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METHODOLOGY OF DIGITAL CONTENT CREATION

Abstract. The subject of the study is the individualization of the learning process in the process of assimilating
information with different levels of subjective complexity. The purpose of the study is to develop a methodology for
creating digital content to manage student behavior by changing the objective complexity of the learning material. The
subject of the study is to develop and theoretically substantiate methods of individualized approach of students to learning
professional competences by creating individual trajectories of knowledge acquisition and assimilation. Used methods:
methods of analytical modelling and artificial intelligence. The following results were obtained. It is proposed to
determine the complexity of the content by the number of concepts used in a piece of information and the variety of
relationships between them, and to present its model in the form of an analytical graph, the vertices of which are concepts
and edges that reflect the variety of relationships between them. A method of organizing the learning process using a
computer-based learning system, the functioning of which implements a personality-oriented model of a student, has been
formed. Conclusion. Preliminary structuring of didactic material in the form of a graph, with the vertices being the relevant
content sections, and transition management implemented by the learning control system, allows for improved
individualization of learning. Moreover, due to adaptation, each student begins to work with the same intellectual load.

Keywords: individualization of learning; personalized learning; computer system; graph-analytical structure.

Introduction

The rapid pace of digital transformation in
education is largely driven by the use of digital
technologies in both the organization of the learning
process and the creation of digital courses. The student-
centered approach and individual learning trajectory
help to intensify students' creativity and cognitive
activity. Their motivation to learn and self-learning will
contribute to the formation of relevant digital
competencies. By identifying student characteristics, it
becomes possible to build individual learning
trajectories, taking into account the dynamics and the
possibility of changing the learning trajectory to adapt
to their individual characteristics. This makes it possible
to create parametric models of the student that reflect
the peculiarities of their cognitive development,
including the level of knowledge acquisition and
learning dynamics. In particular, the model makes it
possible to predict optimal learning trajectories for a
particular individual, to simulate various learning
situations that reveal not only the learning process but
also the process of personal development.

In automated learning systems, the object of
control is the learner who is acquiring certain
knowledge. As in any control system, there are two
information flows: forward and backward. The direct
flow of information, or direct influences, brings learning
information to the control object. Feedback describes
the changes that occur at the level of the learner's
knowledge and are analyzed by the learning system.
There is no doubt that the main way to improve the
effectiveness of learning is to improve direct influences.
This is due to the fact that only direct influences can
lead to learning.

Thus, the development of a method for managing
student behavior by changing the objective complexity
of the learning material in accordance with the

subjective complexity that arises during its study is
relevant. The aim of this publication is to develop and
theoretically  substantiate the  methodology of
individualized approach of students to learning
professional competences by creating individual
trajectories of knowledge extraction and assimilation
based on information technologies.

1. Literature review

One of the ways to manage the learner's activity
during the learning process is to change the level of
accessibility of the content provided to the learner. This
is due to the fact that the same content can be presented
with different levels of accessibility, which causes
different levels of difficulty when the student studies it.
At the current stage of development of information
technology, it is virtually impossible to synthesize an
arbitrary text with a given accessibility of presentation.
Such synthesis is also impossible in real-time learning.
Thus, it is necessary to develop learning content that is
differentiated by complexity.

The issue of analyzing the complexity of various
educational material and the possibility of its
differentiation by complexity is partially considered in
the work [1], in which the author considers the features of
determining the logical structure of educational material.
In this case, the complexity of the educational material is
measured by some objective characteristics. However,
during individual work on the content, learning
difficulties arise that are entirely dependent on the
subject. The subjective difficulty of learning information
while working on content can be assessed by such
indicators as the number of errors made by students
during control tests and the pace of work [2, 3]. In this
case, the object of management is the student, and the
managed process is the process of knowledge acquisition
by this student. At the initial stage of learning, the course
of the learning process is usually not defined. The
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characteristics of this process cannot be determined
experimentally. Thus, the ability to control objects with a
high degree of initial uncertainty is based on the use of
adaptation, when the initial uncertainty is reduced by
using information obtained in the learning process.
However, in learning systems, adaptation cannot be used
to the fullest extent. This is hindered by the following.
Firstly, feedback information does not allow for an
effective assessment of the student's thought processes
during learning. It is only possible to assess with some
probability how the acquired knowledge is being
absorbed. Secondly, even if the learning process is
assessed reliably enough, it is impossible to effectively
influence its changes because the system of controlling
influences is created in advance without taking into
account the individual characteristics of the student.
These limitations are valid for teaching knowledge and
lose their meaning when teaching skills [4].

2. Developing a criterion for the complexity
of a piece of information

Quantifying the level of complexity of a piece of
information is necessary to make a decision on how to
present it to the user.

Regardless of the type of content, its complexity,
which has an objectively determined level, should be
proportional to the amount of information provided. For
this purpose, it is proposed to determine the complexity
of the content by the number of concepts used in a piece
of information and the variety of relationships between
them. The most convenient way to present the model of
information content is in the form of an analytical
graph, the vertices of which are the concepts used in the
fragment of information, and the edges reflect the
variety of connections between them. This creates a
formal problem of determining the complexity of the
graph, in other words, finding the next function:

C= f(n,t,m,¢, p); (l)

where n — the number of vertices in the graph; t —
number of types of graph vertices; m — number of edges;
¢ — number of types of edges; p — number of different

degrees of the graph.

This function should satisfy a number of
conditions, one of which is that the domain of the
function must coincide with the set of positive numbers.
At the same time, the function should grow
monotonically depending on the number of vertices,
edges, their number and types. It is assumed that one
undirected edge is equivalent to two directed edges.
Thus, it is proposed to measure the complexity of the
information content C by the number of its elements n,
and to take into account the diversity of elements using
the entropy formula used in the statistical theory of
information [5,6]. In this case, assume that the
probability p; of the occurrence of the i-th element is

determined by the following relation:
pi=n,/n,

where n, — number of elements; u — the type to which
the i-th element belongs.

Based on this, it is proposed to quantify the
complexity of a graph:

t
C=n(1- (n,/n)logy(n, /n)). )
-1

The following conditions should be met:
n=0=C=0;

t

m=0=C=n(- > (n,/n)logy(n,/n)); (3)
u©=l

m=0 t=1=C=n.

Taking into account the assumptions made, the
quantitative measurement of the complexity of a
fragment of information (2) will take the following
form:
~H? —H! |, 4)

mﬂ n,

C=n{1-H!
( Nu

t
t
where Hn# = z_:l(ny/n) log,(n,, /)

is an entropy measure of the variety of graph vertex
names;

¢
Hy =Y (mg/m)logy(mg /m)
B o
p=1
is an entropy measure of the variety of graph edge
names;
t
H, =2 (n; /n)logy(n; /)
A=1
is an entropy measure of the variety of degrees of
vertices in a graph.

In these expressions, n,, is the number of vertices of

u
the same name; mg is the number of edges of the same

type; n; is the number of vertices of the same degree.

As an example of the practical application of the
proposed criterion of the complexity of information
content (4), consider the examples shown in Fig. 1, and
summarise the data in Table 1.

Table 1 — Examples of complexity calculation

Figure number n t| m|¢|P C
a 4 2 12 2 1 11,67
b 5 5 8 4 3 33,76
c 6 4 10 10 | 2 | 42,95
d 10 2 18 1 2 19,37

The results of calculating the level of complexity
in the above examples of information models make it
possible to take into account the features of each model
[7, 8]. Thus, when creating digital content, the didactic
material of an academic discipline should be structured
in the form of a graph, the vertices of which correspond
to concepts, and the edges to the connections between
concepts, which together determine the complexity of
the content.

35



Advanced Information Systems. 2024. Vol. 8, No. 4

ISSN 2522-9052

Fig. 1. Model of the structure of a fragment of information

3. The method of organizing the learning process

The proposed criterion for assessing the objective
complexity of a fragment of content is the basis for
building digital content. To manage the learner's activity
in the process of knowledge acquisition, the level of
accessibility of information content should be varied. In
this case, the learner acts as an object of management,
and the process under management is the process of
knowledge acquisition by this learner. The learner's
behavior is managed by changing the objective
complexity of the learning material in accordance with
its subjective complexity, which arises during its study.
At the same time, the learning system performs partial
adaptive control of the learner, making the process of
learning content assimilation more optimal.

Usually, some learning content is contained in a
learning information source in the form of a set of
portions of material that make up the information content
and control questions. Based on the results of work on the
preliminary data, some i-th level of objective complexity
of the information content is determined. The student is
given a fragment of information containing the text T; and
a set of control questions {K;}. The answer analysis block
evaluates the student's answers on a true/false basis. And
with the help of the block for determining the pace of
answers, the time spent working on the content is
compared with the permissible time limit, and a true/false
decision is made. The values from these blocks are
transferred to the memory, where information about the
results of the last three tests is stored. This information
allows us to judge the subjective difficulties caused by
the learning content. Based on this analysis, the level of
difficulty of the next new material is selected in
accordance with the learning algorithm. Adaptation to the
individual characteristics of students leads to the fact that
each of them starts working with a level of content
complexity that is accessible to them. Experimental
studies [9] have shown that there is no significant
difference in the time it takes to learn the information
material. This indicates that different categories of
students had approximately the same intellectual load.
Based on the results of the time spent studying the
content and the correctness of answers to control
questions, the content is moved to content of greater or
lesser complexity, providing an individual learning
trajectory for each student.

4. The algorithm for building digital content

First, the structure model of the individual fragment
of information that will be provided to the learner is

formed. Given that the complexity of a piece of
information depends on the model of its structure, the
content developer first calculates its primary value. Its
complexity is reduced by dividing it into several
component sub-fragments of a simplified structure, which
together fully cover the amount of information of the
primary piece of information. Moreover, during the
breakdown and creation of each of the sub-fragments, their
complexity is calculated and correlated with the level of
the overall complexity of the fragment [10, 11]. To do this,
a model of the structure of each of the sub-fragments of
information is built and their complexity is calculated. The
complexity of each of the created sub-fragments of this
simplified level should be within 50-25% of the calculated
complexity of the main separate piece of information.

The next simplified level is created in the same way,
but each of the created fragments of the higher level is
taken as the basis for the calculation.

This way, depending on their subjective
characteristics, each user can automatically choose their
own learning path while mastering the training material,
moving from level to level of varying degrees of difficulty.
The structure of the application that helps the developer
create structured information content is shown in Fig. 2.

In the input data
entry block, the number
of wvertices and links
between them is entered
directly. Based on the
data obtained, the
program calculates the
initial complexity of the
piece of information and
the data obtained is
recorded in the +
knowledge base  for
further comparison with
the initial value of the

Data input

é Calculate

Base the current
complexity

I ¥

Data comparison unit

Data input

Generating results

complexity of the piece of Y
information. The data
comparison block Information output

compares  the  data
obtained from the current
content complexity
calculation block with the
data in the knowledge
base. Then the system proceeds to the block of generating
results and then to the block of information output. To
organize a multi-level approach, a complex task is divided
into several simpler tasks, and all information content
fragments are divided and grouped at the appropriate

Fig. 2. Algorithm of the program
for creating a fragment of
information of a given
complexity
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levels, which form a hierarchy. Content fragments
belonging to one particular level request only the content
fragments of the neighboring level to perform their tasks.
Fig. 3 shows a scheme of organizing an individual learning
trajectory. Based on the results of mastering some
information content of the appropriate level, taking into
account such components as the time spent mastering a
piece of information and the correctness of answers to test
questions, the student can move to a higher or lower level of
information presentation, the level of which characterizes the
complexity and volume. It is not possible to move from one
level to another bypassing the intermediate level. A
summary assessment of the level of information assimilation
is the number of transitions from the beginning of the
learning process to the final fragment of the cycle.

Content 1
Level 1
Level 2
Fragment 1 Fragment 1 ——
Level 3
Fragment | | Fragment | | Fragment | | Fragment
11 1.2 2.1 2.2

Fig. 3. Method of organizing an individual learning trajectory

Thus, the lowest number of transitions from one
content to another will be in the case when a student
masters the material at a higher level of difficulty and
answers the control questions correctly. Therefore, in this
case, the student's grade will be the highest. In the other
case, when the student is constantly mastering information
material at a lower level, the number of transitions will be
maximum and the student's grade will be lowest. The
intermediate values of the scores depend on the specific
content and are determined by the content developer.

Analysis

The development of a personalized learning system
was implemented and underwent experimental testing [3,
4]. During the experiment, a learning program with three
levels of difficulty and various error correction methods
was studied. Two methods of error correction were
employed. In the first method, the student independently
identified the cause of the incorrect answer by studying the
same material but in a more detailed presentation. The
second method involved the student receiving a full
explanation of what the correct answer should be.

Fig. 4 shows the change in the average time spent on
a dose of educational material (dependencies 1, 2) and the
percentage of correct answers to the control questions for
one dose of material (dependencies 3, 4) for a group of
students. Dependencies 2 and 4 correspond to the second
method of error correction, while dependencies 1 and 3
correspond to the first method. Based on the analysis of the
presented graphical materials, it can be concluded that the
second method of error correction, unlike the first, reduces
student activity towards the end of the work on the content.
This is due to the decreased time spent on one dose of
material and the increased number of errors.
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20
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Fig. 4. Average time spent on material dose and percentage of
correct answers: 1 — time with error correction using method 1;
2 — time with error correction using method 2;

3 — percentage of correct answers with error correction
using method 1; 4 — percentage of correct answers
with error correction using method 2

The results of the experiment, which was carried out
using the Emotiv EPOC neurointerface [12, 13], proved
that adaptation to individual student characteristics led to
each of them working on the material available to them.
There was no significant difference in time, which can be
interpreted as approximately the same intellectual load for
different categories of students. At the same time, a clear
structuring of the didactic material in the form of a graph,
in which the vertices correspond to the sections of the
material, and transition management is implemented using
a test system for monitoring the mastery of the unit's
material, which allows for a fully personalized learning
experience.

The implementation of the developed approach
clearly demonstrates the process of motivating students
during training. The availability of several levels of
difficulty allows individuals with different skills to move to
higher levels after sufficient practice and become an
expert. Allowing access at different levels of difficulty
means that not all learners are at the same point in the
learning trajectory. Learning at the most appropriate level
of difficulty helps to prepare for the next, higher level of
difficulty as experience is gained.

The complexity of the task depends on the content
and such fundamental capabilities as spatially selective
attention, working memory, and other sensory and
perceptual abilities. In addition to basic operations, it
requires additional cognitive processes, such as search,
comparison, and symbolic problem solving.

Simultaneous tracking of several objects, visiting
several places in the gambling space, or solving more than
two tasks at the same time requires the distribution of
attention. In turn, the distribution of attention reduces the
speed and accuracy of decisions made by the player. This
imposes restrictions on the number of objects, their
location, and the number of tasks that need to be solved
simultaneously. Usually, a person cannot simultaneously
hold more than 4 elements in RAM and visit more than 4
objects at the same time. Memory allows you to store,
maintain, and later retrieve information. There is a
distinction between working and long-term memory. The
working memory stores information for the current
manipulation and is closely linked to the attention system.
Instead, long-term memory receives information through
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the learning process and vice versa. Working memory
retrieves information from long-term storage in accordance
with the requirements of the current task and under the
control of executive processes in the human brain. In this
way, working and long-term memory complement each
other. The inability to efficiently store and process
information in RAM leads to poor performance in many
tasks.

The executive processes of spatial attention monitor
the content of working memory and coordinate other brain
systems that are necessary for the maintenance and
selection of object features.

Effective spatial selective attention and working
memory are important for solving complex spatial tasks.

In addition to the distribution of attention, it is often
necessary to switch attention from one location of an object
or task to another. Such switching also entails costs in
terms of information processing speed because it takes
some time to unlock and restart the task. Quickly switching
attention from the current task to a new one requires
additional time, especially for beginners. On the other
hand, spreading attention over a wide field of vision allows
you to see the peripheral world without focusing on most
of the objects in the periphery. However, the visual system
cannot process all information. Most of the unprocessed
visual information is not important for achieving the goal
of the game and can be ignored. At the same time, in order
to attract attention and reduce information processing time,
the visual system must be sensitive to changes in object
position, brightness, and color. Attention is directly
directed to the place where a sudden change has occurred,
which is associated with a sudden onset or change that
attracts attention. Sudden events are rapidly analyzed by
the brain using processes that require identification,
recognition and decision-making. The processes usually
involve eye movements and motor actions. The next step is
to recognize the object that has attracted attention,
discarding information that is not relevant to the object.
This is visual selective attention. Thus, improving this
basic skill improves performance on other tasks by
supporting functions that depend on this ability.

Conclusions and Future Work

The research clearly demonstrated the need to
manage learning processes. This is due to the need to
maintain focused attention when studying a certain amount
of information content and control the level of learning.
Moreover, the use of neurointerfaces [14, 15] capable of
receiving bioelectrical signals from the human brain during
learning and transmitting them to technical devices in real
time has made it possible to control the learning process.

The main criterion for the optimization of the
learning process is to stabilize the time period that allows
for full implementation of personalized learning. The use
of optimal time when working on a certain amount of
information is evidence that the learner is actively working
with the content available to him or her. New methods of
cognitive learning help to develop, maintain and improve
spatial cognition. All tasks in spatial cognition are
supported by attention and the level of working memory,
which are closely related to each other. Complex spatial
tasks require rapid extraction, separation, and redistribution

of attention across a variety of object qualities. At the same
time, during several stages of information processing,
attention should be selectively switched between the
qualities of the object in the RAM to maintain their
activity.

A method of organizing the learning process using a
computer-based learning system has been formed, the
functioning of which implements a personality-oriented
model of the student. The results of the experimental study
have proved that due to adaptation, each student begins to
work with the same intellectual load for different
categories of students. Structuring the didactic material in
the form of a graph with the vertices of the relevant content
sections and transition management implemented by the
learning control system allows to improve the process of
individualization of learning. Thus, the methods used in
digital content development technologies have the potential
to revolutionize the teaching of spatial skills and concepts.
In turn, this will have significant social and economic
implications in basic education.

Further research should be directed towards
identifying the increase in students' creativity and cognitive
activity, their motivation to learn and self-learning,
facilitated by fundamentally new technologies of human
learning based on the use of virtualization and augmented
reality. They make it possible to form relevant digital
competences [16, 17], to learn information images of real
natural phenomena and processes by experimenting with
various digital tools and technologies (simulations,
computer modelling, virtual and augmented reality), and to
ensure the restoration of lost and development of new
intellectual abilities [18, 19]. The proposed means of
virtualization and augmented reality will contribute to the
emotional involvement of students, create additional
opportunities to make tasks more understandable, illustrate
the nature and effectiveness of the phenomenon in action,
increase the visualization of results, and strengthen the
vector of students' mental development [20, 21]. It is
emphasized [22] that the introduction of new technologies
provides increased motivation for the systematic mastery
of practical skills, increases students' concentration and
attention, increases their cognitive experience and
promotes the development of creative abilities.

An analysis of current views on the problems of
introducing a synthetic learning environment into
educational practice [17, 23] has proved the need to
consider it in two aspects: artificial and formed by
synthesizing the physical world and computer modelling.
For example, study [24] describes a hybrid learning
model to support virtual and offline student learning.
With the development of virtualization techniques [25],
new types of environments are being created, such as
augmented reality, which allows you to observe an object
from any angle. Moreover, an analysis of the scientific
literature [26] revealed a shortage of appropriate
applications for teaching science, technology, engineering
and mathematics subjects in higher education institutions.
In particular, work [27] notes that the choice of innovative
learning depends on a person's access to certain types of
technology. At the same time, the organization of the
educational process in educational institutions is directly
influenced by the features of user access, namely the
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permissible number of users. In this case, an important
aspect is the methods of evaluating the results of the
implementation of augmented reality applications, which
are based on the 1ISO 9241-11 standard.
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AnoTanis. [IpexMeTom IOCTiKEHHS € 1HIMBITyali3allis MpoIecy HaBUAHHS MiJ Jac 3aCBOEHHS iHGOpMAIl 3 pi3HIM
piBHeM ii cy0’ekTHBHOI ckimagHocTi. MeTra — po3poOka METOHONOTIi CTBOPEHHs IHM(POBOTO KOHTEHTY IS YHPaBIIHHSI
HOBEIHKOIO YYHS 32 JOTMOMOIOI0 3MiHHM 00’€KTHBHOI CKJIaIHOCTI HaBYaJIbHOrO Marepiany. 3agadya — po3poOka Ta TEOpETHUHE
OOIPYHTYBaHHsI METOJIB iHJMBiAyani30BaHOTO TiAXOAy CTYICHTIB Ui HaBYaHHA NpPOQECiiHMM KOMIETCHI[SM MHIIIXOM
CTBOpPEHHS IHJMBIAyalbHUX TPAEKTOPii BUIIyYCHHS Ta 3aCBOEHHS 3HAaHb. BHUKOpPHCTaHI METOAM: METOAM AaHAIITHYHOTO
MOJICIIOBAHHS Ta IITYYHOTrO iHTenekTy. OTpuMaHi HACTYNHI pe3yibTaTd. 3aNpONOHOBAHO BH3HAYaTH CKIAJHICTh KOHTEHTY
YHCJIOM IIOHATH, SKI BHKOPUCTaHI y (parMeHTi iHpoOpMallii Ta pi3HOMAHITTAM B3a€MO3B’S3KiB MK HHMH, a HOTO MOJENb
HAJIaBaTH y BUTJLNI Tpada-aHATITHYHAX CTPYKTYp, BEPIIMHAMH SKOTO € MOHATTS Ta pedpa, AKi BiOOpaxaroTh PI3HOMAHITTS
3B’s13KiB Mixk HUMH. C(OpMOBaHO METOJ OpraHizallii mponecy HaBYaHHS i3 BUKOPUCTAHHSIM KOMII I0T€PHOI HaBUAIBHOI CHCTEMH,
GbyHKIIOHYBaHHS SIKOI peajizye 0coOUCTO-OpieHTOBaHY MoJenb y4yHs. BucnoBku. IlonepenHe cTpyKTypyBaHHS JUAAKTHYHOTO
Marepiaiy y Bl rpady, BepLUIMHAMH SKOTO € BiIMOBIIHI PO3IIIM KOHTEHTY, a YIPaBIiHHSI MEPEeX0oJaMU peatizye cucrema
KOHTPOJIIO 3aCBOEHHS MaTepiajly Jlae 3MOTy y/IOCKOHAJIMTH MpoLec iHauBiAyai3anii HaByaHHs. [IprudyoMy, 3a paxyHOK aganTarii
KOXEH 3 YUHiB I0YHHAE TIPALIOBATH 3 OJHAKOBUM IHTEJICKTYaJIbHUM HABAHTAKCHHAM.
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