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Preface

In these extraordinary and challenging times, it is our great pleasure to present you the
proceedings of the Workshops co-located with ICTERI 2020, the sixteenth edition of
the International Conference on Information and Communication Technologies in Ed-
ucation, Research, and Industrial Applications, held in Kharkiv (Ukraine) on October
5-10, 2020. This year’s edition focused on research advances, information systems
technologies and applications, business/academic applications of Information and
Communication Technologies. Emphasis was also placed on the role of ICT in Educa-
tion. These aspects of ICT research, development, technology transfer, and use in real
world cases remain vibrant for both the academic and industrial communities. Overall,
ICTERI 2020, including the Workshops, was focused on the four thematic tracks re-
flecting these research fields: (i) ICT research advances, (ii) information systems tech-
nologies and applications, (iii) academic and industry cooperation in respect to Infor-
mation and Communication Technologies, and, more relevant than ever, (iv) the role
of ICT in Education.

This volume is structured in six parts, each presenting the contributions to a particular
workshop:

Part I: RMSEBT Workshop is the fourth workshop Rigorous Methods in Software
Engineering and Blockchain Technologies. The workshop was organized by Vladimir
Peschanenko, Mykola Nikitchenko, and Yulia Tarasich. The workshop dedicated to
rigorous methods which are used in different fields of software engineering: rigorous
methods for specification, verification and optimization of software, rigorous methods
for different kinds of software analysis (modeling, business rule extraction etc), soft-
ware testing which based on rigorous methods (model based testing, white box testing
and so on), re-engineering problems (model extraction from source code, language mi-
gration etc), DLT architecture development, modeling and verification of token econ-
omies, detected of smart contracts vulnerability.

Part IT: TheRMIT Workshop is the sixth workshop on Theory of Reliability and Mar-
kov Modelling for Information Technologies. The workshop was organized by
Vyacheslav Kharchenko. The workshop dedicated to overcoming a gap between re-
searchers of mathematical methods for reliability, safety, security and dependability as
a whole, on the one side, and engineers who develop critical systems, auditors who
assess and assure dependability during life cycle stages, on the other side.

Part III: ITER Workshop is the eighth workshop on Information Technologies in
Economic Research. The workshop was organized by Vitaliy Kobets, Tetiana Paientko,
and Alessio Maria Braccini. The workshop intended for providing a meeting point for
intensive scientific exchange among researchers and experts from computer science,
business computing and information system areas in emerging technologies interested
in a focused look into IT in economic research related to the design, development, im-
plementation, use and management of emerging technologies, real-world business ap-
plications and the move to a digital economy.

Part IV: 3L-Person Workshop is the fifth workshop on Professional Retraining and
Life-Long Learning using ICT. The workshop was organized by Oleksandr Burov and
Svitlana Lytvynova. 3L-Person Workshop intended for providing for evaluating new
and emerging technologies in education, learning environments and methods that have



to satisfy life-long learning of a person (from school age to retirement), professional
training and retraining in view of the person-oriented approach. It covers such topics as
an adaptive learning strategy and design, day-to-day support for individual’s learning,
life-long learning of individuals, learning at the workplace, learning with emerging ICT
that provide remote collaboration, learning/training process of individuals with special
needs, ICT in education safety and security, recommendation regards vocational re-
training and/or further carrier etc.

Part V: CoSinE Workshop is the eighth workshop in memory of Illia O. Teplytskyi
on Computer Simulation in Education. The workshop was organized by Arnold Kiv,
Serhiy Semerikov, Vladimir Soloviev, and Andrii Striuk. CoSinE Workshop is a regu-
lar peer-reviewed workshop co-located with ICTERI focusing on theory and practice
of computer simulation in education. CoSinE puts special emphasis on real-world ap-
plications of computer simulation in education. Therefore, all contributors are strongly
encouraged to demonstrate how and for what purpose the proposed solutions are to be
used. Examples could be taken from case studies involving new tools and/or methodo-
logical approaches in education, experimental studies with usable learning applications,
or surveys revealing new modelling tools in educational research and practice.

Part VI: MROL Worksop is the fourth workshop on Methods, Resources and Tech-
nologies for Open Learning and Research. The workshop is organized by Hennadiy
Kravtsov and Mariya Shyshkina. MROL Workshop intended for benchmarking the
state of the art and defining the future prospects of the open systems of higher education
design and development, with the focus on the most valuable trends, methods, tools and
technologies driving the innovative development of educational environment. It fo-
cuses also on the learner’ competencies needed for the open educational and research
systems development including higher responsibility, collaborative skills, leadership,
creative thinking, taking the problem in general and others are to be considered and
explored.

Overall, ICTERI 2020 workshops attracted 223 paper submissions. Out of these sub-
missions, the organizers have accepted 101 high quality and most interesting papers.
So, the average acceptance rate was of 43,3 percent.

This volume would not appear without the support of many people. First of all, we
would like to thank all the authors who submitted papers to the workshops of ICTERI
2020 and thus demonstrated their interest in the research problems within their scope.
We are very grateful to the members of the Program Committees for providing timely
and thorough reviews and, also, for being cooperative in doing additional review work.
We would like to thank the local organizers of the conference whose devotion and ef-
ficiency made the constellation of ICTERI 2020 workshops a very interesting and ef-
fective scientific forum.

October 2020 Oleksandr Sokolov, Grygoriy Zholtkevych, Vitaliy Yakovyna,
Yulia Tarasich, Vyacheslav Kharchenko, Vitaliy Kobets,
Olexandr Burov, Serhiy Semerikov, Hennadiy Kravtsov
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cording to the annual QS World University Rankings 2020, Karazin Uni-
versity is included in the Top 500 universities in the world. The University
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universities.

Kherson State University (KSU, http://www.ksu.ks.ua/) is a versatile sci-
entific, educational, and cultural center in the South of Ukraine. It offers
full-day, extra-mural, external study programs attended by 8,000 students
from 23 regions of Ukraine and CIS countries. Its research and teaching
staff comprises 18 members of the Ukrainian and foreign Academies of
Science, 68 professors, 234 senior lecturers. About 1,000 students are en-
rolled to its advanced degree programs at Ph.D and Dr.Sci levels.

. Oleksandr  Spivakovsky’s Educational Foundation (OSEF,
\_ ’ http://spivakovsky.fund/) aims to support gifted young people, outstanding
o> educators, and also those who wish to start up their own business. OSEF
l activity is focused on the support and further development of educational,
OSE F scientific, cultural, social and intellectual spheres in the Kherson Region
A2 18 of Ukraine.

bit uk raine Bitmedia Ukraine (https://www.bitmedia.at/?lang=en) Bitmedia Ukraine
TR s part of the EEE Group — education, e-solutions, e-government. EEE
Group is a full-service provider and therefore offers the most important
products in the field of e-Learning, content creation (including tone-of-the-
top videos and smart shows), IT-services and IT-content, content develop-
ment (standard and individual content), authoring systems and certifica-
tions, mobile learning or onboarding. Bitmedia Ukraine supports compa-
nies, public organizations, education institutions and schools in the imple-
mentation of state-of-the-art measures for digital education and admin-
istration.

BWT Group (http://www.groupbwt.com/) are those who do coding all
day and night long. For you. We can do anything, that’s it. The work we
do, and how we do it, is defined in large part by the culture we’ve devel-
oped. We seek to build an organization that each and every one of us enjoys
being a part of, where people feel valued, inspired to grow, and are willing

to do what’s necessary to take care of each other and our client.

| | | Intego Group, LLC (https://intego-group.com/). Headquartered in the

USA and established in 2007 the company is a leading IT Solutions, Bio-

IN TEGO metrics, and Data Sciences_ organization provid_ing services to cIi_ents

across the globe. Our experience covers Life Sciences, Pharmaceutical,

GROUP Automotive, Travel, Hospitality, Oil & Gas, Big Data, Media & Publish-

tia ing, Entertainment, Financial Services, ISVS & Technology, Retail, Sim-
ulation & Training, Transportation, Logistics, Virtual Reality.
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W DataArt (http://dataart.com/) develops industry-defining applications,

- DGI’GAI’I’ helping clients optimize time-to-market and minimize software develop-
ment risks in mission-critical systems. Domain knowledge, offshore cost
advantages, and efficiency — that's what makes DataArt a partner of choice
for their global clients.

IT cLUSTER based organization. We develop the environment for the technological
business of the Kharkiv region by uniting the community of leading IT-
companies, sphere of education, and local authorities.

@ KHARKv Kharkiv IT Cluster (https:/it-kharkiv.com/) is a non-profit public ideas-
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Newcastle University, UK
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Abstract. This paper proposes the concept of building a decentralized identifi-
cation system that allows each participant to perform the role of both an identity
object and an identity provider, regardless of their technical and legal capabili-
ties. The main parameter of significance in the system is the level of trust to-
ward the subject by the other participants of the platform and external IDs in-
formation consumers. This maintains the ability to fully manage the account
and associated PII for their owner through the use of a cryptographic signature
mechanism: changes to key data, PII and identifiers can be made at any time.
The proposed system does not change the existing model of trust for large pro-
viders of identification services, but it allows to increase the objectivity of in-
formation about identifiers and PII of their owners by the possibility of verifica-
tion of a separate identifier to each of the participants of the platform, followed
by recording the results of verification in the chain of blocks. The use of block-
chain technology and a consensus-reaching mechanism make it possible to syn-
chronize the sequence of events in the system. The described global digital
identity system positions itself as a source of information about global entities
of specific subjects, and related personal data sets and established identifiers,
while allowing the end-user of information to make independent conclusions
about the level of trust of these identifiers based on related transactions. The
system described is compatible with the digital asset management infrastructure
and current identification tools. Thus, the system accomplishes a number of im-
portant tasks: reducing the threshold for using digital identifiers, allowing their
ubiquitous use; the ability to verify the identifier and prove its compliance
without the need to build a trusted infrastructure (only cryptography and other
participants’ votes); reducing the likelihood of certificate substitution attacks;
increase the objectivity of information about the identifiers used.
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1 Introduction

Today, the usual point is the independent verification of user credentials by each sys-
tem individually (or by an organization to which the system owner has entrusted user
identification). Very often, these methods are not very different from each other: users
transmit the same set of personal data, confirm registration using traditional methods
(mail, phone, etc.), as a result of which they receive a “local” identifier that is valid
only within the boundaries of the selected system.

The main disadvantage of this approach is that the user must go through the same
identification and registration process again and again, even if an identical data set is
provided. In addition to the resource costs of these processes, this entails that identifi-
ers obtained in different systems are in no way interconnected: information about
identifiers and PII confirmations is not synchronized between identity providers,
which in some cases can lead to the use of different identifiers to manipulate user
permissions. Moreover, at the same time, the data is not stored in a single unified
format and is not signed by the user when they are transferred, which entails the diffi-
culty of finding the custodian of certain data and the inability to confirm their integri-
ty and authenticity.

Global services such as Google [1], Facebook [2], Twitter [3], GitHub [4] and oth-
ers allow users to sign in to other services through the OAuth protocol [5-8], but this
protocol does not provide the required cryptographic reliability and uses session
mechanisms to gain access to user data [9]. Existing decentralized payment systems
have shown that the best practice is the cryptographic signature of each request sent to
the accounting system and the signature of each response that the system returns [10].

The global digital identification system involves binding all user's PII and his pub-
lic key (as an option - a set of keys) to a unique global identifier. Where it leads:

o All information about confirmations of personal data is stored in a single system.
Using mechanisms of digital signature and linking transaction sets to each other
will ensure the authenticity of specific PII confirmations with time-bound events;

o The integrity and authenticity of the data binded to the account is checked exclu-
sively by cryptographic methods (control root hash value);

e The management of personal data is completely controlled by its owner, all other
participants in the system can only confirm a user-defined data set. To obtain per-
sonal data about a particular participant in the system, an identity provider must
contact him directly and obtain ecither the necessary data set or permission to re-
ceive this data from another identity provider.

2 Global identifier and data associated with it

A global identifier is a unique entity within the identification system that represents a
specific subject and is associated with information identifying this subject. The identi-
fier is bound to: the public key of the owner of the identifier, a set of hash values from
the identifiers of other accounting systems, as well as a set of hash values from PII,



which is tied to the account owner. All of the listed data is linked into one structure -
an account (see Fig. 1).
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Fig. 1. Account structure in decentralized digital identity system.

“Account (global) identifier” is an immutable and unique value within the identifi-
cation system, represented as a byte string. This value is generated when the identity
provider creates the new user's account. The main requirement is the uniqueness of
this value within the system (this can be either randomly generated or not randomly
selected).

“Public key” is a public key value, with the private key of which all transactions
initiated by a particular account are signed.

“Readable identifier list” is a set of hash values from identifiers in other systems,
such as email address, facebook id, etc. Also, each hash value is associated with a
specific set of confirmations from other network members that they checked that the
account owner owns the specified email, facebook id, etc., which correspond to the
specified hash values.

“Merkle Root for main data” is the root value from the user's main set of personal
data [11]. It is assumed that the values included in this set will not be updated fre-
quently and therefore they will remain confirmed even if other account fields are
changed.

“Main data confirmation list” consists of a set of records consisting of the identifier
of the provider and information about the set of main data they have verified.

“Merkle Root for additional data” is the root value of an additional set of user per-
sonal data. It is assumed that the values that are included in this set will change, and
correspond to confirmations more often than the main set.

“Additional data confirmation list” consists of a set of records consisting of the
identity of the provider and information about the set of additional data they have
verified.



“Recovery providers list and recovery power” determine the set of identity provid-
ers (and their amount) needed to restore access to the account and change the public
key.

3 Transactions and blocks

The global digital identification system provides that each participant (who has an
account) can send a transaction to the network. Transactions are stored as an ordered
set of blocks (see Fig. 2), each of which contains a cryptographic hash value of the
previous one [12], which provides the ability to control the integrity of the entire his-
tory of events associated with global identifiers.

Set of , Set of Set of
transaciions as transactions a5 transactions

Fig. 2. Transactions arranged as a linked chain of blocks.

A transaction, in turn, consists of a set of defined operations. There are four main
types of operations: the operation of creating an account; the operation of changing /
adding data associated with a specific global identifier; confirmation operations of
data associated with the identifier; the operation of restoring access to the account
(changing the public key and the set of parties for recovery).

The account creation operation can be initiated by any existing account. As a result
of the operation, a new account is created in the identification system and its identifier
and public key are determined (you can additionally define fields containing hash
values of personal data and their confirmations).

Data change operations include operations whose purpose is to change / add main
and additional personal data of the user, as well as change the values of identifiers
associated with external systems. Such transactions can only be signed by the account
owner and verified using the public key value specified in the account. In fact, each
user personally determines the data set that he wants to associate with the global iden-
tifier; identity providers, in turn, have the right only to confirm the data set by the
user.

Data verification operations include operations whose purpose is to confirm main
and additional personal data. Such transactions can be sent by identity providers (in
fact, by any member of the network) in relation to a particular account. Such a trans-
action contains information about the identifier of the account to which the confirma-
tion is carried out, about the value of Merkle Root, to which the data verified by it
belongs, as well as about the set of data itself that has been verified.

The operation to restore access to the account can only be signed by the owners of
the identifiers that were defined by the user at the time of creating or updating the
account. In fact, the user personally determines the set of trusted parties (and their
required number), which can confirm his identity and sign the transaction to update



the public key of the account. In fact, carrying out all types of operations described
constitutes the life cycle of the account (see Fig. 3).
Identity
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Identity Add signed Pl Confirmed Add signed PNl Account
providers confirmation account hash values owner
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Fig. 3. Account lifecycle.

3.1 Account creation process

In order to create an account in the global digital identity system, the user needs to
contact with identity provider. This can be either a separate independent entity, or tied
to a specific accounting system. The registration process may differ depending on the
individual provider (this can be either the personal presence of the user or remote reg-
istration), but it is worth identifying its main features [13]. In the process of creating
an account, the user provides the provider with a set of personal data that must be
confirmed, the Merkle Root value from the entire data set, as well as the Merkle
Branch value to prove that the particular set is in the root value [11]. This allows the
provider to check only specific data and agrees that they are included in the general
set, and all this without providing the entire set of personal data.

Also, the user needs to generate a key pair (private and public keys) and confirm
ownership of the specified email address (or other identifier, depending on those spec-
ified in the account). The account creation process is shown in the following diagram
(see Fig. 4).

1. The user sends the identity provider a set of personal data that must be confirmed,
the Merkle Root value for the entire personal data set, Merkle Branch as evidence
that the personal data set is included in the root hash value, public key, email ad-
dress and the generated identifier value. The user also defines a list of accounts that
can change the value of the public key and restore access to the account.



2. The identity provider checks the provided personal data and checks their relation to
the root value.
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Fig. 4. Process of registration and account creation.

3. The registrar sends a e-mail confirmation to the client (not necessary e-mail, anoth-
er channel can be used). The confirmation contains Merkle Root (proof that the da-
ta received by the provider was not modified), the received public key (also that it
was not modified), identifier, list of trusted providers and Nonce value. All values
are signed by the provider's key; accordingly, an attack on message modification
during transmission is excluded.

4. The user receives a mail, checks that all the data is valid, then signs the Nonce val-
ue with his own private key (as proof that he owns the public), and then sends the
signed value to the provider.

5. The registrar verifies the signature, after which it initiates the creation of the ac-
count: it fills out the necessary fields, generates a global identifier and sends the
corresponding transaction.

3.2  PII confirmation process

After the user account has been created, the user determines the set of personal data
that will be associated with his account (if he did not define it during creation). He
collects the data in the structure of the Merkle tree and puts the root value in the ac-
count. As we noted earlier, the account contains two Merkle Root values: for a set of
basic data and additional. This approach will leave the master data confirmed, even if
the additional ones are changed.

After the user has determined the personal data, he needs to receive confirmation
of this data from identity providers. It is important to note that the user may not want



the provider to gain access to the entire set of his personal data. This property can be
provided by using Merkle trees. In this case, in the process of confirming personal
data, the user must not transfer their entire set so that the provider checks their integri-
ty and authenticity, but only the data necessary for verification and the Merkle Branch
value to prove that they are in the root value (see Fig. 5).
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Fig. 5. The user adds his data to the Merkle tree structure, and then updates the account data.
When confirming this data, they pass to the identity provider the required set and Merkle
Branch for the root value.

When the identity provider receives the data set and Merkle Branch from the user,
he checks that the received data matches the root hash value specified in the account,
and then checks the received data. If the provider agrees with the data received, it
forms a transaction, which indicates that it has confirmed a specific set of personal
data that relates to a specific account identifier and a specific Merkle Root value.

If the user decides to update part of the data for a full set, in this case, the value of
Merkle Root will completely change. As a result, a previously sent transaction that
confirms the data for a particular Merkle Root becomes invalid. That is why the struc-
ture of the account implies dividing the data into main and additional: if the user has
confirmed the basic data set (and does not change it), then regardless of whether the
additional data has been updated, the basic data will remain confirmed.

3.3  Decision making regarding identifier trust

An important feature of such a system is the independent decision-making regarding
the identifier by the consumer of information. There is no information in the system
that directly determines the validity of a particular identifier: there are only accounts
and votes confirming the data of these accounts. Thus, the issue of trust is submitted



entirely to the client side. In this case, he can personally determine the methodology,
which will be described when calculating the level of trust.

One of the methods for determining trust is the number of identifier confirmations
by other network participants. However, it should be borne in mind that this method is
subject to a Sybil attack - one of the account can create a large number of other ac-
counts that confirm the identity of one of the participants in the system [14].

The second approach is to trust only a specific provider (several providers). For
example, being a client of a bank, I trust its identification mechanisms and can set up
my site in such a way as to trust only those accounts that have been verified by the
said bank. Although this scheme is somewhat centralized (if the number of providers
that the user trusts is small), it will be quite effective and expected, most used due to
its simplicity.

In the third case, if the objectiveness of the result is really important for the net-
work member, he can build complex verification algorithms that evaluate both the
level of trust for providers who confirmed a specific account and providers who con-
firmed accounts with a specified provider (thus up to a large number of verification
levels).

It is important to note that whichever way the consumer uses identification results,
the system provides the ability to fully customize the verification algorithm, which
lies solely on the client side.

4 Permissions to the PII receive

In order to meet the GDPR policy, it is necessary that PII users are transferred and
processed only with the permission of their owners [15]. If personal data is transmit-
ted directly by the user to the provider, everything is quite simple: when establishing a
connection, the user gives permission to process his personal data. However, difficul-
ties arise if the registrar does not request data directly from the user, but from the par-
ty that has previously authenticated it (for example, the user does not keep all the nec-
essary data for registration on the service, however, this data was previously con-
firmed by the registrar and, accordingly, from him are stored).

Since the provider that stores PII users cannot distribute this data without first ob-
taining permission to do so, this permission must be provided by the user. Such per-
mission must contain the date and time of its formation, the identifier of the PII own-
er’s account, the set of data that is allowed to be transferred to the second party, as
well as the identifier of the recipient side. Note that the request must be signed with a
private key that is tied to the user's account.

If the registrar receives a similar request from the user, he checks the signature val-
ue of the request using the public key that is specified in the user’s account. If the
signature is valid, then he looks at what set of personal data is requested, and if he
really has the required set of personal data, then he sends them and the Merkle Branch
value to the requesting party (they must first establish a secure channel). The request-
ing party carries out a procedure similar to that described in 3: it checks that the re-
ceived data is in the root hash value, and then confirms the personal data.



The timestamp in the request is necessary to ensure the confidentiality of the up-
dated PII. If the user has updated his personal data set and does not want the party that
previously received permission to access the old set to be able to receive updated data
for the same permission. Therefore, when checking permission, the registrar compares
the time of sending the transaction with the updated data and the time for obtaining
permission, and if the time for obtaining permission is shorter, then access to personal
data of users is not provided.

5 Consensus reaching and security assumption

Using a native currency for the network to motivate validators and using proof-of-
work / proof of stake mechanisms for reaching consensus is not the best solution,
since the quality of identification information and the reliability of the system, as
practice has shown, will completely depend on the “value of this currency” [12; 16].
Moreover, a completely anonymous environment is not the most suitable for the con-
struction of an identification system, where the level of confidence of the identifica-
tion will depend on the processing power or the size of the stack of registrars, which
does not exactly indicate their competence in issues of user identification.

It is not worth changing the model of trust relations to specialized providers of
identification services, but you only need to expand it by combining these providers
into a single network, which will contain information about issued identifiers and
their confirmations. At the same time, leading identity providers will act as public
sources of information about confirmed data, which will in no way affect the change
in attitudes towards them. In other words, trusting the identification of a particular
organization, you also continue to trust it, however, it no longer acts as an identifier
provider for a specific local field, but as an identifier provider in the global system,
which automatically expands the user area of activity. Thus, having confirmed the
identifier with several major suppliers, the user gets rid of additional identification in
local systems that trust these providers.

The most suitable model for achieving consensus for this system is the FBA algo-
rithm [17], which is actually a projection of trust relationships between network par-
ticipants at its level. Thus, the largest service providers will benefit from launching
validator nodes and setting up communication between each other. Thus, each of them
will be able to provide relevant information on the status of user identifiers, and rela-
tions between global suppliers will not allow one / several parties to cheat: in this
case, there is a big risk of being outside the main quorums of the system, resulting in
loss of trust from end users and using system identifiers.

The key issue at this stage is protection against spam attacks [18-22]: they cannot
affect the decision-making mechanism regarding a specific identifier, since if a user
trusts only a number of providers, they can (and should) be ignored by the voices of
other participants in the system (this way we protect from the attack of Sybil); howev-
er, at the same time, since any user can add a transaction to the network, and in fact
the number of such transactions is not limited, this can negatively affect the system’s
throughput, therefore, a mechanism for protecting against this from the validators



should be provided (for example, receiving rewards for adding transactions in the
block - the same mempool, however, each registrar personally agrees with customers
regarding the method of payment; we repeat that the internal currency in such a sys-
tem should be absent).

6 Conclusions

Existing public key infrastructures were the first step in digitizing interactions be-
tween Internet users, which involved providing basic information services [23-28].
They showed that this interaction can be accomplished using cryptographic methods
based on user certificates. However, such approaches are still not ubiquitous, since it
is rather difficult to associate valid (in various accounting systems) user identifiers
with their certificates. Integration is difficult when it comes to technical and legal
compatibility (including the signature algorithms used), the need for direct trust in
certification services, and problems associated with synchronizing information related
to the creation / renewal / revocation of certificates.

The implementation of the identification system functioning scheme described in
the document does not imply a mandatory abandonment of the existing X.509 infra-
structure. Moreover, the simple integration of existing certificates is supposed by add-
ing them to the account structure. The key idea of such a system consists precisely in
transferring control of data into the hands of their owners and unifying access to vari-
ous services through the use of cryptographic methods [29-33]. When user data is tied
to a specific key, ownership of which proves the authenticity of the subject, only then
can the system be sure of the authenticity of the requester.
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Abstract. After S. Smale's works it became clear that in smooth dynamics the
system of a general form is not structurally stable and therefore there is no strict
mathematical basis for modeling and computational analysis of systems. The
contradiction appeared in science: according to physicists dynamics is simple
and universal. The solution to this problem was proposed based on the construc-
tion of dynamic quantum models (DQM). From the assumption that quantum
effects are caused by unrecoverable “white noise”, a certain mathematical mod-
el of quantum mechanics already follows and is essentially unambiguous. On
the other hand, in this model spectral problems are reduced tothe usual pertur-
bation theory of smooth dynamical systems. Thus, the construction of such
models can be considered as an asymptotic method for solving spectral prob-
lems. But the definition of DQM is not formally related to Hamiltonian sys-
tems. DQM is defined and constructed universally for both Hamiltonian sys-
tems and systems with the truth function. As a result, for example, quantization
with the Bohr-Sommerfeld condition also extends to systems with a truth func-
tion. Hopefully DQM opens for new applications. The most important is to seek
assistance and cooperation in future research.

Keywords: modeling, computer simulation, structural stability, dynamical sys-
tem, dynamic quantum model, Markov cascade.

1 Introduction

Increasingly, processes and systems are researched or developed through computer
simulations and this trend is likely to continue [1]. Computational modeling has been
used in physics, chemistry and related engineering for many decades because this is
the only way the equations can be solved at all [2]. It consists from two steps: (i)
modeling, i.e. finding a model description of a real system, and (ii) solving the result-
ing model equations using computational methods [3].

But if an arbitrarily small perturbation of the model leads to a qualitatively differ-
ent picture of the dynamics, then such a model is not applicable to the real process:
strictly speaking, perturbations are included in the definition of a model [4]. Also
computational methods inevitably lead to errors of discretization and rounding in
calculations [5]. Therefore traditionally the stability of a model with respect to rela-
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tively small changes is a necessary condition for its correctness [6]. The qualitative
invariance of a mathematical model under small perturbations is usually called struc-
tural stability [7].

However, in S. Smale's works [8] was shown, that there exist smooth dynamic sys-
tems whose neighborhoods do not contain any structurally stable system. This meant
that there was no rigorous mathematical basis for modeling and computational analy-
sis. The contradiction has appeared in science, because physicists believe that the
dynamics is simple and universal [9].

The solution to this problem was proposed in [10] based on the construction of dy-
namic quantum models (DQM). It turned out that taking into account random fluctua-
tions, necessary for the transition to the quantum model of reality, allows us to return
in fact to the simple picture of A. Poincare’s dynamics: a dense set of structurally
stable systems.

DQM is so named because for Hamiltonian systems it is simply related to the cor-
responding Schrodinger equation. From the assumption that quantum effects are
caused by unrecoverable “white noise”, a certain mathematical model of quantum
mechanics already follows and is essentially unambiguous [11]. Dynamics in it is
described by Markov cascades (time is discrete). This model is simply connected with
the traditional one: there is a simple correspondence between Markov cascades and
quasisolutions of the corresponding Schrédinger equation. Thus, in a sense, DQM is a
bridge between the formal calculus of quantum mechanics and the intuitive vision of
physicists. On the other hand, in this model spectral problems are reduced to the usual
perturbation theory of smooth dynamical systems. Thus, the construction of such
models can be considered as an asymptotic method for solving spectral problems.
This paper gives an example of such approach to the one-dimensional system with the
quasiperiodic potential (Proposition 2).

But the definition of DQM is not formally related to Hamiltonian systems; it is de-
fined for any ordinary differential equation or any diffeomorphism on any smooth
Riemannian manifold. Hopefully this opens the way for absolutely new applications.
For example, for applications to dynamic systems that using logical operations: algo-
rithms, theorems, software applications. The use of fuzzy logic in DQM is in principle
completely natural and even almost inevitable. Let J = J (z) be a given smooth func-
tion on phase space (0 < J (z) <1), equal to 1 on the true trajectory and 0 outside some
neighborhood of it; we can interpret it as the function of truth. In this paper, DQM is
defined and constructed universally for both Hamiltonian systems and systems with
the truth function J. As a result, for example, the point of the DQM spectrum is inter-
preted exactly as the average value of truth for approximate logical conclusions.
Quantization with the Bohr-Sommerfeld condition also extends to systems with a
truth function (Proposition 1).

But the reverse is also true. If we construct an approximate model of given theorem
or software application using the training of a neural network, then we get the DQM
of these objects. With further training, these DQMs will approach the original object
(in other words, they will converge to it according semiclassical limit). Perhaps this
will allow a new approach to the problems of solvability in logic, there is some analo-
gy with the theorem of the equivalence of structural stability and hyperbolicity proved






1 The general problem statement and its actuality

The term “e-learning” means any education with information technologies. Electronic
learning has greatly impacted to education in general, making it available to anyone
interested student, who wants to obtain deeper knowledge in various areas. Educational
institutions at all levels use learning management systems as an essential part of the
organization today. This enables students all needed materials of each course, which is
part of the training program for a relevant field. Certainly, methodological content must
be quality and satisfy of the educational program.

But there are some specializations for which e-learning usage is not only desirable
but indispensable element for learners preparing. These included qualifications related
to work at sea, when student can’t attend classes because long time is not just abroad,
but far away in the sea or ocean. However, career of the marine specialist, destiny or
even lives of the crew and ship sometimes depend on sailor’s knowledge, skills and
attitudes, physical and moral training. To date, the primary problem of maritime edu-
cation institutions is quality training of marine professionals, which can do complex
problems and take right management decisions. So, the graduates’ competitiveness in
the international labour market depends on as far as full teaching institution applies
modern technologies in education using all possible resources which defines actuality
proposed material.

2 Analysis of recent research and publications, which launched
the solution to this problem

In recent years, e-learning has received much attention including in publications — tu-
torials, articles, workshops. Besides, there is about applying of increased abilities of
distance learning platform and their apps. The e-learning resources such as SCORM
standard are particularly popular that allows the application of distributed processing
technologies (cloud educational service) besides to the direct function exchanging of
training materials and management of the learning process. Both works of domestic and
foreign authors have focused on this topic.

The paper by H. Husieva [1] has a detailed description of Learning Management
System in the SCORM format. This is where author discusses the full cycle of estab-
lishing a training unit based on interaction SCORM-package and LMS in the structural
form (apps for administration, documentation, path tracking and other online activities).
Authors Yu. Telnov and O. Rohozyn [2] have devoted their work to preferences of
educational objects that were created in SCORM standard and have built own develop
based on SCORM. Their conducted experiment has shown the effectiveness of using
develop when courses are created and, most importantly, improving the quality of
teaching students.

Analysis of possible use of DLS content in the SCORM format is executed in the
papers of L. Zamikhovsky and V. Yakubovsky [3], O. Baibuz and N. Kharchenko [4].
On the other hand, many scientific works focused on the optimal choice of training
resource, which allows to create personalized learning path of a learner taking account



his education attainment and personal preference. For instance, P. Brusilovsky [5] much
attention has devoted to create an appropriate learning path of students. The same view
is shared by K. Limonhelli [6] and T. Lendiuk [7], who are active supporters of creating
a personalized learning path for each student in order to achieve target knowledge level.
Greek scientists P. Karampiperis, D. Sampson [8] consider the definition of learning
resource sequence as learning path. International scientific community, for example, P.
Libbrecht [9], E. Bowling [10], has long been involved about the problem of reusing e-
learning, hence there are some international standards in this direction that describe can
be found and in the papers M. Hlybovets [11].

The works of N. Valko, N. Osipova, N, Kushnir [12] are devoted to the characteris-
tics of STEM technologies and the description of the pedagogical experience of using
interactive teaching methods in higher education.

3 Solving basic problems

Most of the educational institutes are used course management system Moodle (Mod-
ular Object-Oriented Dynamic Learning Environment). Each teacher decides for self in
what format own course will be created, how teaching materials structured for students’
interest and involving them to general process of mutual understanding, which arouses
desire to learn and self-learn. The user's attitude to the chosen educational system
largely depends on educational institution’s attitude to current technologies, its provi-
sion of modern technologies, means of communication and general strategy of intro-
ducing distance forms of providing knowledge in educational process. Additionally, the
strategy itself depends on specifics of educational institution and the student body. But
far not all users to the full possess features of work with resources and objects Moodle
— LMS’s with open source codes. Obviously, this system provides what's necessary for
distance learning. It contains blocks for direct course creation, in addition, with apply-
ing of interactive elements, providing feedback, communication both between students
and teacher, and between students themselves, testing the learners’ level of mastering.

But capabilities of distance learning system can be greatly enhanced by downloading
course elements, which are SCORM-compliant and can be displayed in a web browser.

The purpose of this article is an analysis of developing process of structure and con-
tent distance teaching material and formation personalized learning path in an environ-
ment of DLS using SCORM package. This approach should take into account psycho-
logical, personal and cognitive characteristics of learners.

SCORM standard has proved successful in foreign institutions and is actively used
in the learning portals of Ukrainian educational establishes. It defines structure of learn-
ing materials and interface, so all learning objects can be used in different e-learning
systems. Besides, SCORM standard is provided management of educational process
and applying of selected parts of learning material without significant change its struc-
ture.

LMS Moodle several years is one of the educational process elements of Kherson
State Maritime Academy (KSMA) not only as a modern training tool of theoretical and
practical materials, but also checking learners’ quality of education. In fact, it is a very



convenient learning platform, but not enough when it comes to foreign student educa-
tion.

International relations in education are great importance for Ukraine higher educa-
tion institutions. Firstly, it is exchange of experience, scientific and pedagogical ideas
and views on the modern educational space. Secondly, it is a real opportunity not only
to see how are learning in other countries, but also to involve students in this process.
However, some Ukraine institutions in can compete with similar overseas universities.
The citizens of different nations from Asia, Africa and Europe (Bangladesh, Cameroon,
Lebanon, Ghana, Egypt, etc.) had desire to be trained in KSMA after carefully studied
training level and educational environment there. In fact, its material and technical base
meets the highest standards and contains such training complexes, which other mari-
time educational institutions would envy.

A multinational group of foreign students, each of whom communicates in English
with an appropriate dialect, requires a special approach. This is about adaptive learning
approach that takes into account both the mentality of each student of such groups and
their different levels of prior training, and, most importantly, the training specific at a
maritime institution that trains marine professionals for international campaigns. Thus,
teachers should not only have professional competencies and sufficient communication
skills in English for teaching but also correctly organize work of English-speaking
group.

Let's show what problems teachers have faced, who conduct classes in foreign stu-
dent groups and what methods of decision these problems they offer.

We’ll do it on the example of discipline "Information Technologies” our department
in KSMA and modern training methods based on the technical possibilities of the in-
stitution, teacher’s experience and creative teaching approach.

From 2016 onwards, that’s four years in a row, the Academy accepts foreign stu-
dents, who wish to be marine education. Not only in each academic year but even in
each group, students are different from each other by nationality, level of English,
which causes some teaching difficulty in such groups. We would like to stress sepa-
rately two main points. First, it is a dialect and some slang expressions that foreign
students use when communicating both with each other and with the teacher. Very often
it makes difficult for understanding and translate the students’ speech during class. Sec-
ond, it’s a training level. With the example of discipline Information Technology that
is taught the first year at the academy, we are dealing with a polar different computeracy
level in foreign student groups. Therefore, in our opinion based on own experience, the
issue of adaptive learning in such groups is most relevant, so, requires the introduction
of modern forms and methods of teaching. The teacher’s task is to plan classes in such
a way as to make work in a group effective, interesting for students, as much as possi-
ble, taking into account all their features, capabilities and experience.

A personalized approach in education was implemented by our department with DLS
of KSMA built on the Moodle platform. Resources and activities of Moodle allowed to
create training courses such that each student could choose his or her own learning path,
get complete information on this or other department’s discipline, perform and send
practical works to the teacher for checking and be tested for assessing the level of ma-
terial mastering.



During the first two academic years, distance learning courses were developed that
have used interactive elements of Moodle. Availability of multimedia equipment in
classrooms, student's ability to work on PC, his (or her) access to the course's electronic
resources significantly improved the learning quality. But a thorough analysis of the
Moodle platform operating principles allowed to add modules that were created in the
SCORM format in training courses. This standard provides compatibility of course
components, presents training material in separate blocks, greatly enhances the possi-
bility of learning personalization and student’s independence in the learning.

Taking into account teaching experience in foreign student groups, it can be noted
that the creation of SCORM-packages and their use in classes of the discipline Infor-
mation Technologies is very effective in the learning. First of all, the teacher forms the
structure of the future package, which should cover all information elements, training,
consulting, the performance of planned practical works, checking knowledge, etc.

In the academic year 2018/19, the usage of SCORM-package for foreign student
group was first proposed. The student is able “to travel” independently on educational
material through the properly designed course structure thus increasing cognitive mo-
tivation and knowledge levelling. The survey results showed that work with such re-
source is much more convenient for student.

Experience of the above-mentioned academic year has helped to expand possibilities
SCORM-standard guided by basic principles of package designing, namely:

— Quantization principle that is a distribution of material into modules, which have
minimum amount but closed in content.

— Completeness principle (each module has following components: theoretical core,
questions on theory, examples, tasks and exercises to solve independently, questions
on the module, test, context help (Help), comments).

— Visibility principle: the availability of a visualization that makes possible to under-
stand and memory of new concepts, assertion and methods.

— Branching principle: each module should be hyperlinked to other modules so that
user has choice of switching to another module. It ensures to the student be able
choose the personalized learning path.

— Principle of regulatory and adaptability: student manages module’s blocks inde-
pendently by selecting the level of complexity, study sequence, applied orientation
that depends on the learning purpose.

— Principle of computer support: the learner can get computer support for performing
standard actions at any moment of the topic processing to focus on the main material;
it should be noted that student must be proficient in the computation techniques of a
sufficient level of complexity.

— Collection principle: that is, all module’s elements are made in formats, which pro-
vide to collect it’s into electronic complexes, to expand and supplement in new
blocks.

These principles have formed the basis of the course Information Technologies for
foreign students. For example, structure one of the interactive course’s modules Infor-
mation Technologies was designed based on SCORM methodology in the application
iSpring Suite 9.0 on the topic "Tabulation of the function and graphing in MS EXCEL".



Note that this topic is very important for any student of technical higher education,
because it not only reveals topic, but also generally covers such elements as an under-
standing of analytical dependence (formulas), knowledge of Excel’s built-in functions,
ability to perform calculations in accordance with a mathematical model.

Teacher offers a standard lesson structure for this course to systematize student's
work and choosing own learning path (see Fig. 1). But the student can control time
independently that spent at any stage, and most importantly, can review any step, for
example, theoretical material or explanations for practical tasks, without leaving the
SCORM-package. Additionally, the student can learn the topic even if he or she was
absent from class for certain reasons at any convenient time.

’ 1. Relevance of the topic, main statements (5 min) ‘

problem formulation lesson objective topic relevance
<
v
( 2. Knowledge test (previousetopic) (15 min) ’

testing

.

I 3. Theoretical material (15 min) |
familiarization with theoretical material interactive elements overview

.
] 4

| 4, Training (45 min) |
uploading of file to the

video viewing performing practical tasks in MS Excel MOODLE

-
&y

| 5. Personalized work (extracurricular and not limited by time) |
performing of personalized work uploading of file to the MOODLE

Fig. 1. Lesson structure with SCORM-package

The next stage is a fill content of the created structure. The student’s training level and
interest to topic mastering dependence exactly on content quality. Therefore, teacher
expands the learning material with interactive elements such as Video, Labeled
Graphic, Media Catalog and others.

So, the package element Labeled Graphic was used when teaching the topic "Tabu-
lation of functions and charting in MS EXCEL" (see Fig. 2). This element contributes
to enhancing foreign students' understanding of the properties of excel chart compo-
nents. Each label is responsible for a certain chart element. The student can see descrip-
tion of element clicking on the label. If necessary, he or she can refer to a theoretical
description of the material or to the example of tasks execution, or while performing a
personal task without leaving the package.
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Fig. 2. Interactive element Labeled Graphic

One more interesting element of the package is "Tabs" that use when topic "Tabulation
of functions and charting in MS EXCEL" teaching to familiarize with the basic kinds
of charts. The student sees view corresponding type of the chart and its description
pressing on the tab (see Fig. 3).
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Fig. 3. Interactive element Tabs

Levels of relevant competencies formation in control and experimental groups have
been analysed to confirm the hypothesis that modern training courses should provide
an opportunity to build personalized learning path and e-learning courses that devel-
oped according to the SCORM standard is an effective tool for this.



The students’ training results on discipline Information Technology in the academic
years 2017/18 and 2018/19 have been taken by measures of a control group, the exper-
imental group was formed in the academic years 2019/20.

The application of most statistical methods is based on the idea of using a random
set of students, who took part in the study, from all persons on whom the conclusions
can be spread, but in our case - all 100% of foreign first-year students were involved
owing to the real learning process when we conducted experiment.

The level of formed subject competencies of foreign students has become an object
of research and analysis.

A quantitative type of data variation was used to obtain objective data: discrete var-
iation - students' total scores on topics were assessed, continuous variation - students'
average points of current scores on each separate topic [13].

Percentage distribution of control and experimental groups’ learners with different
educational levels shows in the following chart (see Fig. 4).

PERCENTAGE DISTRIBUTION

m2017-2018 m2018-2019 W 2019-2020

Fig. 4. Percentage distribution of control and experimental groups’ learners

The variation series and histograms (see Fig. 5, Fig.6) of experimental and control
groups by the average and total scores were constructed (Table 1).

Table 1. The variation series of experimental and control groups

Scores (W) 50 | 60 | 64 | 74 | 83| 90 |100]| ¥

Number of control
group students (feontr)

Number of experi-
mental group students 0 4 4 5 3 3 6 25
(Fexp)

Measures of variation were calculated to extensive and full characterization of variation
facilities. One of them is a weighted average:
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where n is number of all variants.

The average value of variation will be closer to values that occur more frequently.
Therefore, closer to this value, first of all, we should hope to obtain most values in
future observations.

We have obtained result for the control group: Mconir=3.86.

This value is equal: Mep=4.18 for the experimental group.

This number is a specific centre of frequency dispersion observed values of an in-
vestigated quantity.

The average value does not fully characterize a series, because different in nature
variation series may have the same average value. Therefore, essential distribution
characteristics are also frequency dispersion characteristics, in particular the standard
deviation (o) of the observed values of the investigated quantity from arithmetic mean
and dispersion (D or ¢%) a measure of variation. These values indicate the deviation of



a random variable from the distribution center and related to each other (dispersion is
equal to standard deviation arisen to square) [14].
In our experiment, we have obtained the following dispersion values:

2

62contr=0.067
02exp=0.056
Let hypothesis Ho argues that level formation of foreign students’ subject compe-
tencies when using SCORM packages on the distance learning platform does not ex-
ceed efficiency of the traditional teaching method discipline Information Technology.
We shall accept an opposite assertion as hypothesis H; to hypothesis Ho.
In other words, we will check the hypothesis that estimates’ samples of the control
and experimental groups belong to the same general population using the
Kolmogorov-Smirnov test (K-S test) [15].
Let us calculate the value of K-S test to hypothesis testing

1

Texp :Fmax(z f, — Z fl): 0.2, (3)

where 2f; is the frequency accumulation in relevant samples.

Teontr = & - LA = 0,014, 4)
V ny-ny

where significance level a = 0.05.

Since, Texp>Tcontr SO the alternative hypothesis Hi was accepted over the null hy-
pothesis Ho in accordance with decision-making rule for the two-tailed test of Kolmo-
gorov-Smirnov.

On the basis of statistical data, the conclusion was made: with probability 0.95 it can
be considered as data of two samples belong to different general populations, i.e. ex-
perimental and traditional teaching methods of discipline Information Technologies
provide different distributions of the learners’ scores.

The results indicated to state the positive impact of SCORM-package implementa-
tion on training quality of future sailors and continue strategy formation, which would
increase level of students’ competence upon completion of the course.

4 Conclusions and directions for further research

Even though that specific training course for marine specialists oriented to foreign stu-
dents is considered there, some topics are common for disciplines related to information



technologies in other areas of training. Applying of SCORM standard provides an op-
portunity to develop a distance learning course, which independent of the software plat-
form on which the training will take place.

The problem of reusing electronic learning resources and their transferability from
one virtual learning environment to another is always relevant for educational technol-
ogies.

In the future, we plan to develop a course based on the Learning Tools Interopera-
bility (LTI) standard, which allows users of one environment to access resources of
another. It makes possible to integrate them in United Distributed Learning Environ-
ment, which is created and shared [16]. For example, educational institutions may use
publicly available e-learning resources that have been developed by other scholars, a
uniform learning environment can be built on the institution, combining different plat-
forms.

These focus on professionally directed disciplines such as Theory of Ship Structure,
Navigation and Location, Ship Management and others in the field of training of mari-
time professionals. But the quality of specialist training is determined in all areas, in-
cluding the skills of modern innovative technology. Additionally, the proposed teach-
ing method to the disciplines of our department ITCSN is easy to introduce to other
departments. Therefore, we consider the conducted study is timely, useful and practi-
cally applicable.
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Abstract. The article describes the features of the evolution of the cloud-based
systems in the context of mathematics and science teachers training. The notion
of the systems of computer mathematics (SCM) is considered as the special kind
of learning software. The lists of the special mathematical operations, functions
and methods used within the structure of modern SCM are examined. Web-SCM
properties are considered as general and specific. The cloud-based SCM are taken
as the special stage of Web-SCM development. The criteria for an appropriate
cloud service selection to support the process of mathematics disciplines learning
are revealed. The key features of the CoCalc cloud service use are considered in
concern to the proposed selection criteria: the available computing capacities, the
diversity of tools for training and its control, the possibility of increasing the
computing capability, the openness of the program code, the availability of tools
for joint editing. The results of the experimental testing of CoCalc use in the
process of mathematics teachers training are described. Besides, the discussion
covering the issues of integration and compatibility with the other tools and ser-
vices used for mathematics learning (on the example of Octave) is presented. The
main trends of the CoCalc cloud service introduction into the training process
and the prospects for further research are revealed.

Keywords: CoCalc, teacher training, science and mathematics subjects, science
teachers, Octave.

1 The problem Statement

There is a need to develop new learning technologies and models of educational envi-
ronment design for qualified teaching staff training, [8]. This problem can be solved
using cloud technology tools. The main advantage of implementing cloud computing
is the openness of access to qualitative learning resources (sometimes providing the
only possible way to access the necessary resources). The idea is to identify the ap-
proaches and to assess the methods for implementing the learning components in the
cloud in the process of mathematics teachers training.

Copyright © 2020 for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).



The study aims to outline the state of the art and the current progress in the sphere
of the cloud-based systems of computer mathematics development, to reveal the key
features of the structure and functions of the cloud service CoCalc, relevant for its ap-
plication as a tool for learning mathematics disciplines and to evaluate the promising
trends of its application in the process of mathematics and science teachers training.

1.1  The Analysis of the Current Research

E. C. Granado, E. D. Garcia [1] have shown in their study that the Jupyter Notebook
offers a rich content environment that facilitates learning while integrating the simula-
tions performed in Python. In this way, the student learns numerically as he/she learns
the concepts explained in the lesson.

The components of the author's educational mobile environment elaborated by
M. A. Kislova are the following:

— the tools for organizing educational processes and mathematical calculations,

— the mobile tools to support the communication of a group of listeners,

— the tools to support the process of teaching higher mathematics and personal inter-
action between students and teachers [3].

Except just mobile learning the researchers have been paying much attention to the use
of cloud services for learning. For example, M. A. Kislova, K. I. Slovak [2] analyzed
several cloud services used in combination with the usual, traditional teaching aids in
the learning process such as: Office 365, Google Apps for Education, ThinkFree
Online, the advantages of these tools application for teaching mathematical disciplines
were highlighted.

Substantial achievements in terms of research opportunities of the cloud technolo-
gies use in education were made by the following scientists: G. A. Aleksanyan,
V. Yu. Bykov, M. Yu. Kademiya, V. M Kobysya, O. G. Kuzminskaya, V. M. Kukha-
renko, S. G. Lytvynova, N. V. Morse, V. S. Mkrtchyan, A. S. Sviridenko, Z. S. Sey-
dametova, S. O.Semerikov, O. M. Spirin, L. V. Rozhdestvenskaya, Y. V. Trius,
M. P. Shyshkina, B. B. Yarmakhov, M. I. Zhaldak, and others. These issues were also
investigated by M. Armbrust, R. Griffith, Y. Khmelevsky, M. Miller, K. Subramanian,
N. Sultan, W. Chang, P. Thomas, A. Fox, et al.

The use of the cloud services has a number of advantages (according to
N. V. Rashevskaya) [6]:

— data will be available from any device with the access to the Internet;

— working with all educational materials without installing third-party software;
— the opportunity to study anywhere and anytime (outside the classroom);

— the possibility of using blended and distance learning.

There is a separate group is research studies devoted to the problems of cloud technol-
ogies use for teachers training. Among them, there are the works of T. L. Arkhipova,
N. V. Bakhmat, T. V. Zaitseva, Yu. G. Lotyuk, N. V. Soroko, M. A. Shynenko et al.



The use of the Sage computer algebra system for learning mathematics was studied
by P.Zimmermann, A. Casamayou, N. Cohen, G. Connan, T.Dumont, L. Fousse,
F. Maltey, M. Meulien, M. Mezzarobba, C. Pernet, N. M Thiery, E. Bray, J. Cremona,
M. Forets, A. Ghitza, H. Thomas [9]. The researchers were exploring the functionality
of symbolic computing systems, giving examples of the use of separate commands to
solve common mathematical problems.

In the study of A. B. Liecharlie [4], the CoCalc cloud service was used to process a
large array of data.

M. D. Ruiz and F. Torralbo [7] investigated the advantages and disadvantages of us-
ing the CoCalc cloud service in training. The authors have described the platform, the
methodological system and the peculiarities of teaching in the context of different
modes of use of the cloud service. Some methods of teaching different subjects using
CoCalc were exposed.

As there are new facilities and modes of using the cloud services in education due to
the latest achievements and developments in this area, in particular, the current progress
of CoCalc applications, the issues of innovative use of this kind of services need further
attention. Among them, there are issues of the search for the new forms, methods and
possible models of CoCalc use in the process of training mathematics teachers to
support the teaching of mathematical disciplines.

2 The Main Results of the Study

2.1  The Main Features of Modern SCM Composition

The modern SCM can be of different types, application areas and architecture; still,
they appear to have similar key features of their structure and composition [2]. They
include usually the next main components:

— one of the main components is the computing core of the system;

— standard default codes for use in complex user functions and procedures;

— intuitive user interface that will allow you to perform quickly complex calculations
using a standard set of functions;

— powerful graphics packages that may be used in mathematics and other areas;

— packages of additional modules that significantly expand the capabilities of SCM;

— additional modules, libraries and functions that are not included by default in the
kernel;

— flexible help system that simplifies the use of certain functions, libraries, templates.

SCM provides strong support for the study of mathematical disciplines:

— the ability to open parentheses in expressions containing characters;

— the calculations of the values of numerical expressions;

— the use of symbolic values of variables to calculate a symbolic expression;

— to simplify expressions, including the opening of parentheses;

— finding the exact and approximate roots of equations or systems of equations;
— performing a number of tasks in mathematical analysis;



— construction of graphs of functions and surfaces, images of vectors on the plane and
in space;
— a number of functions to perform tasks of linear algebra and others.

2.2 The Evolution of the Cloud-Based Systems of Computer Mathematics

In the process of SCM evolution the special kind of them such as Web-SCM emerged
along with their gradual transformation into cloud-based systems. In recent years, the
cloud-based versions of mathematical packages from major providers, such as Maple
Net, MATLAB web-server, WebMathematica and others have been supplied. A varia-
tion of this type of systems is CoCalc, the cloud-based version of Web-SCM Sage.

SCM has undergone some changes over time. During the 60's and 90's of the XX
century SCM were mostly local, ie required installation on a local computer.

In the 90s of the XX century and until the first decade of the XXI century, Web-
SCM appeared, which allows you to work with SCM directly via the Internet and con-
figure a web browser. It was the second stage of SCM evolution. The main features of
such SCM are:

— the computing core does not require pre-installation on the user's device;

— all calculations take place on the web server (user standby capacities may be low);
— all calculations can be organized using a web browser.

— Web-SCM also has specific functions:

— does not depend on the technical characteristics of the user's personal device;

— you can use any browser;

— intuitive ease of introduction;

— constant access to educational materials anywhere and anytime, etc.

The most commonly used are Web-SCMs such as MapleNet, MathCAD Application
Server (MAS), webMathematica, Matlab Web Server (MWS), Sage and wxMaxima.
Web-SCM has an intuitive interface, powerful graphics packages for building and vis-
ualizing mathematical objects, functions and methods.

Specific characteristics of modern SCM are:

— the use of the elements of mathematical functions and programming languages;
— integration with other software;
— the capability of editing and printing of mathematical texts.

The use of Web-SCM had certain advantages: the availability of powerful tools for
building and researching mathematical models for various mathematical disciplines.
The first version of SAGE emerged in 2006. The first cloud systems were developed
in 20009, it caused the third stage in the development of SCM. CoCalc (new name) is a
cloud service that combines all the features and tools of SAGE and Web-SCM SAGE.



2.3 The Criteria for Cloud Services Selection

The following selection criteria may be used for selecting a cloud service, appropriate
for the certain educational needs:

— computing power provided for the work of an individual user, as well as how much
data may be processed simultaneously;

— whether there are tools for organizing and monitoring the learning process (for cer-
tain disciplines, setting different levels of learning tasks, reviewing the process of
implementation and evaluation of learning results, both for groups of users and in-
dividual students);

— availability of different tariff plans to expand the computing capabilities of the cloud
service (availability of additional functions);

— open source code and free access to the installation or integration of additional mod-
ules and applications (including author's tools) along with the basic set of tools being
protected;

— availability of tools for creating, storing, joint editing of resources or files in various
formats (the most common and compatible with modern devices).

2.4 The Comparison of SageMathCloud and CoCalc

Sage is a software that implements mathematical algorithms in different contexts. To
begin with, it can be used as a scientific pocket calculator and can manipulate all sorts
of numbers, from integer and rational numbers to numerical approximations of real and
complex numbers with arbitrary precision. However, mathematical calculations go far
beyond numbers: Sage is a system of computer algebra; for example, it can be used to
support solving linear equations or search for solutions, simplify expressions. In the
process of analysis, Sage can manipulate by the expressions relating to square roots,
exponents, logarithms, or trigonometric functions: integration, calculating limits, sim-
plifying sums, series, solving certain differential equations, and more. In linear algebra
operations with vectors, matrices, and subspaces can be performed. It can also help
illustrate individual tasks in probability theory, statistics, and combinatory [9].

Sage service will provide the user with consistent access to functions across a wide
area of mathematics - from group theory to numerical analysis, and further to two- and
three-dimensional visualization, animation, networking, databases. Using all the nec-
essary functions within the unified cloud service is convenient for a user who needn’t
transfer data between multiple tools and learn the syntax of several programming lan-
guages.

The specifics of using CoCalc is primarily the capability of projects creation (both
group and individual) and uploading training materials to them. After that users will be
able to share them. There is a chronology of user actions with individual training ma-
terial and with the project as a whole. These features are useful in the process of eval-
uating each user individually.

CoCalc is the online computing environment [1] that provides several unique tools
of learning use: it enables Jupyter Notebook file sharing, which empowers group work



and supports the course and task manager, which simplifies the teacher's task of sup-
plying support material, assigning task solving and providing comments and grades for
students. It is also free of charge and therefore students have access to the materials at
the end of the course, which occupies modelling and explanations that may be useful
in other subjects of the following courses. It also has paid packages that offer access to
more stable servers with more computer resources.

The freeware software that is installed is much diversified, covers many program-
ming languages, and can be easily expanded by installing other programs on Linux in
user space. CoCalc user personal space is organized into different projects, each with
its files that can be generated on the platform or downloaded from a user's computer.
On the other hand, it also has tutorials on different aspects of both platform use and
programming in different languages. Regarding the course management, the teacher
can add students by their email address, assign tasks, automatically form a specific
folder for all course participants, keep track of the edits to these assignments, and return
a corrected copy to all students with the one click of a button. Another useful feature of
CoCalc as for a teacher point of view is that it allows simultaneous editing of Jupyter
Notebook documents in the Google Documents style, thanks to the proprietary version
of the Jupyter Notebook web interface. This add-on, not included in the default Jupyter
notepad, greatly facilitates group work on the task and is complemented by integrated
chat on the platform itself. All of these options make CoCalc a complete and easy-to-
use solution for integrating Jupyter files into an academic course. Also, the openness of
the code led to the emergence of a local version of the platform, which could be installed
on any computer. This local version can be downloaded from the GitHub development
page and, if the local computer is powerful enough, used for teaching a Jupyter Note-
book course [1].

CoCalc (formerly called SageMathCloud) is a cloud computing and math calcula-
tions management platform. CoCalc directly supports the Sage worksheet, which inter-
actively evaluates the Sage code. SageMath (formerly Sage or SAGE, an algebra and
geometry system for numerical operations and research) is a computer algebra system
that has various functions that cover many aspects of mathematics, including algebra,
combinatorics, graph theory, numerical analysis, calculus, and statistics. The new name
CoCalc, which stands for Collaborative Calculations, reflects the evolution of the con-
ventional cloud computing and calculation platform. Spreadsheets in CoCalc support
Markdown and HTML as design and R, Octave, Cython, Julia and others for program-
ming other than Sage [4]. The main difference between CoCalc and SageMathCloud is
that CoCalc is primarily focused on collaborating on any file in the system, editing and
communicating during teamwork and organizing the students group learning process.
While the main benefit of SageMathCloud was the use of the cloud computing ap-
proach. Almost every CoCalc file contains a built-in chat, participant group change
history, and an easy (intuitive) feature to add new users to the project.

CoCalc is an open-source software provided by SageMath Inc. The creator and prin-
cipal developer of CoCalc is William Stein, a professor of mathematics at Washington
University who also created the Sage software system. The initial development of Co-
Calc was funded by Washington University and grants from the National Science Foun-
dation and Google. At the moment, CoCalc is largely funded by paid users.



3 The Results of the Experimental Testing of the Use of CoCalc
in the Educational Process

To test the effectiveness of using CoCalc as a tool for teaching mathematical disciplines
for pre-service teachers of mathematics the pedagogical experiment was conducted in
2017, at the Pedagogical Institute of the Kryvyi Rig National University (Kryvyi Rig).

The experimental group and the control group were formed according to the follow-
ing principle: in the experimental group there were students who studied the author's
method of using CoCalc (EG), in the control group there were students who studied the
traditional method (CG). The obtained results proved that the level of teachers’ profes-
sional competencies formation in the experimental and control groups coincided with
the level of significance a = 0.05 before the formation stage [5].

Comparing the levels of professional competences formation in control and experi-
mental groups it was possible to observe the increase of a share of students with average
and high level of professional competence after the formation stage of the experiment.

Comparison of the distribution of the experimental and the control groups of students
after the formation stage of the experiment (scale levels): high — from 16% to 20%,
sufficient — from 26% to 36%, average — from 27% to 28%, low — from 31% to 16%.
During the study only some components of subject, professional and practical and
technological competencies have been compared at four levels (high, sufficient,
medium and low), among them: subject-pedagogical, mathematical and information-
technological competencies. According to Fisher's test, the data at the beginning of the
experiment and at the end were compared.

The analysis of the results of the forming stage of the pedagogical experiment
showed that the distribution of the levels of the formation of professional competencies
in the experimental and control groups of mathematics trainee teachers has statistically
significant differences due to the implementation of the developed method of using the
cloud service CoCalc, which confirms the hypothesis of the study [5].

During the various teaching experiences, several shortcomings of the cloud service
use were identified. The first disadvantage is the inability to prepare self-assessment
questionnaires (simulators, tests). This tool, available on many training platforms such
as Moodle, is not currently available on CoCalc. This tool would allow a teacher to
learn the level of theoretical content knowledge of a student on a subject before the
practical tasks. However, the CoCalc extension is planed [7], that will allow the teacher
to evaluate the exercises by developing tests automatically. The second drawback con-
cerns to only in the free tariff plan, which limits the calculating of large amounts of
data, or the installation of additional libraries if necessary for a specific task. However,
in the process of teachers training, the high computation and accuracy process maybe
not so important. An alternative that addresses this second drawback is the purchase of
a paid tariff plan from CoCalc. Another option is to install and maintain a Jupyter server
using JupyterHub software [7], in which the SageMath character system should be in-
stalled as a Jupyter kernel. The second option will allow you to perform intensive cal-
culations (according to server performance), as well as the possibility to install the Ju-
pyter Nbgrader extension [7], to implement a form of self-assessment for programming
tasks. One more option, if the agency has a contract with Google, is to use Google



Colaboratory, which allows to implement Jupyter and share an interface similar to
Google Drive.

The third limitation that was found concerns to the assessment of group work, since
there is no option to create or evaluate activities for a group of users in a whole, which
also allows you to evaluate the participation of each small group within it.

4 Discussion

There is a way to examine the difference between working with software in local-based
and cloud-based versions comparing the use of different programming tools of CoCalc
cloud service (by the example of Octave).

Octave is available in CoCalc along with other kinds of languages such as Python,
Java, C, and so on. Octave is an interpreted language designed for mathematical com-
puting, it is largely compatible with MathLab. This is the reason that this tool is becom-
ing more and more popular and useful in the process of math teachers training. In par-
ticular, in the Taras Shevchenko National University of Kyiv (Ukraine) there is a sep-
arate laboratory course devoted to it.

The use of Octave based on CoCalc enables the user to work with Octave in a cloud
and also to use it in collaboration. Sagews may provide the mathematical functions (for
working with matrices, vectors, graphs, mathematical constants, equations), but the
syntax may be different and not compatible with MathLab. The source code for Octave
is freely distributable under the terms of the GNU General Public License (GPL) it
makes possible to use free all of its functions in the learning process.

In the cloud version, there are the same commands as in the local one (Fig. 1), and
also there are some additional possibilities. There are tools for easy collaboration such
as video chat, chat commands, code history of each user, the ability to save files (Fig. 2).

The advantage of the cloud version is that it can be accessed from different comput-
ers, even from a smartphone.

The cloud-based interface of Octave used through CoCalc may slightly differ from
its local version, though not very significant, as its capabilities remain. When you create
a file with the extension .m, you open an editor where you can edit the text, you can
cut, copy, paste, there is a search in the text. The "> _Shell' key lets you run the code.
The 'file' key enables you to work with the file (Fig.3).
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octave:1> a=[1 2; 5 6]
a=
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octave:3> a*b
ans =

17 + 01 18 + 21
57 4 9i /7 4 f6i

Fig. 1. The Octave code is running in the terminal
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Fig. 2. Open editor and control keys

There are different ways to work with Octave in CoCalc. You can simply create a file
with the extension .m, then you can open the terminal and run the file in it.

The .term file is used to use Linux terminal commands. In the terminal, you can run
Octave or create a file with extention .m of .x11.

In the file with extention .x11 you can run different applications. There is possible
to open Libre OfficeWriter, the environment for Python and so on and also use Octave
as in the local version.

Now the Octave language is penetrating the math teachers’ education process. This
language is a useful tool for teachers training as it enables learners to perform different
mathematical calculations and operate with functions. Comparison of using the local
version of Octave and the cloud one (based on CoCalc) is a prospective trend for further
research.



2 a a & @ 0 @ Boawe ® ]

Fle Edt Debug Window Help  News

= Currant Diractory: | fhome/use: &

File Browsar & x| Command Window

fhomejuser | 4

Hame v

2020-03-20-123335.511

2020-03-28-125356

2020-03-29-125452 ipynb

2020-03-28-125452 18rm

testl
orkspace  x
Filter

Name. ~ Class Dimension  Value Attribute

command History 5 x

Filter

# Octave 5.2.0, Sun Mar 29 09:32-34 2020 UTC <usor@praject.62225021.<069.4225.8407 6 2cF4214680c
[1:10]

exit

# Octave 5.2.0. Sun Mar 29 10:02:09 2020 UTC <usef@praject-6a2a50a1-0069-4235-84e7-62fa214680c>
# Octave 5.2.0. 5un Mar 29 12:09-06 2020 UTC <user@project-632a5041-0068-42a5-84e7-52cH214660¢>

‘Cammand wirdow  Docamantation | Variabie Editor

Fig. 3. Octave Editor: general view

5 Conclusions

The emergence and development of new forms of learning, focused on the collaboration
of groups of students and joint activities in the online mode was caused by the availa-
bility of cloud services (including specialized). It is justified that the cloud services may
be purposely used in the process of science and mathematics teachers training as tools
for:

— group communication of listeners (synchronous and asynchronous);
— collaboration in real time;
— processing, systematization and storage of educational data.

Among the areas of CoCalc use in the science and math teachers training process are
the next:

— organization of communication during the educational process;

— support of various forms of educational process (individual and group) both class-
room and extracurricular;

— support for the organization of training;

— visualization of interpretations of mathematical models, mathematical abstractions
by visualization;

— providing open access using a common interface and reliable software;

— increasing mobility in time and space;

— compatibility with other types of mathematical software, as well as the possibility of
cloud access to various software packages, including Octave based on CoCalc;



— formation of the learning environment and filling its content during the learning pro-
Cess.

The described teaching experience with the use of CoCalc demonstrates its potential to
become a ground for a variety of learning methods.

The teacher, through the use of the control and monitoring tools offered by the sys-
tem, can supply and control students performance that is an added benefit of using this
platform. Finally, this service is also suitable for use as the research collaborative plat-
form.
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Abstract. Distance learning (DL) is one of the most rapidly expanding sectors in
higher education today. Distance Learning Development requires a consistent so-
lution to a number of important tasks in the field of regulatory, organizational,
educational, technical, software and staffing, the interaction of all these elements
of the DL system in the implementation of educational programs. One of the most
important tasks in organizing distance learning is to define a scalable and viable
strategy for creating an information and communication environment. The article
presents a review of distance learning literature; the purposes, advantages, disad-
vantages. The experience of Kherson State University in the use of distance learn-
ing was summarized. Particular attention is paid to the implementation features
of the KSUONLINE distance learning system developed on the basis of LMS
Moodle. The educational courses and webinars were designed to introduce teach-
ers to the principles of creating Distance courses and learn how to ensure effec-
tive communication between teachers and students. The research of the level of
satisfaction of teachers with seminars to study the capabilities of the distance
learning system KSUONLINE was conducted. The main problems associated
with the introduction of distance education in Institution of Higher Education are
analyzed in this paper. The factors that influence the development of distance
learning in universities are identified.

Keywords: Distance Learning, E-Learning, LCMS, Moodle, Technologies, In-
stitution of Higher Education, Teacher Training.

1 Introduction

Distance learning refers to the individualized process of acquiring knowledge, abilities,
skills and ways of cognitive activity of a person, occurs mainly through the indirect
interaction of remote participants of the educational process in a specialized environ-
ment, functioning on the basis of modern psychological, pedagogical and information
and communication technologies.

The legal framework for distance education in Ukraine was launched in 2000, when
the "Concept for the Development of Distance Education in Ukraine" was approved. It
envisaged the creation in the country of a system that would satisfy the needs of society
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in the continuity of long life learning education and individualization of education. In
Ukraine, there are a number of important laws and programs that regulate some issues
of distance education: “On approval of the Program for the development of distance
learning system for 2004-2006”, Order of the Ministry of Education and Science, Youth
and Sports of Ukraine; “On approval of the Regulation on electronic educational re-
sources”, Order of the Ministry of Education and Science of Ukraine; “On Approval of
the Regulations on Distance Learning”; Approval of the sectoral concept of develop-
ment of continuous pedagogical education. Order of the Ministry of Education and Sci-
ence of Ukraine; CMU Resolution “On Approval of Licensing Terms of Educational
Activity”.

The legal base of distance learning determines the behavior of the teacher in the
distance learning process, provides preservation author's rights, outlines the duties of a
tutor in the field of distance learning, normalizes work teachers in the field of distance
learning, provides material incentives teachers to activities in the field of DL.

Ukraine has adopted a law on the Digital Agenda 2020, which outlines a strategy for
non-formal education. Provision of state support for educational service providers is
envisaged. It also points to the need to develop quality educational content, review and
update training programs for training and training civil servants, educators and the un-
employed, and the introduction of digital competencies. This can be a good basis for
the development of distance education.

The state policy of Ukraine in the field of higher education, in accordance with the
Law on Higher Education, is aimed at ensuring accessibility, quality and effectiveness
of education. Various solutions are proposed, one of which is the informatization of
education. In turn, informatization allows the effective development of such pedagogi-
cal technology as distance learning.

Distance learning has several advantages: to study at any place and at any time, in-
dependently determine the amount of information to be processed in a certain period,
the ability to receive high-quality, relevant knowledge, training in several directions at
the same time, or combination with work, etc.

Also, distance learning has several disadvantages: limited practical tasks and assess-
ment of the student’s independent work; limited feedback capabilities; problems of pla-
giarism and identification; support for motivation to successfully complete the online
course.

The urgent problem is the use of distance learning technology in a modern Ukrainian
university. The use of distance learning in higher education solves the problem of indi-
vidualization, intensification and optimization of education, is the most logical and nat-
ural evolution of the traditional model of education. The main goal of introducing dis-
tance learning is to introduce new forms of learning into the educational process that
correspond to the trends of global development and the formation of the information
society. Many universities have launched distance learning platforms (most often Moo-
dle). Currently, more than 70% of educational institutions use LMS Moodle. Most of-
ten, courses are used to support traditional learning or as blended learning.

An important issue is the quality of the courses and their relevance to the educational
needs of the modern generation of students (Howe and Strauss, Tapscott, Prensky,
Berk) [1].



2 Related Work

The first attempt to describe the structure of the distance education discipline was pro-
posed by Holmberg (1985). He considers the evolution, principles and practices of
distance education. His categorization system includes the following areas: 1. philoso-
phy and theory of distance education; 2. distance students, their milieu, conditions, and
study motivations; 3. subject matter presentation; 4. communication and interaction be-
tween students and their supporting organization (tutors, counsellors, administrators,
other students); 5. administration and organization; 6. economics; 7. systems (compar-
ative distance education, typologies, evaluation, etc.); and 8. history of distance educa-
tion [2].

The relevance and importance of distance learning is evidenced by a large number
of projects, including: European Distance and E-Learning Network — the smart net-
work for the distance and e-learning community and a professional community for
smart learning [3].

A huge number of scientific and practical conferences are held annually on various
aspects of the introduction of e-learning and distance learning, in particular in higher
education [4].

The main differences between “e-learning” and “distance learning” are location, in-
teraction, intention. Although many scientists and practitioners of higher education con-
sider these terms as synonymous, given the blurring of the boundaries between regular
and distance education [5].

Scientific works of Ukrainian researchers V. Bykov, Yu. Bogachkov, I. Bulakh,
V. Kukharenko, N. Morse, M. Savchenko, N. Sirotenko, E. Smirnova-Tribulskoi,
A. Spivakovsky, P. Stefanenko, B. Shunevich, etc.[6] are devoted to organization of
the educational process in distance learning in higher educational institutions.

The problems of preparation of teachers of universities for the introduction of sec-
ondary education are considered in the works [8-10].

Historical and pedagogical analysis of the problems of the formation and develop-
ment of DL in Ukraine and beyond abroad showed that the world has gained positive
experience in implementing systems distance learning (LMS). Despite the unstable so-
cio-economic position, a system of Distance education arises and is developing inten-
sively both in higher education and in corporate education [6].

3 Problem Setting

The analysis of current statistics shows that only a very limited number of enrolled
students complete distance courses as most students drop out at initial stages. The rea-
sons causing low motivation is:

o universities and employers of Ukraine do not recognize distance course certificates;
o the failure to complete many courses leads to a loss of guidance in training and the
refusal of further courses;



o lack of live communication hinders the process of teaching courses. Experience with
interacting with classmates, peer review increases the likelihood of completing the
course.

Many universities are only developing procedures for recognizing the results of non-
formal education, which can include the study of distance courses. Students are also
unaware of this possibility. If will be appropriate procedures for recognizing the results
of non-formal learning, the interest and relevance of distance courses can increase sig-
nificantly. However, having a certificate does not guarantee an adequate level of
knowledge. In addition, there are not enough courses with more difficulty. The bulk of
the material is designed to be simple to reach more listeners. There are also far fewer
technical courses that suggest specific types of practical work.

The legal support of distance education should be supported by normative docu-
ments, regulate the ownership of software and teaching aids, provide students with the
right to use the material and technical base and include:

o the regulatory framework for the creation and functioning of a distance education
system;

o a set of documents of the educational process that determine the content, level and
quality of training of graduate students;

o aset of standards (requirements) of universities for the creation, certification and use
of electronic educational materials;

e copyright protection of the creators of distance learning courses and computer train-
ing programs;

o receipt of final qualification documents;

o recognition of the results of mastering courses taught under licensed DL programs.

The purpose of the article is define a scalable and viable strategy for creating an
information and communication environment that supports distance learning in Institu-
tion of Higher Education.

The tasks of the article:

o analyze of principles and practices of distance education, technological and method-
ological aspects of the use of distance learning in Institution of Higher Education;

o description of the experience of using LMS in Kherson State University;

o development of courses and webinars to improve the qualifications of university
teachers in the field of distance learning;

e implementation of the KSUONLINE - Distance Learning Network of Kherson State
University, as the learning management system in Institution of Higher Education.

4 Principles and Practices of Distance Education

In Kherson State University there is an extending experience in distance learning [6, 7,
11-15]. The experience of the staff of Kherson State University Research Institute of
Information Technologies in implementation of scientific and technical work within the



framework of the government program «Information and communication technologies
in education and science», according to the agreement Ne IT/583-2009 from 23.10.2009
presented in [7]. As the result a web-resource "Bank of electronic documents in distance
learning of higher pedagogical education” was formed.

Kherson State University has extensive experience in creating and implementing

distance learning, including the development, maintenance and implementation of dis-
tance learning systems and integrated learning environments:

Kherson Virtual University Distance Learning System (KSU development) [20].
KSUONLINE - Distance Learning System based on LMS Moodle [21].

Web portal ECDL e-learning for higher education (ECDL).

Integrated Distance Learning Environment “Fundamentals of Algorithmization and
programming" (based on LMS Moodle).

Web-Almir Distance Learning System (own development of KSU).

Integrated environment study course "Analytical Geometry" (KSU development).
Integrated environment for testing student of economics and mathematics standard-
ized parts for higher education for the specialty 6.050100 "Banking" 6.050101 "Eco-
nomic Theory" (based on LMS Moodle).

The university has Department of Support for Academic, Informational and Com-

municational Infrastructure performs, whose tasks are:

Design and development of Web-sites for different educational areas using Open-
source systems.

Design, development and support of educational software.

Participation in competitive projects of fundamental research in the fields of "Infor-
matics" and "Information technology".

Holding an anonymous voting by KSU Feedback service.

Publication of courses in the distance learning systems "KSU Online" (Fig. 1),
"Kherson virtual university".

Installation and support of the educational software tools.

Exhibition activity.

Consultations of the University staff and students.

The Moodle system meets all the basic criteria for e-learning systems:

functionality - the presence of a set of functions of different levels (forums, chats,
analysis of the activity of students, management of courses and study groups, etc.);
reliability - ease of administration and training management, ease of updating con-
tent based on existing templates, protecting users from external influences, and the
like;

stability - a high level of stability of the system relative to various modes of opera-
tion and user activity;

cost - the system itself is free, the costs of its implementation, course development
and maintenance are minimal;

lack of restrictions on the number of licenses for students;
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Fig.1. KSUONLINE - Distance Learning System of Kherson State University
based Moodle, homepage

modularity - the presence in training courses of a set of blocks of material that can
be used in other courses;

the presence of built-in tools for the development and editing of educational content,
the integration of various educational materials for various purposes;

support for the international standard SCORM (Sharable Content Object Reference
Model) - the basis for the exchange of electronic courses, provides the transfer of
resources to other systems;

availability of a system for testing and evaluating students' knowledge on-line (tests,
tasks, monitoring activity on forums);

convenience and ease of use and navigation - an intuitive learning technology (the
ability to easily find the help menu, ease of transition from one section to another,
communication with a teacher-tutor, etc.) [22].

According to existing literatures [7], Moodle still comes out as the top used system

among the open-source LMSs (Fig. 2).
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Statistics
Sites Courses Users Enralments
157,000 23,000,000 196,000,000 979,000,000
Forum posts Resources Quiz questions Countries
406,000,000 198,000,000 2,171,000,000 239

Fig.2. World statistics of LMS Moodle usage [16]

Moodle LMS has about 196 million registered users, 157 thousand educational por-
tals, 23 million courses in 239 countries and unites more than 300 software developers.
The Moodle system implements the philosophy of "social constructionism peda-
gogy" and is focused primarily on organizing teacher-student interaction in the learning



process, although it can also be used to organize traditional distance courses as well as
to support part-time and distance learning.

The design of the training course is to select effective tools used in the learning pro-
cess to achieve the intended learning objective. There are two modifiers that influence
the choice of tools that support the learning process:

o Personalization - implementation of individual educational trajectories.
¢ Involvement - embedding motivation mechanisms to reach the maximum number of
trainees as planned.

In Kherson State University established "Regulations on distance learning at Kher-
son State University” [17]. The main provisions of this document are that these types
of classes, such as self-employment, training, practical training, can be carried out in
asynchronous mode. This will give impetus to the creation of courses that will support
these types of classes.

From the year of foundation to the beginning of 2020, 409 courses were created on
the platform KSUONLINE.

It is important to understand that the modern distance learning course is not just
system of files with lectures, tasks, literature and tests which are loaded into the LMS.

According to the UNESCO Diversification of learning platforms [18] analytical
note, the need to supplement LCMS functionality with web 2.0 services is emphasized.
The support system for distance learning includes [19]:

o hardware (personal computers, network equipment, uninterruptible power supplies,
servers, equipment for video conferencing, etc.) that ensure the development and use
of web resources for educational purposes, educational process management and the
necessary types of educational interaction between subjects of distance learning in
synchronous and asynchronous modes;

o information and communication support with bandwidth of channels, which gives
all subjects of distance learning round-the-clock access to web resources and web
services for realization of educational process in synchronous and asynchronous
modes;

o general-purpose and special-purpose software (including those with special needs)
that must be licensed or built on open source software;

o \Web-based resources of the courses (programs) required for distance learning may
include:

— methodological recommendations for their use, sequence of tasks, control fea-
tures, etc;

— planning documents for the educational process (curricula, thematic plans, clas-
ses);

— multimedia lecture materials;

— terminological dictionaries;

— practical tasks with methodological recommendations for their implementation;

— virtual laboratory work with methodological recommendations for their imple-
mentation;

— virtual simulators with methodological recommendations for their use;



— packages of test tasks for carrying out control measures, testing with automated
verification of results, testing with verification by a teacher;

— business games with methodological recommendations for their use;

— electronic libraries or links to them;

— bibliography;

— adistance course that integrates the above web-based resources of the course (pro-
gram) into a single pedagogical scenario and other educational resources.

5 Experience in introducing distance courses at KSU

The topic of introducing distance learning is not new, There is a good world and do-
mestic experience. In society there is an understanding of the importance and perspec-
tive of distance learning. The development of distance education at the university re-
quires some resources, including specialists to administer distance learning platforms,
but the main thing is the teachers who will develop distance courses and accompany
the educational process. Analyzing the state of development of DL at KSU, it should
be noted that the university has a system of regular seminars on the creation of training
courses on each of the two distance learning platforms. The results of four advanced
training courses for teachers of category 45+ in distance learning at Kherson State Uni-
versity are described in the publications [13-15]. A group of teachers has been formed,
who have been actively using the capabilities of DL platforms, but the number of such
teachers has been growing very slowly in recent years, because:

e creating a distance course takes a lot of time. The course materials are different from
the materials used by the teacher in the regular classroom. And the preparation of
such materials has been ongoing for a long time, through several iterative changes;

o an additional incentive system is required,;

o the need for technical support;

self-organization, the need for a sufficiently high level of student preparation for

successful work in LMS;

lack of collaborative work;

obsolescence and lack of regulatory laws and lack of implementation practices;

low teacher awareness of LMS courses creation and use;

the courses created are often overflowing with copies of textual data, lack of clarity,

formative assessment, group and teamwork;

o the primary reason for the unsuccessful courses is the lack of training for teachers to
familiarize themselves with the LMS and create their components.

To date, the development of DL is taken into account in the Key Performance Indi-
cators of the teacher. Quarantine has become a powerful external stimulus, which has
actually forcibly transformed educational establishments of various levels into the for-
mat of DL.

A situation has arisen when teachers have started creating distance-learning courses
en masse. Many technical questions were raised in the development process as teachers



had different levels of digital skills and different experience in using ICT in their pro-
fessional activities. At the same time, people were in a situation of "alone on their own"
with problems that arose. Against the background of the general psychological pres-
sure, the need to quickly rebuild the style and mode of working with students, all this
caused even greater difficulties. All teachers were sent emails via corporate mail with
instructions for creating new distance courses and system administrators' emails were
specify. Afterwards, we were invited to host a ZOOM webinar, which was attended by
93 people. After conducting the webinar, everyone who signed up was sent letters with
a link to the video recording of the webinar, links to two courses "Workshop Tutor"
and "Distance Education" (Fig. 3), again the addresses of system administrators, tasks-
requirements for obtaining a certificate, links to surveys to evaluate the quality of the
webinar.
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Fig.3. The course of “Distance Education” in system KSUONLINE

In general, the statistics of the training seminar were as follows: 93 teachers enrolled,
58 - participated in the webinar, 37 - developed courses and sent a link to the course to
the organizers of the training seminar to check that the conditions for obtaining the
certificate are fulfilled (Fig. 4).
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After the seminars, statistics of DL-courses, which were created in the
KSUONLINE, have changed significantly (Tablel).

Tablel. The statistics of the course developed

. . | Number of courses | Number of courses
Faculties Chairs | “tor January 2020 |  for April 2020
Faculty of Foreign Philology 5 34 218
Faculty of Econimics and Man- 5 33 171
agement
Faculty of Culture and Arts 5 5 112
Historical and Legal Faculty 5 80 99
Pedagogical Faculty 4 29 88
Faculty of L_Jkralnlan Philology 4 31 64
and Journalism
Faculty of Biology, Geography
4 6 8
and Ecology
Faculty of Computer Sciences,
Physics and Mathematics 3 110 149
Faculty of Physical Education and 3 0 128
Sport
Medical Faculty 3 39 115
Socio-psychological faculty 3 42 97
University departments 2 0 31

Examples of course titles developed from the results of a training seminar: "Sports
specialization with teaching methods", "General linguistics ", "Anatomy and physiol-
ogy of children and adolescents", "Modern Ukrainian literary language", "Genetics

with the basics of breeding", "Tourist recreational complex of Ukraine", "History of
Ukrainian Journalism", "Regional Economy".
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Fig. 5. The difference between the number of courses



It should be noted, that a greater increase in the number of courses occurred at the
faculties: Faculty of Foreign Philology, Faculty of Economics and Management, Fac-
ulty of Physical Education and Sport (Fig. 5).

6 Conclusions and Outlook

The proposed strategy includes the evaluation of distance-learning training net-
works available in the Institution of Higher Education, as well as distance learning ac-
tivities developed and implemented in order to ensure more effective achievement of
learning goals.

Today the relevance of the topic of distance learning has gained new strength under
the influence of external circumstances. Therefore, there was a need to revise the pre-
vious experience of distance learning, including the system of advanced training of
teachers, to find fast effective forms of their counseling and training. Another important
aspect is the creation of a system of motivational factors contributing to the develop-
ment of distance learning including: the creation of a system of additional stimulation
of teachers to create courses in the form of advanced training, rating system to evaluate
the activities of the teacher, etc. It is advisable to introduce an internal system of certi-
fication of distance courses.
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Abstract. The paper highlights the author's experience of teaching future teach-
ers the creation of a site-quest by using cloud services. Referring to the under-
standing of the concept of "web-quest", the explanation of "site-quest™ is defined.
The methodology of teaching future teachers about the creation of a site-quest by
using cloud services is offered. Possible methods of their application for the or-
ganization of student work during the development of model and structure of the
site-quest, didactic materials (mind maps, virtual boards, clouds of words, inter-
active exercises, etc.) and it is filling out are indicated. The experience of imple-
mentation of the described methodology on the example of creation by the future
teachers of the site-quest "School of young programmers" in the lessons of the
discipline "Cloud technologies in the educational process" is presented.

Keywords: site-quest; cloud services; creation of a site-quest; future teachers.

1 Introduction

Today's students will actively participate not only in consumption but also in the crea-
tion of information resources soon, regardless of their field of professional activity.
Exactly they will become the driving force of the scientific and socio-economic devel-
opment of society. Before the education of today became a problem of forming new-
generation personalities who need to think analytically and act in a new way in times
of uncertainty and crisis situations. In the system of training competitive specialists to
come to the fore the qualities, such as: developed emotional intelligence and independ-
ence, high motivation and initiative, as well as the abilities to search and analyze infor-
mation, to quickly learn and apply new knowledge, to create innovations, to self-mas-
tery the necessary skills, to communicate effectively and collaborate as a team.

One of the ways of raising to a new level of quality of education is the use of
pedagogues in the educational process of gaming technologies, which are implemented
through information and communication technologies, in particular, cloud services.
Their use allows to make the educational process both interesting and informative, pro-
motes an increase of motivation, self-organization. This is achieved through the appli-
cation of elements of gamification in the learning process, one of which is a web-quest.
They make the lessons more effective, attractive and unforgettable for the students. As
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a result, there is their comprehensive development, activation of cognitive interest, ed-
ucation of independence and responsibility for acquiring new knowledge. However, the
development of cloud technologies and their implementation in education requires en-
hancing the ICT-competence of future teachers. This trend requires the modern teacher
to have the ability to effectively use cloud services in the educational process. That is
why, in this situation, the task to teach pedagogical students to design and create sites
using web-quest technology or sites-quests is becoming increasingly important.

2 Analysis of Publications

Today the problem of the use of quests in the educational process is being actively
studied by: B.Dodge, T.March, M. Andreeva, Y. Bykhovsky, O. Baguzina,
O. Volkova, G. Vorobyov, O. Gapeev, M. Grinevich, L. Zhuk, L. Ivanova, N. Ko-
nonets, G. Shamatonova, O. Shulgin and others.

Recently, the use of the Internet for the implementation of modern technologies
is impossible without the use of cloud services. Prospects for their active introduction
into the educational space are highlighted in the scientific reconnaissances by
V. Bykov, T. Vakalyuk, O. Gribyuk, O. Kuzminskaya, S. Litvinova, O. Merzlikina,
N. Morse, Y. Nosenko, V. Oleksiuk, S. Seydametova, S. Seytvelieva, S. Semerikov,
A. Stryuk, M. Shishkina, N. Khmil, and others.

Researches of Ukrainian and foreign scientists show considerable attention to
the issues of web quest development using various services and web applications
(O. Leshchynska, S. Ryabets and K. Gavrilenko (Google Blogger), L. Kozubay (One-
Note), Y. Kornilov and I. Levin (through Platform of Interactive Storytelling and Text
Games AXMA Story Maker) and others). The problem of training future professionals
in the development and use of web-quests is exploring by M. Kademiya, N. Kononets,
L. Savchenko, 1. Sokol and others. However, N. Khmil draws attention to the fact that
the scientific literature does not sufficiently cover the issues of theoretical and method-
ological substantiation of strategies, models of teaching future teachers the effective
use of cloud technologies in the modern educational process [1, p. 105]. We believe
that one of these strategies is to attract higher education students to create sites-quests
with their help. This allows not only the use of cloud services as a means of training
but also as a prerequisite for the formation of competencies in them for their use in
future professional activity.

The purpose of the article is to describe the methodology for teaching future
teachers to create a quest site using cloud services and to demonstrate relevant author's
experience.

3 The theoretical basis of research

The formation of future teachers of general competencies is facilitated by the use of
specially organized educational sites in the educational process. In the scientific-peda-
gogical literature, they are commonly referred to as web-quests.



The analysis of the essence of the concept of "web-quest” has led to the
conclusion that the researchers (T. Bondarenko, M. Kademiya, E. Polat, N. Kononets,
L. Savchenko, 1. Sokol and others) understand its content differently. Common to all of
the interpretations we consider is the availability of an online resource for organizing
search activities during training. In the works of G. Moskalevich it is noted that "next
to the term "web quest” is used the term "site-quest"”, which is interpreted as an online
resource, which organized competitions for solving coherent and interconnected logical
riddles" [2].

In our study, a quest site will be understood as an Internet resource presented in
the form of a site on which certain situations are modeled for pupils (students) to carry
out search activities to solve sequential and interconnected tasks.

Developing an educational web-quest is a creative process that depends on the
skills and ideas of the author, as well as the choice of tools to create one. Analyzing the
pedagogical literature and various examples of realized web-quests, it should be noted
that cloud services are the most effective means of doing so. In our study, we will follow
the definition of cloud services formulated by V. Bykov and M. Shishkina, who treat
them "as services that provide the user with network access to a scalable and flexible
organized pool of distributed physical or virtual resources delivered in a self-service
and admin mode at his request (for example, software, storage space, computing power,
etc.)" [3, p. 38].

In her research, N. Khmil emphasizes that cloud services used in the educational
process can be "systematized by purpose and their pedagogical capabilities, namely:
services for preserving and publishing didactic materials; services for visualization of
educational information; services for creating interactive game exercises" [4]. This
approach will allow us to demonstrate to future teachers a set of effective pedagogical
scenarios for their use in the educational process when creating sites-quest.

4 Results of the Research

Consider the methodology of teaching future teachers to create a site-quest by using
cloud services. It can be represented as a scheme (see Fig. 1).
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Fig. 1. The methodology of teaching future teachers about the creation of a site-quest
using cloud services.

The first stage of "Awareness of didactic opportunities of web-quest in the educational
process" involves acquaintance of students with web-quest technology; identification
of its features and identification of its application in the educational process. To do this,
it is appropriate for students to be offered to complete a web-quest in groups of 2-
5 people. The selected or created site should meet the following requirements: availa-
bility of a task and a link for finding tips, a common table for showing the results of the
tasks, the virtual board or any document for joint discussion of the results of the activity
in the quest, etc. With the completion of the first stage, a scheme outlining the didactic
capabilities of the web-quest for the educational process should be created in a joint
document.

The second stage, "Determining the requirements for completing a site-quest
and organizing its structure", involves discussing with students the structure and con-
tent of sites created using web-quest technology. To do this, you should invite them to
analyze and evaluate in advance selected examples of sites-quest with a different meth-
odology for organizing search and feedback. While working, students should state the
purpose of creating the site; to consider and evaluate the task of the quest (to determine
the purpose of the proposed task and the method/approach to its completion); evaluate
the relevance of the content of the site to the theme of the quest and the quality of the
proposed tasks for accessibility. The result of the second stage is to create quality as-
sessment forms jointly in the Google Docs and Google Forms by indicating the identi-
fied criteria.



The purpose of the third stage "Modeling the structure of the future site-quest"
is to create a model for students of the structure of the future site-quest, indicating the
content of its filling. At this stage, it is necessary to familiarize students with the rules
for finding information of various kinds, emphasizing the copyright of them when using
the data found. It is important to focus the attention of future teachers on a common set
of tasks, the definition of their presentation (text, picture-puzzle, interactive exercise,
interactive video, etc.), and how they plan to organize the interaction of the participants
of the quest. To build students' ability to create a site model, it is important to focus
their attention on the fact that they must determine the list of objects that will be placed
on it; determine their place and role, indicate possible or necessary transitions between
them.

During the implementation of the third stage, students' activities should be di-
rected to the joint fulfillment of the proposed tasks, in particular: to discuss and choose
the theme and purpose of creating a future site-quest, to ensure joint storage of the found
data - content (texts, audio, video, etc.), to determine the content, structure of the site
and develop his model, work out the selected material. This approach makes it possible
to understand the importance of working together in the process of creating a site-quest.
The result of the students' activity should be a jointly created model of the future site-
quest in the cloud service.

The fourth stage of "Creating interactive didactic materials using the cloud ser-
vices on the topic of the quest” involves the systematization of students' knowledge of
cloud services (services for creating clouds of words, infographics, interactive posters,
interactive exercises, and online questionnaires, virtual interactive boards, etc.). To
make students aware of the appropriateness of using a particular service, we pay atten-
tion to the didactic functions and practical tasks that they can accomplish. This ap-
proach allows them to form in them the skills of analyzing and defining the capabilities
of cloud services, identify indicators of their functionality and security, to outline the
purpose. In the next step, students are encouraged to design and develop electronic di-
dactic materials to meet information security requirements by using cloud services.

The implementation of the fifth stage of "Creating a site-quest and filling it with
relevant content" involves the formation of skills for future teachers to jointly develop
a map of the site-quest and filling its pages with relevant content. Students' activities
should be directed to joint interaction in the process of posting pre-created electronic
didactic materials on the site pages. It is appropriate to organize a presentation of stu-
dent site-quests with further self-evaluation and mutual evaluation of their quality.

For the future teachers to understand the importance of understanding the pro-
cess of creating a site-quest for its further use in student learning, it is advisable to
organize the final stage "Reflection of student activity on the creation of a site-quest".
It is aimed at developing students' ability and ability to evaluate completed actions, to
analyze the process of mental activity during the creation of a site-quest.

Our methodology was tested in the process of teaching future elementary school
teachers in the course "Cloud technologies in the educational process" during the study
of the following topics: "Web-quest in the educational process”, "Technology for de-
veloping web-based quests using cloud services" and "Creating a site-quest structure
and filling it with content".



In the lesson on the first topic, we have implemented the first two stages of the
proposed methodology. To become aware of the didactic capabilities of the web-quest
in the educational process, future teachers were encouraged to complete the quest "The
Secure Internet” (https://cutt.ly/htWLzjA). For this purpose, a special site was created
that met the above in the first stage requirements. After completing the joint paper, they
have drawn up an appropriate list of didactic opportunities web-quests.

Further, students were encouraged to familiarize themselves with other exam-
ples of quests that were created by future teachers studying at other higher education
pedagogical institutions  (https:/cutt.ly/7tWLcGK,  https://cutt.ly/ntWLvV7,
https://cutt.ly/mtWLb3K), and by teacher-practitioners
(https://mediaimpact.at.ua/publ/, http://webquest_artificial_intell.tilda.ws/,
https://cutt.ly/AtWLYTT). As a task, they were asked to evaluate the quality of the sub-
mitted text and formulated tasks to perform, the ability to represent the results of the
quest, the clarity of the criteria for evaluating the quest, etc. To do this, students were
grouped and an online joint analyzed one of the resources offered in the selected cloud
service.

In the second lesson "Technology for developing web-based quests using cloud
services" skills of development and creation of a model of future site-quest are formed.
The first stage involved discussing the conclusions of an independent analysis of the
quality of one of the proposed quests and defining the criteria for their evaluation, as
well as jointly creating forms in Google Docs and Google Forms for assessing the qual-
ity of web-quests, including of site-quests. They identified three sets of criteria. The
first group included characteristics regarding the presence of the following elements:
the purpose of doing the quest, the algorithms of work of the teams, reference material
or references to it, instructions for the tasks, evaluation criteria, the timing of the stages
of the quest, etc. The second group consisted of criteria for evaluating the quality of the
design of the placed materials: reference material (taking into account the age charac-
teristics of the target audience); sources; clarity and comprehensibility of tasks, instruc-
tions for their execution; performance evaluation criteria, etc. The third group included
- the relevance of the content of the submitted material to the purpose of the quest;
observance of copyright; organization of transitions between stages of the quest; quality
of sources of information for processing when performing tasks; ways of organizing
interaction between the participants of the quest; availability of memo for reflection.

In the next stage of the class, students were asked to choose a topic and to for-
mulate the purpose of creating a future site-quest. To do this, they needed to: 1) select
a course and become familiar with its program; 2) determine the theme of the future
site-quest; 3) to formulate the purpose of its creation, taking into account the content of
the educational material and the achievements of the students identified in the program.

Let's give as an example the experience of teaching future teachers the creation
of a site-quest "School of young programmers".

Students selected one of the sections of the subject "Informatics™ — "Fundamen-
tals of algorithmization and programming" (for elementary school students). The pur-
pose of creating a site-quest is to get acquainted with the concepts of "program", "ob-
ject", "algorithm"; properties and methods of objects; software projects and principles
for creating them in a visual application development environment, etc. To increase
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students' motivation for learning the topics of this section, the Scratch Interpreted Dy-
namic Visual Programming Language (online) was used; each page of the site-quest
corresponded to one of the topics of the section; offered theoretical material, tasks for
practical and independent execution were presented in the form of mind maps, interac-
tive posters, presentations, screencasts, interactive games and more.

To determine the content of the site-quest content, students were asked to:
1) analyze available distance courses or sites designed to master the basics of the
Scratch programming language; 2) develop a study plan for the selected section; 3) dis-
cuss the content of training, types of training materials and tasks, possible ways of or-
ganizing the presentation of their implementation (see Fig. 2).
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Fig. 2. The completed virtual interactive whiteboard for discussing the content and
training forms of the selected topic (https://cutt.ly/UtTa08P).

Students independently selected material on the topic "Algorithmization. Basic struc-
tures of algorithms" and "Programming in Scratch": compiled a list of basic concepts
in this topic and created a cloud of words; determined which materials will be provided
for study and which should be given in the examples; formulated tasks for independent
or practical implementation by students; chose ways to test knowledge, present and
evaluate projects created, etc. The result of the students' activity was the development
of the structure of the future site-quest, the definition of content for its filling.

The students also shared the responsibilities of completing their chosen tasks,
including: the creation of didactic materials in the form of a cloud of words, in-
fographics, interactive posters, online drawings and presentations, screencasts, interac-
tive exercises, questionnaires, project examples and the site itself.

The third lesson, "Creating a Site Structure and Filling Content of Quest", was
the final joint creation by students of the site "School of Young Programmers" using
Google Site, its presentation, and subsequent reflection. Students analyzed the sites cre-
ated; determine whether the learning aim has been achieved; discussed the advantages
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and disadvantages of organizing their joint activities to create a site-quest using cloud
Services.

5 Conclusions

Summarizing the above, the following conclusions are drawn:

1. It has been found that there are objective prerequisites for finding ways to
enhance the skills (ability) of future teachers to use cloud services effectively in the
educational process, in particular, to create elements of gamification, one of which is a
web-quest.

2. We have developed a methodology of training the creation of a site-quest by
using cloud services, which involves six stages. Its realization helped to activate the
creative and cognitive activity of students, to form in them the ability to search, process
and analyze information from various sources; the ability to generate new ideas (crea-
tivity), to work autonomously and in a team, and so on.

3. Students will be able to apply the acquired skills to create pedagogical scripts
of web-quests and appropriate didactic tools for their realization using cloud services,
in particular, during the passage of various types of pedagogical practice. In the future,
their competencies will become the basis for innovations in professional activity.
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Abstract. The purpose of the study is to develop the methodical recommenda-
tions for test-designers to cope with challenges of organizing on-line assessment
process. In order to achieve this goal we have to reveal the strengths and weak-
nesses of e-assessment activities based on analysis of the universities practice.
To find out students’ attitude to the issue of the study we have drawn up the
questionnaire. The survey results confirm that e-assessment is rated as priority
activity by learners thanks to individual approach to teaching/learning process,
easily accessible and fast feedback, as well as interactive methods of implemen-
tation. Reviewing practical experience of Kryvyi Rih National University (KNU)
and Donetsk Law Institute of the Ministry of Internal Affairs of Ukraine (DLI)
and summarizing statistical data of the survey we have developed methodical
support for designing e-assessment activities which involves: to determine in-
tended recipients and the purpose of testing; select appropriate instruments and
e-platform; specify forms of feedback; clarify the tasks; provide knowledge base
for operating e-tests etc. Despite plenty of studies in this domain the test-design-
ers and test-takers face to typical difficulties while operating e-assessment, and
there is lack of research providing methodical practicalities in this field. To ad-
dress learners’ and lecturers’ needs we have developed the methodical recom-
mendations, which might be used in the drafting of e-assessment tests for students
of different specialisms.

Keywords: E-assessment, E-learning, Google Class, Moodle, Higher Education

1 Introduction

Problem statement. Technology is an integral part of student lives they use computers,
mobile phones and the Internet every day. Nowadays it is important to use Information
and Communication Technologies (ICT) for teaching, learning and assessment. E-
learning has become an intrinsic element of prospective specialists’ training. This ap-
proach contributes to provide basic knowledge and to improve awareness in any domain
to the same extent. To compile qualitative, valid tests and develop accurate evaluation
tools are among the main outstanding challenges. The text should have a measurable
outcome; there should not be any flows as regards the content [18]. Nowadays there are
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a lot of studies devoted to e-learning in the higher education system. E-assessment is
considered to be an essential constituent of e-learning, which is commonly adopted in
situations of necessity quick and effective testing of knowledge in large academic
groups for example. This is regarded as a demanding, time-consuming and labour-in-
tensive method of e-learning. But when tests are carefully designed, preferential ad-
vantages obtain both learners and teachers. E-assessment has become particularly rele-
vant in view of global quarantine with regard to the spread of the virus around the world.
At one moment a huge amount of institutions lost access to traditional in-class studying.
In current situation e-learning and e-assessment are literally the only way to continue
training, to measure knowledge and ensure that learning outcomes are met.

Analysis of recent research and publications. The scholars have concluded that
online assessment is a significant technological advancement that should be involved
in the educational system and enhance the current evaluating system. The scientific
papers are dedicated to the principles of e-learning (Buzzetto-More, 2007; Pinhey,
2007), computer simulation and modelling in professional training (O. Teplytskyi, I.
Teplytskyi, S. Semerikov, V. Soloviov, 2015) and computer-based assessment strate-
gies (Miller, 2012). The scientists investigate the impact of e-assessment on the educa-
tion (Vipin Singh, 2019), provides the guidance to teachers on how to construct e-tests
(Zabaleta, 2013; Abdelkader, Boumiza, Braham, 2014; Mostert, 2012) and e-assess-
ments (Forester, 2007; Pinsonneault, Kraemer, 1993; Koneru, 2017), study their atti-
tudes towards the use of e-assessment (Tuparova, Goranova, Voinohovska, Asenova,
Tuparov, Gyudzhenov, 2016), define the advantages and challenges of its using (Al-
ruwais, Wills, and Wald, 2018; Upasana Gitanjali Singh, 2014). However, despite a
considerable amount of studies, the methodological recommendations for efficiency in
organizing e-assessment in higher education have not been provided. The academic
literature on the subject has revealed the emergence of several advantages of e-assess-
ment. For example, N. Alruwais, G. Wills, and M. Wald (2018) note that students pre-
fer online assessment because they can control the process due to friendly interfaces.
Besides, e-assessment ensures immediate feedback comparing with paper tests. It,
therefore, increases students’ motivation. Successful online interaction allows students
to demonstrate not just content mastery but the ability to taking it to the higher level of
thinking [2]. It helps students in remote areas to learn and assess their results [3]. In
terms of universities, the advantages are clear too, i.e. it gives an opportunity to increase
the number of students; e-assessment decreases cost for an institution to assess students
as the time is reduced; e-assessment is reliable and security-enhanced, it assists to re-
duce students’ cheating [3]. Additional benefits of e-learning and e-assessment are:

» The implementation of active learning strategies [2]

 Solutions for individualizing instruction [2]

» Replicability and accessibility [2]

» Ease of learning management [2].

The article is aimed to examine the practical experience of e-assessment on the
examples of Kryvyi Rih National University and Donetsk Law Institute of the Ministry
of Internal Affairs of Ukraine and reveal the advantages and disadvantages of this ap-
proach. The outcome of the study stems from the aim. It should be methodical recom-
mendations for test-designers how to organize effective e-assessment based on analysis



of scientific literature on this subject and currently available e-tests on the universities’
e-platforms, and summarizing of the results of the questionnaire for the university stu-
dents. In order to achieve these outcomes, the following tasks are to be solved:

 an overview of recent scientific researches related to e-assessment;

« designing the questionnaire for students to define their experience of using differ-
ent forms of e-assessment;

« analysis of the questionnaire results and identifying the pitfalls of e -assessment
applying;

« examine the experience of using e-assessment in higher education;

« developing methodical recommendations for organizing effective e-assessment.

2 The Theoretical Backgrounds

Analysis of scientific literature was produced in terms of applying existing theories and
practical experience. S. Hadjerrouit states that an e-learning model needs to demon-
strate what pedagogical principles and learning theories are operating [8, p. 27]. It is
really determining factor to realize how to implement the pedagogical theory into prac-
tice. Our study is based on the learners’-centered approach. All the tests and quizzes
are subjected to meet the learners’ needs in the scope of ESP.

In general, the researchers have determined that the life-cycle of e-learning model
includes four phases. They are the design phase, the production phase, the deployment
and assessment phases [1]. Our study is aimed to analyze the specifications of the last
one. Evaluation is a really important phase of both classic in-class instructor-led stud-
ying and e-learning as well. In this regard, L. Forester (2007) investigated the differen-
tial impact of paper tests, web-based instruction and e-assessment on German culture
proficiency of students. She notes that classroom teaching in “...a culture course —and
especially assessments such as tests, quizzes, and papers — usually does not meet learn-
ers’ actual linguistic needs” [6, p. 84]. The reason is a clear misalignment between real-
life tasks in this domain and a set of facts which are necessary to complete the standard
tests in class. Taking into account these disconnects the researcher has developed the
author course on German culture based on German websites for cultural and linguistic
information.

As a logical extension of a web-based approach to teaching the scholar has required
students to submit all their work as web-sites. In particular, each student has created his
own course web-site and posted all homework and projects there. And the benefits are
clear because the students obtained new and very important for career promotion skills
in web-sites designing, it encourages a more serious and responsible attitude to home-
work, contributes to the accuracy of facts, grammatical correctness, vocabulary usage,
since not only group mates and a teacher could access to their results but everybody
around the world.

Spanish researcher F. Zabaleta notes that “...the test-authoring software should pro-
vide a flexible array of item types and item capabilities” [21, p. 680]. For example, item
feedback, conditional feedback, test evaluation feedback, printing, passing score, ad-



ministration of the test through a network. Meanwhile, B. S. Bloom was correct to as-
sert that the role of an instructor also changed from the classic “sage on the stage” to
the “guide on the side” [5, p. 90]. The teacher should explain technical questions, for
example how to create frames on a web page and after that, the teacher served as a
linguistic consultant [5].

Considering the fact that most of the e-tests have been designed conforming to
Bloom's taxonomy principles let us expand on classifying educational objectives and
test exercises. Bloom’s Taxonomy is conductive to convert the objectives, which the
teacher expects to perform, to practical applicable outcomes, which are expected by the
learners’. The first (basis) step is knowledge. In the terms of evaluation knowledge
“...includes those behaviours and test situations which emphasize the remembering,
either by recognition or recall, of ideas, materials, or phenomena” [5, p. 62].
B. S. Bloom identifies several types of knowledge: 1) knowledge of specifics (to recall
some specific information), 2) knowledge of terminology (specific verbal and non-ver-
bal symbols). It is considered to be the most basic type of knowledge in some domain.
There is an implied hierarchy to Bloom's categories, with knowledge representing the
simplest level of cognition and the evaluation category representing the highest and
most complex level. Teachers can identify the level of chosen learning objectives and
create assessments to match those levels. One can write items for any given level. With
objectively scored item formats, it is fairly simple to tap lower levels of Bloom's tax-
onomy and more difficult, but not impossible, to measure at higher levels. On the other
hand, test-designers should not worry too much about the fine distinctions between the
six levels as defined by B. S. Bloom. For example, comprehension and application are
commonly treated as synonymous as it means the ability to apply what is learned that
indicates comprehension [13]. Most e-testing theorists and test-designers today pay the
most attention to the distinction between the knowledge level and all the rest of the
levels.

Bulgarian scholars D. Tuparova, E. Goranova, V. Voinohovska, P. Asenova, G. Tu-
parov, I. Gyudzhenov have conducted the survey to find out what methods and techno-
logical tools for competency assessment apply school teachers of Maths and Informat-
ics in Bulgaria [20]. The results show that the teachers prefer .. traditional assessment
methods as Tests, Practical Tasks and Project-based method. Most non-used methods
are Method 360 degrees, Portfolio, and Sharing opinion through social networks” [20,
p. 2239]. Consequently, the research discloses the fact that e-designers prefer to de-
velop simple lower levels of e-assessment items (according to Bloom’s Taxonomy).
The scientists make the public one of the reasons for non-using higher-level methods,
which has proved to be the lack of knowledge on the method or the belief that this
method is not suitable for the subject. Thus, this research has indicated a need for ad-
ditional methodical support for lecturers who do apply e-learning and e-assessment in
practice.



3 Methods

In order to identify whether the students have got enough experience of using different
forms of e-assessment the participants were asked to fill out the questionnaire. Firstly,
we have developed the questions for the survey. A. Pinsonneault and K. L. Kraemer
define a survey as “a means for gathering information about the characteristics, actions,
or opinions of a large group of people” [14, p. 77]. Surveys can also be used to assess
needs, evaluate demand, and examine impact [15]. The survey enables us to collect the
necessary information on students’ attitudes towards using of e-assessment; to mature
advantages and disadvantages of these methods and appropriate implementation of the
electronic evaluation. The questionnaire was made available on the Internet and redis-
tributed among the students of Kryvyi Rih National University and Donetsk Law Insti-
tute of the Ministry of Internal Affairs of Ukraine. We use Google Forms as an instru-
ment to provide and collect regular students' feedback regarding their learning experi-
ence. Dr. R. Haddad and Dr. Y. Kalaani characterize Google Forms as “an integrated
web-based application that facilitates the design of online surveys, questionnaires, and
quizzes with a user-friendly application programming interface (API)” [7]. The scien-
tists indicate the following benefits of using Google Forms: 1) it has a modular structure
which makes creating surveys as easy as adding questions and selecting options such
as the type of question, the scale, and the labels; 2) the survey results are stored in a
centralized Google Spreadsheet in your Google Drive and can be exported to Excel
spreadsheet; 3) Google Forms does not limit the number of survey forms that can be
created or the number of students that can participate in these surveys; 4) it allows email
notifications whenever a response is submitted; 5) it supports a wide range of question
types and options and etc. [7]. Thus, the survey has been placed on Google Forms plat-
form because it enables to get fast feedback, to monitor the progress and analyze the
results. There is the link: https://forms.gle/zY JupAyvBffsuokdA.

Fig. 1. Google Forms


https://forms.gle/zYJupAyvBffsuokdA

Let us now consider the results of the questionnaire. The total number of respondents
is 111 the It — V" year students of KNU and DLI trained for different specialisms,
namely computer and software engineering, electrical engineering, mechanical engi-
neering, economics, management, law enforcement, law. At the beginning of the study,
students were informed about its goals, and they agreed to cooperate on a voluntary
basis.

The first question is aimed to identify which forms and methods of e-assessment
students have experienced on different subjects at their universities. Of the 111 re-
spondents who completed the questionnaire, just over half have indicated multiple
choice (76 respondents), short answers (56 respondents) and presentation (57 respond-
ents) as the most often used forms of e-assessment. There are highly predictable results
because of the teachers remarkably regular use those forms for quick testing of their
students’ knowledge.

Otherwise, such forms of assessment activity as a case study (Not often — 66 respond-
ents, Never — 17), self-assessment and peer-review (Not often — 54 respondents, Never
—13), discussion posts (Not often — 61 respondents, Never — 13) and portfolio (Not often
— 36 respondents, Never — 36) have appeared to be underestimated by the teachers. The
findings of the questionnaire have revealed that crucial number of students has experi-
enced these methods “not very often” or “never”. The reason is self-evident: this is a
cumbersome and time-consuming process to develop aforementioned activities for test-
designers, on the one hand, and this is labour-intensive and meticulous to complete
these assignments for test-takers, on the other hand. It becomes apparent that the re-
sults we found have been echoed by the larger-scale study conducted by Bulgarian
scholars [20].

This assumption is supported by the answers on the questions as concerns the ad-
vantages and disadvantages of the e-assessment methods. Figure 2 below illustrates the
breakdown of the students’ choices according to the advantages of the most often used
electronic evaluation methods.
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Fig. 2. Advantages of e-assessment methods

It is significant, therefore, the respondents have cited amongst the disadvantages of e-
assessment methods lack of accuracy provided by multiple choice (45 answers) and
short answers (45 answers) whereas the students may often learn by rote or just guess
the answers (59 and 54 answers, respectively).
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The next section of the survey is concerned with the problem of students’ awareness
of the long-run objective of different e-assessment methods. We have addressed the
question: What skills and abilities do these forms of e-assessment contribute to? Table
1 displays the distribution of skills and abilities among the forms of assessment in the
view of the test-takers.

Table 1. The distribution of answers to the question “What skills and abilities do these
forms of e-assessment contribute to?”

Multiple choice
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Communicating
skills

Analytical and re- | 48 | 33 |41 54 43 |46 |42 | 46 |58 29
search skills
Ability to make de- | 54 | 44 |51 45 24 |37 |35 |34 |52 36
cisions and solve
problems

Leadership or man- | 28 | 27 | 47 53 42 |31 |35 |29 |59 33
agement skills
Ability to plan, or- | 40 | 29 | 37 58 42 |48 |43 |36 |58 30
ganize and priori-
tize work

Teamwork 47 |29 |55 54 40 |37 |3 |27 |61 40

The single most striking observation to emerge from the data comparison is that a
significant number of respondents realize that time- and labour-consuming but creative
assessments methods like presentation, portfolio, case study, practical experiments are
crucial for improving learners’ proficiency. For instance, 58 of 111 students noted that
practical experiments contribute to critical thinking, analytical and research skills as
well as ability to plan, organize and prioritize work. This form of learning activity has
“...enabled the lecturers to identify the practical skills acquired by the students as well
as their weaknesses in performing the experiments” [16]. The potentialities of on-line
practical experiments are not confined to the assessment of practical skills. Test-takers
may answer the questions, describe or explain their observations and demonstrate the
awareness of the significance of the theoretical knowledge they had obtained at in-class
instructor-led classes. Experience has shown, 61 of 111 students, that practical experi-
ments successfully combined with project activities may be used to assess team work-
ing skills too.



On the other hand, the survey has revealed that the learners do not sometimes under-
stand the educational goals of some e-assessment tasks. For example, 47 of 111 re-
spondents mentioned that multiple-choice exercises improve team working skills, and
44 of them answered that short answers develop their ability to make decisions and
solve problems. None of this is true but we cannot accuse the students only because the
lectures’ responsibility is to instruct and explain the tasks clearly. Over and above, the
test-designer is required to inform the test-taker about the place, role and importance of
the assignment in the whole system of professional knowledge.

Together these results provide important insights into the state of affairs in practice.
Data analyzed for the purpose of this study indicate that both lecturers and learners are
interested in on-line assessment activities. However, all relevant stakeholders obviously
need methodical assistance in e-tests” designing and their completion. The results of
the survey have become really meaningful to develop methodical recommendations for
test-designers.

4 Findings

Moving on now to consider the practical ways of addressing the e-assessment issue.
Dr 1. Koneru supposes that the Learning Management Systems (LMS), such as Moodle
(Modular Object-Oriented Dynamic Learning Environment) supports the integrated e-
assessment systems. It provides formative (self-assessment, peer assessment, tutor-
marked assignments), summative and competency-based assessment [10]. In our teach-
ing practise, we use self-assessment through self-check exercises and in-text activities,
continuous and tutor-marked evaluation through topical assignments and summative
assessment through term-end tests on the Moodle platform. The Final tests
[http://mlib.knu.edu.ua/course/view.php?id=20334] in English for specific purposes
(ESP) for first-year students of Information Technology and Mechanical Engineering
faculties have been developed taking advantage of Moodle quiz feature which enables
to organize a time-bound activity and supports various questions types by KNU lectur-
ers. The term-end tests consist of 100 different type questions namely, multiple-choice
questions (MCQs), matching and short answers. It was identified that MCQs can be
adopted more than just recall questions (lower cognitive levels of Bloom’s taxonomy).
Hence, Upasana Gitanjali Singh notes a dual role of MCQs — to obtain information on
the different types of MCQs, as well as how applicable these types are to stimulating
higher-order thinking skills (HOTS) in the students [17, p.138]. Test questions are shuf-
fled so that each student will get a different assignment. This reduces to a minimum the
potential for cheating at the test. Additionally, the students can see the correct answers
as soon as the quiz is completed by all the respondents; this, in turn, prevents sharing
the information with group mates. Students’ answers are checked and recorded auto-
matically that makes assessment error-free and delivers instant feedback. Automatic
grading helps the learners accurately track their progress and creates a reliable e-assess-
ment system. The quiz is divided into two parts: Grammar (60 questions) and ESP (40
questions). Grammar quiz is illustrated in Figure 3.
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Fig.3. Word-formation assignment of grammar block

As noted previously, the final assessment is appropriate to ascertain the level of stu-
dents’ proficiency in a discipline. As a rule teachers use this kind of activity at the end
of the course. Final assessment can be viewed as a formative assessment when the stu-
dent uses it as a foundation for the work in successive courses, for example, a project
in the first year can be a support to learning in the second year of study [17, p. 31].
Furthermore, the consistency of electronic marking removes concerns associated with
subjective manual marking by the human assessor. The formative assessment (FA) can
be the transitional phase between enrolment and final assessment phases. Its knowledge
building role is undeniable. It is contributed to the sustainable improvement of language
skills and facilitates to obtain the looked-for results in learning outcomes. One of the e-
assessment benefits is that it might be viewed as a wake-up message for a lecturer in
regard to if the students have adopted the material or not. In this context, the Moodle
platform gives a wide range of instruments and tools, notably very comprehensive re-
ports including time taken, number of attempts, date of start and completion, charts data
with the overall number of students achieving grade ranges and so on (Figure 4).
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Fig.4. Charts data of students achieving grade ranges

The special ESP course “English for Mining Mechanical Engineers” (KNU)
[http://mlib.knu.edu.ua/mod/quiz/report.php?id=13415&mode=overview] is targeted
for the fourth- and fifth-year students of engineering majors based on Moodle platform.
The on-line platform provides different grades reporting services for formative assess-
ment, thus helping test-designers to collaborate with students and making work of both
of them easier. The objective of the special course is to improve students’ reading, lis-
tening, writing and speaking skills within the professional engineering context. Conse-
quently in formative assessment what is really important for test-takers is to get quick
feedback, and to be able to analyze the results and understand the mistakes.



The course “Competition law” (DLI) [https://elearning.dli.donetsk.ua/course/
view.php?id=116] has been designed according to these principles as well. New mate-
rial is represented as a lecture then the theory is supported by the thematic presentation
and the third block consists of three types of assignments such as “Explore the prob-
lem...”, “Explain the phenomena...”, “Compare ...and give reasons for your choice”.
The assessment is designed in the forms of discussion posts, case study and self-assess-
ment (Figure 5).
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Fig.5. Course “Competition law”. Topical Unit 1.

The theoretical block is followed by appropriate individual work and the in-depth study
block. There are some options in this part of the Unit. At first, the students are offered
to train their analytical and research skills and complete the tasks, for example: based
on the current competition law, do some research on the impacts of the norms of eco-
nomic competition on the relationships occurred outside the territory of Ukraine. The
next task looks like a discussion post: determine the role of competition in entrepre-
neurial activity; justify your point of view. Finally, the students are proposed to organ-
ize themselves into groups (3-4 people in each one) and develop topical projects. There
are three topics among which they can choose one, develop the project and represent it
in class. In such a way they implement the theory into practice and train team working
skills. All the assignments are collected in a folder that is how a student’s portfolio has
been created. This midpoint assessment is primarily aimed at sending a message to the
teacher: “OK. We are ready to continue!” or otherwise “Hang on a minute! We cannot
keep up”. E-assessment significantly speeds up the feedback and facilitates fruitful in-
teraction of the lecturer and the learners. All the question and assignment types dis-
cussed above can, in an e-assessment system, include high-resolution graphics, video,
sound, animations and other multimedia elements which are used as part of the ques-
tions and not just as decorative images [11]. Figure 6 demonstrates the practical imple-
mentation of these principles in the course “English for cadets of the major “Law En-
forcement  Activities”  [https://elearning.dli.donetsk.ua/course/view.php?id=188].
These questions can be adapted to test the higher cognitive levels of Bloom’s taxonomy
[12].



