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Abstract. The main problems related to the integration of diverse 
functional elements of advanced intelligent learning systems are 
considered. It is shown that the integration of the elements in the 
learning process is a complex multilayered process due to the great 
variety and complexity of the ongoing basic processes – cognitive, 
pedagogical, technological, social and interpersonal. It is emphasized 
that the need for the integration process to be solved as a multifactor 
optimization data-driven problem and the use of modern techniques 
in the field of artificial intelligence – machine learning, pattern recog-
nition, natural language processes, network management.

1. The Problem of Integration in Intelligent 
Learning Systems (ILS)

The advanced educational systems extended through 
technologies based on artificial intelligence (AI) contain a large 
number of heterogeneous functional blocks and various con-
nections and dependences between them that form the envi-
ronment in which a large number of diverse events take place 
in the overall learning process. These blocks (substances) 
and events are integrated and interdependent. Each functional 
block has an autonomous behavior, but at the same time is 
connected to other blocks, as well as to the effects of the en-
vironment. This relatively autonomous block actually functions 
as an integral part of many parallel dynamic processes that 
interact in a complex way. In turn, each functional block is an 
integral whole, including synchronously interacting elements, 
while in turn is always included in another larger system. The 
system approach in the variant "system of systems" (SoS) 
[1,2] allows in the educational system to consider both the 
elements and the structure of the component and subcompo-
nents. Since a model of the general structure and functional 
connections valid for any type of real-world systems has not 
been proposed and probably at an appropriate level of ab-
straction could not be formulated at all, the study of individual 

more specific problems characterizing the properties of com-
plex systems of systems (SoS) are of undoubted interest from 
both a theoretical and a practical point of view [1,2,3]. One 
of these problems is the integration of elements in complex 
systems of systems (SoS) [2,3] and in particular of a SoS 
system describing the whole learning process.

2. The Need for Integration into Intelligent 
Learning Systems (ILS)

Intelligent Learning Systems (ILS) have been entering 
real pedagogical practice since the early 1980s [4,5,8]. With 
the efforts of a large number of companies without any coor-
dination and coherence, a huge number of specific systems, 
blocks or software products appear on the market of digital 
learning resources [6], to which in the case of intelligent ed-
ucation (ILS) refer:

• Individualized learning content (lectures, exercises, 
projects).

• Didactic production rules designed as an expert sys-
tem (ES).

• Tests and protocols for control and assessment of 
knowledge.

• Learning resources (learning databases, solved 
problems, questions/answers, tasks, video lectures 
and exercises).

• Technologies that expand the learning process (dig-
ital assistants, referral systems, virtual reality (VR), 
augmented virtual reality (EVR)).

• Technologies that expand the technical capabilities 
of students (mobile devices (smartphones, tablets), 
search engines for educational content).

They are oriented to different learning needs in primary, 
secondary and higher schools, to courses for corporate and 
distance learning of adults. By 2020, more than 700 different 
products are available on the digital learning market. The need 
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for integration of modern intelligent learning systems [6,7] is 
becoming increasingly urgent because:

• Hundreds of education-oriented subsystems and ap-
plications from various vendors are available;

• There is a functional and algorithmic incompatibili-
ty between these subsystems and applications due 
to different programming languages, protocols, data 
models and interfaces;

• Old and new systems and subsystems are operated 
jointly;

• Redesigning the learning system is expensive, slow 
and inefficient with conventional methods;

• There are no generally accepted systems for inte-
gration into modern educational intelligent systems, 
as they have established themselves in the field of 
industrial and organizational systems such as SAP, 
ORACLE, SPS and others.

The social needs [7] and the didactic preferences [4,5,6] 
show that the integration in the intelligent educational systems 
should be realized in the following main directions:

• The highest possible degree of unification and 
integration of the same or similar in functionality 
procedures by minimizing the variety of algorithms 
used.

• Ensuring conditions for fully autonomous use of ILS 
in educational institutions through the development 
of integrated architectures, avoiding the need to hire 
highly qualified specialists.

• Integration of existing fragmented learning systems 
of emerging AI-based technologies, including:

 ¾ Image recognition (face, voice, gesture);
 ¾ Natural Language Processing (NLP) – "speech-
text"; "speech-speech" (question/answer), 
"text-speech", translation;
 ¾ Machine learning (deep learning, DL; reinforce-
ment learning, RL);
 ¾ Advisory, dialogue and search systems.

• Integration in ILS of proven didactic approaches from 
modern fundamental theories of learning (behavio-
rism, cognitivism, constructivism, connectivism);

• Use of modern ICT capabilities: cloud technologies, 
Internet of Things (IoT), Web-technologies, mobile 
technologies.

3. Integration Processes
A generalized scheme of the process of integration of 

systems and subsystems in intelligent educational systems is 
shown in figure 1.

The integration procedure includes the following attrib-
utes:

3.1. Degree of integration

The integration can be performed in three variants, as 
shown in figure 2.

Figure 1

a) Integration by embedding subsystem B in the larger 
system A;

b) Strong integration between subsystems A and B 
where there is an algorithmic overlap with common 
procedures and software elements. At the same time, 
the rest of the subsystems can only be with infor-
mation links to it (or to several other subsystems);

c) Poor integration, when subsystems A and B are func-
tionally and algorithmically autonomous, but have 

information connections and interdependencies with 
each other, specially realized in the programming 
process.

The natural connections that exist between the subsys-
tems Ai,i = l,n

—
 and Bk,k = l,r

—
 and their elements Aij↔Bkl are 

considered as given (often unknown) that can be taken into 
account (or not) in the design process itself.

Figure 2
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3.2. Type of integration

The structural types of integration are shown in figure 3.
a) Horizontal, which is realized at a given hierarchical 

level (marked with);
b) Vertical, which is realized at a hierarchical level, but 

between the elements of subsystems A, B, C and D;

c) Hierarchical, when integration permeates two or 
more hierarchical levels of the intelligent education 
system (ILS).

4. Integration in Terms of Functionality

4.1. Data integration

Figure 3

The integration of data, information and knowledge is 
developing in the following areas:

• Shared access to sensor data;
• Uniform methods for data pre-processing;
• Integrated approach to the analysis of available data 

and information (learning analytics).

4.2. Integration of Similar Procedures

a) Machine learning. As a basis for the modern devel-
opment of AI, machine learning aims to determine the 
input-output ratios in a highly heterogeneous training 
system. Pre-collected, processed and classified data 
are used. Various iterative training procedures are 
applied, the main ones of which are:

• Supervised learning (SL);
• Unsupervised learning (USL) Reinforcement 

learning (RL) [18,20].

In the previous decade, Deep learning (DL) became an 
universal approach to machine learning [18]. It finds real com-
mercial application in a number of areas such as industry, 
medicine, transport, organizational systems, banks. Unfor-
tunately, research on the application of in-depth learning in 
the learning process is very limited and is conducted almost 
entirely by computer specialists [4,5,6]. On the other hand, 
digital giant companies (Google, Apple, Amazon, Facebook, 
Microsoft) and a large number of startups, as well as univer-
sities in leading countries, have provided the software market 
and for free use hundreds of variants of machine learning 
software products [6]. This is a solid basis for the realization 
of the digital transformation of education and especially of 

higher and corporate education [7].

b) Optimization
Optimization is a basic procedure of any digital-based 

system. In the last decade, methods based on data streams 
have become especially popular: evolutionary, consistent, net-
work, structural, stochastic, interactive optimization [20,21]. 
Optimization as an element of integration in intelligent educa-
tion systems can be:

• Local or global,
• To be model-based or model free,
• To be realized periodically on historical data or 

online,
• To be centralized or distributed.

Optimization in the education system can have a differ-
ent focus:

• Determining the optimal degree of integration,
• Optimizing the structure of the elements, subsystems 

and the overall intelligent education system (ILS),
• Optimization of ILS at the design stage,
• Optimal steps for redesign and further development 

of ILS.

Optimization in the integrated intelligent educational sys-
tem is closely related to a number of previous and subsequent 
procedures – learning analytics (modern analysis of learning 
information) [23], planning (learning content, individualized 
learning trajectories), modeling, simulation, taking of solu-
tions, adaptation.

Global optimization of integration processes in intelligent 
education systems is a very complex problem and the small 
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number of publications in this field shows that the most prom-
ising is the use of combinatorial optimization methods [21], 
which have shown promising results in complex heterogene-
ous infrastructure systems, regional problems, ecology [23].

Optimization procedures for ILS integration are undoubt-
edly a serious challenge. Fortunately, developers and educators 
have the opportunity to use a significant amount of available 
free and commercial software in the form of decision blocks 
(solvers), software libraries (Google, Apple, Microsoft), written in 
different programming languages (C ++, C #, Java, Python, R).

c) Decision making
Decision Making (DM) is closely related to a number 

of other integration procedures: inference, statistics, machine 
learning, modeling, simulation.

In intelligent educational systems, only data-based 
methods have real potential for realization. Judging by the ex-
perience of applications in complex systems from other areas 
(infrastructure, resource allocation, transport, health system), 
preference is given to the following:

• Bayesian solutions;
• Classical and non-classical approaches based on 

the Markov decision-making process;
• Bellman Dynamic Programming (DP) and its modern 

developments approximate dynamic programming, 
adaptive dynamic programming (ADP);

• Successive decision making;
• Hierarchical decision making;
• Decision making based on simulation and 

optimization.

There are an impressive number of free and commercial 
decision-making platforms. The choice of appropriate software 
for intelligent systems is determined by the main difficulties 
inherent in this area of application:

• Lack of well-developed models of the elements in 
the overall learning process;

• Lack of good enough sensory information, due to 
which the state of the learning process belongs to 
the category of partially observable processes;

• Great uncertainty due to individual differences of 
students: learning style, opportunities, motivation;

• The learning system is dynamic and non-stationary 
because – along with the acquisition of knowledge 
and skills – the cognitive qualities of the learners are 
constantly changing.

Due to the great uncertainty and complexity of the learn-
ing system, it is imperative from the large number of possible 
decision-making methods to choose those that are directly 
oriented to solving optimization problems with large dimen-
sion, significant uncertainty and stochasticity [24].

In these circumstances, decision-making methods such 
as machine learning and, in particular, Reinforcement Learn-
ing (RL) provide promising opportunities [17,19]. They can 
be successful with relatively little data, even in cases of low 
signal-to-noise ratio [17,18].

4.3. Mathematical Modeling

The digital transformation of the learning process [6,7] 
presupposes the development and current maintenance of 
the adequacy of a large number of mathematical models 
[11,13,25]:

• To the student – of perception, cognitive load, 
emotional behavior, learning style [25,27];

• To the teacher – didactic reaction, methodical 
preferences, assessment methods, style of 
interactivity;

• The extremely large number of connections and 
dependencies in the educational system [26,27];

• On the overall learning process as a collective 
behavior of learners [26].

Unlike other procedures in the learning process, which 
are of a more general nature (ML, DL, optimization), these 
mathematical models are significantly less developed. At the 
research level, a number of approaches for mathematical 
modeling of elements of the learning process have been pro-
posed, among which the most promising are [25,27]:

• Models based on Bayesian representations of a 
priori and posterior probabilities;

• Graphic models suitable for considering the learning 
process within the framework of systems’ theory;

• Models based on machine learning procedures, which 
have the ability on the basis of the data to reveal 
hidden relationships between the input features and 
the output indicators.

The creation of sufficiently representative models of 
the elements in the overall learning process is an interdis-
ciplinary problem and should be solved in coordinated co-
operation of several types of specialists: data collection and 
analysis, computer science, teachers in the field, psycholo-
gists. Due to the nature of the learning process in which the 
learner's personality develops, all models must have adaptive 
properties.

The modern transformed learning process will be active 
and personalized [28,29]. This requires the use of a large num-
ber of mathematical models – several for each student, teacher 
and student course. This task can be solved only by applying the 
emerging learning technologies based on artificial intelligence – 
both at the level of design and at the level of operation (specific 
training) and at the level of training management (maintaining 
the adequacy of models, ensuring current information, visualiza-
tion of data and results, documentation) [26,28,29].

5. Scope of Integration
The basis of the integration is the established form of a 

learning management system – Learning Management System, 
LMS [6,8,26]. For the different institutional levels, the func-
tions of the learning management system can be summarized 
as follows below.
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5.1. University

• Administration of each student;
• Monitoring the current grades for all faculties;
• Predicting the probability of dropping out of the uni-

versity;
• Educational analytics at university level.

5.2. Faculty (Specialty)

• Guaranteed access to learning content and learning 
resources (text, images, lectures, links);

• Providing a calendar of learning events (exams, pro-
gram);

• Educational analytics at the faculty level (specialty);
• Study status for each student;
• Degree of use of AI-based learning resources.

5.3. Student

• Access to information about:
 ¾ Results from tests, tasks, projects;
 ¾ Attendance, participation, exercises;
 ¾ Collaborative learning outcomes;
 ¾ Study group statistics;

• Facilitated communication with the teacher and fel-
low students;

• Calendar for the next learning events (tests, assign-
ments, homework, discussions).

The integration of learning subsystems at three levels 
in many cases is associated with overcoming a number of 
difficulties:

• Elements of the learning system, which are often 
incompatible and require the writing of new interface 
code, are supplied by different vendors at different 
times. The emergence of third parties complicates, 
slows down and increases the cost of the built intel-
ligent learning system;

• With the advent of ICT, IoT and cloud technologies, 
many of the already accepted old elements of the 
curriculum are becoming unwanted "islands" that 
need to be duplicated or replaced with more modern 
elements [12,13];

• Dialogue between designers (or suppliers) with many 
teachers remains ineffective due to insufficient digital 
training of the latter, and this dialogue is critical to 
the successful implementation of a workable and 
effective AI-based learning system;

• Over the last two decades, new obstacles and com-
plications have emerged:

 ¾ Need to protect the learning system from cyber 
attacks;
 ¾ Internal protection of the personal information 
of each student;
 ¾ A new type of management of integrated learn-
ing resources.

Despite the difficulties that have arisen, recent reviews 
[4,5,6] suggest that the positive results achieved from the 
implementation of integrated ILS in education systems are 
very encouraging.

6. Problems in the Design of Integration 
Processes in ILS

Successful design largely determines the operational 
efficiency of ILS [11,14,15,19,29]. Therefore, the following 
considerations must be taken into account when designing 
the integrated ILS:

• Integration is an optimization combinatorial task that 
must be solved taking into account all (external and 
internal) links of influence and operational require-
ments;

• Different type and degree of integration is possible, 
with different scope and depth;

• Due to the large volume of possible alternative solu-
tions, it is expedient to develop aggregate blocks, 
systematized in an ontological structure.

In fulfilling the above considerations, the following posi-
tive results of the developed project can be expected:

• Repeated use of the same procedures, algorithms 
and programs in different parts of the project;

• Possibility to unite building elementary modules in 
aggregated functional blocks through tight integration 
and finding an optimal degree of integration in terms 
of structures, models, algorithms and software;

• Transition from synthesis of building blocks and 
modules to their parameterization.

Experience from successful projects shows that loose 
integration should be applied in the cases:

• If a high degree of flexibility is required;
• If there are very frequent changes in the number and 

functions of the elements involved;
• If there is a great dynamics of the evolution of the 

interactions between the elements in the system.

Conclusion
The individual successful implementations and especially 

the significant potential of AI, proven in the real sector, give 
sufficient grounds to expect that only an integrated ILS on 
AI-based technology basis can meet the societal requirements 
and challenges of the consensus-accepted major goal of the 
near future – the digital transformation of education – and to 
the greatest extent of higher education. The following main 
results are expected from the integrated ILS:

• An opportunity is provided for centralized and decen-
tralized digital access to all elements of ILS accord-
ing to the accepted access mode;

• Optimal or close solutions at all hierarchical levels in 
ILS are guaranteed;
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• Conditions are being created for continuous im-
provement of the quality of the educational process 
at all levels due to:

 ¾ Students are given the best opportunities for 
each of them to develop their own potential;
 ¾ The integrated ILS will in itself be constantly 
evolving, because its design will provide op-
portunities for shock less absorption of rele-
vant achievements from its fundamental basic 
theoretical foundations – artificial intelligence, 
information and communication technologies, 
data science, cognitive sciences, psychology, 
learning theory;
 ¾ The integrated ILS will train a new type of pro-
fessionals, prepared to flexibly and innovatively 
meet the challenges posed by the rapid chang-
es in the real world, ecology and public life on 
the way to building a knowledge society in the 
coming decades.

References
1. Jamshidi, M. (Ed.) Systems of Systems Engineering – Innovations 
for the 21st Century. Hoboken, NJ, USA, Wiley and Sons, 2009.
2. Luzeaux, D. and J. R. Ruault. System of Systems. London, UK, 
ISTE, 2010.
3. Gorod, A., S. J. Gandhi, B. E. White, V. Ireland and B. J. Sauser. 
Modern History of System of Systems, Enterprises and Complex 
Systems. In book: Case Studies in System of Systems, Enterprise 
Systems and Complex Systems: Engineering, A. Gorod, B. White, V. 
Ireland, S. Gandhi, B. Sauser (Eds.) CRC Press, 2014.
4. Zawacki-Richter, F., V. I. Marín, M. Bond et al. Systematic Review 
of Research on Artificial Intelligence Applications in Higher Education 
– Where Are the Educators? – International Journal of Educational 
Technology in Higher Education, 16, 2019, 1, 1-27.
5. Popenici, S. A. D. and S. Kerr. Exploring the Impact of Artificial In-
telligence on Teaching and Learning in Higher Education. – Research 
and Practice in Technology Enhanced Learning, 12, 2017, 1, 1-13.
6. Renz, A. and R. Hilbig. Prerequisites for Artificial Intelligence in 
Further Education: Identification of Drivers, Barriers and Business 
Models of Educational Technology Companies. – International Journal 
of Educational Technology in Higher Education, 17, 2020, 1-21.
7. U. S. Department of Education, Office of Educational Technology, 
Remaining the Role of Technology in Education: 2017 National Edu-
cation Technology Plan Update, Washington, D. C., 2017.
8. Polson, M. C. and J. J. Richardson. Foundations of Intelligent 
Tutoring Systems. Psychology Press, 2013.
9. Grumbach, J. and L. Thomas. Integration Principles for Com-
plex Systems. – Systems Engineering, 23, 2020, 6, 684-706, doi.
org/10.1002/sys.21554.
10. Ravichandran, R., C.-Y. Chong, R. E. Smith. Artificial Intelligence 
and Machine Learning: a Perspective on Integrated Systems Op-
portunities and Challenges for Multidomain Operations. Proc. SPIE 
1174606, 2021, https://doi.org/10.1117/12.2587216. 
11. Tahan, M. and J. Z. Ben-Asher. Modeling and Analysis of Inte-
gration Processes for Engineering Systems. – Systems Engineering, 
8, 2005, 62-77,
12. Shaw, H., D. A. Ellis, F. V. Ziegler. The Technology Integration 
Model (TIM). Predicting the Continued Use of Technology. – Comput. 

Hum. Behav., 83, 2018, 204-214.
13. Wang, Q., A Generic Model for Guiding the Integration of ICT into 
Teaching and Learning. – Innov. Educ. Teach. Int., 45, 2008, 411-419.
14. Demiraslan, Y., Y. K. Usluel. Analyzing the Integration of Informa-
tion and Communication Technologies into Teaching-Learning Process 
According to Activity Theory. – J. Educ. Res., 23, 2006, 38-49.
15. Tondeur, J., D. Petko, R. Christensen, K. Drossel, L. Starkey, 
G. Knezek, D. A. Schmidt-Crawford. Quality Criteria for Conceptual 
Technology Integration Models in Education: Bridging Research and 
Practice, Educ. Technol. Res. Dev., 2021, 1-22. 
16. Francom, G. M., Barriers to Technology Integration: a Time-Series 
Survey Study. – J. Res. Technol. Educ., 52, 2020, 1-16.
17. Sutton, R. S., A. G. Barto. Reinforcement Learning: an Introduc-
tion, (2 ed.). MIT Press, ISBN 978-0-262-03924-6.
18. François-Lavet, V., P. Henderson, R. Islam, M. G. Bellemare, J. 
Pineau. An Introduction to Deep Reinforcement Learning, Foundations 
and Trends in Machine Learning, 11, 2018, 3-4, 219-354. 
19. Iglesias, A., P. Martínez, R. Aler, F. Fernández. Reinforcement 
Learning of Pedagogical Policies in Adaptive and Intelligent Educa-
tional Systems.–  Knowledge-Based Systems, 22, 2009, 4, 266-270.
20. Parker, R. G., R. L. Rardin. Discrete Optimization, Elsevier, 2014.
21. Fereira, J. C., et al. Methodology to Select Solutions for Multiobjec-
tive Optimization Problems: Weighted Stress Function Method. – Journal 
of Multi-Criteria Decision Analysis, 24, 2017, 103-120.
22. Shapiro, A., W. Tekaya, M. P. Soares, J. P. da Costa. Worst 
Case-Expectation Approach to Optimization under Uncertainty. – Op-
erations Research, 61, 6, 1435-1449.
23. Stewart, C. Learning Analytics: Shifting from Theory to Practice. – 
J. Empower Teach Excell, 1, 1.
24. Kochenderfer, M. J. Decision Making under Uncertainty: Theory 
and Application. MIT Press, 2015.
25. Graf and S. Viola. Automatic Student Modelling for Detecting 
Learning Style Preferences in Learning Management Systems. Proc. 
International Conference on Cognition and Exploratory Learning in 
Digital Age, 2009, 172-179.
26. Dung, Q. and A. M. Florea. A Literature-Based Method to Auto-
matically Detect Learning Styles in Learning management Systems. 
Proceedings of the 2nd International Conference on Web Intelligence, 
Mining and Semantics, ACM, 2012, 46.
27. Shaimaa, M. N., F. Siewe and Y. He. A Novel Algorithm for Dy-
namic Student Profile Adaptation Based on Learning Styles. Intelligent 
Systems Conference, London, UK, 2019.
28. Han., J., W. Zhao, Q. Jiang, M. Oubibi and X. Hu. Intelligent Tutor-
ing System Trends 2006-2018: a Literature Review. 2019 Eighth In-
ternational Conference on Educational Innovation through Technology 
(EITT), Biloxi, MS, USA, 2019, 153-159.
29. Kulik, J. A and J. D. Fletcher. Effectiveness of Intelligent Tutoring 
Systems – a Meta-Analytic Review. Review of Educational Research, 
httos://doi.ors/1 0.3 I 46s4315s81420.

За контакти:
Росица Калтенборн

Smart Infomanagement & Consulting
Frankfurt, Germany

e-mail: rossitza.kaltenborn@gmail.com


