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RESUMO

A relevancia do estudo deve-se as especificidades de percepcao e assimilagdo de informagdes pelas criangas
em idade escolar (a propenséo da geragao jovem ao pensamento de clipe) e a um numero insuficiente de estudos que
revelam as caracteristicas tedricas e processuais da formagao da preparagao dos professores de quimica para usar
tecnologias de nuvem em atividades profissionais. O objetivo do artigo é desenvolver um modelo estrutural e funcional
da metodologia para preparar futuros professores de quimica para o uso de tecnologias de nuvem nas atividades
profissionais e em seus testes. O método principal para estudar este problema é o método de modelagem, que nos
permite considerar o problema em estudo como um processo organizado e focado de desenvolvimento profissional de
futuros professores de quimica e formagao da competéncia no campo das tecnologias de informagéo e comunicagao
(TIC), refletindo a capacidade e a vontade do professor. Professor de quimica usa tecnologia de nuvem em atividades
profissionais. O modelo desenvolvido permite ndo apenas formar o conhecimento dos estudantes sobre as fungdes das
tecnologias em nuvem, mas também visa preparar futuros professores de quimica para novas condi¢des de atividade
profissional. A analise dos resultados da pesquisa mostrou a efetividade do modelo proposto da metodologia para a
preparagao de futuros professores de quimica para o uso de tecnologias de nuvem nas atividades profissionais, o que
foi confirmado pela dindmica positiva dos niveis de preparagao entre os estudantes do grupo experimental. Os materiais
do artigo podem ser Uteis para professores e estudantes de instituicdes de ensino superior, professores de instituicoes
de ensino e especialistas no campo da educacgao.

Palavras-chave: modelo estrutural e funcional, tecnologias de nuvem, treinamento profissional, futuros
professores de quimica.

ABSTRACT

The relevance of the study is due to the specifics of perception and assimilation of information by schoolchildren
(the young generation's penchant for clip thinking) and the insufficient number of studies that reveal the theoretical and
substantive-procedural features of the formation of preparedness of future chemistry teachers for the use of cloud
technologies in professional activities. The purpose of the article is to develop a structural-
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functional model of the methodology for preparing future chemistry teachers for the use of cloud technologies in
professional activities and its testing. The leading method for studying this problem is the modeling method, which allows
to consider the problem under study as a focused, organized process of improving the professional competence of
future chemistry teachers and the formation of ICT competency, reflecting the ability and willingness of a future chemistry
teacher to use cloud technologies in professional activities. The developed model allows not only to form students'
knowledge about the functions of cloud technologies but also aims to prepare future chemistry teachers for new
conditions of professional activity. Analysis of the results of the study showed the effectiveness of the proposed model
of the methodology for preparing future chemistry teachers for the use of cloud technologies in professional activities,
which were confirmed by the positive dynamics of the levels of readiness formation among students of the experimental
group. Article materials may be useful for teachers and students of higher educational institutions, teachers of institutions
of general secondary education, specialists in the field of education.

Keywords: structural-functional model, cloud technology, training, future chemistry teachers.

AHHOTALUUA

AKTyanbHOCTb uccnegosaHns obycnosneHa cneunguKkon BOCIPUSATUS U YCBOEHNS MHAOPMaLIMK LLKOMbHMKaMU
(CKNMOHHOCTL MONOAOrO MOKOMIEHUSI K KIWMMOBOMY MbILUSIEHUO) M HEAOCTaTOYHbIM KOMMYECTBOM WCCIEeA0BaHUN,
pacKkpbiBalOLWMX TeopeTnyeckne u npeaMeTHO-MpoueaypHble 0CoBeHHOCTU (OPMUPOBaHMSA MOATOTOBMEHHOCTU
Oyaywen XMMumn. yuntens no MCnosnb3oBaHWio obnadHbIX TEXHOMOMMI B NpodeccmoHanbHon gesatenbHocTu. Lienbto
cTaTbu AiBNsieTca paspaboTka CTPYKTYPHO-(PYHKLMOHANBHOW MOAEN METOANKM NOArOTOBKM ByAyLUMX yYuTenemn xmmum
K MCNOMb30BaHMIO 06NayHbIX TEXHOMNOrMN B NPOdECCUOHANbHOW AeATenbHOCTM U ee TecTupoBaHue. Begyuwimm
METOAOM U3y4eHuss 3Ton npobnembl ABASETCHS METod MOAENMPOBaHUs, KOTOPbIM MNO3BONSET paccmaTpuBaThb
uccnegyemyo npobnemy kak CEOKYCUPOBaHHbINA, OPraHU30BaHHbIM MPOLECC MOBbIWEHNS NpodecCnoHanbLHoOM
KOMNETEHTHOCTM ByayLmx yuuTenen XumMun M POPMUPOBaHUS KOMMNETEHTHOCTM B obnactu UKT, oTpaxarowimn
CNoCcOBHOCTb M FOTOBHOCTbL ByayLlero. Yuntenb XumMuu ucnonb3dyet obnayHble TEXHOMOrMn B NpodeccroHanbHon
aeaTenbHocTn. PaspaboTaHHass mogenb No3BONAeT He ToNbko (POPMMPOBATL Yy CTYAEHTOB 3HaHMA O (PyHKUMSX
0BnayvHbIX TEXHOMOrW, HO W HampaBneHa Ha MOAroTOBKY OyAywuX yyuTenem XMMUM K HOBbIM YCHOBUAM
npodeccuoHanbHON AeATenbHOCTU. AHanM3 pesynbTaToB McCredoBaHUs nokasan 3deKTUBHOCTb MpearioKeHHOW
MoAenu MeTOOMKM MOAroToBKM Oyaywmux ydyuTenem XUMMA K UCMOMb30BaHWIO 0OMNayHbIX TexHorormi B
npodeccuoHanbHON AeATENbHOCTU, YTO ObINIo NOATBEPXKAEHO MOSIOKUTENBHON OUHAMUKON YpOBHEW hopMmpoBaHmns
FOTOBHOCTW y CTYOEHTOB 3KCNepuMmeHTarnbHOro rpynna. MaTtepuansl ctatby MOryT ObiTb MONE3Hbl NpenogaBaTensm u
CTygeHTaMm BbICLLUMX y4ebHbIX 3aBedeHui, npenogasaTtensam obleobpa3oBaTenbHbIX yYpexaeHu, cneumanuctam B
obnactn obpasoBaHus.

KnioueBble crnoBa: cmpykmypHO-(byHKUUuOHanbHass mModesnb, obnayHble mexHomo2uu, rnpogheccuoHarnsHas
rnodzomoska, 6ydyuwue ydumeriss Xumuu.




1. INTRODUCTION

Modern information and communication
technologies in educational institutions of Ukraine
used in the development of electronic educational
resources for educational, scientific and
managerial purposes have determined the
pedagogical community to highlight the issue of
updating approaches to the formation of the
educational environment of institutions of general
environmental education and implementation of a
cloud-based learning environment (Litvinova,
2014, Mkrttchian et al., 2019; Sinex et al., 2016;
Blue and Tirotta, 2011; Cvetkovic etal., 2017; Li et
al., 2019; Ovchinnikova et al., 2019; Parmigiani et
al., 2019; Zeng, 2016).

This requires a teacher to solve a set of

pedagogical tasks aimed at facilitating the
assimilation by students of educational material
and consideration of the specifics of perception
and assimilation of information by the modern
generation (Zhitenova, 2019; Collins, 2017;
Barak,
2017; Orehovacki et al., 2019; Vikhrova, 2017;
Wang, 2017). Consequently, new directions
appear in the teacher’s work: preparing materials
of various subjects, modeling processes, creating
drawings, mind maps. (Bulvinskaya et al., 2016;
Golubeva, 2016; Estapa et al., 2016; Robertson,
2013; Schwenz and Miller, 2014; Zheng et al.,
2015).

Modern realities in the education system
require a teacher to theoretically comprehend and
justify the use of cloud services in chemistry
education (Babenko, 2018b; Astafieva et al.,
2019; Chamrat, 2019; Kholoshyn et al., 2019;
Oddone, 2016; Park and Han, 2016). However,
an analysis of practice showed that only a small
part of teachers has knowledge of the
methodology for creating electronic teaching
materials and use them in the educational
process. This is mainly due to the inability to use
online services and the lack of guidelines for
chemistry teachers to create them (Olakanmi,
2017; Qi and Zhao, 2017; Rusmansyah et al.,
2019; Sadvakassova and Serik, 2017; Spirin et
al., 2018; Tsai et al., 2014).

The aim of the study was to present a
structural-functional model of the methodology for
preparing a future chemistry teacher for the use
of cloud technologies in professional activities in
the unity of motivational-target, organizational,
content-procedural, and productive-corrective
blocks, based on the use of cloud technologies,
which allow creating one’s own electronic
educational materials (visual teaching aids,
interactive tasks, and posters, web-quests,

didactic and methodological materials, e-
portfolio) and include motivational-organizational,
cognitive- activity and reflexive stages.

. MATERIALS AND METHODS

In the research process, the following
methods were used: theoretical (analysis,
synthesis, generalization and systematization,
modeling); diagnostic (observation, testing,
survey, conversation, interviewing, questioning);
empirical (the study of educational and normative
documents, generalization and systematization of
the pedagogical experience of teachers and
teachers of secondary schools) experimental
(ascertaining, formative, generalizing stages)
statistical (methods of mathematical statistics).

All procedures performed in studies
involving human participants were in accordance
with the ethical standards of the institutional and
national research committee and with the 1964
Helsinki declaration and its later amendments or
comparable ethical standards. Informed consent
was obtained from all individual participants
included in the study.

The experimental base of the research
was the V. G. Korolenko National Pedagogical
University. In addition, individual elements of the
methodology were tested on the basis of the
Poltava State Agrarian Academy.

The leading research method is the
modeling method, which allows us to consider the
problem under study as a focused, organized
process of improving the professional
competence of future chemistry teachers, which
consists in the ability and willingness of a future
chemistry teacher to use cloud technologies in
professional activities. This method involves
working in such three stages:

— At the first stage of the study, a theoretical
analysis of the existing methodological
approaches in the philosophical, psychological
and pedagogical scientific literature was
conducted, the pedagogical experience of the
professional training of future chemistry teachers
was studied, and the design plan was formulated.

—Atthe second stage, a model of the methodology
for preparing future chemistry teachers for theuse
of cloud technologies in professional activities
was developed, pedagogical conditions for the
implementation of a model of the methodology for
preparing future chemistry teachers for the use of
cloud technologies in professional activities were
identified and substantiated, the pedagogical
experiment was conducted and analyzed,
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conclusions were clarified.

—At the third stage, quantitative and qualitative
processing of the obtained data was conducted,
the main points and conclusions of the
experimental study were generalized and
systematized.

. RESULTS AND DISCUSSION:

The structure and content of the model

The methodology of preparing future
chemistry teachers for the wuse of cloud
technologies in professional activities is
presented in the form of a model in the unity of
motivational- targeted, organizational, content-
procedural and effective-correcting blocks
(Figure 1). The motivation-target block includes
the goal (the formation of the preparedness of
future chemistry teachers for the use of cloud
technologies in professional activities).

Achieving the goal of the developed
model of the methodology is based on
consideration of the Ileading conceptual
provisions, in accordance with which the authors
construct training aimed at enhancing the study
and application of cloud technologies in
professional activities by future chemistry

teachers: competency, activity, personality-
oriented, systemic, practice-oriented
approaches. The goal and methodological

approaches determine the tasks, the selection of
the content of the disciplines of the vocational
training cycle, forms, methods, and training tools.
The organizational block discloses pedagogical
conditions and stages of preparation of future
chemistry teachers for the use of cloud
technologies in professional activities.

The content-procedural block includes the
content filling of the disciplines of the vocational
training cycle with relevant topics; workshop
“Using Google Classroom”, the training course
“Cloud Technologies in Education”; master
classes: “Modern tools for creating didactic visual
aids”, “Application of Google cloud services for the
development of research competence”, which
systematizes knowledge about various cloud
technologies in education, reflects the forms,
methods, and means of forming the preparedness
of future chemistry teachers to use cloud
technologies in professional activity.

The resulting-correcting block of the
model provides for both the assessment by
experts and the students’ mutual and self-
assessment of the results achieved in the
learning  process, the establishment of

3.2.

compliance with their tasks in accordance with
the developed criteria and indicators of the
preparedness of the future chemistry teacher to
use cloud technologies in professional activities.
The research results were analyzed on the basis
of the developed criteria and indicators of the
preparedness of a future chemistry teacher to use
cloud technologies in professional activities:

— motivational criterion (formedness of students’
motivation and the necessity for the use of cloud
technologies in professional activities, interest in
the problem of using cloud technologies in
professional activities),

— content criterion (completeness and depth of
knowledge, the efficiency of knowledge),

— activity criterion (operational skills, the ability to
use tools to create one’s own electronic training
materials),

— reflexive criterion (formedness of skills to
analyze their own educational activities and their
results, evaluate their own preparation for the use
of cloud technologies in professional activities
and the creation of electronic educational
materials)

These criteria are the basis for identifying
high, sufficient, and low levels of preparedness.

Thus, the developed model of the methodology
sets the goal to form the preparedness of future
chemistry teachers for the use of cloud
technologies in professional activities. The result
is the preparedness of future chemistry teachers
to use cloud technology in professional activities,
which is presented by the criteria and
preparedness formation levels. The content of the
training is the knowledge that forms the basis of
the individual components of preparedness:
motivational, cognitive, active, reflexive, formed
during lectures, practical, laboratory classes,
work with mentors, the work of creative groups of
teachers and students, in the process of
consultation, independent and individual work,
research activities, pedagogical practice, during
masterclasses with the use of practice-oriented
teaching methods on motivational-organizational
cognitive-activity and reflexive stages. The
pedagogical conditions for the implementation of
the model of the methodology for preparing future
chemistry teachers for the wuse of cloud
technologies in professional activities are
determined.

Stages of model implementation

The introduction of the presented model
provided the following stages of experimental
work:



—determination of the initial level of preparedness
of future chemistry teachers for the use of cloud
technologies in professional activities using
methods of testing, questionnaires, pedagogical
observation, statistical processing of research
results;

—development and implementation of
methodological support for the formation of
preparedness of future chemistry teachers for the
use of cloud technologies in professional activities
in the process of studying the disciplines of the
vocational training cycle: the content of
disciplines, methodological recommendations
and selection of online sources on practical
issues of using cloud services, a system of
professionally oriented tasks for the development
of visual didactic tools and individual and group
research projects using cloud technology;
research tasks for laboratory studies, e-portfolio.
The introduction of methodological support
ensured the students' practical mastery of the
necessary theoretical knowledge and skills for the
effective application of cloud technologies in the
professional activities of future chemistry
teachers;

—determining the level and dynamics of the
formation of the preparedness of the future
chemistry teacher for the use of cloud
technologies.

The preparatory stage of the study was to
develop and adjust the experimental model, to
prepare teachers of the disciplines of the
vocational training cycle to form the preparedness
of future chemistry teachers to use cloud
technologies in their professional activities.

The level of the studied preparedness of future
chemistry teachers was determined in
accordance with the selected criteria and
indicators. To check the formation of the
motivational criterion, the authors used
observation methods, conversations,
guestionnaires, a test to determine the focus on
the acquisition of knowledge (llyin, 2002), a scale
for assessing the need for achievement (Shiyan,
2018b). To diagnose the formation of the
cognitive criterion, students were monitored on
the functions and main components of cloud
technologies, an analysis of the implementation
of complex research tasks (the method of
element-wise and operational analysis by A.
Usova (2006)), analysis of the results of the
current, modular and final control. The formation
of the activity criterion was checked by analyzing
the practical actions of students in carrying out
individual research tasks, using methods ofexpert
assessments, observation, interviews, the

method of “Incomplete decisions” (Friedman et
al., 1988). Formedness of the reflexive criterion
was diagnosed according to the method of A.
Karpov (2004) and by questioning students.

At the ascertaining stage of the pedagogical
experiment (the 2016-2017 academic year), it was
established that only 10.88% of students have a
high level of motivation and need to develop
knowledge, skills, and abilities to apply cloud
technologies in professional activities; 2.72% of
students have a high level of knowledge about
cloud technologies and tools; 2.04% of students
are able to use cloud technology and create their
own electronic educational resources; 23.81% of
students recognize the importance of using cloud
technology in their professional activities
(Derkach and Starova, 2017). The formative
stage of the pedagogical experiment (the 2017-
2018 academic year) was conducted in
accordance with the developed model of the
methodology for preparing future chemistry
teachers for the use of cloud technologies in
professional activities. The effectiveness of the
model was tested in two ways: a sequential and
parallel experiment. The number of students who
took part in the pedagogical experiment at its
formative stage was 147 people, of which the
experimental (75 people) and control (72 people)
groups were formed.

The motivational-organizational stage of
the methodology was aimed at students
recognizing the importance of using cloud
technologies in future professional activities,
developing their interest in creating their own
electronic educational resources (Babenko and
Komar, 2018). For this purpose, electronic
educational resources were used in laboratory
studies. To maintain interest in acquiring new
knowledge and practical skills as a permanent
incentive mechanism for cognition, electronic
educational resources were chosen in such a way
that their content corresponded to the cognitive
needs of future chemistry teachers, was
interesting, accessible and at the same time
complex, thereby encouraging students to work
with cloud computing technology.

Students were also offered interactive
exercises, crosswords, web quests, puzzles, and
the like. The motivation trainings for creating an
electronic portfolio also turned out to be effective
at this stage, where they considered the
possibilities of using e-portfolios to develop
creativity, present their own achievements and
increase competitiveness in the labor market,
focused on the detailed disclosure of the principles
of maintaining an electronic portfolio by students
during their training, on tools, creating an



electronic portfolio based on cloud services.

Before students created an electronic
portfolio, the structure of which was determined by
the topics provided by the work programs of the
disciplines, it was proposed to use such cloud
services as Blogger.com. and Sites.google.com.
Students also did hands-on learning of the Google
Classroom Learning Management System in the
“Using Google Classroom” workshop. The
indicated forms, methods, and teaching aids
contributed to the formation of interest in obtaining
new knowledge and practical skills for theirfurther
productive use, formed the desire for self-
improvement, as well as establishing
communication, optimizing teamwork, which
subsequently had a positive impact on the
organization of effective student activities the
team.

At the cognitive-activity stage of the model,
the methods formed the knowledge system of
future chemistry teachers about the basic
components of a cloud-based learning
environment, studied the characteristics,
functionality and tools of cloud services (Derkach,
2011; Derkach, 2013). For this purpose, lectures-
visualisations, interactive lectures were used.
Lectures were held using technical teaching aids,
namely, demonstration of the elements of lecture
material using various types of cloud
technologies: a multimedia system (screen,
laptop, projector) or a multimedia board.

The laboratory works were conducted using the
appropriate software: a multimedia board, Google
Chrome, online services, the Google Classroom
learning management system. Methodological
recommendations for the Ilaboratory work
included the following components: topic,
purpose, equipment description, list of training
results, instructions for conducting practical
works, resources and files for the use of video
materials and a virtual (simulation) experiment (if
necessary), visual material of theoretical
information topics for show students visualization
examples, characteristics of their usage in the
learning process, comparison and evaluation of
visual identical chemical content created by
different instruments. Control over the
implementation of tasks and consultations took
place, except for the audience, in the online mode
of the Google Classroom learning management
system. The means of controlling knowledge and
skills in chemical disciplines were diversified using
cloud services (tests, computational and graphic
tasks, interactive tasks, logical exercises,
research tasks, quests) with commenting and
self- control.

Particular attention was paid to mastering by

future teachers the skills of planning and
organizing independent work in order to achieve
maximum productivity, which is an important
factor in successfully preparing for classes,
completing additional tasks, studying external
resources (LearningApps.org, Flippity). Group
working methods were implemented by a
combination of research and design activities
using the popular Google Forms and Kahoot
services to search for topics and posed a
research problem, Padlet service for organizing a
discussion of the problem, Google Daocs services,
and Google Sheets for joint creation, editing,
formatting of documents and  adding
comments, Mindmeister.com, Mindomo.com,
Bubbl.us services for visualizing materials, Prezi,
Canva, Padlet services for presenting the results.

Additional tasks related to future
professional activities were proposed for
laboratory studies, which took into account the real
professional functions of a chemistry teacher, the
solution of which required the use of observation
skills, analysis, synthesis and generalization of
the necessary information, brainstorming
methods, mind mapping, inverted training,
research method, project method, portfolio,
computer modeling. The development of the
content and tools of cloud services was facilitated
by the ftraining course “Cloud Technology in
Education”. The workshops were also effective:
“‘Modern tools for creating didactic visual aids”,
‘Use of Google cloud services for the
development of research competence,” and
others.

At the reflexive stage, self-analysis and
adequate self-esteem of students were facilitated
by the creation of an e-portfolio, student forums
and chats, and pedagogical mentoring. For the
presentation by students of personal
achievements in educational activities, the
authors used such cloud services as Resume and
Kartatalanta.ru. Student forums with participation
of stakeholders helped future chemistry teachers
establish their own level of preparedness for
professional activity with the requirements of
employers. Participation in student scientific
conferences and seminars, working with mentors,
provided students with practical experience in
presenting research results, and testing the
created electronic educational resources in real
conditions of a comprehensive school.

The conducted experimental work made it
possible to prove the effectiveness of the identified
pedagogical conditions for the implementation of
the developed model of the methodology for
preparing future chemistry teachers for the use of
cloud technologies in professional activities.



It was proved that by implementing the first
condition — using Google Classroom to create
virtual interaction between the participants of the
educational process — there was an expansion of
communication tools and ensuring feedback
efficiency, planning of the educational process,
storage of files and links to information sources,
distribution of educational materials, creation of
educational content, organization of students'
joint work, effective communication between
students and a teacher, creation of virtual
educational communities in the organization and
guestionnaires,  surveys, monitoring and
evaluation of learning outcomes.

Users in the virtual classroom also
interacted through gaming activities, namely the
organization of web quests. For students, they
offered, for example, the methodical quest
“Interactive exercises in chemistry”, which
included working with computer programs and
using the Internet, including cloud technology.
Each participant received a task that included
creating a mind map using Mindmeister.com,
creating exercises, crosswords using Learning
Apps, creating tests using Google Forms on the
relevant topics, then switched to an e-class and
sent the completed task to the teacher. A teacher
immediately checked the assignment and set the
score (encoded letter of the alphabet). Students
composed words from encrypted letters and
published them in the classroom. The team jointly
summed up the results of each assignment, the
participants exchanged materials to achieve a
common goal —to create a collection of interactive
exercises in chemistry.

The implementation of the second
pedagogical condition — the use of cloud services
for the organization of educational and research
activities of future chemistry teachers -
contributed to the practical preparation of
students for future professional activities, due to
which there were a better understanding and
perception of educational material by students,
the acquisition of professional experience in the
classroom by involving them in creative oriented
activities. The directions of using cloud services
for organizing the educational activities of future
chemistry teachers are proposed, namely:
learning management, systematization, and
presentation of educational material,
communication of participants in the educational
process, monitoring, and evaluation. In order to
attract future chemistry teachers to organize
research, the authors used Google’s cloud
services to select research information resources
(Google Academy, Google Books), create
electronic notebooks (One Note), save a lot of
information and work with documents (Google

Drive), conducting online surveys (Google Form),
electronic document management (Gmail,
Google Docs), planning support and organization
of work (Google Calendar).

Implementation of the third pedagogical
condition — providing pedagogical support for
students to create their own electronic learning
resources (visual teaching aids, interactive tasks,
and posters, web-quests, didactic and
methodological materials, e-portfolio.) during
classes and in extracurricular activities —
contributed to the disclosure of the personal
potential of a future teacher by providing specific
assistance to him in overcoming difficulties in
learning, in self-determination and self-realization
of a personality of a future specialist, attracting
them to active, creative work (the implementation
of individual and group research projects with the
subsequent presentation of the results at a
meeting of the regional round table “Cloud
Services in Education”, conducting master
classes on creating didactic visual teaching aids,
interactive electronic exercises and posters in
chemistry for students, teachers, schoolchildren,
work with mentors.).

The main ways of providing pedagogical
support to future chemistry teachers during
classes and in extracurricular activities were
pedagogical counseling and pedagogical
mentoring. The main forms and methods of work
of teachers-mentors with students were
masterclasses, training, conversations, and
discussions on various methodological topics;
discussion of the possibilities of using various
electronic educational resources in the lessons,
joint design of lessons, their detailed analysis;
counseling on the organization of educational and
cognitive activities and the like. A great role was
played by a mentor for future chemistry teachers
to test their own developments, research
activities, pass pedagogical practice. Based on
this, the main attention was paid to supporting the
initiative, creative search, independent
improvement of the professional competence of
future specialists.

According to the results of psychological
and pedagogical diagnostics of the phenomenon
under study at the formative stage of the
experiment in the EG, a significant increase in the
level of formation of preparedness of future
chemistry teachers to use cloud technologies in
professional activities was revealed (Table 1).
The reliability of the obtained experimental work
data was checked using the x2 Pearson criterion.
With a confidence probability of p = 0.01,
comparing the levels of formation of
preparedness of future chemistry teachers for the



use of cloud technologies of the experimental and
control groups showed that x?-emp.> X?-cr. by all
criteria.

An analysis of the results of the experimental
work showed the effectiveness of the proposed
model of the methodology for preparing future
chemistry teachers for the use of -cloud
technologies in professional activities, which is
confirmed by the positive dynamics of the levels of
preparedness formation among students of the
experimental group. In particular, indicators of a
high level of the motivational criterion for students
of experimental groups increased from 12% to
64%, cognitive — from 2.7% to 24%, activity — from
2.7% to 20%, reflexive — from 24% to 49.3 % At
the same time, the number of students with a low
level of preparedness of future chemistryteachers
for the use of cloud technologies in professional
activities according to all criteria decreased in the
experimental group. No significant changes were
found inthe indicators of the research competence
of students in the control group. The reliability of
the data obtained is confirmed by the method of
mathematical statistics (x> Pearson criterion),
which in the experimental groups showed a
significant advantage of empirical values of the
indicators over critical ones at a probability level of
99%.

A theoretical analysis of the problem under study
in pedagogical theory and practice showed the
absence of special studies on the preparation of
future chemistry teachers for the use of cloud
technologies in professional activities. However,
the studies of N. Burinskaya (1987), L. Velichko
(2013), V. Starosta (2006), N. Shiyan (2018a), O.
Yaroshenko (Yaroshenko et al., 2016) are
devoted to the formation of general pedagogical
skills of a future chemistry teacher. ICT, as a
means of teaching chemistry, was considered in
their works by T. Derkach (2016), E. Babenko
(2018a), E. Ratkevich (1998), N. Titarenko
(2004).

Pedagogical conditions contribute to the
preparation of future chemistry teachers for the
use of cloud technologies in their professional
activities: the use of Google Classroom to create
virtual interaction between participants in the
educational process; use in the process of
preparing future chemistry teachers to cloud
services for educational and research activities;
providing pedagogical support for students to
create their own electronic learning resources
(visual teaching aids, interactive tasks and
posters, web quests, didactic and teaching
materials, e-portfolios) during classes and in
extracurricular activities.

Using Google Classroom virtual classroom

to support the educational process and learning
management promotes open access to the
educational information environment; filling the
content of the virtual classroom with the necessary
methodological, educational, methodological and
scientific developments; the establishment of the
value priorities of future chemistry teachers, in
particular, the steady desire to be competent in the
chosen profession, internal motivation to use
cloud technologies in professional activities, the
ability to carry out effective learning activities, and
the willingness to take responsibility for its results;
the creation of auxiliary ELR (visual materials,
practice-oriented tasks, tests, presentations,
guidelines, electronic collections, dictionaries.).
Building trust with students is facilitated by the fact
that the teacher in the virtual classroom acts as a
facilitator, as a result of which students can freely
express their opinions and defend their own
position reasonably. On this basis, the
independence and initiative of the participants in
the educational process are formed, their
personal growth, creative development are
stimulated, and skills to navigate in non-standard
situations are developed.

. CONCLUSIONS:

As a result of the study, it can be concluded that
the effectiveness of using cloud services in the
process of preparing future chemistry teachers
for educational and research activities depends
on the correct selection of hardware and software,
the integration of methods and forms of activity,
and the system of pedagogical tasks. The
integration of cloud, research, and design
technologies ensures the formation of both
subject competence of future specialists and
readiness for the introduction of cloud
technologies, as it simplifies their understanding
and assimilation of the essence of cloud
technologies and the mastery of their tools. The
creation by students of their own electronic
learning resources stimulates the assimilation of
new knowledge and new ways of working,
improving  practical ~ skills, ensures the
intensification of cooperation among participants
in the educational process, promotes the
professional development of future chemistry
teachers, and immerses them directly in the field
of professional activity.

Meetings with mentors contribute to the
realization of the importance of obtaining the
necessary theoretical knowledge and practical
skills to apply cloud technology in professional
activities, providing the opportunity to feel in the
role of a teacher, forming personal practical
experience, motivation to use cloud technology in



solving professionally-oriented tasks, and
comparing the level of formation of one's
professional competence to requirements of
employers and adjusting their own educational
trajectory. Students check their own developed
electronic educational resources in the real
conditions of a general educational institution, find
out the feasibility of choosing a tool, and make
adjustments to the creation of educational
products.

The rapid development of cloud
technologies and their inclusion in the practice of
modern education indicate the need for special
training of future chemistry teachers for the use of
cloud technologies in their professional activities.
The proposed model of the methodology for
preparing future chemistry teachers for the use of
cloud technologies in professional activities is
focused on the gradual mastery of the basic
principles and modern tools of cloud services by
students.

Article materials may be useful for teachers
and students of higher educational institutions,
teachers of institutions of general secondary
education, specialists in the field of education. The
study does not exhaust all aspects of the formation
of the readiness of future chemistry teachers to
use cloud technologies in their professional

activities. Prospects for further research include
the use of virtual and augmented reality
technologies in preparing future chemistry
teachers for the use of cloud technologies in
professional activities.
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Table 1. Diagnostic results of the preparedness of future chemistry teachers to the use of cloud technology in
professional activities at the ascertaining and formative stages of the experiment

Experimental group 75 persons, Control group 72 persons, %
%
No Criteria ascertaining . ascertaining .
formative formative stage
stage stage
stage

I m h I m h I m h I m h
1 Motivational 41.3| 46.7| 12| 2.7| 33.3] 64| 38.9| 51.4| 9.7 | 16.7 62.5 20.8
2 Cognitive 76 | 21.3| 2.7 9.3| 66.7] 24| 76.4| 20.8)/ 2.8 | 52.8 30.5 16.7
3 Activity 78.7| 18.6| 2.7| 17.3/ 62.7/ 20| 79.2| 19.4| 1.4 | 47.2 37.5 15.3
4 Reflexive | 45.3| 30.7| 24| 5.4| 45.3] 49.3 44.4| 32 | 23.6| 16.7 45.8 37.5




Reguiations Social demand: preparation of future teachers for using ICT in

National Strategy for the Development of professional activity

Education in Ukraine for the Period until 2021, - - —
Concept “New Ukrainian School’, Concept for Goal: formation of preparedness of a future chemistry teacher for

the Development of Pedagogical Education using cloud technologies in professional activity

Conceptual basis: competency, activity, personality-oriented, systemic, practice-oriented approaches.
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Pedagogical conditions: 1) use of Google Classroom to create virtual interaction of participants in the educational
process; 2) use of cloud services for educational and research activities in the process of preparing future chemistry
teachers; 3) providing pedagogical support forstudents to create their own electronic learning resources (visual teaching
aids, interactive tasks and posters, web-quests, didactic and teaching materials, e-portfolios, etc.) during classes and
in extracurricular activities
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The content filling of formation of preparedness of a future chemistry teacher to use cloud technologies in professional
activify. workshop “Using Google Classroom”, training course “Cloud Technologies in Education”, master classes:
“Modern tools for creating didactic visual aids”, *Application of Google cloud services for the development of research
competence”
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laboratory and practical classes, individual work, research activities using cloud technologies, virtual tours, student | :
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Methods: problem-search, inverted training, research, brainstorming, project method, portfolio, mind mapping, computer
modeling, virtual chemical experiment, etc.

Content-procedural unit

Educational andmethodological support methodological recommendations and online sources on practical issuesof using cloud
services, task system for developing visual didactic tools and performing individual and group research projects using cloud
technologies: research tasks for laboratory studies, testing and intervieweing by means of cloud technologies
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Figure 1. The model of the methodology for preparing future chemistry teachers for the use of cloud
technologies in professional activities



