusions in digital contexts. 

This study explores the didactic potential of AI technologies in mathematics 

instruction, with particular attention to their role in strengthening logical thinking. The 

research considers the possibilities of incorporating advanced technological approaches 

– such as Natural Language Processing (NLP), Data-Driven Learning (DDL), Automatic 

Writing Evaluation (AWE), Computerized Dynamic Assessment (CDA), Intelligent 

Tutoring Systems (ITS), Automatic Speech Recognition (ASR), and AI-based chatbots – 

into the mathematics teaching process. When combined, these technologies contribute to 

the formation of an AI-supported pedagogical environment in which artificial intelligence 

functions not merely as an automated computational or testing mechanism, but as an 

intellectual assistant that guides and regulates the process of logical reasoning. 

The purpose of this research is to clarify the scientific and methodological 

foundations underlying the contribution of AI technologies to the development of logical 

thinking, analytical reasoning, and reflection in mathematics education. The study is 

based on an analysis of scholarly publications addressing contemporary AI technologies. 

Logical thinking is defined as a complex of intellectual operations – including 

analysis, comparison, classification, identification of causal relationships, and the 

construction of proofs – aimed at generating justified conclusions [18]. 

Algorithmic thinking, in turn, refers to the capacity to design, apply, and optimize 

sequences of logically ordered actions (algorithms) for solving mathematical and 

academic problems [10]. 

Research Methods 

In this study, artificial intelligence technologies were systematized according to 

three criteria: 

– by pedagogical functions (ITS, AWE, NLP, ASR); 

– by learning mechanisms (with AI, through AI, about AI); 

– by cognitive objectives aimed at the development of logical, analytical, and 

reflective thinking. 
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Based on this systematization, seven functional categories of AI technologies were 

identified, each examined in terms of its contribution to the development of students’ 

logical thinking. A detailed analysis and the corresponding results are presented in 

Sections 2 and 3. 

2. The Role of Artificial Intelligence in Teaching and Learning Mathematics 

2.1. Natural Language Processing (NLP) and the Development of Logical 

Thinking 

Natural Language Processing (NLP) technology enables computer systems to 

understand human language. Although this approach was initially applied effectively in 

foreign language instruction, in recent years it has also been recognized as an efficient 

means of fostering logical thinking in mathematics education. 

Through NLP technologies, artificial intelligence can analyze mathematical texts—

such as problem statements, theorems, or proofs – by identifying key concepts, causal 

relationships, and chains of reasoning. This process assists students in consciously 

performing logical operations, including analysis, synthesis, and the formulation of 

conclusions. 

For example, an AI system based on NLP – that is, a natural language processing 

model built on artificial intelligence technologies – can analyze a mathematical problem 

and apply a personalized approach in the following ways: 

• automatically identifies mathematical objects in the text (functions, variables, 

parameters); 

• determines logical relationships between given conditions and the requirements of 

the task; 

• generates AI-based questions that guide the student toward a solution. 

Such a method automates the traditional pedagogical “question-answer” technique 

while preserving its logic-oriented instructional function. For instance, AI-generated 

prompts such as “Why is this equation symmetric?” or “Can the value of the function be 

less than zero?” stimulate and activate students’ logical reasoning. 

Related studies, such as the work of Chinkina et al. [6], demonstrate that the quality 

of automatically generated AI questions is comparable to those formulated by human 

instructors. This finding is particularly significant for mathematics education, as logically 

structured questions produced by AI substantially enhance students’ abilities to reason, 

construct proofs, and draw conclusions [28]. 

In the research conducted by Perez-Paredes et al. [25], teachers’ experiences with 

NLP technologies were examined. The results indicated that, despite limited technical 

familiarity, most educators expressed a positive attitude toward their application. This 

observation is likewise important for mathematics education, highlighting the need for 

instructors to become more aware of the advantages of AI and NLP tools in cultivating 

students’ logical thinking. 

Thus, natural language processing technologies contribute to the development of 

logical thinking in mathematics by enabling the analysis of problem statements, the 
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generation of logically oriented questions, and the stimulation of reflective reasoning 

among learners. Such an approach may serve as a strong foundation for establishing a 

cognitively informed pedagogical environment grounded in artificial intelligence 

technologies. 

2.2. Data-Driven Learning (DDL) and the Formation of Mathematical Logical 

Thinking 

In mathematics education, the Data-Driven Learning (DDL) approach makes it 

possible to organize instruction on the basis of empirical evidence and statistical analysis. 

Implemented through artificial intelligence technologies – particularly Big Data and 

Machine Learning algorithms – this concept is aimed at monitoring, analyzing, and 

personalizing students’ cognitive activity [10]. 

Whereas in language education DDL has traditionally relied on textual corpora, in 

mathematics it is manifested through digital databases that include mathematical objects, 

functions, graphs, and systems of equations. On the basis of these data, an AI system 

evaluates the learner’s analytical performance, identifies logical relationships, and 

automatically selects appropriate instructional tasks. 

As noted by Perez-Paredes, Crosthwaite, and Steeples in their studies, such an 

approach strengthens students’ cognitive autonomy, since learners do not merely 

reproduce ready-made formulas but independently detect patterns within the analyzed 

data. 

From a mathematical perspective, the DDL process can be viewed as an algorithmic 

sequence: empirical observation → analytical generalization → logical inference. 

Thus, data-driven learning contributes to the formation of mathematical and logical 

thinking by enhancing students’ capacity for independent analysis, pattern recognition, 

and the construction of logically grounded reasoning based on digital data. 

The Mechanism of AI-Based DDL’s Influence on Mathematical Thinking 

By employing large-scale datasets, artificial intelligence systems can automatically 

detect analytical and logical errors in students’ work. For instance, in the study of 

differential equations, an AI system may analyze the sequence of solution steps performed 

by each learner and evaluate whether the deductive reasoning is logically consistent [4]. 

On the basis of this analysis, the system generates automated feedback, thereby 

strengthening students’ reflective thinking. 

Research indicates that a data-driven learning (DDL) approach enables the deep 

integration of logical-cognitive operations into mathematics instruction through several 

interconnected stages: 

1. Analytical stage – the AI system examines students’ solutions and identifies gaps 

or inconsistencies in the chain of mathematical reasoning; 

2. Inductive stage – the system assists learners in discovering general patterns from 

datasets, such as sequences, regression trends, or functional relationships; 

3. Deductive stage – students apply the identified regularities to the solution of new 

mathematical problems; 
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4. Reflective stage – the AI system highlights reasoning errors and guides learners 

toward revising their thought processes. 

As noted by Hadley and Charles [12], the DDL approach increases learning speed 

and improves the effectiveness of semantic analysis; in the context of mathematics, it 

contributes to faster logical reasoning and greater precision in argumentation. 

An AI-based DDL model establishes a new paradigm in mathematics education in 

which the instructor assumes the role of an intellectual data analyst, while artificial 

intelligence functions as a diagnostic assistant. As a result: 

1. Students develop the ability to construct logical proofs grounded in empirical 

observation; 

2. Teachers can promptly identify logical errors and implement personalized 

instruction; 

3. The educational process is optimized through an AI-driven knowledge model. 

Consequently, within mathematics education, the DDL approach serves as an 

effective instrument for cultivating logical reasoning, analytical justification, and 

reflective thinking, demonstrating substantial scientific and practical value. 

2.3. AI-Based Automated Analysis and Evaluation Systems 

In mathematics education, Automated Evaluation Systems (AES) based on artificial 

intelligence technologies provide in-depth analysis of students’ reasoning and foster the 

development of reflective thinking. These systems assess not only the final answer to a 

problem but also the logical chain of reasoning, the sequence of arguments, and the 

overall structure of a proof. 

Similar to how Automatic Writing Evaluation (AWE) tools analyze written texts in 

language education, AES platforms in mathematics measure the logical coherence of a 

student’s problem-solving process. For example, an AI system may generate analytical 

feedback addressing questions such as: 

1. Whether the logical sequence of steps in a proof has been preserved; 

2. Whether intermediate results are consistent with the underlying theorem; 

3. Whether incorrect assumptions have led to invalid conclusions. 

As emphasized by Kamrood [15] and Liu et al. [19], studies in language education 

indicate that the combination of instructor analysis and automated system analysis yields 

the most effective outcomes. A comparable pattern is observed in mathematics 

instruction: the “AI + teacher” model proves particularly productive, as the AI system 

automatically identifies primary logical errors while the instructor provides deeper 

cognitive and conceptual explanations. 

Research by Han and Sari [13] shows that dual assessment (AI combined with 

teacher evaluation) strengthens reflective thinking because students no longer perceive 

mistakes merely as “right” or “wrong,” but begin to examine the causal relationships 

underlying their reasoning processes. 

Moreover, AI-based assessment modules introduce several cognitive affordances 

into mathematics education: 
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1. Automated reasoning analysis – algorithmic examination of the sequence of 

arguments within a proof; 

2. Logical consistency verification – evaluation of how each step relates to 

preceding ones; 

3. Cognitive feedback – provision of targeted recommendations such as “This step 

contradicts Theorem 2” or “This conclusion is based on an invalid assumption”; 

4. Reflection stimulation – prompting learners to reconsider their reasoning 

pathway, thereby promoting higher levels of logical thinking. 

As demonstrated in the studies of Barrot [2] and Wang et al. [32], automated 

analytical tools effectively support self-directed learning. In mathematics education, this 

is manifested in the emergence of students’ logical autonomy – the ability to 

independently identify and analyze their own errors with the assistance of AI [26]. 

In addition, experiments conducted by Liu and Yu [19] indicate that accurate and 

individualized error analysis increases student motivation. On this basis, AI systems can 

be applied in mathematics instruction in the following ways: 

– the student’s solution process is analyzed as a multi-step proof structure; 

– the system evaluates the completeness and coherence of logical reasoning at each 

stage; 

– when an error is detected, the system provides feedback in the form of a corrective 

“roadmap.” 

Such an approach creates an AI-supported reflective assessment environment in 

which each mistake is interpreted not as failure but as an opportunity for learning. 

Consequently, AI-based automated analysis and evaluation systems in mathematics 

education: 

– establish a reflective mechanism that promotes the development of logical 

thinking; 

– enhance analytical reasoning skills and proof construction abilities; 

– orient instructors toward diagnostic and methodological analysis. 

As a result, AI-driven assessment systems make it possible to evaluate not only a 

student’s level of knowledge but also their style of thinking, culture of reasoning, and 

depth of mathematical understanding. 

2.4. AI-Based Computerized Dynamic Assessment (CDA) 

In mathematics education, Computerized Dynamic Assessment (CDA) technology 

enables the real-time monitoring of students’ reasoning processes, the identification of 

logical errors, and the provision of individualized mediation. This approach, grounded in 

artificial intelligence and interactive feedback mechanisms, is oriented not only toward 

evaluation but also toward the enhancement of learners’ cognitive activity. 

Studies of CDA in language education [15] primarily emphasize Corrective 

Feedback (CF) – mechanisms designed to detect and remediate errors. The same principle 

is crucial for the development of logical thinking in mathematics, since a mathematical 

mistake is not merely an incorrect answer but often represents a disruption in the logical 
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sequence of reasoning, a break in deductive continuity, or reliance on an imprecise 

assumption. 

An AI-based CDA system does not simply respond with “incorrect”; rather, it 

functions as a mediator that guides the reasoning process through diagnostic 

recommendations. For example: 

– “At this step you are applying a theorem instead of an axiom”; 

– “The condition 𝑥 > 0 has not been considered in the solution.” 

Such corrective feedback activates students’ reflective thinking and trains them to 

independently detect and revise their own errors. 

Research by Yang and Qian [34] demonstrates that online CDA platforms are 

effective in simultaneously supporting multiple learners. In the context of mathematics 

education, these systems establish an AI-driven interactive environment that evaluates 

students’ logical inference processes. 

CDA systems also provide scaffolding support, progressing from general to specific 

guidance and from implicit to explicit cues, which significantly enhances learners’ 

capacity for self-analysis [1]. This approach is particularly valuable in mathematics 

instruction, as an AI system typically: 

– initially observes the steps of a problem-solving process; 

– offers general feedback upon detecting logical inconsistency; 

– if the error persists, delivers a precise prompt (e.g., “Check the equation under the 

boundary condition”). 

As a result, students develop a cognitive linkage between logical reasoning and 

reflective analysis, improving both the accuracy of problem solving and the self-

regulation of mathematical thinking. 

Zhong and Lu [36] note that the diagnostic analysis conducted by CDA systems not 

only simplifies assessment but also assists instructors in implementing individualized 

instruction. In mathematical contexts, this implies that the AI system constructs a 

personalized learner profile based on reasoning speed, the number of steps in proof 

structures, and the degree of logical coherence. 

Yang and Qian [34] further demonstrate that instruction supported by CDA develops 

students’ analytical and interpretative abilities more effectively than traditional methods. 

Applied to mathematics, these findings suggest that the CDA model: 

– encourages learners to analyze their own reasoning processes; 

– transforms the stages of logical thinking (analysis, synthesis, conclusion) into an 

interactive analytical cycle; 

– provides instructors with a diagnostic map or profile of students’ logical thinking. 

AI-based computerized dynamic assessment systems yield several outcomes in 

mathematics education: 

1. real-time tracking of students’ reflective and logical activity; 

2. implementation of learning through error analysis; 

3. provision of a cognitive diagnostic tool for instructors; 
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4. exposure of the internal structure of reasoning through AI-driven feedback 

mechanisms. 

Therefore, the CDA approach functions as an effective instrument in mathematics 

education, promoting logical reasoning, cultivating reflective thinking, and supporting 

pedagogical decision-making through scientifically grounded analytical diagnostics. 

2.5. Intelligent Tutoring Systems (ITSs) in Mathematics Education 

Intelligent Tutoring Systems (ITSs) are computer-based environments grounded 

in artificial intelligence and machine learning technologies that provide learners with 

personalized and interactive instructional support. Such systems enable individualized 

learning, automated analysis, and reflective assessment without the constant presence of 

an instructor [18]. 

When applied to mathematics education, an ITS performs functions such as 

analyzing students’ reasoning, monitoring logical connections within their solutions, and 

generating tasks that correspond to their level of understanding. For example, the system 

may offer individualized recommendations in the following ways: 

1. If a student makes an error when determining the continuity of a function, the 

system provides an additional illustrative example; 

2. If theorem conditions are applied incorrectly, the system issues feedback such as, 

“Reconsider your assumption”; 

3. If a problem is solved intuitively, the system suggests comparing the obtained 

result with a formal proof. 

Mechanism of ITS Influence on Logical Thinking 

The ITS model activates three principal components of logical reasoning: 

1. Analytical thinking – the system encourages the learner to examine the structure 

of the problem systematically; 

2. Critical thinking – each step of the solution is evaluated, and alternative 

approaches are proposed; 

3. Reflective thinking – through automated feedback, the learner is guided to 

reassess and refine personal reasoning strategies. 

Choi [9] demonstrated that the use of ITS in language education effectively enhances 

grammatical comprehension. In a mathematical context, a comparable effect is observed 

in the application of theorems, the construction of proofs, and the development of 

deductive reasoning skills [16]. 

In addition, ITS platforms incorporate diagnostic modules that identify individual 

error patterns and automatically generate tasks aligned with the learner’s cognitive 

complexity level. For instance: 

– if a student repeats the same type of mistake several times, the system may classify 

it as a “cognitive barrier”; 

– based on this classification, the system provides scaffolding support or visual 

explanations. 
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Research by Wang et al. [32] indicates that the use of ITS significantly improves 

students’ analytical and semantic understanding compared to traditional instructional 

approaches. In mathematics, this implies that ITS environments help learners grasp the 

internal logical structure of formulas and arguments, thereby promoting deeper 

mathematical reasoning and conscious comprehension. 

Logical Thinking Map and Adaptive Feedback 

Within an ITS-supported learning process, a logical thinking map is generated for 

each student. This map reveals gaps in reasoning, supplies instructors with 

methodological insights, and enables the AI system to construct feedback algorithms that 

correspond to the learner’s cognitive profile. 

Scientific and Practical Outcomes of ITS Implementation in Mathematics 

Education 

AI-based intelligent tutoring systems yield several notable effects: 

– early detection of logical errors through automated reasoning diagnostics; 

– personalized instruction through the selection of tasks that match the learner’s 

cognitive development level; 

– cultivation of reflective analysis skills that encourage students to evaluate and 

verify their own reasoning; 

– creation of a digital monitoring model that allows instructors to observe the 

progression of students’ logical thinking. 

Overall, the ITS approach establishes a scientific foundation for the development of 

adaptive, reflective, and analytical thinking in mathematics education through artificial 

intelligence. It transforms the learning process from the mere automated execution of 

tasks into a cognitively guided system driven by structured reasoning. 

Case Study. To illustrate the practical application of artificial intelligence 

technologies in mathematics instruction, the article presents a case study based on the use 

of an ITS in the analysis of a proof of the Weierstrass theorem. 

1. Theorem Example. As an illustration of the use of Intelligent Tutoring Systems 

(ITS) for the development of logical thinking, the Weierstrass theorem on the attainment 

of maximum and minimum values by a continuous function on a closed and bounded 

interval [𝑎, 𝑏] was examined. 

2. Typical Student Error. Students often limit their reasoning to the statement: 

“Since 𝑓 is continuous on [𝑎, 𝑏], the set 𝑓([𝑎, 𝑏]) is closed; therefore, a maximum 

and a minimum exist”. 

This formulation is incomplete because it does not include a proof of the 

boundedness of the image of the function, the construction of a sequence approaching the 

supremum, or a justification of the attainment of the limiting value through continuity. 

3. Error Diagnosis with ITS. An ITS automatically detects logical gaps in the 

argument and guides the learner step by step without revealing the full solution. The 

system typically: 

– indicates the need to prove the boundedness of 𝑓([𝑎, 𝑏]); 
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– suggests constructing a sequence {𝑥𝑛} approaching the supremum; 

– reminds the learner to apply the compactness of [𝑎, 𝑏] to extract a convergent 

subsequence; 

– requires demonstrating the passage to the limit via continuity, i.e., 𝑓(𝑥𝑛𝑘
) →

𝑓(𝑥∗). 

4. Concise Correct Reconstruction of the Proof. The revised reasoning, formed 

with the support of ITS prompts, includes the following steps: 

– continuity of the function on a compact set ensures the boundedness of 𝑓([𝑎, 𝑏]); 

– by the definition of the supremum, there exists a sequence whose values approach 

𝑀 = 𝑠𝑢𝑝𝑓; 

– the compactness of the interval guarantees the existence of a subsequence 𝑥𝑛𝑘
→

𝑥∗ ∈ [𝑎, 𝑏]; 

– continuity implies 𝑓(𝑥𝑛𝑘
) → 𝑓(𝑥∗) = 𝑀, which proves the attainment of the 

maximum. 

5. Pedagogical Effect. The use of an ITS enables students to develop the ability to 

construct rigorous logical chains of reasoning, consciously apply the properties of 

continuity and compactness, and reflect on their own mistakes. Diagnostic prompts 

generated by the system foster the development of logical and analytical thinking 

elements throughout the proof process. 

2.6. Automatic Speech Recognition (ASR) Technologies in Mathematics 

Education 

Automatic Speech Recognition (ASR) is a technology that employs artificial 

intelligence and machine-learning algorithms to convert human speech into written text 

or semantic representations. Initially, ASR was widely used in language education to 

develop pronunciation and listening skills; however, it has increasingly become an 

effective instrument in mathematics education for strengthening verbal analysis, logical 

explanation, and interpretative competence [5, 7, 9]. 

In mathematics, logical thinking is frequently expressed through oral reasoning, 

argumentation, and explanatory proofs [11]. ASR technology makes it possible to 

conduct a digital analysis of these processes. For example, when a student verbally 

explains the solution to a problem, the system transcribes the speech into text and 

automatically evaluates logical relationships, causal coherence, and the completeness of 

the reasoning. This process trains learners to articulate their ideas clearly, coherently, and 

with logical justification. 

Functional Role of ASR in the Development of Mathematical Thinking 

ASR technology creates several cognitive and methodological opportunities in 

mathematics education: 

1. Verbal reflection – when students verbalize their reasoning aloud, they 

consciously structure their thoughts, thereby activating reflective thinking; 
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2. Automated analysis – the system treats the spoken explanation as textual data 

and evaluates logical consistency, terminological accuracy, and expressive completeness; 

3. Feedback provision – the system generates corrective prompts such as, “The 

result is correct, but the reasoning lacks sufficient justification”; 

4. Communicative reasoning – learners acquire mathematical concepts through 

oral explanation and dialogue, strengthening their culture of argumentation. 

For instance, an AI-based ASR system, during a student’s explanation of a 

differential equation solution, may pose interactive questions such as: 

– “Why do you consider this function continuous at this point?” 

– “State the geometric meaning of the derivative verbally.” 

– “What is the physical interpretation of this integral?” 

Such interactive dialogues enhance the verbal dimension of logical thinking and 

improve students’ ability to formulate and analyze their mathematical arguments 

effectively [31]. 

Advantages and Scientific Foundations of ASR Technology 

As noted by Chen et al. [30], ASR systems provide immediate feedback, allowing 

students to rapidly analyze and correct their mistakes. In mathematics, this approach helps 

learners become aware of their reasoning through verbal explanation, thereby fostering 

metacognitive self-awareness. 

Furthermore, studies by Evers and Chen [9] emphasize the high effectiveness of self-

assessment in ASR environments: students can review their own speech in written form 

and independently detect logical inconsistencies – an essential component of a reflective 

learning model. 

ASR systems also establish an interactive environment for mathematical dialogue. 

Learners engage in conversation with an “AI assistant,” explain their solutions, receive 

evaluative responses, clarify details, and answer follow-up questions that deepen 

understanding. This process cultivates dialogical thinking, encouraging students to 

construct mathematical reasoning not as a monologue but as a reciprocal exchange of 

ideas. 

In addition, research by Tai and Chen [30] indicates that ASR systems contribute to 

a low-stress learning environment in which students can express their thoughts freely 

without fear of direct instructor evaluation. This reduces cognitive barriers and enhances 

the logical coherence of reasoning. 

Outcomes of Integrating ASR Technologies into Mathematics Education 

1. Development of verbal-logical thinking, enabling students to articulate 

mathematical ideas with clarity; 

2. Rapid identification of logical inconsistencies through AI-based feedback; 

3. Creation of a digital diagnostic model for analyzing students’ oral explanations; 

4. Formation of reflective and communicative thinking necessary for deep 

comprehension of mathematical concepts. 
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Thus, ASR technologies in mathematics education should be viewed not merely as 

speech-recognition tools but as AI-driven pedagogical mechanisms that automate 

processes of reasoning, explanation, and reflection [17]. This approach elevates 

mathematics instruction to the level of a multimodal cognitive system in which learners 

think logically, express ideas verbally, and consolidate understanding through digital 

analytical support. 

2.7. The Role of Chatbot Technologies in Developing Logical Thinking in 

Mathematics Education 

A chatbot is a virtual tutor or assistant based on artificial intelligence and natural 

language processing technologies that interacts with users through dialogue [3, 32]. It 

analyzes user queries, generates semantically appropriate responses, and creates an 

interactive communicative environment within the learning process. 

In mathematics education, chatbot technology establishes an AI-driven dialogical 

environment that plays a significant role in strengthening logical reasoning, analytical 

thinking, and argumentative skills. Through chatbot interaction, students can reason, ask 

questions, and construct proofs with AI support – without the constant presence of an 

instructor – which promotes independent and reflective learning. 

Functional Capabilities of Chatbots in the Development of Mathematical 

Thinking 

1. Formation of logical reasoning. A chatbot responds to student inquiries in a 

logically structured sequence and, upon detecting an error in reasoning, redirects the line 

of thought through analytical questions. For example, if a student asks, “If a function is 

differentiable, does that mean it is continuous?” the chatbot may reply, “Yes, this follows 

from a theorem: differentiability implies continuity. But is the converse always true? Why 

not?” In this way, the chatbot stimulates deductive and critical thinking. 

2. Support of reflective analysis. During interaction, students justify their answers 

and examine their reasoning processes, thereby strengthening reflective thinking. When 

a chatbot highlights weak points in a proof, learners are encouraged to independently 

identify and correct logical errors. 

3. Deepening understanding through dialogue. AI chatbots – such as ChatGPT, 

GenieTutor, and Mondly Chatbot – operate through interactive question–answer 

exchange, prompting students to articulate concepts in their own words rather than relying 

on ready-made solutions [14, 31, 35]. This fosters semantic analysis and logically 

structured expression. 

4. Creation of a self-learning environment. Chatbots enable learners to ask 

questions, discuss solutions, and receive explanations at any time (24/7). This continuous 

accessibility promotes metacognitive control and positions the chatbot as a digital 

assistant to the instructor. 

Thus, in mathematics education, chatbots function as intelligent dialogical partners 

that guide reasoning, stimulate reflection, and transform learning into an active 

exploration of logical relationships and conceptual understanding. 
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Integration of Chatbots into the Educational Process 

Dialog-based chatbots, such as GenieTutor developed by Huang et al. [14], are 

capable of forming individualized learning trajectories by generating questions aligned 

with students’ knowledge levels. In mathematics instruction, this principle can be 

implemented as follows: 

– the chatbot analyzes a student’s previous solutions and proposes new tasks that 

correspond to the current level of preparation; 

– during explanation, the chatbot detects logical inconsistencies and poses clarifying 

analytical questions; 

– based on interaction logs, the system transmits diagnostic data to the instructor, 

enabling the identification of reasoning difficulties. 

The application of ChatGPT in mathematics is particularly important for the 

development of argumentative thinking and creative logic [35]. The system can analyze 

both oral and written explanations, evaluate coherence of reasoning, and provide 

structured, logically grounded feedback. 

Scientific Observations and Pedagogical Effects of Chatbots 

Empirical studies indicate that chatbots: 

– stimulate analytical thinking by encouraging learners to seek answers to “why” 

questions; 

– reduce fear and stress because interaction occurs with an artificial system rather 

than a human evaluator; 

– enhance critical thinking by varying question types and increasing cognitive 

flexibility. 

At the same time, as noted by Smunty and Schreiberova [29], overly mechanical or 

emotionally neutral chatbot interactions may diminish engagement and motivation. 

Therefore, in mathematics education, chatbots should be enriched with dialogical 

analysis, problem-based questioning, and reflective discussion to maintain meaningful 

student involvement. 

Outcomes of Chatbot Implementation in Mathematics Education 

AI-based chatbots contribute to: 

1. the development of logical, analytical, and reflective thinking through interactive 

dialogue; 

2. training students to construct logically consistent and well-justified explanations; 

3. providing instructors with diagnostic data for analytical evaluation; 

4. fostering metacognitive and communicative competencies. 

Consequently, chatbot technologies transform mathematics education into a model 

of AI-guided logical dialogue in which students not only acquire knowledge but also learn 

to articulate, analyze, and defend their reasoning – thereby mastering the essential 

mechanisms of genuine logical thinking. 

3. Prospective Directions of Artificial Intelligence Technologies in Mathematics 

Education 
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In recent years, the number of studies devoted to the application of artificial 

intelligence technologies in education has increased significantly. Initially, AI was 

primarily employed in areas such as language learning, the development of 

communicative skills, and automated analytical systems [27, 30]. Today, however, its 

evolution is increasingly oriented toward supporting logical reasoning, reflection, and 

self-directed learning in mathematics through digital tools. 

The integration of AI technologies into education provides students with immediate 

feedback, personalized assignments, and adaptive assessment formats [21, 32]. In 

mathematics instruction, such an approach enables the automation of monitoring 

processes related to logical analysis, reasoning patterns, and algorithmic thinking. 

Through AI-supported environments, students become active participants in 

independent learning, self-assessment, and the structured logical analysis of instructional 

materials. At the same time, AI assists instructors in identifying individual thinking styles, 

recurring error types, and reasoning strategies of each learner. This, in turn, facilitates the 

creation of adaptive instructional systems oriented toward students’ cognitive and logical 

profiles. 

Promising Research Directions in the Application of AI to Mathematics 

Education 

Analytical reviews indicate that, similarly to AI applications in language education, 

specific components – such as NLP, ITS, CDA, ASR, and chatbots – possess substantial 

potential for fostering logical thinking in mathematics [18, 22, 28, 33, 36]. On this basis, 

several promising directions for further development can be identified: 

1. AI systems for automated analysis of logical reasoning. This direction focuses 

on examining students’ reasoning chains in proofs and conclusions through AI 

algorithms. Such systems can evaluate coherence of thought, detect unjustified steps, and 

provide automated explanatory feedback. 

2. Development of reflective thinking through AI tools. Learners articulate their 

reasoning while interacting with chatbots or speech-recognition systems. AI analyzes 

these responses, assessing logical precision and conceptual connections, thereby 

cultivating skills of self-analysis, error recognition, and independent correction. 

3. Creation of an integrative AI-pedagogical model. The unification of multiple 

technologies (ITS, CDA, chatbots, NLP) into a single framework would enable the 

measurement of students’ thinking styles, logical-analytical abilities, and levels of 

cognitive development. Such a framework may be conceptualized as an “AI logical-

thinking module.” 

4. Modeling mathematical thinking with AI. Research in this direction aims to 

construct digital simulations of mathematical reasoning processes. These models can 

provide instructors with valuable data on how students formulate arguments and make 

decisions while solving problems. 
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As noted by Casler-Failing [5], many educators are not yet fully prepared to employ 

AI technologies effectively. Therefore, the implementation of AI in mathematics 

education should take into account several critical considerations: 

– ensuring data privacy and information security when using AI systems; 

– adherence to ethical standards in the collection and analysis of student data; 

– development of teachers’ competencies in AI and digital literacy; 

– enhancement of the pedagogical adaptability of AI-based educational systems. 

Overall, the prospective development of artificial intelligence technologies 

contributes to the emergence of a new educational paradigm grounded in analytical and 

reflective thinking in mathematics. This transformation elevates the learning process to 

the level of a cognitively flexible, analytically oriented, and adaptive system in which AI 

functions not merely as a technical instrument but as an intellectual partner to both 

instructor and learner. 

Conclusion 

Artificial intelligence technologies are being progressively integrated into the 

system of mathematics education and are generating new pedagogical opportunities. AI 

tools – such as NLP, ITS, AWE, ASR, and educational AI chatbots – expand the digital 

learning environment and create conditions for the purposeful development of students’ 

logical and reflective thinking. 

The use of AI technologies transforms the format of instructional interaction: from 

one-directional knowledge transmission toward an adaptive, diagnostically grounded, and 

interactive learning process. These technologies enable the digital monitoring of students’ 

reasoning, the analysis of argumentative structures, and the automated detection of logical 

errors. 

Analytical findings indicate that AI-based instruments enhance learners’ cognitive 

engagement, support the formation of logical-analytical operations, and contribute to the 

personalization and adaptability of mathematical training. At the same time, they function 

as methodological support tools for instructors, allowing more accurate identification of 

learning difficulties and the design of effective educational trajectories. 

Overall, the integration of AI technologies into mathematics instruction establishes 

a foundation for the transition to a contemporary didactic model based on the coordinated 

interaction of “teacher – artificial intelligence – student”, oriented toward the 

development of logical thinking within a digital educational environment. 
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