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Abstract. The article highlights the promising ways of providing access to the
cloud-based learning and research software in higher educational institutions. It
is emphasized that the cloud computing services implementation is the actual
trend of modern ICT pedagogical systems development. The analysis and
evaluation of existing experience and educational research of different types of
software packages use are proposed. The general model of formation and de-
velopment of the cloud-based learning and research environment of educational
personnel training is substantiated. The reasonable ways of methods selection
on the basis of the proposed model are considered and the prospects for their
use in educational systems of higher education are described. The analysis and
assessment of the prospects of the cloud-based educational and research envi-
ronment development is fulfilled.
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1 Introduction

1.1  The Problem Statement

Nowadays, innovative technological solutions for learning environment organization
and design using cloud computing (CC) and ICT outsourcing have shown promise
and usefulness [1-4]. So, the modelling and analysis of the processes of the cloud-
based learning environment formation, elaboration and deployment in view of the
current tendencies of ICT advance have come to the fore. Insufficient attention to
these issues may have the negative impact on the level of ICT competence of lecturers
and academic staff, organization of their educational and research activities. There is a
need to produce some general framework of learning environment formation and de-
sign that may be detailed through the system of the models of its parts so as to elabo-
rate and evaluate different CC based learning components, to consider and compare
the most advisable methods of their design and delivery.



1.2  The State of the Art

According to the recent research [2], [4]; [6], [9], [14] the problems of cloud tech-
nologies implementing in higher educational institutions to provide software access,
support collaborative learning, research and educational activities, exchange experi-
ence and also project development are especially challenging. The formation of the
cloud-based learning environment is recognized as a priority by the international edu-
cational community [7], and is now being intensively developed in different areas of
education [6], [10], [14].

According to IDC, at the end of 2016, two-thirds of IT executive directors of the
500 largest companies (rated Financial Times) reported that they considered digital
transformation as the main objective of corporate strategy. Under the "digital
transformation" the gradual transfer of IT infrastructure to the corporate cloud and
then partly or completely to the external provider cloud to create more efficient
business, accelerate the process of innovation, to achieve cost reduction, improve
production safety, etc. is implied [5], [13].

Growing demand for cloud services is reflected by the following figures: the share
of those companies in the world that are using the cloud solutions increased from 26%
in 2015 to 59% in 2016, representing 127% of annual growth; while in Ukraine this
figure of annual growth was 26% (an increase from 38% in 2015 to 48% in 2016) -
according to the survey IDC, that was conducted in 2016 with the number of
respondents n = 11 350 from all over the world [5], [13].

Among the current issues there are those concerning existing approaches and mod-
els for electronic educational resources delivery within the cloud-based setting; the
methodology of CC-based learning and research university environment design;
evaluation of current experience of cloud-based models and components use [2], [6],
[8], [9], [14]. This brings the problem of educational personnel training to the fore-
front.

1.3 The Purpose of the Article

The main purpose of the article is to define the general model of the cloud-based
learning and research university environment for educational personnel training and
consider the possible ways and techniques of its use and application within the
pedagogical systems of higher education. The main idea is in the hypothesis that
design and development of learning and research environment due to the proposed
approach will result in positive effect of better access to electronic educational re-
sources and more efficient use of ICT and also rising of the ICT competence of
educational personnel.

14  The Research Methods

The research method involved analysing the current research (including the domes-
tic and foreign experience of the application of cloud-based learning services to
reveal the concept of the investigation and research indicators), examining existing
models and approaches, technological solutions and psychological and pedagogical



assumptions about better ways of introducing innovative technology so as to con-
sider and elaborate the general model and special methodical system of educational
personnel training with the use of the cloud-based components on the basis of Mi-
crosoft Office 365, AWS, SageMathCloud. To measure the efficiency of the pro-
posed approach the pedagogical experiment was undertaken. The special indicators
to reveal ICT competence of educational personnel trained according to the pro-
posed methodical system within the cloud-based learning environment were used.

2 Presenting the Main Material

The use of ICT affects the content, methods and organizational forms of learning
and managing educational and research activities that require new approaches to
learning environment arrangement [1], [2]. Therefore, the formation of modern cloud-
based systems for supporting learning and research activities should be based on ap-
propriate innovative models and methodology that can ensure a harmonious combina-
tion and embedding of various networking tools into the educational environment of
higher education institution [1], [2], [7], [9].

Taking into account the stages and components of the learning environment design
process the general model of this environment formation and development is to be
considered (Fig.1).

The target component of this model reveals the goals and objectives of the CC-
based learning and research environment design such as ICT-competent specialist
formation, wider access to ICT; providing the use of the most advanced tools and
technologies in education and research and others.

The learning and research process is realized within some Pedagogical System (PS)
being the component of this model. The CC-based environment is designed so as to
support the specific aims achievement within this system. For this purpose the certain
functions of PS should be revealed, among them there are such as learning, research,
development, education, control. To fulfill these functions the necessary educational
preconditions are to be provided with the use of the CC-based learning environment
tools and services.

For the CC-based Learning Environment (LE) would provide the PS functions
implementation the specific services of LE are arranged to support the functions of LE
such as collection, accumulation, storage, input, representation, manipulation and
reorganization of data, learning tools management, measurement, communication,
maintaining domain Electronic Educational Resources (EER) and others. To deploy
the relevant environment components the special methodical system is elaborated
basing on certain methodological principles, methods and approaches such as open
education principles and also the principles being specific only for the cloud-based
learning environment in particular adaptability; services personalization;
infrastructure unification; full-scale interactivity; flexibility and scalability;
consolidation of data and resources and others; the problem-oriented, the person-
oriented, operational and processing, holistic and other conceptual approaches are
used.
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Fig. 1. The general model of formation and development of the CC-based learning and research
environment of educational personnel training.



The methodical system includes the number of special developed methods that may
be realized at 3 levels due to the main types of CC service models such as SaaS (soft-
ware-as-a-service); PaaS (platform-as-a-service); laaS (infrastructure-as-a-service)
[9]. Conceptual principles, and also the basic characteristics and service models of CC
appear to be the system creative factor that brings together the separate methods into
the unite system. Due to this the method of the learning and research cloud on the
base of Microsoft Office 365 use, the method of the learning components on the basis
of AWS use [9], [10], the method of the learning components on the base of Sage-
MathCloud use [6] are elaborated as the methodical system components.

On the basis of the methodical system of the CC-based LE formation and develop-
ment the current version of its structure and composition is built then this is checked
up as for the correspondence to the most complete realization of the PS functions due
to the determined criteria. In case of compliance achievement the environment is suc-
cessfully created. If the structure and composition of LE don’t correspond to the func-
tions of PS the environment development is required. For this purpose the return to
the review of the environment structure and composition is needed.

The peculiarities of methods selection for the formation and development of
the cloud-based learning environment. The cloud-based learning environment de-
sign basing of the general model of its formation and development involves the me-
thodical system that covers several methods of the learning and research components
use that are united by the system creating factor such as the cloud-based approach
with the most important basic features and service models. The cloud technologies are
to provide the key features of the learning environment that are openness and flexibil-
ity. If the tasks of environment development are changed it is possible to modify ade-
quately the tools features and overall composition of the environment and also to
modernize the methods of its use. So the structure and the composition can be aligned
with the planned development goals, new challenges appeared or appearing in future.

So the methods of the learning and research components use may be selected and
elaborated depending on the service model chosen for the environment deployment.
For example using the SaaS model the services of the general purpose and also the
specialized services may be provided. It may be used to support the learning or
research activity regardless of the domain by means of documents, electronic tables,
databases, files repositories, sites elaborating and processing and also by means of
communication services [4], [7]. On the basis of the general use services the method
of the Microsoft Office 365 learning and research cloud use was elaborated.

The specialized services may cover the remote learning laboratories and software
tools for programming, design, modeling, data processing, research and others. The
clear example of such kind of tools is the SageMathCloud mathematical software [6].
The method of the SageMathCloud learning components use was elaborated within
this study. In this case the specialized software is provided as the turnkey solution it
does not require deployment on the equipment of a user but still can not be modified
in realization proposed by the provider [6].

As opposed to it the [aaS or PaaS model is to provide the software access of what-
ever kind deployed on the cloud servers of the provider by the user. The method of the



learning components use within this kind of model was elaborated on the base of
AWS (Amazon Web Services) [9], [10]. This approach may be used to provide access
to different kinds of learning services deployed in the cloud. For example the learning
component with the Maxima system use was elaborated and researched [10].

The Results of Experimental Work. The aim of pedagogical experiment was to
justify empirically the proposed theoretical assumptions and methodical system to be
really effective.

At the ascertaining stage of the experiment (2012) some problems of ICT compe-
tencies of lecturers and academic staff taking part in the experiment as for using CC
technologies in learning and research were found. The proportion of those having the
high levels of the relevant ICT competencies was 14,65% in the experimental group
(58 members) and 12,65% in the control group (60 members). The participants would
like to improve their knowledge through greater use of cloud-based tools in their pro-
fessional activities.

On the formative stage (2012-2014) the different components of the methodical
system were introduced in the process of learning and research activities of the ex-
perimental group. Comparing the levels of the relevant ICT competencies in the early
formative stage and at the end of the experiment gives the rise of the proportion of
research and lecturers staff with the high levels of relevant ICT competencies (29,5%
in the control group and 48,05% in the experimental group). It shows the statistically
relevant increase proved by the angular Fisher criteria (Qex,=2,04>¢0 05=1,64).

Analysis of the formative stage of pedagogical experiment showed that the distri-
bution of the levels of ICT competences in the experimental and the control groups of
teaching staff have statistically significant differences due to the introduction of the
developed technique, which confirms the hypothesis of the study.

The advantage of the approach is the possibility to compare the different ways to
implement resources with regard to the learning infrastructure. Future research in this
area should consider different types of resources and environments.

Conclusions

The general model of the university cloud-based learning and research environ-
ment formation and design proved to be a reasonable framework to deliver and
research the cloud-based learning resources and components. The ways of methods
selection on the basis of the proposed model and the prospects for their use within
the learning systems of higher education are considered. Among them there are the
methods of cloud-based components design on the basis of Microsoft Office 365,
AWS, SageMathCloud to support learning and research processes. The recent ten-
dencies of CC development are considered and evaluated in view of the cloud-
based learning and research environment creation.
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