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Abstract. The article deals with the creation and use of the cloud-oriented environment for flipped learning
in the process of training future IT specialists in higher education institutions. It describes the organization of
the students’ project work based on flipped learning using the services and resources of the cloud-oriented
educational environment. It identified the following components of such an environment: resources of the
university’s training portal, mass open online courses, profession-oriented software applications and project

management services. The present research offers the model of flipped learning for the implementation of the
cross-disciplinary project for the formation of professional and personal competences of future IT specialists.

It provides the results of an experimental study of the effectiveness of the proposed cloud-oriented
environment application in the implementation of the cross-disciplinary project from the perspective of
students and teachers by three criteria: functionality for professional activity, project management and flipped

learning.

1 Introduction

Sustainable development depends on innovation and the
introduction of ICT in various sectors of the economy and
livelihoods. That is why providing inclusive and equitable
quality education, promoting lifelong learning for all, is
one of the global goals of sustainable development. The
issue of training quality IT professionals is especially
relevant in the context of achieving sustainable
development goals, as modern innovation is based on the
widespread use of IT. Higher education institutions are
constantly confronted with the educational and
technological challenges involved in preparing future IT
specialists. Teachers are faced with the task of finding
new approaches to solving the problem of improving the
quality of the educational process, developing students’
professional and personal skills. Moreover, employers’
expectations of professional qualification requirements
must be met. In addition to professional competencies,
teamwork, problem-solving and communication skills,
so-called soft skills, should be addressed in the future IT
specialists.

We are looking at flipped learning as a way of creating
a learning ecosystem, we realise how effective it is.
Flipped classrooms connect people and provide them with
a variety of content and technology. This increases the
engagement of the learners as there is activity-based,
practical learning in classroom time. Flipped learning also
boosts healthy interaction between members, in a
mutually beneficial manner, which is the essential
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function of an ecosystem. Blended learning, interaction
between members and informal learning are other
characteristics of a flipped classroom that take you closer
to developing a learning ecosystem.

Case studies are emerging, in ever greater numbers,
which document measurable improvements in student and
teacher motivation, increased attendance in class, and
better grades, as a result of using the flipped approach [1,
2,3].

Innovative approaches in higher education are shifting
away from teacher centered instruction to student-
centered learning [4].

Technological challenges and the need to develop
personal performance and self-education competences of
future IT specialists pose the challenge of designing an
effective educational environment. The purpose of this
article is to design a cloud-oriented environment for
flipped learning in the process of training the future IT
specialists, as well as to study the performance indicators
of such an environment.

2 Theoretical background

There are two common characteristics which encapsulate
a flipped classroom: (a) an easily adaptable learning
environment that facilitates active learning and allows
students to develop different skills and competencies [5,
6, 7, 8]; (b) a student-centred learning culture [2, 9] and
others.
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According to the Flipped Learning Network the
flipped classroom approach has four pillars. In order for
teachers to achieve this approach, they have to take these
four elements into consideration:

- Flipped learning requires flexible environments.

- Flipped learning requires a shift in learning culture.
- Flipped learning requires intentional content.

- Flipped learning requires professional educators.

The concept of flipped learning is to provide to
student’s lectures in a video format and other supportive
materials to review as their homework, get the maximum
of'it, and then, use the next class time for in-class activities
and problem-solving exercises. The flipped classroom
serves as a platform to achieve a collaborative and organic
learning environment. To meet the challenges and
complexities of the 21st-century workplace environment,
there has been a shift and adoption of an organic learning
environment in the business community. Similarly,
universities and accreditation bodies in business schools
are moving towards developing competency-based
curricula where learners foster lifelong learning skills
through a process of self-directed learning [10].

Flipped learning approaches have students use
technology to access the lecture and other instructional
resources outside the classroom in order to engage them
in active learning during in-class time [11].

O. Kuzminska, N.Morze, E.Smyrnova-Trybulska
describes scenarios and collaboration tools for students’
practical activity, provides examples of learning objects
representing resources for independent study and
research, and criteria for assessing the effectiveness of the
proposed model of flipped learning [6].

The active learning techniques integrate the student
centered learning methods such as cooperative learning,
problem-based learning, project based learning and peer
assisted learning. These learning approaches mean that
students work in groups in order to develop and reach
their learning goals [4].

One of the aims of the flipped learning technology is
the transition of the educational process organization from
passive student learning to the active one, in which future
specialists participate in collaborative work, carry out
team projects, discuss and solve practical problems in the
classroom, applying the theoretical knowledge they have
acquired prior to the classroom lessons. By providing
students with basic theoretical knowledge prior to the
class, the teacher becomes a facilitator, thus enabling
students to deepen their knowledge and practical skills
during the class and independently manage their own
educational process.

The scheme of the educational process organization
under the flipped learning technology of future specialists
in information technologies is presented in Fig. 1.

Prior to the classes, students need to acquire basic
theoretical knowledge in each academic subject using the
resources of the e-learning course (ELC), further deepen
the acquired knowledge independently by studying the
various MOOCs recommended by teachers. During the
classes, students plan joint activities, work on the project
as a team, performing practice-based tasks. In the
classroom, students consult the teacher on the problematic
issues. After classes, the student teams performed tasks

assigned to each participant within the project and
addressed controversial issues if they arouse among the
team members regarding the project tasks.
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Fig. 1. The scheme of the educational process organization
under the flipped learning technology.

The use of modern information technologies further
enriches the flipped learning process and foster the skills
needed by future IT specialists. At the World Economic
Forum in 2019, it was determined that it is important to
pay attention to the ways and forms of the educational
process organization, out of which they single out the
study of information technologies with an emphasis on
teamwork and creativity, learning through games that
develop critical thinking, support of students’ initiative
outside the educational programs.

A cloud-based environment for organizing the
learning process through the technology of flipped
learning should provide e-support for the activities of

EERN T3

students and teachers at the stages “before class”, “in
class”, “after class”. The essence of the notion and the
possibility of using a learning environment in their studies
are considered by the following scientists: O. Saad,
M. Rana [12], A. Salam, N. Sardar [13], M. Shyshkina
[14, 15], Y. Nosenko, M. Shyshkina, V. Oleksiuk [16],
M. Popel [17] et al.

O. Spirin, V. Oleksiuk, N. Balyk, S. Lytvynova, and
S. Sydorenko describe a cloud environment for the study
of the “Computer Networks” academic discipline in their
article [18], which was deployed at the Faculty of Physics
and Mathematics of Ternopil Volodymyr Hnatyuk
National Pedagogical University and investigate the
effectiveness of blended learning in such an environment.

Supported by the information and communication
technologies, teachers have many options for improving
the effectiveness of teaching, in particular the
organization of teamwork projects in the process of
training future IT specialists.

The cloud-oriented environment was designed at the
National University of Life and Environmental Sciences
(NULES) of Ukraine for training the future IT specialists
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under the flipped learning technology (Fig. 2). Selection
criteria for cloud services and resources that will be
appropriate in the process of training future IT
professionals are analysed in articles [19]. The
university’s  cloud-oriented environment provides
students, who major in IT with a variety of types of
resources and services that make it possible to use:

- prior to classes within the framework of independent
work with e-resources: e-learning courses (ELC) in
accordance with the curriculum for training specialists
using the LMS Moodle platform; Khan Academy; online
courses from Microsoft and Cisco leading technology
companies, respectively, Microsoft Imagine Academy,
Cisco Networking Academy; Massive Open Online
courses (MOOC), such as Coursera, Udemy, Prometheus,
edX, Khan Academy and others;

- in the classroom: professionally-oriented software and
cloud services, namely: Microsoft Office 365; Visual
Studio; draw.io; services for collective IT development
(GitHub, Bitbucked, DeployBot, Phabricator, BeanStalk);
Miro;

- for the cooperation outside the university, services to
manage collective projects such as: Microsoft Teams,
Jira, Trello, Asana, YouTrack.
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Fig. 2. Components of the cloud-oriented environment for
flipped learning.

The design of a cloud-oriented environment for the
implementation of the cross-disciplinary project enables
teachers to choose the means available to complete the
project’s tasks, integrate the necessary services and
resources into the created environment, and provide
communication between the educators, who teach the
project disciplines and the teams of students; students
have the opportunity to effectively plan project
implementation steps, distribute tasks among team
members and monitor their implementation, organize
teamwork to create the end product of the project.

3 Presentation of research

The cross-disciplinary project provided for a combination
of the tasks of the three disciplines, namely: System
Analysis, Web Technologies and Web Design,
Economics and Business. This project was implemented
under flipped learning technology using the designed
cloud-based university environment. To ensure the work
of students on the implementation of this project at the
stage of organization, a schedule for the implementation
of the project was developed and a project day was
allocated, during which the students performed the task.

The students were offered to implement the cross-
disciplinary project on the topic of “Web-oriented system
for the IT industry”, with the purpose of carrying out
systematic analysis, developing a web-oriented system
and evaluating the investment attractiveness of the
developed system. The content of the project was to
develop a project for starting their own IT-business,
namely: conducting an analysis of the IT services market;
carrying out structural, functional and object-oriented
analysis of the domain; designing the database and system
functionality; developing a web-based system for the IT
company; creating a business plan for the company and
accordingly calculating the payback of the project as well
as strategizing the company’s development.

We distinguish the following 8 stages of such a
collaborative project implementation under the flipped
learning technology: setting a task and processing
theoretical material (1); structuring the task and
subdividing it into specific tasks (2); role distribution,
definition of terms and responsibilities (3); performance
of basic tasks (4); joint work of the task team (5);
assessment of the quality of the task (6); drawing up a
report on the work performed (7); presentation of results
(8).

The teamwork was subdivided into 3 parts, according
to the tasks of each academic discipline that were part of
the cross-disciplinary project. In the course of completing
the tasks in the “System Analysis” academic discipline,
the students had to conduct an analysis of the IT services
market, to choose the profile of the future company, to
develop the functionality of the future business, to carry
out structural-and-functional and object-oriented analysis,
to design information support and to describe the
specification of management processes. In the course of
“Web Design and Web Technologies” academic
disciplines, the students developed the website of the
future company and integrated it into the information
management system of the company. The tasks in the
“Economics and Business” academic discipline required
students to analyze the necessary tools to start their own
business, to develop a business plan for the future
company, to formulate a strategy for its further
development, to calculate the basic income and
expenditure, as well as to evaluate its economic efficiency
and investment attractiveness.

Prior to the commencement of training (before class):
instructions were developed for each task of the project
beforehand, and necessary training materials were placed
in electronic training courses (ELCs) for each academic
discipline. The teaching materials at ELCs were designed
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according to the students' learning styles. Often the same
material was offered in different formats according to the
research provided in [20]. Thus, the students studied basic
theoretical materials in the ELC of the corresponding
academic disciplines, got acquainted with the project
objectives, registered and selected MOOCs for the
independent study of the required material in accordance
with their learning style. An in-depth study of the
theoretical material, required for students to complete the
assignments, took place in lectures alternately in each
academic discipline as per schedule. The students studied
the selected professionally oriented software and project
management services offered by the teachers for each
stage of the cross-disciplinary project.

In class: all the students were required to participate
weekly in interactive lectures and laboratory work.
During such classes, students were asked to develop a
project based on the tasks of three identified academic
disciplines of the cross-disciplinary project. The first
session involved getting acquainted with the subject and
tasks of the project in detail in each academic discipline.
The students were divided into teams of 4 people, then
within the team they were assigned roles and areas of
responsibility of each team member; further the team
members defined the terms of implementation and
appointed those responsible for each project task. The task
of the students was to understand the problem, to evaluate
the complexity of the works, to find options for their
solution, to divide the received tasks into separate tasks,
to apply the theoretical and practical knowledge acquired
before the beginning of classes to solve the project's tasks.
In class the students were advised by the teacher on the
progress of the course; they acquired basic skills in
performing specific tasks via professionally oriented
software and services of the university cloud-oriented
environment.

After class: team members jointly performed project
tasks in each academic discipline, collaborated using
project management and IT-team services. In the course
of the project, the students evaluated the tasks completed
personally as well as those completed by other team
members. If necessary, they refined the tasks to the
appropriate professional level, created reports in the form
of a presentation, which reflected the results of the team
at all stages of the project. In the end, each team presented
the results of their project, and teachers and participants
of other teams evaluated the readiness for the
implementation.

Fig. 3 shows a diagram of one of the cycles of
fulfilling the tasks of a cross-disciplinary project under the
flipped learning technology using the cloud-oriented
university environment.

Table 1 defines in more detail the types of activities in
the process of the implementation of each stage of the
project, during which the students develop professional,
integrated, self-educational competences and soft skills,
for each of the above stages of the cross-disciplinary
project using a cloud-oriented environment.

Thus, the implementation of such cross-disciplinary
project tasks involved activities at certain stages, which
resulted in the development of professional, integrated,
self-educational competences, as well as communication,

interpersonal,  leadership, teamwork and time
management skills, the so-called “soft skills”.
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Fig. 3. The diagram of one cycle of the cross-disciplinary
project under the flipped learning technology using the cloud-
oriented university environment.

Table 1. Organization of the cross-disciplinary project under
the flipped learning technology using the cloud-oriented
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4 Results of research

The timeframe of the study is 3 years. The pedagogical
experiment involved students of the 3rd year of Computer
Science specialty at the Faculty of Information
Technologies of NULES of Ukraine. We conducted an
expert evaluation using a survey among students of
NULES of Ukraine.

To understand the attitude of students to the cloud-
oriented environment of the university, we have defined 3
criteria for evaluating them from the standpoint of
functionality of the cloud-oriented environment:

code software.

Indicators under the second criterion are the
following: availability of training resources in a cloud-
oriented environment; completeness of educational
material for students to acquire theoretical knowledge
independently; completeness of training material
necessary for practical tasks; convenience for independent
preparation for the class; convenience of interaction of
team members in practical activity; convenience for self-
control; convenience for checking the level of acquired
knowledge.

Indicators under the third criterion are the following:
ease of team work organization; convenience in planning
the work on a collaborative project; ease of roles and areas
of responsibility allocation for each team member; the
convenience of controlling the timing of each task;
convenience of communication among the team
members; ease of interaction of team members during
team development; ease of checking completed tasks;
ease of managing software versions.

In order to determine the effectiveness of the cloud-
oriented environment under the above-mentioned
categories and evaluation indicators, 34 students and 8§
teachers were interviewed after conducting a cross-
disciplinary project based on flipped learning technology
using the cloud-oriented environment. A questionnaire
was developed in which students and teachers were asked
to rate the importance of each of the previously identified
environmental indicators by three categories separately
(Table 2-4).

Experts evaluated the degree of significance of
parameters by assigning them a ranking number. The
highest rated indicator was assigned a rank of 1.

To evaluate the consistency of experts’ opinions, we
used the concordance coefficient, which was calculated
by the formula:

w= 125 (1)

m2(n3-n)
XX xij
S=QCx —Tj)z 2

where n — is the number of factors, m — is the number of
experts.

The weights of the considered parameters were
calculated on the basis of the sums obtained.
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Table 2. Evaluation of the results for determining the
performance of a cloud-oriented environment.

Table 3. Evaluation of the results of determining the
effectiveness of the cloud-oriented environment for the project

objectives)
expediency (need for use to
solve problems)

54| 36 [0.08| 311 {11449|0.03

activity.
Teaching Students :
staff Teaching Student
Indicators £ o | E - staff udents
a % 2 5
I g’ = s g Indicators E = E =
5] < @ on @ on
=3 = 2| NG| x| A ]
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functioning of the cloud- | 52 | 16 |0.08| 297 | 8649 [0.04 organization 11]62510.24) 56 194091023
oriented environment) convenience in planning the
flexibility (designed and work on a collaborative 221196 (0.19] 162 | 81 |0.12
used in line with learning 10 [1444|0.18|237 |1089 |0.07 project

ease of roles and areas of
responsibility allocation for | 51 | 225 |0.06| 243 | 8100 (0.03
each team member

convenience (clarity and

52| 16 |0.08]| 264 | 3600 [0.06
case of use)

convenience of controlling

the timine of each task 541324 10.04| 185 | 1024 (0.09

support for processes
(communication,
collaboration, cooperation,
planning and control)
teamwork (the ability to
organize teamwork, create | 34 | 196 |0.12{ 204 | 0 [0.09
team projects)
integrity (ensuring a

20| 784 10.15| 47 |24649(0.17

convenience of
communication among the | 61 | 625 (0.01| 156 | 9 [0.12
team members

ease of interaction of team

members during team 15|44110.22| 68 |7225]0.21
development
f:ss]fs"“h“k‘ng completed | 331 9 1014|256 |10609]0.02

programming technologies
the ability to access open
code software

82 (1156]0.01| 181 | 529 | 0.1

Total 528(5226| 1 [2244(88840| 1
Concordance coefficient 0.742 0.693
Calculated y? 59.36 235.62

Table x2 (k=10, 2=0,05) 18.309 18.309

When evaluating the performance of a cloud-oriented
environment, the teaching staff found out that flexibility,
support for the process, teamwork, and integration with
other cloud services were the most important indicators.
The concordance coefficient was 0.742, which indicates a
high level of agreement of experts’ opinions.

The significance of the concordance coefficient was
determined by the Pearson correlation criterion:
x?> =m(n—1)W. Comparing the calculations of y’
(59.36) with table values (18.309) when number of
degrees of freedom is K=n—1=11-1=10 with the given
significance value of 0=0.05, we may conclude that
W=0.742 — is not a random value, and therefore the
obtained values are statistically significant.

In evaluating the performance of a cloud-oriented
environment, students identified the following most
important indicators: support for the process, support of
various programming technologies, integration with other
cloud services, and accessibility. The concordance
coefficient was 0.693, which indicates the average degree
of agreement of experts’ opinions.

continuous educational 41| 49 |0.11| 329 |15625/|0.02 ease of managing sqftware 41| 25 10.06] 98 3025 [0.18
process) (program code) versions

integration with other cloud Total 288(2470] 1 |1224(39482| 1
services 36 | 144 10.12/1371 4489 10.13 Concordance coefficient 0.918 0.813
support of various 67 1361 1005 73 117161l0.16 Calculated y? 51.48 193.49

Table x2(k=7, a=0.05) 14.068 14.068

Table 4. Evaluation of the results of determining the
effectiveness of a cloud-oriented environment for flipped

learning.
Teaching
staff Students
Indicators E %} g %0

HREIEIRE:

=2 =2
availability of training
resources in a cloud-oriented |37 | 25 [0.11]99 | 1369 |0.19

environment

completeness of educational
material for students to
acquire theoretical knowledge
independently

17 | 225 10.23|207| 5041 |0.04

completeness of training
material necessary for 28| 16 |0.17| 57 | 6241 |0.25
practical tasks

convenience for independent

preparation for the class 46| 196 10.06)145) 81 0.13

convenience of interaction of
team members in practical 33| 1 |0.14|167| 961 [0.10
activity

possibility of self-control 52 1400 [0.02] 66 | 4900 [0.24

convenience for checking 11]44110.27|211] 5625 [0.04

Total 22411304 1 [952(24218| 1
Concordance coefficient 0.728 0.748
Calculated y? 34.944 152.592

12.593 12.593

Table y? (k=6, a=0,05)
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When evaluating the effectiveness of a cloud-oriented
environment for the project activity, teachers singled out
the following indicators as the most important ones:
convenience of organizing teamwork, the ease of
interaction of team members in team development, and
the ease of planning for a team project. According to the
students, the most important indicators are the ease of
teamwork organization, the ease of interaction of team
members during team development and the ease of
managing software (program code) versions.

Evaluating the effectiveness of the cloud-oriented
environment for flipped learning, the teachers noted that
the convenience of checking the level of acquired
knowledge, completeness of educational material for
students’ independent mastering of theoretical knowledge
and completeness of educational material needed to
perform practical tasks were the most important
indicators.

5 Conclusions

In the course of the study, which lasted for 3 years, a
cloud-oriented environment was designed to perform
cross-disciplinary projects under the flipped learning
technology in the process of training future IT specialists.
The designed environment is a major component of the
ecosystem of flipped learning. The theoretical and
practical importance for achieving the goal of sustainable
development for the quality education of future IT
professionals is to justify the quality criteria of such an
environment. The main functional components of such an
environment are cloud services for professional activity,
for the implementation of the technology of flipped
learning and project management. The cloud services and
tools used and the activities of the student and the teacher
are identified at each stage of the cross-disciplinary
project implementation. One of the most important results
obtained during the study was the identification of
performance indicators for the developed cloud-based
environment model, which cover the functionality of the
environment by 3 criteria, namely: for the professional
activity, for the implementation of the flipped learning
technology and for the project management. The analysis
of the results of the survey of students and teachers on
three criteria makes it possible to draw conclusions about
the consistency of their opinions. However, some
indicators are considered more important as seen by the
students than by teachers. They are: the availability of
learning resources in a cloud environment, the
completeness of training material for practical tasks,
support for various programming technologies, ease of
managing software (program code) versions. At the same
time, teachers highlight the following indicators with
greater weight as opposed to students: the convenience of
checking the stages of tasks completion, the ease of
checking completed tasks, the flexibility of the
environment, the completeness of material for the
students’ independent work. Equally important to both
students and the teachers are the following indicators:
support for project implementation processes, integration
with other resources and services, ease of teamwork, ease

of planning and interaction among project participants.
Thus, the most significant indicators of e-environment
performance for flipped learning in the team project
implementation are identified. In the future, it is advisable
to investigate the impact of the use of the developed
environment on the formation of professional and
personal competences of the students of IT profession.
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