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Abstract. Intelligent technologies are entering the educational processes, both 

directly with the introduction of a number of digital tools creating higher interaction, 
and indirectly, through numerous intelligent tools analyzing and stimulating the 
learning environment. The subject of consideration in this material is namely 
such an indirect intelligent model, which monitors and analyzes the attention, 
interest and concentration of students in large halls during face-to-face training 
and real interaction between a teacher and a large group of students. In it, the 
intelligent technology analyzes the behavior of each individual student and gives 
recommendations to the teacher if there is a need to change the methodology and 
or teaching techniques, in order to maximally retain the attention of the audience. 
The paper reveals a roadmap for the application of the author‘s IMMAsac model, 
as well as the benefits of its implementation.
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1. Introduction
Professional-pedagogical communication as a special form of teacher-student 

interaction (Filimonova et al., 2019) is essential for the effectiveness of the learning 
process. A number of modern theories advocate the approach that pedagogical 
communication in a university environment is based on productive dialogue and 
interaction, understanding and partnership between teacher and student. An important 
clarification is that the student is considered as an equal and active participant in the 
learning process (Filimonova et al., 2019). However, achieving effective learning 
in a student environment requires monitoring a number of indicators. Among them, 
the participation and interaction between student and teacher during the lesson play 
a key role. Classroom engagement is directly related to the approach and style of 
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teaching and the quality of teaching, the learning atmosphere, the frequency of 
participation of students attending classes, the institutional environment, etc. (Sun 
et al., 2021). In addition to conveying knowledge in an accessible and engaging 
way, the teacher is required to analyze and evaluate the behavior of students to 
ensure that they are sufficiently engaged in the learning process. To support this 
process, modern classroom systems and innovative technologies for greater 
integration are entering educational institutions. They significantly increase interest, 
but do not guarantee that student attention is optimal. Therefore, good teachers 
must monitor all students in the lecture hall and adapt to their requirements in 
order to stimulate their attention during training (Trabelsi et al., 2023). With larger 
audiences, this process is difficult to implement (Trabelsi et al., 2023). This requires 
us to consider using intelligent technologies based primarily on AI and Machine 
Learning to recognize emotional state and engagement during the learning process. 
The effective application of intelligent technologies has the potential to transform 
teaching. Intelligent systems in the learning process can analyze parameters such 
as facial expressions, physiological signals, tone and other biological indicators to 
identify emotions such as interest, boredom, stress, curiosity or disappointment. 
This would allow the teacher to take appropriate actions. 

The literature review shows that most scientific materials emphasize the 
digitalization of education in the form of online learning and the provision of 
digital learning resources (Chen and Wu, 2017); (Kravchenko and Cass, 2017) . 
This paper discusses the use of intelligent tools in classroom learning with a live 
connection between a teacher and an audience with students. The main research 
question is how to establish the real concentration and interest of students in a 
student environment using intelligent tools? To find an answer below, the following 
parts of the material sequentially consider: a literature review, which presents 
the background of intelligent technologies in education; background of teaching 
methods and attention retention in a university environment; and AI as a means of 
monitoring concentration and attention. Based on them, a methodology has been 
developed for creating an intelligent model for monitoring and analyzing student 
attention and concentration called IMMAsac. In the form of results, a roadmap is 
defined, providing information for the application of the model. The paper ends 
with a discussion and conclusion.

2. Literature review
2.1. Background of intelligent technologies in education
In the context of the modern knowledge society, digital transformation 

and the use of smart technologies should be considered as a critical process in 
which knowledge production and information processing are carried out through 
information technologies such as virtual reality, video integration of online 
learning, gamification and big data (Orellana et al., 2019). Moreover, the success 
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of universities will be increasingly determined by their ability to create and collect 
information in an appropriate way such as student engagement, achievement of 
results, satisfaction, etc. (Balyer and Öz, 2018). For this reason and a number of 
others, intelligent technologies in education are already part of the ecosystem of 
modern education (Alenezi, 2023) . They provide a set of tools that are included in 
different levels of the educational process. Trends in higher education institutions 
show an increased interest in digitalization. Moreover, it appears as one of the main 
prerequisites for success, for those who want to attract strong students and maintain 
high quality of education (Gurung and Rutledge, 2014). Digitalization offers 
information and knowledge covering a wide variety of topics that can be obtained 
from different platforms, open source databases and web browsers, applications, 
encyclopedias (Valdés and Cerdá Suárez, 2021), which allow users to access at any 
time. A study by Alenezi (2023) indicates that if higher education institutions are not 
sufficiently adaptable to digitalization, they will soon disappear from the scene and 
interest in them will drop significantly, which will also lead to low competitiveness 
and student attrition. At the same time, the period of transformation is accompanied 
by a number of challenges. Zhao and al. (2018) found that among the most serious 
problems is the motivation of teachers to change their teaching methods and 
styles. Keta and Sinaj, (2026) identify the age of professors as a leading factor for 
digitalization at the level of the course taught. They found a significant difference 
between the age of teachers and their attitude towards smart tools. Next, challenges 
arise in the digital code of ethics. Not only the use of smart tools, but also how they 
can be used without violating the code of ethics (Keta and Sinaj, 2026). Despite 
the challenges, ensuring access to modern technologies, as well as basic education 
in the field of digitalization, are a priority for action at all levels (Chmielecki, 
2024). It should be noted here that the transformation is mainly associated with 
electronic resources and interactive technologies that make the learning process 
more interesting for learners.

2.2. Background on the methods for teaching and retention on attention in 
a university environment

In addition to technology in education, contact and interaction between all 
learners and their teacher are important. and the learning content. It turns out 
that didactic lectures are widely used. In them, student engagement is reduced to 
passive listening, but their interest begins to decrease only 10 minutes after the start 
of the lecture (Farley et al., 2013). Another approach is active learning requiring 
engagement between students and the teacher. They are most often conducted in the 
form of solving cases. In them, engagement and attention are higher and increase 
the quality of the lecture (Alkhattab, 2012). The main role of interaction in the hall 
is that of the teacher, who should stimulate analytical thinking, conducting analyses, 
syntheses and assessments. Teachers should develop critical and reflective thinking 
among students (Kravchenko and Cass, 2017). Jong (2010) argues that cooperative 
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learning, feedback, and adaptive instructions have the greatest effect on learning. 
Alkhattab (2012) explores humor as a technique for stimulating attention among 
learners. According to him, the use of funny professional stories, funny comments, 
and jokes that relate to the content of the lecture increase students‘ attention. Despite 
the demonstrated techniques for maintaining the concentration and attention of 
students in large halls with a large number of students, it is difficult for the teacher 
to interact with each of them and monitor their concentration individually. This 
requires us to think about approaches that are applicable to large audiences, helping 
teachers to adapt more easily to the requirements of the learners. For this reason, 
in this material we focus on intelligent technologies that can be introduced into the 
classroom, not as a direct technology for learning, but as an indirect one, showing 
the level of perception of the learning material, attention, and concentration of 
the students. This will enable teachers to take more adequate measures, simplify 
the presentation or increase the level of complexity, according to the needs of the 
students. In order to develop a methodology for using intelligent technologies in 
the classroom to monitor the concentration and interest of students, first of all it is 
necessary to consider what is the level of such technologies available and how they 
can be adapted for our purposes.

2.3. AI as a tool for monitoring concentration and attention
The idea of monitoring student engagement is an issue that has been explored 

by various scholars, although there is not a very rich data set on the topic. A search 
of various scientific databases revealed several attempts to introduce intelligent 
technologies into the classroom (Willermark and Gellerstedt, 2022), (Trabelsi et 
al., 2023). Trabelsi et al. (2023) provide information on automatic attendance and 
innovative assessment systems, such as automated grading and feedback with the 
teacher. Guan at al. (2020) use AI systems for assessment on the students, for yes help 
on the teachers to evaluate and analyze the whole their presentation. Various methods 
are also available using computer vision to recognize facial expressions, body 
posture, gaze direction, body movements, to assess student engagement1 (Canedo 
at al., 2018) assessed students’ attention by analyzing head postures obtained from a 
camera using convolutional neural networks (CNN). A similar experiment was also 
conducted using 3D cameras registering attention through facial recognition with 
sets of different sensors (Kinect, 2017). Next, accurate results, but more difficult to 
implement, can be obtained by using electroencephalogram (EEG) or brain wave 
signals, and incorporating additional enhancement technologies. Thus, a study by 
Chen and his team (2017) shows that attention can be measured by the amplitudes 
and frequencies of intentional and unintentional EEG signals to identify levels 
of attention. Another interesting study on the topic was conducted by Ngoc Anh 
2019, which analyzes both body movements and gaze direction of students during a 
lecture. Thus, he finds that students can be grouped into different behavioral patterns 
with common and/or similar characteristics. Another alternative for monitoring 
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student attention is proposed in a study by Zhu (2018), who places smart bracelets 
on students‘ wrists, in which he embeds inertial measurement modules and PPG 
sensors. From all these studies, it can be concluded that efforts are being made 
to monitor and study student engagement and attention. The question remains as 
to how much students would be willing to wear sensor bracelets, or to have their 
brain waves examined. Most likely, for a specific study, the answer is yes, but in 
their daily learning process, the answer is yes. There is another emerging question, 
if they know that they are being monitored and analyzed, through various devices 
on them, will this not lead to distortion of the results obtained. For the authors of 
this material, it is important that the process of observing students‘ concentration 
during a lecture is not stressful or intrusive, it aims to provide feedback to the 
teacher and improve communication in a learning environment. For this reason, we 
believe that the observation should be imperceptible to the audience and not lead to 
distortions in normal behavior. This direction was also used as a leading factor in 
the development of the subsequent author‘s model.

3. Research methodology
The methodology of the scientific research provides information on the 

development of an intelligent model for monitoring and analyzing student attention 
and concentration (IMMAsac). It is an expression of the author‘s views on 
increasing the effectiveness of lecture courses through the use of intelligent tools 
based on artificial intelligence, aimed at measuring and analyzing student attention 
and concentration. In the context of the requirements of the author‘s methodology, 
it is necessary to pay attention to three key concepts that constantly interact: 
attention, interest and concentration. Attention is a mental process by which mental 
energy is directed towards a specific object, activity or thought, while other stimuli 
are ignored by the learner; interest is an internal, emotional inclination towards 
a specific topic, activity or object, which stimulates attention and maintains the 
motivation to engage with it; and concentration is the sustained attention directed 
towards a specific activity or thought for a prolonged period of time, excluding 
distracting factors2. 

IMMAsac was developed in response to the need for high-quality education 
in higher education institutions and improving the learning environment. The 
methodology for applying the model is presented at a conceptual level, without 
affecting the specific mechanism of functionality of AI and a group of intelligent 
tools, as well as the algorithms with which they work. The purpose of IMMAsac 
is to show the mechanism for monitoring and analyzing students. The basis for 
its development is the need to conduct quality lectures in classrooms with a large 
number of students. With its help, teachers will have a more complete interaction 
with students, taking into account when they understand the material being taught, 
when it is necessary to take certain measures to strengthen their engagement, etc.
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The main tools used in the work of IMMAsac are AI, ML, Computer 
Vision, ontological analysis, etc. The functionality of IMMAsac is aimed at 
conducting intelligent analysis and drawing conclusions in the form of specific 
recommendations to the teacher, when establishing a decrease in interest in the 
taught material. IMMAsac focuses on creating a balanced learning environment, 
with increased levels of attention, and hence more motivated and effective students 
and teachers. By implementing IMMAsac in the learning process, universities can 
increase student satisfaction, and hence their overall competitiveness (Biolcheva, 
Valchev, 2023).

A limitation should be placed here that purely technological intelligent solutions 
are not considered. The methodology for applying the method is conceptual in 
nature.

4. Results
For easier perception, a roadmap for implementing IMMAsac is shown here.

 
Figure 1. Roadmap for implementing IMMAsac 

 

For the successful functioning of the IMMAsac model, it is necessary to start with an 
analysis of the main types of student reactions, distinguished by different indicators. The model 
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Figure 1. Roadmap for implementing IMMAsac

For the successful functioning of the IMMAsac model, it is necessary to start 
with an analysis of the main types of student reactions, distinguished by different 
indicators. The model relies on six different types of indicators, which, analyzed in 
their entirety, build the profile of behavior, engagement and cognitive response of 
the learners. These indicators are reduced to:

– Physical indicators: maintaining eye contact with the teacher, body position 
(e.g., standing upright, leaning forward, active gestures);
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– Interactivity: frequency of participation in discussions and asking questions, 
time to complete a specific task, the way they contribute to the overall teamwork 
during the performance of a specific task;

– Taking notes;
– Nonverbal behavior: signs of distraction such as looking at the phone, talking 

to colleagues, looking out the window;
– Stimulus responses: the way students respond to questions, examples, or 

teacher remarks;
– Concentration span: how long students maintain their attention without 

noticeable distraction.
Information about each person in the classroom according to the indicated 

indicators is obtained using intelligent cameras equipped with computer vision, 
located in all main parts of the hall, so as to have a view of each person being studied.

For the model to function, a database needs to be created. The initial data 
set is formed during pilot studies when testing the model. Thanks to the built-
in machine learning using deep neural networks, the data is developed and the 
subsequent analysis of their development is improved. The stability of the database 
is guaranteed against historical and current data of all studied students based on the 
real learning environment and the set factors for concentration. This means that a 
preliminary analysis of each student is possible using ML based on historical and 
current data compared with ontological, social and applied psychological analysis 
and intelligent one.

The second step in the application of the model is related to the formation of a 
database of teacher response and feedback related to increasing student attention. 
To form this database, it is necessary to form initial information from conducting 
pilot studies. At this point, it is necessary to observe the reactions of individual 
types of students to a change in the teacher‘s teaching approach. What works and 
what does not work under certain circumstances (for example, potential teacher 
reactions can be associated with giving a practical example presented with a dose 
of humor, a remark emphasizing importance; giving a team case study for analysis, 
providing additional explanations, raising the level and intensity of the course 
material, etc.). It should be noted here that the principles apply to this database, as 
well as to the previous one. The data collected is used to form a historical base, and 
in a real environment the system is developed and improved.

The third step of the roadmap is training the intelligent system. This is where 
the real mechanisms of ML and AI come into play . An intelligent system is a 
complex set of technological and social factors. Based on the above information, 
the interaction of ML and AI from the perspective of the group and individual 
identity of the learners. It involves collaboration between the historical data of 
multiple students, matching similar input parameters for the individual types of 
behavior of groups of students.
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Historical data obtained from pilot studies provide information compatibility 
with the personal parameters of the individual student. In turn, AI provides maximum 
comparative accuracy of the parameters based on mathematical and algorithmic 
analyses. Based on the previous analysis, ML and AI provide maximum accurate 
information about groups of students, through which a profile of the behavior and 
interaction of the individual is prepared. Depending on the derived data, the system 
offers motivational factors to the teacher, such as interventions to enhance attention.

ML and AI technological methodologies with human and corporate judgment 
provides a complete interactive approach to specific groups of students, combining 
comprehensive historical information verified by expert judgment.

Daily interaction and analysis of key indicators – at this step of the roadmap, the 
main interaction between students, the teacher and the intelligent system is carried 
out. It is important to note that IMMAsac does not engage the attention of students, 
so that they feel monitored or feel anxious in the learning process. The interaction 
is carried out through intelligent cameras and computer vision. Computer vision 
monitors the reactions and interaction on all pre-formed indicators and transmits 
the information for processing and analysis by ML and AI. In this way, we move 
on to the next step of the roadmap, namely intelligent data analysis. Its goal is 
determining individual factors related to emotional state, concentration, physical 
condition, motivation, activity, etc. of individual learners. Their parameters are 
evaluated and recommendations are made for changes in the teaching method or 
the approach to interaction with learners, do they need a short break or additional 
examples, etc., which indicate only to the teacher. At this point, feedback and 
recommendations from the teacher should take place. Were the recommendations 
successful and what result did they give, in case the desired result was not obtained, 
the teacher can request new alternatives of potential actions for specific students or 
choose an approach himself, which he can subsequently add to those available in the 
system. This leads to the last step of the roadmap, which is related to self-learning 
and improvement over time. In order to achieve high efficiency and sustainability 
over time, IMMAsac needs to work with a large set of quality data that accumulates 
over time in a real working environment. This means that with each subsequent 
interaction, IMMAsac is developing and achieving increasingly better results.

Discussion
Many theoretical frameworks for attention in pedagogical interaction rely on 

good relationships between participants in the process. Approval, encouragement, 
and communicative support of learners are necessary components of the pedagogical 
process and are identified as essential in many studies (Semenova еt al., 2016). 
There is evidence in the scientific literature (Beutel & Denise, 2010) that academic 
achievement and the development of social skills depend on the quality of the 
relationship between teacher and student. Based on this theoretical framework, the 
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author‘s IMMAsac model was developed. Assessment of selective attention and 
concentration is important for conducting quality training. In traditional training, 
teachers themselves refine their teaching techniques according to the requirements 
and capabilities of specific students. IMMAsac does not deny their professional 
capabilities, but aims to support them and achieve a better understanding of the 
teaching material. The question remains controversial as to how much the students 
will be willing to use it, whether they will not feel underestimated if software offers 
them a change in the teaching approach. In seeking an answer to this question, 
we will return to the beginning of this material and say that the same challenges 
apply here as before digitalization, namely that the older generation of teachers will 
probably have more inhibitions, which will most likely be quickly overcome in the 
work process. Although many teachers believe that their judgment is better than 
that of machines and that emotional intelligence cannot yet be achieved, there are 
many cases in which there is low student interest and rapid loss of concentration, 
and hence a reduced quality of learning. In order to create more peace of mind 
and increase trust among teachers, here are the contributing moments in the 
interaction between student and teacher that correspond to improving attention and 
engagement. They can be summarized as follows:

– Personalized feedback in real time – IMMAsac tracks the classroom 
environment and allows for the collection and analysis of data on the level of 
student engagement in real time. The teacher receives feedback on the level of 
student attention during the lecture. This allows him to adapt his teaching style 
according to student needs, and thus contributes to the implementation of the theory 
of adaptive learning (Rachmad, 2022).

– Increasing individual engagement – Unlike the traditional passive model of 
attendance, IMMAsac allows for detailed monitoring of the individual engagement 
of each student in real time. Students become more active and motivated to 
participate in the tasks set. This contributes to the development of the theory of 
social learning (Rumjaun, & Narod, 2025).

– Dynamic discussion moderation – the intelligent model identifies students 
with a high level of engagement and assists the teacher in directing discussions to 
them. This creates a sense of recognition, which stimulates further participation and 
builds trust between participants. In this way, the theory of motivation in learning is 
also implemented (Urhahne & Wijnia, 2023).

Conclusion
This material shows the need for a change in the education system, moving 

away from traditional digitalization systems. Using smart tools in the classroom 
is of great importance for the assimilation of the taught material. The proposed 
intelligent model for monitoring and analyzing student attention and concentration 
(IMMAsac) aims to indirectly increase the success of students by maintaining 
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their attention and interest during the entire lecture. The model examines only 
key indicators of the students‘ condition without directly entering their personal 
space or requiring the placement of various devices on them. The observations 
and analysis of students are carried out with the sole purpose of offering a better 
approach (technique) for teaching by the teacher in the event of a drop in student 
concentration. The introduction of such smart tools in education creates the need 
for additional scientific research in the field. It is interesting to follow how the 
intelligent technology for monitoring attention affects the engagement and academic 
results of students? The author sets as a goal for further studies to examine what the 
impact of such technologies would be on the behavior and psychology of students? 
Another interesting study could be how these tools can be used for adaptive learning 
and identification of areas of difficulty for students? The topic of using intelligent 
technologies to analyze the attention and concentration of students has many fields 
that are yet to be studied, developed and entered into the educational process.
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