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Abstract: Modern realities in the era of Industry 4.0 and the global Covid-19 pandemic place new challenges to education. It
is a fact that classical learning, supported by modern information and communication technologies, provides an effective
learning process, but the Covid-19 realities require a rapid transition to distance absentee learning. The use of computer-based
training systems and cloud platforms has its advantages, but also problems related to the low level of personalization of the
learning process and the adaptability of the learning content to the specific characteristics of each student.

Cyber-physical and social systems (CPSS) largely solve the problems associated with integrating processes and interactions in
the virtual world with the dynamically changing conditions of the physical world in which learning occurs. This gives grounds
to draw the attention of specialists to the creation of CPSS educational platforms for secondary school. Following this approach,
we created a prototype of b CPSS educational space called BLISS. The results of the test application of this platform in the
school environment give us reason to believe that if we put the learner with his/her peculiarities, goals, and interests at the
center of such a system, and present him/her in the virtual space through his / her personal assistant, we could significantly
increase the interactivity of the learning process and the adaptability of the offered learning content.
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Introduction

Industry 4.0 determines new challenges and tasks, for the solution of which artificial intelligence (Al)
played an increasingly important role (Schwab, 2017). The White Paper on Artificial Intelligence of the
European Community (WPAI-EU, 2020) sets out the main directions for its development. According to
the document, it is necessary to develop skills needed to work in the field of Al and to adapt to the
educational systems of all European countries. The report of the CULT (Committee on Culture and
Education) committee before the European Parliament on the application of Artificial Intelligence in
education (Tuomi, 2020) makes a thorough analysis of the need to train specialists to develop and apply
intelligent approaches in various areas of modern business and services. Based on these documents, a
strategic document for the development and use of Al in education and science has been developed in
Bulgaria (NSAI, 2020). According to it, given the rapid development of artificial intelligence in recent
years and the lag of the formal education system from the needs of the labor market, it is necessary to
increase the quality and efficiency of education, to update its content, and to ensure the connection
between the education system and the needs of business and society in the age of digital transformation.
Based on these strategic documents, two main directions in the application of Al in school education
have been identified: a study of the main methods, aspects, and algorithms of Al; use of intelligent
educational environments in school practice.

The first direction is related to the need to train specialists who in the future to create and manage
processes and systems with Al. This determines the urgent need to experiment with different
opportunities for studying Al in school education (Glushkova, 2020).

The second direction requires accelerating the process of developing modern educational platforms with
Al to meet the ever-changing characteristics of the environment and meet the education system's
growing requirements and expectations.

This article aims to review the existing educational platforms in Bulgaria and consider an approach to
creating and using a school intelligent educational platform.
Contemporary trends in the development of educational environments

The use of the huge opportunities of digital technologies in the educational process is the subject of
rapidly growing interest in the conditions of COVID-19. Software companies together with universities
develop various educational platforms, which despite their many advantages have a number of problems,
mainly related to methodology, pedagogy, and psychology. Of course, various specifications and
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standards such as SCORM, IMS, and QTI make it possible to integrate methodological and pedagogical
models in the educational platforms and partially solve these problems. The fact is that face-to-face
learning has no effective alternative and the use of appropriate educational systems and other ICT tools
can support and enrich the learning process as an additional didactic technology. However, the global
pandemic has necessitated an urgent process of transferring learning from attendance classroom training
to the some internet-based learning systems. This accelerates the processes for creating and applying
dynamic, adaptive, intelligent educational platforms to compensate for the lack of physical contact and
direct interaction between teachers and students.

Interaction and Adaptation in education

Interaction and adaptation are key features of any e-learning system, ensuring personalization of training
and increasing its effectiveness. In (Lievesley and Yee, 2006) are define three main levels of interactivity
- Standard Experience, Personal Experience and Open Experience. Based on this, Nathan Shedroff
(Shedroff, 2001) defines six interactive categories connected and related to the main interactive levels.
These categories are: Feedback, Control, Productivity, Creativity, Communication, and Adaptation. The
first two categories refer to the freedom to choose learning resources and services (tests, lessons,
assignments, etc.) according to the student's interests and goals. Productivity, Creativity, and
Communication are related to decision-making; the creation of learning resources (such as various
simulators, learning games, group work, project training, etc.); and providing effective synchronous and
asynchronous learning communication between the various participants in the learning process.

We will consider Adaptation as a key feature of any e-learning system that provides self-tuning and
defining functionalities in a way that matches the background knowledge, goals, preferences, habits,
cognitive and emotional characteristics and user behavior while working with the system. Two
semantically similar concepts are used - Adaptive and Adaptability. Based on these considerations, we
can define three upgradeable adaptive levels, the first two of which represent the property of Adaptive
and the third one to Adaptability:

= Elementary Adaptive Level (EAL) — this level provides adaptation to the information from the
student's user profile, such as the form of education, class profile, etc. The stereotypical
approach is used as a result of the collection of educational resources derived from those
common to the respective school subject and class. These learning resources use pedagogical
methods and techniques traditionally related to the specific group of learners.

= Static Adaptive Level (SAL) builds on the previous level and is aimed mainly at providing
learning resources and services suitable for a small group of students with similar characteristics
such as level of knowledge, goals, cognitive and emotional characteristics, plans and behavior.
The adaptation is realized in advance by the authors of the teaching materials, anticipating the
actions and behavior of the typical student from the respective group. The specific learning
scenario and the stages for the course of the learning process are determined, which the teachers
consider to be suitable for the respective group of students.

= Dynamic Adaptive Level (DAL) is based on the previous two. IP ensures the dynamic interaction
between the student and the learning platform during the learning process. Once the learning
environment (LMS) has identified an appropriate learning scenario, it starts the learning process
as a sequence of actions depending on the student's specific behavior. Based on statistical
processing of intermediate results in the course of training and based on stored information
about previous training sessions of the same student, the system dynamically adapts, generates
new rules and continues the learning process or starts a new one more suitable for the particular
student. Typically, intelligent proactive agents are used at this adaptive level to monitor changes
in the student's current condition and behavior and to provide a flexible change in the learning
process.

Cyber-Physical Social Systems in education

Cyber-physical systems (CPS) provide integration between the physical and virtual worlds. According
to the National Science Foundation (NSF) definition, cyber-physical systems are designed to provide
integration of computational processes and algorithms and components that take into account the
dynamic changes in the physical environment.
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Learning is a process of interaction between a trainer and a learner. It is, therefore, particularly important
to place the user at the center of a CPS system. The unified theory of knowledge proposed by Newell
(Newell,1990) explains how intelligent organisms respond flexibly to environmental changes, how they
behave and achieve their goals rationally, how they present knowledge and how they learn. Cyber-
physical-social space is a fusion of physical space, cyberspace, and social space. The evolution from
CPS to CPSS is a long process involving solving various challenges and problems (Yu, 2019). Such
systems are already available in areas such as transport, medicine, smart farming and manufacturing,
smart cities and houses, etc. The first steps are being taken towards creating CPSS - educational spaces
that will take into account the specifics of users in the physical world (e.g., moving a student's wheelchair
to the exam hall).

Classification of educational environments in school education

Learning as a process of interaction between teachers and students goes through different stages in which
digital technologies are used to varying degrees. Let's look at the three basic categories: Classical
Learning; Computer-Based Training, and e-Learning.

Classical Learning (CL)

Classical Learning is realized through real communication in the physical world between all participants
in the learning process - teachers, students, parents, school administration. The interaction between
teacher and student is most often of the "One-To-Many" type. Attendance in the classroom has been
proven over time, although some problems include the low level of personalization and adaptability of
the learning process and materials. These problems are solved by well-established pedagogical theory
and practice appropriate didactic methods such as group work, project-based learning, game-based
learning, individually-differentiated approaches, and many others. Individual training is organized and
conducted for students with exceptional abilities or children with special educational needs. In this case,
the training is organized according to individual curricula and teaching materials, and the learning
process is personalized and conducted in an inclusive environment. Self-Learning and Lifelong Learning
are other forms of classical learning that require differentiation of learning content. As a rule, in the
classical forms of education, digital technologies are used as an additional didactic technology to
increase the activity of students and the effectiveness of the learning process.

Computer-based Training (CBT)

CBT is based on the use of ICT and digital technologies in the learning process under the guidance or
without the physical presence of teachers. Traditionally, CBT has been used to provide learning
resources and services in blended and distance training. The learning process is realized both through
pre-prepared learning materials (hypertext documents, audio, video, etc.) and through interactive
methods and services such as online discussions and consultations, forums, virtual classrooms, etc. In
this training, the curricula for different classes, subjects, and levels of education are pre-established.
CBT is significantly more dynamic, interactive, and adaptive than classical training. Modern digital
technologies can fully provide this type of training.

In CBT, we can look at two aspects of teacher-student interactions. According to the first of them, the
cardinality of the interaction is "One-To-Group" (Figure 1.a). The teacher creates the learning resources
according to a pre-set curriculum for the respective group of students. The learning process is aimed at
achieving the common goals typical for the group. The adaptability of the learning resources is based
on the abstract idea of the teacher for the purposes of the respective stereotypical group. Personalization
is low. The interactivity is realized in the categories Feedback, Control, Creativity and Communication.

The second aspect defines a “One-To-Persona” interaction (Figure 1.b), which increases the level of
personalization of the learning process and adaptability of the learning content. The Persona is a subject
representing in the system a fictional student with certain characteristics. The creation of Persona is
based on statistical methods, heuristic analysis, and the personal experience of teachers (Lene, 2014).
The Persona usually has a name, gender, class, form of education, social competencies, cognitive
characteristics, type of emotional intelligence, and more. The adaptation of the learning resources and
the learning process is realized on a static level (SAL) by anticipating the actions and behavior of the
Person. Different approaches and analyzes are used to determine the knowledge, goals, and desires of
the particular student, and based on this, the system joins this student to the Persona with the closest
characteristics. The creation of adapted learning resources is a cyclical process. Each stage of this
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process requires assessments and analysis by the pedagogical community in a common environment,
e.g., the Integrated Learning Design Environment (ILDE) (Mor, Y., Mogilevski, 2013). This approach
increases the adaptation of the learning content and the personalization of the learning process and
allows to reach the interactive categories Feedback, Control, Productivity, Creativity, Communication
and Adaptation at EAL and SAL levels.

Figure 1: Interactions in CBT and CPSS el earning systems

CBT Learning Environment Virtual World CBT Learning Environment

IDLE
Stereotype
ol )
Learners Personals/v
v e

5%

4, Ol < .

& One-To-Group & 6

i . "n‘ e ne To Personas ; One-to-One in CPSS ,‘
@ @

Source: Authors
e-Learning

According to (Stoyanov, 2005) e-learning can be considered a qualitatively new learning process,
unlimited in time and place, which provides individualization of the learning process and provides
appropriate learning resources from any place and at any time at the request of the particular learner.
Creating real systems that meet these requirements poses problems and challenges related to adapting
the learning content and learning style to each student. This requires the development and
implementation of new conceptual solutions, mechanisms for processing and presenting knowledge in
dynamically changing conditions. The creation of such educational spaces, based on multi-agent
technologies and using Al technologies and algorithms, largely meets these requirements. In this kind
of educational space, all participants in the learning process interact through their personal assistants
(PA), and the teacher-student interaction becomes "One-To-One". The personalization of the learning
process and the adaptability of the learning content are increasing, although the contextual dependence
and the dynamic change of the physical environment of the learners are still insufficient.

Cyber-physical and social system (CPSS) is the result of the interaction and merging between physical
space, cyberspace and social space. In CPSS, social interactions between different users can be
transferred from the physical to the cyberspace, where they can be successfully processed and managed.
Thus, users' status, interests, and knowledge develop in the process of social interaction based on certain
operations, interactions, and services. (Kang & al, 2018). In CPS learning spaces, "One-To-One"
relationships are reached in CPSS (Figure 1.c). Teachers and students interact personally or through
their personal assistants, who are constantly self-learning. The learning content and the learning process
are dynamically adapted to the knowledge and specific characteristics of the individual students. These
learning spaces realize interactivity and adaptation from all interactive categories and adaptive levels.

Our approach

In the spring of 2020 in the Bulgarian school, the process of implementing online learning platforms
accelerated. According to the Strategy for effective application of information and communication
technologies in education and science of the Republic of Bulgaria (2014-2020) of the Ministry of
Education and Science, the focus is on organizing virtual classrooms and laboratories and
teleconferencing sessions for students. And doctoral students; organization of an e-school and an e-
university; providing platforms for distance training and lesson control, content management, and
communication between teachers, parents, and students. For example, in the Plovdiv region in March
2020, 75.7% of schools used an electronic diary, and 31% used an online learning platform. Within a
week, all schools transferred the learning process to a cloud platform of their choice and start use e-
diary. The G-suit platform proved to be preferred due to the easy setup, time-saving, improving the
organization; quality communication; security, and price. All this, along with the ability to use other G-
suit tools such as classroom, calendar, email, etc., established this cloud platform as a preferred distance
learning environment to this day. In April 2020, the Ministry of Education and Science purchased and
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provided for use to all schools in the country the cloud platform Microsoft Teams, which is related to
the data from the National electronic information system for preschool and school education. An account
of the platform was provided for each teacher and student. Microsoft Teams has provided a
communication environment and platform for storing and structuring digital learning content. Feedback
is provided by creating and grading assignments and online tests. This has partly changed the statistics,
as to date, about 39.2% of schools have transferred education to this platform. Only about 3% of the
schools in Bulgaria use Moodle, Blackboard, or another specialized educational platform. All these
systems meet to a greater or lesser extent the requirements of CBT systems. They provide "one-to-
group" interactivity between teachers and students; ensure that the interactive levels are reached:
Feedback, Control, and Communication, and, to a lesser extent, Productivity and Creativity. Adaptation
is at an elementary and static level.

This analysis motivates us to accelerate our work on developing an adaptive e-learning space. A team
from the DeLC Laboratory of the Faculty of Mathematics and Informatics of Plovdiv University is
working on creating a reference CPSS-based architecture called ViPS (Virtual Physical Space)
presented in (Stoyanov, 2018). As a reference architecture, ViPS adapts to a variety of domains,
including university and school education. Virtual Educational Space (VES) is the adaptation of ViPS
at the University of Plovdiv. It supports various forms of e-learning such as self-directed learning,
blended learning, lifelong learning and inclusive learning. We created a prototype of an adapted school
learning environment named BLISS and tested it in a real school environment. BLISS is implemented
as a multi-agent system and includes two main components. The first component is Personal Assistants
(PA) for all participants in the learning process. The second component is a school diary, realized
through blockchain technology (Todorov & al, 2019).

Personal Assistants in BLISS

The main task of personal assistants is to assist different groups of users in performing their specific
functions. We developed the prototypes of the following personal assistants:

= PA Student - helps students perform their daily duties; informs about upcoming events such as
tests, group work, meetings, virtual lessons, consultations, etc. It monitors and reminds the
student of the preparation for these events. The assistant is able to prepare analyzes of the results
of the learning process.

= PA Teacher ensures the interaction of teachers with the educational space. Its main function is
to assist teachers in the process of analyzing and evaluating the participation, results, and
progress of their students. PA_teacher interacts with other personal assistants, thus providing
the basic functionalities of the learning environment.

= PA_Principal helps the school principal to effectively manage the school institution. The
assistant helps in the process of planning, conducting and controlling the learning process by
informing about problems and successes in the course of the learning process.

= PA Parent is an assistant who interacts with parents and informs them about their child's
progress in school. Due to the constant internal communication between the agents and the
analysis of the information, the parent can be warned in time for a change in the child's behavior
or status, thus having the opportunity to take the necessary actions in the student's interest.

An important part of building the BLISS system is the interactivity between intelligent agents (Krasteva,
2019). Through different types of interactions, they can change their perception of the world, to self-
educate (by machine learning algorithms), and in the next situation to choose another better plan to
achieve the goal in the interest of specific users. In addition, BLISS considers the physical world's state,
and provides services for users with mobility difficulties, helping them to move around in the physical
school environment. According to students and teachers, the most useful functionality of their personal
assistants is the reminder of the preliminary preparation for an upcoming event - homework, upcoming
lessons, project activities, video conferences, consultations, tests, parent meetings, etc.

One of the interesting and important functionalities of BLISS is the provision of an inclusive
environment for students with special educational needs (Toskova, 2021), which provides a
differentiated approach to the characteristics of each student through specially designed learning games,
learning resources, and services (Petrov & al, 2020).
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The BLISS prototype is being tested in a real school environment in the Secondary school in Brezovo,
Bulgaria. The personal assistant of the student has been developed, in the final stage is the development
of the other personal assistants. For security and data protection reasons, prototypes of an electronic
diary and processing of documents with factory numbering (diplomas, certificates, etc.) are developed
and integrated into the platform. The platform is developed modularly as a distributed infrastructure,
and all components are developed using Java-based technologies. The testing was carried out with 360
students (including 18 with special educational needs) and 34 teachers and school staff.

The presented CPSS learning platform ensures the achievement of all interactive categories and adaptive
levels. The following Table 1 presents the relationship between the different types of educational
environments - classical learning (CL), computer-based training in group (CBT-1), computer-based
training with Personas (CBT-2), eLearning systems (eLnSystem) and CPSS learning space
(CPSSLSpace), and the interactive and adaptive levels reached in them.

Table 1. Interactivity and adaptive levels in educational platforms
Adaptive Levels Adaptive Adaptable
EAL SAL DAL
Interactivity Levels
Feedback CL CBT-1 eL.nSystem
g CBT-2 CPSSL Space
°5S Control CL CBT-1 CBT-2, eLnSystem
8% ° CPSSL Space
S| w e Creativity CBT-1 CBT-2 CPSSL Space
Sl = % eLnSystem
s o | Productivity CBT-2 CPSSLSpace
L @ c eLnSystem
c T Communication CL CBT-2 eLnSystem
i =3 CBT-1 CPSSL Space
O Adaptivity CBT-2 eL.nSystem CPSSL Space
Source: Authors

Conclusion

The application of CPSS systems in education solves a number of problems related to increasing the
level of personalization of the learning process and learning content and the dynamic adaptation to the
specific knowledge, characteristics, goals, and interests of the individual student. These spaces have the
ability to ensure the achievement of all interactive and adaptive levels through wider use of the
capabilities of artificial intelligence. The construction of a context-sensitive space makes it possible to
take into account the dynamically changing conditions of the physical world and the learners'
environment. This will ensure the processes of the inclusion and support of students from vulnerable
groups and students with special educational needs. The development of CPSS educational spaces is an
important task through the professional community. An actual task for us is after the development of the
main components of BLISS to make a comparison of the test results with world experience in this area.
The educational environment BLISS we are developing is still in the prototyping and testing phase, but
we already have reason to believe that this approach can provide an appropriate learning environment
in which to continue the effective learning of students despite the emergency situation in education
imposed by the global pandemic Covid-19.
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