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Abstract
In the 21st century, massive online courses and digital educational platforms have gained huge popularity and
are widely used by many educational establishments worldwide. smart data and artificial intelligence-related
technologies have been sufficiently developed and researched for their usage in other industries. This paper
presents a modern take on the potential usage of artificial intelligence-related and smart data-driven technologies,
with the focus on educational platforms. The study outlines the smart system design and provides as in-depth
data classifications for educational processes and methodologies. The Educational Assistant web-service software
model that had been designed consists of data-centered smart sub-systems, such as knowledge, recommendation,
assessment, and expert feedback components. Platform-relevant data structures and algorithms were designed
using educational assistant communication system architecture. As a result, the platform-specific algorithm
for grading and course content recommendation has been outlined in model, equation, and algorithmic flow
representation. The presented platform is not meant to replace teacher or teacher-student interaction, its goal is to
help overcome present obstacles due to the nature of online education and help both parties with the process. The
novel smart educational platform can be further enhanced after sufficient data testing and appropriate AI/data
algorithm adjustments. Both educational establishments and researchers in the field of educational technologies
can use this AI teacher and student assistant platform.
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1. Introduction

Today, artificial intelligence is widely used in various fields of science and technology, including
production automation, transport, medicine, the gaming industry, education, etc. It has already become
a part of our lives, as it is actively used in mobile devices, including for photo processing, voice
recognition, and battery management, in the form of Google Assistant, etc.

Artificial intelligence (AI) is a branch of computer science that enables the creation of programs
and systems that can perform tasks that require substantial intellectual abilities. Various approaches
are currently used to create it, including neural networks, machine learning, genetic algorithms,
evolutionary strategies, etc.

As for the use of AI in the educational sector, it has a huge potential for significant improvement
of educational systems both at the level of schools and higher education institutions [1]. The rapid
development of AI in the educational environment is ensured by its ability to significantly transform
a significant number of important aspects of teaching and learning processes. Taking into account
the fact that AI can create unique virtual environments [2, 3] and the so-called “smart content”, apply
game-based forms of learning [4], break down difficult language barriers, fill in the gaps between
teaching and learning [3], form an individual educational trajectory for each higher education student,
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it has already become a multibillion-dollar global market that significantly changes the educational
environment.

In our country, the “Concept for the Development of Artificial Intelligence in Ukraine” has been
approved at the government level, which provides for the creation of specialized AI educational programs
in the field of higher education, as well as the inclusion of AI issues in other educational programs,
including at the master’s and doctoral levels [5].

A variety of tools and technologies are currently used to create and develop AI, including data analysis
and processing – statistical methods, machine learning algorithms, probabilistic models, specialized
software libraries and frameworks are important tools [6], etc.

The article aims to substantiate and develop a conceptual model of AI – a personal pedagogical
assistant for teachers and students.

Artificial intelligence systems have been used not only for complex systems but for application
development [1] and as a part of educational platforms [2]. Content search [4] student content person-
alization [3] and evaluation system using deep learning algorithms[5] has already been included as part
of AI-related smart-systems in MOOC platforms [6, 7]. More complex and multilayered educational
real-time platforms can be further enhanced with the addition of data-related AI systems [8, 9, 10, 11, 12].
Knowledge smart service systems [13], expert recommendations [14], and chatbot communication
platforms [15, 16, 17] have been sufficiently studied and can be implemented in any modern software
applications, educational use case included. In addition to the above-mentioned systems rise of video
game popularity and extensive use of gamification techniques have reached the education industry
as well [18, 19, 20]. Gamification can prove to be an important component of student-related system
design and will be included in future iterations of the AI teaching assistant platform development
[21, 22, 23, 24].

2. Materials and methods

The field of AI-related technologies is vast and provides many opportunities for researchers and
developers alike. While the complete overview of existing AI systems, tools, and technology frameworks
is outside of the scope of present research work, several important systems are helpful and have been
used for the AI-assistant platform design and concept modeling. Table 1 highlights five smart data-
related systems as well as communication systems that are imperative for educational platform design.
While the first column lists systems and their components; column two outlines important tools that are
used white the system scope, and column 3 lists research methodologies and components of the present
system. While most of the presented systems had been used for AI-tech aging assistant platform design,
Expert, Data and Communications systems can be considered foundational for the presented research
work.

System design and development of a smart (AI-related) technology or software relies on data, data
models, analyses, and algorithms. Data and algorithms are used to build smart systems. With it the
scope of the smart teacher-student assistant platform several important algorithms are directly related
to systems presented in table 1. Among all of the available AI research, the most beneficial algorithms
for designing and Developing AI Teaching assistant systems are as follows:

• Rule-based algorithms;
• Fact and truth check;
• Fuzzy logic;
• Content-based Recommendations;
• Association Rules;
• Matrix Factorization;
• LambdaMart;
• Context-aware Recommendations;
• Similarity-based recommendations and others.
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Table 1
Classification of tools, systems, and methodologies in the field of AI.

System Tools Methodology

Recommendation Systems:
- Data
- Baises
- Engine

Software and Development:
- Cross-platform/Application
- Distributed
- Data and algorithms

API
Connection Interface

Expert Systems:
- Data set
- Knowledge base
- Expert System

Data:
- SQL/NoSQL
- Tables
- Big Data/Warehouse
- Model Data
- Metadata

Patterns Recognition

Personalization

Anomaly detection

Data Driven Systems:
- Data mining
- Edge computing
- Prediction and Modeling

Infrastructure:
- Cloud
- Grid/Parallel/
- Virtualization

Autonomous systems

Goal Driven systems

Predictive and analyt-
ics systems

Objects and Patterns Recogni-
tion:
- CV
- ML/DL

Hardware:
- CPU/GPU/TPU/FPGA
- ML/CV specific architec-
ture
- DL processors

Human Conversation and
Interaction

Modeling and Visual-
ization

Generative Systems:
- GAN
- VAE
- NLP

Embedded and sensor de-
vices
Peripheral hardware

Data – model, evaluation,
preparation, optimization

Communication:
- Chat bot
- Conversational AI

Computer and Communica-
tion Networks

Model training, transforma-
tion, interpretation and im-
plementation

Even though the presented assistant platform doesn’t directly generate the content, it relies heavily
on the input data, as well and output data is important for the system to operate and fulfill its design
purpose. The platform operates based on input requests from the students, as well as gets the parameters
set by the lecturer. The list of the data sources used by/for educational assisting smart software is as
follows:

• Manual input GUI – lecturer, teaching assistant;
• Historical data – automated collection and processing based on algorithm and software functions;
• Online materials, links, and resources – hyperlink;
• Real-time data – course interaction, assessment and updates;
• Existing Data models and semi-structured data.

The potential number of systems, algorithms, and data that need to be processed and implemented is
tremendous. Within the scope and limitation of the research work, not all the above-listed systems and
data sources had been fully processed and analyzed in the systems design and modeling phase. The
focus of the presented system design is on the teacher-student communication platform with several
key functionality features, as outlined in the results section of the article.

One of the main parts of the educational process is communication and interaction between teacher
and student. Figure 1 illustrates this process as a linear flow where the teacher (lecturer) is the initiator
of the communication flow. In this scenario and context of use, the lecturer uses existing MOOC
platforms, such as e-learn (Moodle) for instance. The electronic educational portal is a very convenient
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modern tool for interaction between the teacher and students in the study of each academic discipline.
Before the start of the school year, the teacher creates a new training course or updates an existing one.
To provide students with everything necessary for mastering the course, the teacher prepares lecture
materials, notes, or text content using various sources of information – textbooks, manuals, Internet
sources, their own practical experience, etc. Also, the teacher needs to prepare all the methodological
materials for conducting laboratory, and practical classes, and materials for the independent work of
students. After that, when the teacher has developed all the materials, he places them on the electronic
learning portal, which will not be difficult for him. In addition, it is necessary to compile and post on
the portal control questions for each content module, as well as exam questions and test tasks. After
being filled with the materials of the e-learning course, the teacher provides access to each student who
has chosen such a course to study or such a course is normative for the specialty in which the student
is studying. Immediately learning and full interaction between the teacher and the student can begin
using the electronic learning portal.

The algorithm of communication between the student and the scientific and pedagogical worker in
the process of using the e-learning course in the discipline and questioning or evaluation regarding
the assimilation of course materials and the acquisition of competencies is an important aspect of
the educational process, which has a deep scientific basis and requires serious research. Considering
this process in more detail, it is possible to determine the following aspects of the theoretical basis
of this process. Firstly, communication in the educational process is based on several key aspects –
interaction between the student and the teacher for effective learning; the active role of the student in
the knowledge science through interaction with the teacher and the environment; the importance of
timely and constructive feedback from the student to the teacher to improve learning outcomes.

The list of main educational communication and interaction activities is presented in figure 1 (top
image). While this process has its uses and was very common with the emergence of digital web-based
educational platforms (MOOC) new software and technological advancement in areas of AI, chat-bots
and smart data processing, cloud computing, etc. opened a new pathway for real-time communicating
where the teacher is not the only one who can start the communication process. Figure 2 showcases
the conceptual scenario where the smart platform is at the center of interaction, which is no longer
linear but iterative and cyclical, under this scenario students as well as other university staff can take
an active part in the communication process [25, 26, 27, 28].

3. Educational Assistant concept

The new era presents new opportunities to gather with challenges. The education industry is no
exception to this. With huge leaps in digital technology advanced, reduced end-product costs also to
every human can have access to a mobile phone, the internet, and some type of computational device
(own or rent or use it in unit space). At the same time new challenges arose, climate-related natural
distaste, military conflicts, viruses, and many more. Both of these opportunists and clan ages had a
tremendous impact on modern higher education. Many of the world’s institutions switched to complete
online or mixed education (offline and online education). To help with this Massive online course
platforms have been deployed and are in use. With online classes, teachers and students communicate
via online platforms. While MOOC and online education provide its benefits, there are setbacks as well.
Namely real-time communication, course assessment and feedback, and others. To help solve present
issues we study the potential usage of AI-related technologies as part of the online (and partially mixed)
educational process.

In the process of electronic (distance or blended) learning using an e-learning course, there is an
interaction between the student, the teacher, and the academic discipline in the process), which is a
complex system and has its characteristics. They must be taken into account by the teacher for the
effective assimilation of the course materials by the student. The student, as an active participant
in the educational process, independently organizes his/her e-learning at a convenient time and in a
convenient way for him/her, and interacts with the educational material, the teacher, and other students.
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Figure 1: Typical lecturer-to-student communication flow using MOOC platform.

The teacher is a developer of educational content, moderator of online discussions, and consultant and
directly evaluates all educational achievements of the student. The teacher presents each academic
discipline in the form of electronic content, structures it following the learning objectives, and adapts it
for independent study by the student.

At the same time, the teacher offers the following forms of interaction between the student and the

179



Volodymyr Nazarenko et al. CEUR Workshop Proceedings 175–191

Figure 2: Conceptual representation of lecturer to student communication flow using smart educational
platform.

academic discipline: independent study of electronic materials, interactive tasks, passing online tests,
etc.

Thus, in the course of the study, it is established that the interaction between the student, the
teacher, and the academic discipline in the process of e-learning is a dynamic system that requires new
approaches to the organization of the educational process. Its effectiveness depends on the right balance
between the technological capabilities, pedagogical strategies, and the individual needs of participants,
which will ensure high-quality education in an online learning format.

AI teacher-student assistant platform is a software system, and as such there is an established
roadmap for its design, development, and implementation. List of the Educational Teaching Assistant
requirements, features, and functionality (list had been made based on personal research and present
educational process flow):

• General requirements – automated reply and FAQ, locate and add useful materials, help assess
assignments, build an educational plan, and attach content;

• General Functions – CreateNewCourse, GenerateUI, ConnectTo, TransferData;
• Lecturer side – InitializeChatBot, CreateAssessmentRules, AssessStudentWork, WorkFeedback;
• Student side – CreateLearningPlan, LearnNewMaterials, SubmitWorkForReview;
• Smart systems – generate text content (multimedia in future), search for materials and links,

grade course and content, automated feedback, and notifications.

The Educational Assistant system is a larger-scale software system that consists of many sub-systems
and modules. For testing and AI-modeling purposes, the first component is the Simulation app; while the
main functional part is the Interactive Communication Bot platform. The educational platform is meant
to assist teachers with real-time course assignment assessments and quickly respond to student course-
related inquiries. For students, such systems are helpful as they can provide real-time responses based
on specific assignments or answer course/study subject-related questions. Among all the available smart
systems, the following four are part of the proposed AI-based assistant system – Expert, Assessment
and Recommendation Systems, and Knowledge-base module. The detailed representation of the AI
assistant model is in figure 3 and figure 4 (the image above highlights system functionality; the second
image outlines four smart systems that are part of the platform and are used to make the platform
“smart” and data-driven).
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Figure 3: AI Educational Assistant concept model and smart systems.

AI educational assistant systems can be classified as distributed software services. As such, there are
a number of stages that need to be completed, as well as requirements to be fully filed for the systems
to be developed and implemented. Table 2 highlights six key stages (software development phases)
with a list of relevant system requirements and components. It should be noted that the present system
stages and requirements outline the end-user application part of the smart AI platform.

Figure 5 presents a generalized educational system model, and outlines three key system user types –
Professor, Teaching Assistant, and Student. The designed system consists of three layers of abstraction –
user interface, main application service, and smart management system.

The smart part of the personal educational assistant is data data-driven software system, that relies
heavily on the appropriate data sets, structures, as well as data processing for further system usage.
AI-based systems have different development stages and requirements to the standard applications. For
the AI educational assistant system, we adhered to the following system development plan and (smart)
algorithm design:

1. List – functions and data;
2. User side requirements;
3. Data structures and Models;
4. Smart-system based algorithms;
5. Software components architecture;
6. Initial software application prototype development and testing;
7. AI-system architecture and model review; further validation and evaluation.

4. Educational assistant system architecture and data structure

Table 3 denotes an extended classification list of the data set of the educational system. The list is
presented as follows; each data type is classified based on the system module it is used in; data source
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Figure 4: AI Educational Assistant smart systems.

and presentation format; the third column provides sample data formats or software code for the
appropriate data type.

Sample algorithm data code snippet for Table 3 Algorithms data field:

{
" i d " : " s e e d _ t a s k _ 1 " ,
" name " : " c o m p l e t e _ a l g o _ c o d e " ,
" i n s t r u c t i o n " : " In1 . " ,
" i n s t a n c e s " :
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Table 2
AI Assistant System components.

Stages Requirements Components

Initial concepts User and functional require-
ments

Use case diagram

Main functions

User experience

Research and knowledge
system concept

Existing systems and Data Data rules

Knowledge base

Links and materials

Concept requirements Technical requirements and
infrastructure

Software stack

Hardware system

Data and algorithms Data model
Database model

ML/DL/NLP algorithms

Mathematical repre-
sentation

UI and UX Student GUI Lecturer GUI Functional requirements

UI menu and elements

Application and next stages
of development

First application iteration
Demo application for testing

Training models

Software prototype

Database and data set

Figure 5: AI Educational Assistant concept diagram.
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Table 3
AI Assistant System Components

Data type Source Data samples

Application Data Realtime data and Users

UI data Main application

Data Base

SQL/NoSQL/Table DB

CREATE DATABASE eduDB;

> db.user.insert({name: “Teacher Surname”,
age: 26, Subject: ‘Math’})

public Table importTableFromDataT-
able(DocumentBuilder builder, DataTable
dataTable, boolean importColumnHeadings) {
Table table = builder.startTable(); //...
builder.endTable();
return table; }

Knowledge base Data labels

Metadata

Knowledge graphs

Meta descriptors:
• course title
• subject
• lecturer
• table of content
• tags
• labels

Chat bot data Rules

Dialog tree

Interns catalog

{
“intents”: [
{
“tag”: “help”,
“patterns”: [
“feedback”,
“search”,
“content”
],
“responses”: [
“searching for....”
]
}
}

Algorithms data Set of instructions
Model set
Training and Validation results
Parameters

json code (listed below the table)

System unique data Course materials
Grading and assessment criteria
Library and dictionary

data representation (listed below the table)

[ { " i n p u t " : " impor t j s o n \ n \ nde f r e a d _ t a s k _ f r o m _ j s o n l ( d a t a _ f i l e ) : \ n
" Th i s f u n c t i o n w i l l . . . " ,

" o u t p u t " : " impor t j s o n \ n \ nde f r e a d _ t a s k _ f r o m _ j s o n l ( d a t a _ f i l e ) : \ n
" Th i s f u n c t i o n w i l l r ead . . . " \ n with open ( d a t a _ f i l e ) a s f i n : \ n

r e t u r n [ j s o n . l o a d s ( l i n e ) [ ’ t a sk ’ ] f o r l i n e i n f i n ] " } ] ,
" i s _ c l a s s i f i c a t i o n " : f a l s e

}

Grading data representation code snippet for Table 3 System unique data field:
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s t u d e n t _ d a t a <− d a t a . f rame (
StudentName = c ( " Name1 " , " Name2 " , " Name3 " ) ,
ExamScore = c ( 2 5 , 8 7 , 1 0 0 , 9 4 )

)
grade_exam <− f u n c t i o n ( s c o r e ) {
/ / . . .
}
d i s p l a y ( grade ) ;

Teacher-to-student communication is the essence of the educational process. Figure 6 showcases
the system model diagram of the Communication module from the educational platform. The system
model showcases two main use-system interaction types – GUI or via chat-bot interface. At the heart
of this system architecture are connector and routing sub-system modules. Smart communication
systems provide three functional components – Course assessment, course/assignment help, and student
real-time communication.

Figure 6: AI Educational Assistant communication system architecture.

The end product is an application or web-service plug-in that both student and lecturer can access
via the web browser application. The mock-up of the user interface is presented in figure 7. The student
will be able to enable chat-bot communion via the appropriate side panel, as well as view grading
and assessment Infographic visualization of current standing; and other activities as presented on the
mock-up image.

As for the stages of the algorithm of communication between the student and the teacher in the
process of studying the discipline, it can be divided into the following stages:
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Figure 7: Mockup GUI for Educational Assistant student course panel with bot.

• preparatory: defining the objectives of the survey or evaluation; preparation of appropriate
materials and tools; creating a favorable environment for communication;

• establishing contact: establishing a positive emotional background; An explanation of the purpose
and procedure of the survey or evaluation; ensuring the psychological comfort of the student;

• conducting a survey or assessment: formulating questions, tests, or tasks; giving the student
sufficient time to prepare an answer; attentive listening and observation of nonverbal cues;

• feedback stage: providing constructive feedback; discussion of results and possible ways to
improve; use of various types of student encouragement to study the discipline;

• completion of the course: summarizing the key points; determination of further steps in interac-
tion; positive end of interaction;

• Scientific principles of effective communication (can be used for masters and PhDs: the principle
of active listening, when the teacher should listen carefully to the student, demonstrating his
interest and understanding; the principle of understanding and taking into account the emotional
state of the student; the principle of clarity: clear and understandable formulation of questions
and comments; the principle of objectivity: an unbiased attitude to the student’s answers; the
principle of constructiveness: focus on positive aspects and opportunities Improve.

When interacting with students, psychological aspects should also be taken into account: individual
characteristics of the student (personality type, anxiety level, motivation); creating an atmosphere
of trust and psychological safety, which will improve the ability to assimilate educational materials;
managing stress and emotions of both the teacher and the student.

5. Educational Assistant system algorithm

Equally important in the learning process are technological aspects, such as the use of appropriate
technologies for conducting surveys or assessments (online platforms, interactive tools), ensuring
confidentiality and data protection, and adapting the communication process to different formats (face-
to-face, online, mixed). The course instructor should evaluate the effectiveness of communication with
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students in the course learning process, which includes analyzing the results of a survey or assessment,
collecting feedback from students on the communication process, and continuously improving the
teacher’s communication skills.

The algorithm of communication between a student and a scientific and pedagogical worker in the
process of questioning or evaluation is a complex and multifaceted process based on a deep scientific
basis. Effective implementation of this algorithm requires a high level of professional skills, emotional
intelligence, and constant self-improvement from the teacher. Properly structured communication not
only provides an objective assessment of the student’s knowledge but also contributes to his personal
and professional development, forming a positive attitude toward the educational process as a whole.

The main educational activity of any online educational platform revolves around course-related
actions. Figure 8 illustrates a step-by-step process of course-related interaction between the lecturer,
student, and chant-bot platform. The algorithm diagram highlights a list of steps and main functions
that the platform has, starting from course creation by the lecturer (professor) to chart-bot interface
initialization followed by a series of student actions related to course help and search for useful materials
for the assignment submission. At this phase when students request and search for help with educational
and study materials, the smart system connects and processes data, as well as provides recommendations,
content generation, and other system-specified functionality.

The essential part of the course communication and student assistance is requested content matching
and search. Below is the equation (1) that is used in the recondition system algorithm to evaluate the
value of requested content matches with the search-located content. Search-request-match equation for
course content matching:

𝑆𝑅𝑀(𝑤, 𝑛) =
∑︁ 𝑓(𝑤, 𝑣) * 𝑖𝑛𝑑𝑡

𝑤𝑐𝑜𝑢𝑛𝑡
* 𝑠𝑖𝑛𝑑, (1)

where𝑤 – search word; 𝑛 – word search value (intent and priority, order strength), 𝑆𝑅𝑀 – returns list of
words with matching priority value based on input search word (𝑠) and their calculated aggregated search
values for future search-and-match content algorithm operations, 𝑓(𝑤, 𝑣) (equation 2) is calculated
weight of word in each category (intent, priority and order position), 𝑖𝑛𝑑𝑡 – search word topic index
(0 to 1), 𝑤𝑐𝑜𝑢𝑛𝑡 – number of search words (less the faster the search), 𝑠𝑖𝑛𝑑 – search internal/external
priority index (internal is faster and returns greater value).

𝑓(𝑤, 𝑣) = log
𝑣

𝑤𝑖
(2)

Search operation is an important part of the content matching and the search process. The presented
algorithmic functional representation can be used in any existing software system or can be developed
as a standalone software module or smart-system software algorithm. The search request system
algorithm consists of the following stages, functions, and data models:

• Search flow (stages): input → filtering → assessment and measuring → quick search → grouping
and intent → full search → generation → output;

• User interaction interfaces: chat bot UI; course webpage UI;
• Input: Word/Words; filter options;
• Values: wordValue; listOfWordsValue[key, value]; SearchWords[]; SearchPriorityOrder; Search-

Cost[key, value]; MatchValue; wordIntent;
• Output: LinksList[]; Word/Words; LinksListWordValue[key, value];
• Functions: TopicTypeClassification(); SentenceBreakdown(); WordsValue(); IntentValue(); hash-

Function().

Figure 9 illustrates the detailed text algorithmic representation of the search-request-match algorithm.
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Figure 8: Grading and course content recommendation algorithm.
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Figure 9: Algorithmic pseudo-code search-request-match representation.

6. Conclusions

AI teaching assistant platform is a complex multi-layered software system. The initial assumption was
that this system could be designed and developed based on existing software architecture and smart
systems design patterns. However, in the process of system modeling and after breaking down the
initial content into functional modules the complexity not only of the system but of its comments had
risen. The platform has been divided into two parts – software end-user applications and AI-related
smart data platforms. For each of the plants, the development process had been destined and presented.
While the student-teaching assistant application had been designed as a web service, the smart AI
assistant platform is more complex and includes four smart-system modules.

Due to the limited scope and resources available, the platform design had been catered around the
educational assistance communication module. This module connects teacher, student, and system
communication chat-bot interface. Coursework grading and students’ real-time course assignments had
been outlined as major functional parts of the educational assistance. Search, request, and materials
presentation had been classified as main system functional tasks and for them, appropriate algorithms
had been designed and presented.

The research efforts that had been carried out within the scope of the presented work are the first
step in studying of the potential AI applicants for the educational use case. The research work on
the AI educational assistance platform will be continued with the focus on further specifying smart
system platform architecture to gather the algorithm’s designs and evaluation for the course grading
and educational content matching, as well as real-time chat-bot AI assistance students help.
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