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INFORMATION TECHNOLOGY OF DYNAMIC FORMATION OF CONTENT DEPENDING ON
THE CHARACTERISTICS OF THE RECEIVING -TRANSMITTING SYSTEM

Annotation. This paper presents an information technology for dynamic formation of content in conditions of limited re-
sources. Due to the developed information technology, when connected to the site, the user will receive information in the form that
his device can play. Information technology of dynamic formation of content consists of four stages: course formation, test formation,
determining of the characteristics and display of information. The stage of course formation is based on a model of a system for re-
ceiving and transmitting information, namely, on the user's presentation and information resource. The presentation of the user in-
cludes the model of the receiving part of the system for receiving and transmitting information and the type of user in terms of access
rights. The presentation of an information resource includes a basic content model and many registered users. In turn, the basic
content model includes content that consists of multiple sections, and each section can be divided into multiple section elements. The
test formation stage is based on the model of the system for receiving and transmitting information and contains an assessment of the
representativeness of the test to ensure its quality, which is based on an analysis of the proportion of the number of questions cover-
ing different sections and educational objectives of the course. The steps of characterization and display of information are based on
the method of dynamic formation of content. The main modules and users of information technology of dynamic formation of content
are implemented using the information system "system of the dynamic determination of content”. Approbation of information tech-
nology was performed at the Odessa Polytechnic University in disciplines that use elements of distance learning to ensure that all
information on the course is viewed, regardless of the communication channel and students' devices. To assess the quality of the
developed information technology, an experiment was conducted with the participation of students. As a result of the experiment, it
was proved that the quality of the process of receiving and transmitting information increased by 1.55 times due to the use of the

developed information technology.

Keywords: distance learning; mobile learning; content; content formation, receive data; transmit data; dynamic content for-

mation; limited resources

Introduction. Formulation of the Problem

Not so long ago, during the reception and
transmission of large amounts of information on the
Internet, a large number of problems arose, most
often there were delays in receiving and transmitting
information and the quality of reproduction of all
types of content suffered: text, images, video, etc.
But thanks to the rapidly growing characteristics of
the systems of reception and transmission, storage,
processing and display of information, work on the
Internet has become a daily task.

Despite this, today there is still the problem of
playing content: working with multimedia, watching
videos, images, etc. Most often it occurs in users
who use devices with low performance or due to
poor communication channel [1-4], because the
quality of the process of receiving and transmitting
information (RTI) significantly depends on the char-
acteristics of software and hardware. Thus, users do
not receive the information of interest to them [1-3]
and leave the resource that was viewed. As a result,
organizations that provide such content lose poten-
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tial customers because users have not opportunity to
view it [3-4].

The solution of the tasks of the RTI is signifi-
cantly complicated by the heterogeneity of the in-
formation environments used in the systems for re-
ceiving and transmitting information (SRTI). At the
same time, very different hardware is used, the char-
acteristics of which (processor, memory, network
equipment) lie in a wide range. Software (operating
systems, browsers, information compression tools,
network protocols of different levels) is also very
different. All of this can vary in different sessions,
even for one user, so there is a problem of compati-
bility of all components of the SRTI and this, in
turn, affects the quality of the RTI process.

New information compression methods [5],
new PPI protocols [6-7], intelligent tools for analyz-
ing and dynamically adjusting RTI processes [8-10]
are currently used to adapt content to the characteris-
tics of software and hardware. However, organiza-
tions that have a small budget, as well as users who
have low characteristics of their devices cannot use
the proposed options. Most often, such organizations
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include those that provide distance learning services,
regardless of which intermediary they use [11].

Development of information technology for dy-
namic formation of content in conditions of limited
resources provides the user with such content, which
he can view using his software and hardware, and
therefore is an urgent task.

The purpose of this work is to improve the
quality of the process of receiving and transmitting
information in the context of limited resources
through the development of information technology
for dynamic content generation.

The quality of the process of receiving and
transmitting information depends on the reproduc-
tion of all types of content. It is proposed to evaluate
the quality of the RTI process as a percentage of
users who do not leave the site due to the delay of
the RTI and reproduction of information.

According to the goal it is necessary to solve
the following tasks:

— highlight the main stages of the information
technology of dynamic formation of content, indi-
cate their connection with the models and methods
on the basis of which the information technology
was developed;

— describe the main stages of the information
technology of dynamic formation of content;

— specify an information system that was de-
veloped to implement information technology for
dynamic formation of content;

— perform testing of developed information
technology.

Formation of the coarse (The model 58T

The presented method takes into account previ-
ous developments. In [2-3; 12-15] goals of the edu-
cational process were introduced and the types of
content were described: content types are used for
the course formation and test stages, the goal - for
the test formation stage. B [3] proposed the forma-
tion of a learning style based on the behavior of the
student, to determine the adaptability of the content,
this is taken into account for the information display
stage. The SRTI model, on which the information
technology of dynamic formation of content is built,
is an evolution of the model [15]. A method for
adapting content according to the amount of
information transmitted, which is part of the step of
determining characteristics, is presented in [16]

Information
formation of content

The information technology of dynamic forma-
tion of content development of a distance course is
based on the model of the receiving part of the sys-
tem for receiving and transmitting information, the
basic model of content and the SRTI model, the
method of dynamic content formation [4-6; 17].

The main stages of the information technology
of dynamic formation of content are: course forma-
tion, test formation, determining of the characteris-
tics and display of information.

In Fig. 1 shows the main stages and modules of
the system, their relationship with the models and
method used, and the main users in the information
technology of dynamic formation of content.

technology of dynamic
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Fig. 1. The main stages of the information technology of dynamic content formation
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The stages of the course formation and the test
formation are based on the model of SRTI. The
course formation stage includes a course generation
module, a topic formation module, and a content
generation module. The test formation stage contains
a module for determining the number of questions
and test formation and a test analysis module.

The steps of determining of the characteristics
and display of information are based on the method
of dynamic formation of content.

The display of information stage includes a
content display module.

The stage of determining of the characteristics
consists of a module determining the characteristics
of the receiving part of the system, which is based
on the model of the host of the SRTI and the module
determining the information that is transmitted, the
module is based on the basic content model.

The stages of the developed information tech-
nology consider in more detail.

Formation of content in the SRTI model can be
divided into two parts:

— formation of a distance course, namely: lec-
tures, laboratory and practical work;

— formation of the test, namely: test tasks to
verify that students are learning information from
sections of a distance course and the entire course as
a whole.

The course formation stage

The stage of formation of the course is based on
the SRTI model [4-6; 17], which includes the model
of the receiving part of the system for receiving and
transmitting information, the basic model of the con-
tent and the presentation of the information resource
and the user.

Presentation of a user

User k, from the point of view of the technical
capabilities of the means of obtaining content pro-
vided by an information resource, can be represented
as follows:

k=<RD, tk>,
where:

RD — the model of the receiving part of the
SRTI;

tk — user type in terms of access rights.

Depending on the characteristics of the soft-
ware and hardware, the information provided to the
user may be displayed differently. In this paper, it
was proposed to consider three types of devices at
the first level of analysis of the receiving part of
SRTI: personal computers/laptops, tablets, smart-
phones. In addition, the quality of the content that
the user can view, taking into account the software
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and hardware, depends on: the speed of the RTI, the
operating system of the receiving side, the software
for displaying the content (browser), the screen reso-
lution.

Based on this, was built the model of the re-
ceiving part of the system of transmission and recep-
tion of information [17]:

RD=<tc, tg, os, srd, p, ms, b, ssb, v,, >
where:

tc — the type of connection available to the user;

tg — the type of device with which the user gets
access to the information;

os — the user's operating system,;

srd — the resolution of the user's device screen;

p — the user's device processor;

ms —user device memory;

b — browser;

ssb — browser window size;

vpp — RTI speed.

Presentation of an information resource

The developed system is designed for a large
number of users and is intended for use on the Inter-
net. Depending on the hardware characteristics of
devices from which the administrator will provide
data, the transfer of information can be performed in
four ways (Fig. 2).

The presented technology should implement a
mechanism for quality content display on all types
of user devices, regardless of the data transfer rate
and user device characteristics in real time. In these
conditions to ensure the processing of requests and
the provision of content to the user, the use of client-
server technology is reasonably considered to be the
best option for an architectural solution.

The information resource P, in terms of ele-
ments that can be stored and transmitted to the user,
can be represented as follows:

P=<I K>,
where:

1 — the basic content model;

K — many registered users, k €K — user.

The basic content model [28] is represented as:

I=<1p, d, C>,
where:

tp — the type of content that will be used, de-
pending on the user's characteristics;

d — section availability to a specific user;

C — content.

The availability of a partition to a specific user
d is determined depending on the type of user in
terms of access rights 7k, which is determined in the
user model £.
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Fig. 2. Methods of information transmission

Content C consists of many sections of the site,
each of which can have a number of elements:

n m
C=UR;,where R, = Ur; ,
i=l j=
where:
R — many sections of the site that provides in-
formation resource;
7 eR — an element of the section R;
i — the index that indicates the minimum num-
ber of sections;
n — the index that indicates the maximum num-
ber of partitions;
j — the index that indicates the minimum num-
ber of elements in a particular section;
m — the index that indicates the maximum num-
ber of elements in a particular section.
The element of the section 7 in the general case
can be represented as follows:
r=<tct, v,, pr, sct, ct>,
where:
tct [ T —the content type of the item,
T — type of content (video, graphics, text, etc.);
v, — the recommended RTI speed;
pr — the priority of using this element with other
elements with an equal size of sct;
sct — the size of the content element of the
transmitted information in bytes;
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ct — the content part of the element.

Based on the basic content model, we will
present its developed version for a training course
that is taught using IT, where the section element
appears as follows:

r/=<1idct, di, tm, iz, tct, v, pr, sct, ct>,

where:
idct — course content item identifier (CCI);
di — the course to which the CCI belongs;
tm — topic to which the CCI belongs;
iz — mandatory presentation is equal to 1 if the
CCI element is mandatory for viewing and 0
otherwise.

The test formation stage

The test formation stage in addition to present-
ing the test to the user in the form of certain content
includes analyzing the test, determining the number
of questions and the formation of the test. Without
this stage, the information system for a distance
course would not be complete as testing provides an
objective assessment of the level of students' knowl-
edge.

However, at the same time, the developed tests
may contain tasks that do not cover the material of
the discipline as a whole, and in this case the testing
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cannot correctly determine the degree and quality of
the material acquired by students.

Examination of test tasks is a prerequisite for cre-
ating tests, regardless of the scope of their application,
because one of the drawbacks of modern informational
learning systems is that test questions are not con-
trolled by the system from the point of view of repre-
sentativeness. Because of this, the test is subjective and
weakly formalized. Therefore, the SRTI model, when
forming tests, uses a method for assessing and increas-
ing the representativeness of a test to ensure its quality,
which is based on an analysis of the proportion of the
number of questions covering different sections and
training objectives of the course.

To determine the representativeness, a measure
of compliance of the calculated characteristics of the
test and the number of questions in the analyzed test
are introduced, which is calculated by the formula:

_g‘i(ni ~ Nigex )2
M=-=

m

where: M — a measure of compliance with the calcu-
lated characteristics of the test and the number of
questions in the analyzed test;

n; — the number of questions that need to be in-
cluded in the test on the i-th theme;

Mg — the number of questions that were in-
cluded in the test from the i-th theme before the cal-
culation;

m — the number of themes.

The representativeness of the test is achieved
when the value of the measure of conformity is
equal a zero. The measure of compliance is zero
provided that the number of questions included in
the i-th theme of the training course coincides with

The deinior of the demcs

the number of questions that need to be included in
the i-th theme. The higher the measure of confor-
mity, the worse the representativeness of the test.

This stage allows teachers to analyze the repre-
sentativeness of the test being studied, a fragment of
a single course or comprehensive testing [18-19].
When using this step, it was practically found that
the time spent working on calculating characteristics
test was reduced twice.

Steps of determining characteristics and dis-
play of information

The determining characteristics and display of
information is performed using the method of
dynamic formation of content, which is based on a
mandatory preliminary (at the beginning of each
session), also during the entire session (at a prede-
termined frequency), the characteristics of the SRTI
are determined. Method takes into account both the
basic variants of the transmitting part and the
characteristics of the receiving part. Method is based
on a system of developed decision rules, which,
based on an analysis of the current characteristics of
the SRTI, determine the appropriate type of content
[16].

Information system of the dynamic forma-
tion of content

The main modules and users of information
technology of dynamic content formation (Fig. 1)
are implemented using the SDDC information sys-
tem (system of the dynamic determination of con-
tent). Fig. 3 shows the use case diagram of the
SDDC information system, which shows the main
users, information system functions and their inter-
action with models and methods, on which the sub-
mitted information technology.

3 Coasrai foimat on
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Fig. 3. Diagram of use cases of the information system SDDC of the dynamic formation
content in real-time
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Use of information system of dynamic for-
mation of content

Two experiments were conducted to evaluate
the developed information technology.

The first experiment was aimed at all stages of
information technology, which include the model of
the receiving part of the system of receiving and
transmitting information, the basic model of content,
the model of SRTI, and the method of dynamic for-
mation of content, which are aimed at improving the
quality of the process of receiving and transmitting
information. The experiment was conducted among
132 students. Each student had to connect to a dis-
tance course and view 4 types of material (text, text
with high quality images, text with low quality im-
ages, video, multimedia) using smartphones or lap-
tops / PCs. According to the research, 47 % of the
entire audience of students begins to take a distance
course on the chosen subject with the help of smart-
phones or plans. Prior to the use of the developed
technology, at the first connection, there were no
problems with reproducing content for only 5% of
users. At the same time, 37,6 % of all students
switched from mobile devices to using PCs / laptops.
After using the developed information technology,
all students were able to obtain the necessary infor-
mation on the course the first time. Only 3 % of stu-
dent transfers from mobile devices to PCs were reg-
istered. At the same time, not a single student had
any problems with reproducing content.

The second experiment was aimed at the
formation of the test, because in addition to being
built on an SRTI model, it also includes a method
for assessing and increasing the representativeness
of a test to ensure its quality, which is based on an
analysis of the proportion of the number of questions
covering different sections and educational objec-
tives of the course.

To confirm the effectiveness of this stage, tests
of three disciplines were analyzed. The
representativity test inspection showed that a
measure of conformance test for the first discipline
is 1,25; for the second — 1,3; on the third — 3,6. Tests
with such indicators have low representativeness and
require a review of the number of questions on each
of the topics. After that, the required number of
questions for each topic was calculated using the
method of assessment and increasing the representa-
tiveness of the test. When using this stage, it was
practically established that the time spent on the
work on calculating the characteristics of the test
was reduced by 2 times.
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Conclusion

The information technology of dynamic content
formation in conditions of limited resources, which
is implemented in the form of the SDDC (system of
the dynamic determination of content) information
system SDDC, which presented in this work, is de-
signed for the dynamic formation of content courses
using elements of distance learning, to ensure that all
information is viewed regardless of the communica-
tion channel and student devices.

Information technology of dynamic content
formation is based on the model of the receiving part
of the system for receiving and transmitting informa-
tion, the basic content model, the model of the sys-
tem for receiving and transmitting information, and
the method of dynamic content formation.

The developed information technology allows
the user to receive such content that he can view us-
ing his device, even if the device has low characteris-
tics, and / or if there is currently a poor communica-
tion channel. Most often, in such conditions, the user
cannot get high-quality content: video is not loaded,
high-quality images, there is no possibility to use
multimedia. Especially often these problems arise
among students due to their use of budget hardware.

In this work, the main stages of information
technology of dynamic formation of content were
identified and described, the connection of the stages
of information technology with the models and
methods on the basis of which information technol-
ogy was developed, an information system is speci-
fied that was developed for the implementation of
information technology for dynamic formation of
content and the approbation of the developed infor-
mation technology was performed.

Approbation of information technology was per-
formed at the Odessa Polytechnic University in disci-
plines that use elements of distance learning to ensure
that all information on the course is viewed, regardless
of the communication channel and students' devices.
Before using the developed information technology,
37,6 % of students switched from mobile devices to
PCs: the quality of the RTI process is 62,4 % (how-
ever, many students who did not leave the course re-
ceived poor-quality content - see experiment 2-3). Af-
ter using information technology, only 3 % of students'
transitions from mobile devices to PCs were recorded:
the quality of the RTI process is 97 % (while students
who left the course received the necessary content —
see experiment 4).

The quality of the RTI process after using
information technology has increased 1.55 times.
The information technology thus developed ensures
an improvement in the quality of the RTI process.
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THO®OPMAIINHA TEXHOJIOT'ISI IMHAMIYHOI'O P®OPMYBAHHA KOHTEHTY B
3AJIEZKHOCTI BIJI XAPAKTEPUCTUK CUCTEMHU ITIPUNOMY-IIEPEJIAYI

Anomauia. Y oaniii pobomi npedcmagiena iHpopmayiiiHa mexHoio2ia OUHAMIYHO20 DOPMYBAHHA KOHMEHMY 8 YMO8AX 00-
MedceHux pecypcie. 3a0sKu po3pobueniil inghopmayitiniil mexnHono2ii, npu nioKoueHHi 00 caimy Kopucmyeay byoe ompumysamu
ingopmayito 6 momy euenaodi, AKUll 3Modice 8iomeopumu 1020 npucmpii. Ingopmayiiina mexnonozis OUHAMINHO20 POPMYBAHHSL KO-
HMEHmMy CKAa0aemuCs 3 HOMUpPbOX emanis: opmysanis Kypcy, OpmMy6anHs mecmy, GU3HAYEeHHs XapaKmepucmux i 6i006pajcents
inghopmayii. Eman opmyeanns Kypcy 3aCHO8AHUN HA MOOeNi cucmemu nputilomy-nepeoayi ingpopmayii, a came Ha Y61eHHI KOPUC-
myeaua i ingpopmayitinoeo pecypcy. Ilooanns xopucmyeaya exnioyae 6 cebe MoOenb NPUUMALLHOL YACMUHU CUCEMU NPUTOMY-
nepeoaui iHgopmayii ma mun KoOpucmyeaya 3 mouxu 3opy npag oocmyny. Ilooanus ingpopmayiiinozo pecypcy exknouae 8 cebe 6azo-
8y MoOenb KOHmeHmy i 0e31iu 3apeccmpo8anux Kopucmyeayig. ¥ ceorw uepey, 6a306a mMooenb KOHMEHmy 6KIUAE 8 cebe KOHMenn,
AKULL CKIA0AEMbCs 3 Oe3nivi po30inie, a KodceH po30in Moxce Oymu nodiieHutl Ha 6e3niy enemenmis po3oiny. Eman gopmyeanns
mecmy 3aCHOBAHULL HA MOOei cumcemu nputiomy-nepeoadi i Micmums OYiHKY penpe3eHmamugHocmi mecmy 071 3a0e3nedeHHs 1oeo
AKOCMI, SAKUL 3ACHOBAHUL HA AHANIZI NPONOPYIl KIIbKOCMI RUMAHb, Wo OXONIIOIMb PIi3Hi po30inu i Haguanvhi yini Kypcy. Emanu
{6usHauenHs xapakxmepucmux i 6i000padicents ingopmayii 3acHo8ani Ha Memoodi OUHAMiuHo20 Gopmyséants kKowmenmy. OCHOGHI
MOOYTE | KOPUCMYBAUL IHPOPMAYIUHOT MEXHON02IT OUHAMIYHO20 (POPMYBAHHS KOHMEHMY PEalizyiombCs 3a 00NOMO2010 IHGopmayiti-
Hoi cucmemu “System of the Dynamic Determination of Content”. Anpobayis ingopmayiinoi mexnonoeii Oyna euxonana ¢ Odecwb-
KOMY HAYIOHAALHOMY NOIMeXHIYHOMY YHIgepcumemi 6 OUCYUNTIHAX, AKI BUKOPUCTOGYIOMb eeMeHmu OUCMAHYIIHO20 HAGYAHHS,
ons 3abe3neuenis nepeisidy 6Ciel iHpopmayii no Kypcy, He3aNeHCHO 8I0 KAHALY 36'13Ky | npucmpoie cmyoenmis. [is oyinku skocmi
Po3pobenol ingopmayitinoi mexnonozii 6y6 npogedenull eKCnepumMenm 3a yuacmio cmyoenmis. B pezynomami excnepumenmy, 06yio
006e0eH0, Wo AKICMb npoyecy nputiomy-nepedaui ingopmayii 30inewunracs 6 1,55 pasie 3a paxyHox 6UKOPUCMAHHS PO3POOAEHOT
iHGhopmayitinoi mexnonozii.
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NHOOPMAIIMOHHASA TEXHOJIOT'UA JUHAMHNYECKOI'O @OPMHUPOBAHUSA KOHTEHTA
B 3ABUCUMOCTHU OT XAPAKTEPUCTUK CUCTEMBbI IIPUEMO-IIEPEJIAYA

Annomayusn. B oannoii pabome npedcmaeiena uHGOpMayuoHHas MEXHOI02US. OUHAMUYECKO20 OPMUPOBANUsT KOHMEHMA 6
VCI0BUAX 02PAHUHEHHbIX pecypcos. brnazooaps pazpabomannoii uH@GOPpMAYUOHHOU MEXHONO2UU, NPU NOOKAIOYEHUU K CAlMY NONb30-
eamensb Oydem noayuams UHGOPMayuIo 6 Mom gude, KOMOPLIll CMOICEN 60CAPOU3EECHIU €20 YCmpoucmeo. Hngopmayuonnas mex-
HONO2USL OUHAMUYECKO20 POPMUPOBAHUS KOHIMEHMA COCMOUM U3 Yemblpex dMmanos: opMuposanust Kypcd, (popmuposanust mecma,
onpeoeieHusl Xapakmepucmux u omoopajicenust ungopmayuu. dman Gopmuposanusi Kypca 0CHOBAH HA MOOEIU CUCIEMbL RPUEMO-
nepeoayu uHpOpMayuy, a UMEHHO HA NPeOCMasieHul Noab308amens u uHpopmayuonno2o pecypca. Ilpedcmasienue nonvzosameis
sKIouaem 6 cebs MoOenb NPUEMHOU YACU CUCIEMbl NPUEMO-Nepe0ayu UHGOpMayuu u mun noIb3068ameis ¢ MOYKU 3PEHUsl Npas
odocmyna. IIpedcmasnenue unghopmayuonHoeo pecypca @kaodaem 6 cebs 6azo8y Mooeib KOHMEHMAa U MHOICECMBO 3apecucmpu-
posannbix noavzosamenel. B ceoto ouepedw, bazosas mooens konmenma xuouaem @ cebs KOHMEHM, KOMOPbIl COCMOUM U3 MHO-
Jlcecmea pazoenos, a Kaxcowlli pazoen modicem Obimb NOOeIeH HA MHOJICECMBO NEMEeHmMOo8 pazoeid. dman gopmuposanus mecma
ocnosan Ha mooenu CIIITH u cooepaicum oyeHKy penpeseHmamueHocmuy mecma Oisk 06ecneveHust e20 Kauecmed, KOmopbulii 0CHOBAH
Ha ananuse nponopyuu Koauvecmed 60NPOCos, OX6AMblEAIOWUX pa3Hble pazoeibl U yueOHbvle yeau Kypced. Dmanvl onpedeienus xa-
PAKMEPUCIUK U OMOOGPANCEHUSI UHPOPMAYUY OCHOBAHbL HA MemOoOde OUHAMUYECK020 (popmuposanus Konmenma. OcrHogHble MOOYIU
U nob306amMeNU UHPOPMAYUOHHOT MEXHOL02UU OUHAMUYECKO20 (POPMUPOBAHUSL KOHMEHMA PEaUu3VIOMCsl ¢ NOMOWbIO UHpOpMAayU-
onnotl cucmemot “System of the Dynamic Determination of Content”. Anpobayusi uHGhopMayuoHHOU MEXHOI02UU ObLIA BLINOIHEHA 6
O0ecckom HAYUOHATLHOM NOTUMEXHUYECKOM YHUBepcumeme 8 OUCYUNIUHAX, UCHONb3YIOWUX dNIeMeHmbl OUCMAHYUOHHO20 06)de-
Hust, OJis 0becneyeHUss npoCMompa 6ceti UHGOpMayu no Kypcy, He3a8ucuMo Om KAHAA C6A3U U YCmpoucme cmyoenmos. /s oyen-
KU Kauecmea paspabomanHol UHGOPMAYUOHHOU MEXHOI02UU Obll NPOBEOeH IKCREPUMEHN ¢ yuacmuem cmyOoeHmos. B pesyismame
aKcnepumenma, Oblio 00KA3AHO, YMO KA4ecmeo npoyecca npuemMo-nepeoayu ungopmayuu yeenuuunocs 8 1,55 paz 3a cuem ucnoino-
306aHUsL pA3paAbOMAHHOU UHDOPMAYUOHHOU MEXHOIOSUU.
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