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VERIFICATION POTENTIAL OF CUSTOM-BUILT SOFTWARE MODULES  

IN THE MATHEMATICAL TRAINING OF ENGINEERS AMID DIGITALIZATION 

Abstract. This article examines the problem of overcoming cognitive passivity and formalism in the 

study of vector analysis and field theory amid contemporary challenges in digital education, particularly 

the widespread use of artificial intelligence tools by students. The concept of personalized visual 

objectification is proposed, which involves a transition from passive consumption of pre-generated video 

content to active generation of individual visual artifacts. In contrast to popular educational platforms 

(YouTube, Khan Academy, 3Blue1Brown), where content is deterministic with respect to input data, the 

proposed approach implements the principle of dynamic reflection of personalized data that the student 

inputs independently during the problem-solving process. The methodological foundation of the research 

comprises a systemic approach to organizing students' independent work, grounded in the principles of 

activity-based learning and visual objectification of abstract mathematical objects. The practical 

implementation of this approach is achieved using the Python programming language, particularly 

through the integration of the analytical toolkit from the SymPy library and the graphical capabilities of 

the Manim engine. Custom-built software modules ("3D Vector Field Divergence Checker" and "Vector 

Field Curl Checker") are presented, which enable step-by-step verification of partial derivatives and 

differential operators. It has been shown that the implementation of technical barriers, such as detecting 

direct text copying and logging time intervals for entering complex mathematical structures, can provide a 

basis for diagnosing academic integrity. Abnormally short intervals for filling input fields act as markers 

of mechanical data transfer from AI windows, enabling the instructor to optimize expert attention by 

focusing it on oral verification via viva voce assessment (VIVA). The pilot testing of the modules has 

shown that this method is effective for the motivated segment of students, while also functioning as a 

diagnostic filter for identifying scenarios of simulated learning activity. Prospects for software 

development are outlined in the direction of creating paired "Instructor–Student" modules to expedite 

access to a library of pre-rendered scenes. 

 

Keywords: Digitalization of education; higher mathematics; teaching methodology; Intelligent Tutoring 

Systems; academic integrity; Manim; personalized visualization; Python. 

1. INTRODUCTION 

The ongoing global digitalization of higher education and the rapid incorporation of artificial 

intelligence tools into the learning process pose new challenges to the academic community. 

This issue is especially pertinent to the mathematical training of engineering specialists, 

where deep algorithmic understanding serves as a foundational element in developing professional 

competence and the ability to tackle complex applied problems. 

The present stage of technological advancement requires not merely the use of ready-made 

solutions, but a fundamental reconceptualization of mechanisms for monitoring and verifying 

students' knowledge. 
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Problem Statement. Amid the ubiquitous accessibility of generative artificial intelligence 

(AI), there emerges the phenomenon of “cognitive passivity”: a student who receives a perfectly 

articulated solution from AI acts merely as a transmitter of ready-made text, without engaging their 

own analytical abilities [1]. Modern large language models (LLMs) are capable of producing 

comprehensive, step-by-step solutions to problems from virtually any area of higher mathematics. 

This leads to a systemic devaluation of traditional assessment: written homework is compromised 

by default as an unmonitored activity, whereas quizzes and tests lose their reliability when 

administered remotely. 

This results in a critical discrepancy between the formal execution of learning tasks and the 

genuine level of material assimilation. Hence, there is a need for novel tools to verify authorship 

and to evaluate students' intellectual engagement in the digital educational environment. 

Analysis of recent research and publications. In search of solutions to the outlined 

problem, the scientific community investigates various approaches to knowledge verification. 
The first strand involves administrative and technical controls via proctoring systems and 

behavioral monitoring. On the international market, tools such as Proctored Browser Mode [2] 

(blocking access to external resources) are available, along with third-party services like ProctorU 

[3], Respondus LockDown Browser [4], or Schoolyear [5], which integrate video surveillance, 

biometric identification, and behavioral analysis (fixation of time intervals, window switching, and 

other parameters of the user's digital footprint). These systems are primarily effective in controlled 

in-person learning environments with standardized equipment. In fully remote formats, mandating 

the installation of such software on students' personal computers encounters substantial technical 

(compatibility of devices and operating systems), ethical (privacy and data collection issues), and 

logistical barriers [6–7]. Moreover, the commercial model of most such services involves 

significant licensing and maintenance costs, posing a substantial financial burden for Ukrainian 

universities with constrained budgets. 

The second strand focuses on the development of systems for step-by-step analysis of user 

actions in real time during the solving of mathematical problems (Intelligent Tutoring Systems, 

ITS) [8–9]. 

Relevant software developments in this area are exemplified by:  

Möbius (DigitalEd) [10] – a platform for online assessment in STEM disciplines with Maple 

integration, support for algorithmic tasks, randomization, and verification of expression 

equivalence. It enables the creation of multi-part questions to simulate step-by-step processes. 

Graspable Math [11] – an interactive system with dynamic algebraic notation, gestures 

(including drag-and-drop), automatic step verification, and logging of actions (replay function). 

ASSISTments [12] – a free platform for formative assessment with hints, scaffolding, 

collection of data on attempts, time, and sequence of actions. 

The functionality of these systems allows for effective implementation of step-by-step 

verification; however, their adaptation to the needs of Ukrainian higher education is constrained by 

the following factors:  

 vulnerability to multimodal AI (copying ready-made solutions, screenshots);  

 weak or absent behavioral anomaly monitoring;  

 limited support for advanced higher mathematics (Graspable Math is primarily oriented 

toward algebra, ASSISTments – toward school/initial levels);  

 commercialization of software (e.g., Möbius) with high licensing fees;  

 effectiveness limited to in-person or controlled environments. 

The third strand, traditional in the academic community, is the VIVA (viva voce) method, or 

oral defense of completed work [13–14]. Direct instructor-student communication remains the most 

reliable instrument for identifying the depth of material understanding and solution authorship. 

However, in distance learning conditions, the scalability of the VIVA method is problematic with 

large student cohorts: time expenditures for individual interviews grow proportionally to the 

number of students. 



Сучасні інформаційні технології та інноваційні методики навчання в підготовці фахівців: 

   методологія, теорія, досвід, проблеми 

Випуск 79 

 

146 

This generates a critical cumulative load that significantly exceeds the educator's working 

time budget and renders universal oral verification practically impossible. Consequently, instructors 

are compelled to limit themselves to selective VIVA sessions, resorting to pro-forma grading for the 

remaining submissions, even when they exhibit clear signs of simulated learning activity. 

A comprehensive analysis of existing solutions demonstrates that their applicability in 

Ukrainian educational realities is substantially limited by a number of critical factors. Firstly, the 

impossibility of scaling personalized control in distance learning conditions. Secondly, the use of 

international commercial platforms is constrained by financial, technical, and organizational 

barriers, making them unsuitable for mass implementation in the national educational landscape. 

However, the most weighty challenge is the intensive evolution of multimodal AI capabilities. 

The ability of models to analyze interfaces through screenshots enables students to delegate 

algorithms even the process of interaction with ITS systems. This effectively nullifies not only 

traditional control methods but also modern technical verification barriers that were previously 

deemed reliable. 

Thus, a sharp contradiction is observed between the necessity of knowledge verification and 

the limited resources of universities. This conditions the need for developing custom-built  software 

as an environment for controlled cognitive engagement. Unlike unified systems where control is the 

end goal, authorial modules transform verification into a necessary stage of access to the expanded 

semantic field of the task. Such an approach is based on engaging visualization tools as a means of 

cognitive stimulation. Verification acts as a necessary condition for transitioning from abstract 

computations to dynamic modeling of the mathematical object, which allows visualizing the 

properties of studied phenomena that typically remain beyond imagination in traditional analytical 

solving. 

The purpose of the article. The purpose of the article is to examine the functional 

transformation of educational software in the context of its verification potential. The work 

substantiates the concept of custom-built software modules as instruments for controlled cognitive 

engagement, which enable the integration of knowledge verification procedures with mechanisms 

of informational reward and the implementation of authentic methodological scenarios in teaching 

specialized topics of higher mathematics. 

2. THEORETICAL FOUNDATIONS OF THE RESEARCH 

The theoretical foundation of the research is based on a rethinking of classical constructivism 

amid digital transformation [15]. If the traditional paradigm presupposes active knowledge 

construction by the subject, then the contemporary educational environment, oversaturated with 

generative tools, requires a transition from result-oriented control to designing environments that 

stimulate subject activity. 
The main components of the proposed theoretical model are: 

1. Concept of Managed Cognitive Engagement. Unlike result-centered control, the 

verification potential of authorial software relies on monitoring procedural aspects of solving. This 

is realized through the Digital Scaffolding mechanism, where the software environment serves as a 

system of rigid filters that block further algorithmic progression without correct input and validation 

of results at each intermediate stage [16]. 

2. Theory of Dual Coding and Cognitive Visualization. The use of dynamic mathematical 

content enables engagement of the visual perception channel for verifying analytical results. 

According to contemporary studies in multimedia learning, providing the student with the 

opportunity to correlate abstract computations with their geometric or physical interpretation creates 

conditions for overcoming formalism in knowledge [17]. 

3. Mechanism of Informational Reward. Within this paradigm, the verification procedure is 

reinterpreted: it ceases to be a purely supervisory tool and becomes a stage of access to “hidden” 

visual knowledge. The generation of a personalized video artifact as the system's response to the 
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student's correct actions acts as a cognitive stimulus that increases subject engagement in the 

process. 

4. Transformation of the Verification Environment and Methodological Sovereignty. In 

conditions where traditional technical protection barriers become vulnerable to instantaneous 

analysis of graphical interfaces by modern LLM models, the role of custom-built software 

transforms. It evolves from a tool prohibiting mechanical copying to a means of enforced activity 

structuring. If protection previously relied on the technical impossibility of data extraction, now it is 

ensured by the necessity of step-by-step validation of the student's intellectual operations. Unlike 

unified platforms, where the logic of control is subordinated to templates of ready-made forms, 

custom-built software enables direct adaptation of the interface to the semantics of advanced topics 

in higher mathematics. Even when delegating computations to AI, the student is forced to carry out 

decomposition of the solution in accordance with a rigid authorial algorithm. This shifts the 

emphasis from “protection against plagiarism” to verification of minimal subject presence: the 

student becomes a validator of AI results within a complex network of digital interactions [18]. In 

conditions of distance learning and total cognitive passivity, this role of the student must be 

acknowledged as the necessary minimum for maintaining connection with the logic of complex 

mathematical disciplines. 

3. RESEARCH METHODOLOGY 

The methodology relies on integrating custom-built software into the educational process to 

support the “Vector Analysis and Field Theory” module. Within the described approach, knowledge 

verification is implemented via a “rigid” algorithmic environment that precludes obtaining the final 

result without step-by-step validation of all intermediate computations. In this model, high-quality 

visualization of the vector field and its properties serves dual purposes: providing additional insight 

into the physical meaning of the problem and acting as an intellectual reward accessible only after 

successful validation of every solution stage. 

3.1. Tools and Implementation Environment 

The methodology is implemented using Python together with the ManimCE (visualization), 

SymPy (symbolic computations), and PyQt6 (graphical user interface) libraries. This tool selection 

enables a departure from unified-system templates in favour of an authentic environment in which 

the interface logic and step-by-step verification derive organically from the semantics of the 

“Vector Analysis and Field Theory” module, thereby ensuring the author’s complete 

methodological sovereignty in the design of learning scenarios and monitoring of student 

engagement. 

3.2. Methodological Requirements for the Verification Potential of the Software 

Taking into account the challenges outlined in Section 2, the design of the custom-built 

modules integrates step-by-step algorithmic control tools with mechanisms of cognitive stimulation. 

1. Compulsory algorithmic decomposition. The program functions as a rigid filter: 

progression to the next stage is impossible without correctly entering the results of the preceding 

step. This compels the student to move from passive consumption of AI-generated content to its 

critical adaptation to the specific interface requirements. 

2. Terminological and structural adaptation. The student must independently interpret AI 

prompts (or results of their own calculations) in the context of specific input fields (e.g., integration 

limits or curve parameterization). This ensures “minimal subject presence” – the student's conscious 

mediation between the generative tool and the logic of the learning task. 

3. Chronometric monitoring. The software architecture incorporates logging of time 

intervals. Abnormally low correlation between operation complexity and execution time is flagged 

as a likely indicator of mechanical copying and triggers the assignment of an oral viva voce 

assessment (VIVA). 

4. Aesthetic-cognitive stimulation. The system is designed not merely as a control instrument 

but also as a source of informational reward. Receiving a visualization tailored to the student’s 
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specific task variant serves as the incentive for successfully passing all verification stages, thereby 

transforming control into a gateway to the structural features of the mathematical object. 

3.3. Pilot Testing and Implementation 

The methodology was tested at the National Technical University “KhPI”. Experimental 

observation covered the entire duration of the study of the “Vector Analysis and Field Theory” 

module, enabling the capture of students’ interaction dynamics with the proposed tools throughout 

the mastery of the corresponding topics. Particular emphasis was placed on analysing shifts in 

student strategies: from attempts to obtain the final answer through AI to employing AI as a 

“consultant” for executing individual steps within the module’s rigid interface. 

4. RESEARCH RESULTS 

The outlined methodological requirements have been implemented within the “Vector 

Analysis and Field Theory” module through a series of the author’s custom-built software modules. 

These modules address the core stages of the subject: from the analysis of differential 

characteristics of vector fields (gradient, divergence, curl) to the computation of integral 

parameters, namely the flux and circulation of vector fields (in particular, by applying the 

Divergence Theorem of Ostrogradsky–Gauss and Stokes' Theorem). 

4.1. Concept of Personalised Visual Objectification of Vector Fields 
Traditionally, the study of field theory involves laborious computations in which the 

investigated object remains an abstract collection of functions , ,P Q R  for the student [19]. Analysis 

of the contemporary digital educational environment (platforms including YouTube [20–23], Khan 

Academy [24–25], Coursera [26], and edX [27]) reveals that, despite technological advancements, a 

conservative approach continues to prevail in the teaching of vector analysis. A substantial 

proportion of popular video content essentially replicates the classical lecture format (“virtual 

blackboard”), in which the gradual unfolding of information is constrained by the instructor’s 

handwriting and the schematic character of the graphical representations [28–33]. 

Even widely acclaimed visualisation leaders, such as the 3Blue1Brown platform [34–35] — 

which leverages the Manim engine to foster deep physical intuition — exhibit substantial didactic 

limitations in the context of university-level engineering education. Their content is deterministic 

with respect to input data: the student remains a passive spectator of a flawless animation of a 

specific, pre-defined field, without receiving visual reinforcement when solving their own unique 

problem from a textbook or assignment. 

In contrast to existing online platforms, the developed authorial software realises the principle 

of personalised visual objectification. Every textbook problem, which over the past 140 years (since 

the establishment of vector analysis in the works of J.W. Gibbs and O. Heaviside) has been 

regarded by students as a routine exercise in “blind” differentiation, now concludes with the 

generation of a personalised video artefact. 

This is of critical importance for overcoming “cognitive passivity”: the student perceives not 

merely a numerical result or formula, but a real-time physical confirmation of their computations. 

The computational process is transformed into the design of a visual model, which serves as a 

powerful incentive for systematic engagement with all modules of the course. 

The methodological scenario undergoes fundamental transformations: 

1. Personalisation and objectification of visual content. In contrast to the platforms 

mentioned above with fixed content, the authorial software realises the principle of personalised 

visual output. Visualisation ceases to be merely an illustration of an “external” example and 

becomes a dynamic reflection of personalised data independently entered by the student. This 

transforms visualisation from an illustrative supplement into an integral component of the 

verification process. 

2. Verification of subject presence in digital interaction. Amid the widespread use of AI 

tools, the authorial software shifts the emphasis from formal validation of the final answer to 

monitoring step-by-step logical reasoning. This enables verification of the student's genuine 
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presence in the educational process: the visual reward is granted not merely for the existence of a 

result, but for successfully navigating an individual computational pathway. 

3. Effect of systemic motivation and informational anticipation. Because video support is 

integrated into every module, a psychological incentive arises: overcoming routine computations is 

guaranteed to culminate in the “decoding” of the abstraction. The student receives a visual 

explanation of the physical essence of their own solution, which transforms computational activity 

into the real-time creation of a personalised visual model. 

The practical implementation of the stated methodological principles demanded a flexible 

toolkit capable of seamlessly combining the rigour of symbolic computations with dynamic 

graphical capabilities. The technological foundation of the modules rests on the integration of the 

SymPy library for symbolic and analytical computations with the Manim engine for generating 

dynamic scenes. This allows the system to handle arbitrary mathematical expressions (including 

those involving trigonometric, exponential, and logarithmic functions), thereby ensuring high 

precision in derivative computations and the subsequent accurate construction of vector grids 

irrespective of task complexity. 

Given the limited scope of this article, which precludes a comprehensive presentation of the 

full software suite, the modules most representative of the verification potential have been selected 

for illustration: the “3D Vector Field Divergence Checker” and the “Vector Field Curl Checker”. 

4.2. Divergence Verification Module 
As an example of a basic verification stage, consider the “3D Vector Field Divergence 

Checker” module. Although divergence computation is relatively the least labour-intensive step in 

the module, it plays a critical role in establishing the initial connection between analytical results 

and visual representation. 

The student progresses through the stages of entering the field components and validating 

partial derivatives. Upon detection of an error in the expression structure, the system pauses the 

scenario execution and displays an appropriate diagnostic message (Fig. 1). Upon successful 

completion of the step, the interface validates the entered data and activates the controls for 

proceeding to the next solution stage. 

 

 

Fig. 1. Error diagnostics during input of the current analytical expression 

 

Successful completion of the intermediate stages culminates in entering the final result  

(Fig. 2). Correct execution of all stages grants the student access to the “hidden” visual knowledge 

(instructional video). This realises the concept of aesthetic-cognitive stimulation: instead of a dry 

confirmation of a correct answer, the student receives a dynamic projection of the mathematical 

object. 
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Fig. 2. Interface of the “3D Vector Field Divergence Checker” module at the final result verification stage 

 

Colour differentiation of nodes (red for sources, blue for sinks) enables the student to 

instantly verify the sign of the computed divergence by correlating the analytical result with the 

field topology (Fig. 3). Solenoidal zones (neutral divergence) theoretically correspond to white 

nodes. Although such nodes are not always explicitly visualised due to the discreteness of the 

computational grid, the presence of regions with opposite signs prompts the student to understand 

the principle of scalar field continuity: a sign change implicitly signals passage through a zero 

value. This requires the student not only to observe the colour of the nodes but also to analytically 

interpret the field heterogeneity and to verify the computed results through the visual intensity of 

the flux. 

 

Fig. 3. Result of successful verification: visualisation of the scalar divergence field as a means of deepening 

understanding of the structure of the given field 
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The camera fly-through algorithm in the generated scene provides a multi-view analysis of the 

given vector field and the computed scalar divergence field. Thus, the “3D Vector Field Divergence 

Checker” module contributes to overcoming formalism in knowledge by providing abstract results 

with a geometric interpretation. 

4.2. Curl Verification Module 

The curl verification module is designed in a similar manner. The program sequentially 

presents text fields for entering the partial derivative values of the components of the given vector 

field. The task concludes with the entry of the components of the resulting curl vector field (Fig. 4). 

 

Fig. 4. Interface of the “Vector Field Curl Checker” module at the final result verification stage 

 

Correct computation of all curl components unlocks access to the video. The dynamic Manim 

scene visualises the curl vector as the axis of local rotation of the field, converting the formal 

computation of coordinates into an understanding of vortex structure mechanics. 

 

Fig. 5. The effect of the implemented verification potential: objectification of the curl as a means of visualising 

local field vorticity 
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Thus, the presented architecture of the verification modules demonstrates that integrating 

analytical computations with dynamic visualisation sustains the student's direct engagement with 

the discipline's logic, even amid the widespread availability of AI tools. This shifts the emphasis 

from formal plagiarism detection to the verification of subject presence and the conscious 

construction of one's own cognitive model of the investigated phenomenon in the contemporary 

digital educational environment. 

5. CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH 

The conducted research has substantiated and implemented the concept of personalised visual 

objectification of vector fields as a tool for verifying the student's subject presence in the 

educational process. 

1. Methodological transformation. It has been demonstrated that transitioning from passive 

consumption of deterministic content to the generation of individual video artefacts transforms the 

student's role from a passive “spectator” to an active “requester” of visualisation. Receiving a 

dynamic Manim scene serves as an intellectual reward for successfully completing the analytical 

stage of problem-solving. 

2. Technological efficiency and barriers. The SymPy–Manim library integration provides 

flexibility in processing arbitrary mathematical structures. It must be acknowledged that the high 

entry threshold for programming Manim scenes constitutes a substantial barrier to the widespread 

adoption of this approach among educators, thereby reinforcing cognitive conservatism in the 

professional community. However, the author’s experience shows that this threshold can be 

successfully overcome with the assistance of AI tools. Unlike student use aimed at result 

substitution, the educator’s application of AI is constructive: generative models act as effective 

assistants in writing complex scripts and debugging visualisation code. 

3. Psychological aspect. The software approbation has revealed the presence of an 

“information anticipation” effect. The system of status messages transforms routine computational 

work into the process of designing a visual model. Motivated students reported that the interface 

was more engaging and intuitive than standard tools (such as MS Office 365) and expressed a 

willingness to engage in substantive discussions of the obtained results. 

4. Diagnostics of formalism. The implementation of technical barriers (detection of direct 

text copying, logging of input time intervals) creates an objective basis for distinguishing between 

genuine and simulated learning scenarios. Anomalies recorded by the system serve as markers of 

formal stage completion, enabling the educator to optimise expert attention by focusing it on oral 

verification (VIVA) of questionable results. 

The pilot implementation revealed a substantial discrepancy between the instructor's 

pedagogical initiative and the pragmatic realities of student behaviour. The use of VIVA aimed to 

facilitate the learning process and sustain interpersonal pedagogical contact for the purpose of 

knowledge correction. Students were informed in advance of the instructor's right – and 

pedagogical responsibility – to verify the authentic level of material mastery, not only during formal 

assessments but also as an integral part of the pedagogical experiment. However, in a distance 

learning setting, the instructor lacks direct means of influence, whereas “economy of effort” 

emerges as the student's prevailing behavioural strategy. Since the approbation was conducted on a 

voluntary basis, a sharp decline in the number of volunteers was observed immediately after the 

first instance of a VIVA appointment. These circumstances, together with complex social factors 

(remote format, varying levels of prior preparation, and the specific nature of student motivation), 

make a comprehensive statistical analysis of the results currently impossible. A thorough 

quantitative study is postponed until the restoration of a stable in-person learning format. 

The proposed approach demonstrates effectiveness primarily among students with intrinsic 

motivation. For students whose engagement in the educational process is driven by external factors, 

the software functions as a diagnostic filter that detects the absence of subject contribution. 
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Prospects for further research lie in the development of paired “Instructor–Student” 

modules, in which the instructor pre-creates a library of problem variants. This will allow students 

to receive instantaneously generated videos by leveraging an existing library of pre-rendered scenes 

that cover the entire spectrum of typical tasks in the module. 
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масового використання студентами інструментів штучного інтелекту. Запропоновано концепцію 

персоналізованої візуальної об’єктивації, яка передбачає перехід від пасивного споживання 

наперед згенерованого відеоконтенту до активної генерації індивідуальних візуальних артефактів. 

На відміну від популярних освітніх платформ (YouTube, Khan Academy, 3Blue1Brown), де контент 
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віддзеркалення персоналізованих даних, які студент вводить самостійно в процесі розв’язання 

задачі. Методологічну основу дослідження складає системний підхід до організації самостійної 

роботи студентів, що базується на принципах діяльнісного навчання та візуальної об’єктивації 

абстрактних математичних об’єктів. Практична реалізація цього підходу здійснена засобами мови 

Python, зокрема через інтеграцію аналітичного апарату бібліотеки SymPy та графічних 

можливостей двигуна Manim. Представлено авторські програмні модулі («3D Vector Field 

Divergence Checker» та «Vector Field Curl Checker»), які забезпечують покрокову верифікацію 

частинних похідних та диференціальних операторів. Показано, що впровадження технічних 

бар’єрів, таких як фіксація прямого копіювання тексту та логування часових інтервалів введення 

складних математичних структур, створює об’єктивну базу для діагностики академічної 

доброчесності. Аномально короткі інтервали заповнення полів введення стають маркерами 

механічного перенесення даних із вікон ШІ, що дозволяє викладачу оптимізувати експертну увагу, 

фокусуючи її на усній верифікації (VIVA). Апробація модулів засвідчила, що запропонований 

підхід є ефективним для вмотивованої частини студентства, водночас виконуючи роль 

діагностичного фільтра для ідентифікації сценаріїв імітації навчальної діяльності. Сформульовано 

перспективи розвитку ПЗ у напрямі створення парних модулів «Викладач–Студент» для 

прискорення доступу до бібліотеки завчасно згенерованих відео. 

 

Ключові слова: цифровізація освіти; вища математика; методика викладання; Intelligent Tutoring 

Systems; academic integrity; Manim; персоналізована візуалізація; Python. 
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