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DIAGNOSTIC APPARATUS OF RESEARCHING THE RESULTS OF PREPARING
TEACHERS TO USE VIRTUAL VISIBILITY TOOLS IN PROFESSIONAL ACTIVITIES

Abstract. To define the pedagogical system effectiveness, it is necessary to develop the criteria and indicators of
its effectiveness and characterize the learning subjects by levels. The article aim: to develop criteria and indicators for
teachers' readiness to use virtual visualization tools in professional activities. Theoretical analysis of scientific sources
was used to clarify the possible diagnostic apparatus of the study, generalization of scientific approaches to define
essential criteria and indicators, structural and logical analysis of the concept of "teacher's readiness to use the tools
of virtual visibility in professional activities" to clarify the links between the components of readiness, the criteria
and indicators of their formation, comparison for characterization teacher's readiness levels to use virtual visibility
tools in professional activities. To determine the effectiveness of the system of training future teachers of mathematics
and computer science to use the means of virtual visibility in professional activities, the criteria and indicators have
been developed: value-orientation criterion (indicator — value orientations on virtual visibility use in professional
activities); cognitive criterion (indicator — digital awareness in virtual visual aids); technological criterion (indicator —
skill use virtual visualization tools to create didactic materials); professional activity criterion (indicators - the ability
to develop lessons using tools; the ability to critically evaluate the means of virtual visibility, involving the needs of
the educational activities organization); personal criterion (indicators — the ability to critical analysis, self-education,
reflection). The developed diagnostic apparatus allows to empirically confirm the effectiveness of the developed
pedagogical system for training of future mathematics and computer science teachers to use virtual visibility in

professional activities.

Key words: diagnostic apparatus, criterion, and indicators, teacher's readiness, means of virtual clarity, teacher
training, teacher of mathematics, teacher of computer science.

Formulation of the problem. Conducting any
pedagogical research involves its implementation in
the practice of the educational process. However, it
may only sometimes have the desired effect on learning
outcomes. A pedagogical experiment confirms the call
sign dynamics in a specific characteristic, involving
the preliminary diagnostic apparatus development.
In other words, to determine the effectiveness of any
innovative methodology, it is necessary to develop/
assess its effectiveness criteria and indicators and give
the characteristics of the student learning level.

We researched the issue of professional training of
future mathematics and computer science teachers and
determined the contradiction between society demand for
the trained teachers of mathematics and computer science,
focused on teaching the generation of visual learners,
and the need to create visual content to accompany
educational activities. The limited theoretical ideas on
the models of their appropriate professional training
have been recorded. The solution to the contradiction
highlighted the need for anticipatory training of future
mathematics and computer science teachers to use
virtual visibility tools (VVT) in their professional

activities. P.Mulesa et al. [1; 17] provide the theoretical
model of training future mathematics and computer
science teachers to use VVT in professional activities. At
the same time, the theoretical model requires empirical
confirmation, so developing a diagnostic apparatus to
test its effectiveness has become relevant.

Analysis of current research. Criterion makes
allows to assess a certain quality or result. An indicator is
a marker that allows to talk on the quantitative measure
of a result. Requirements for criteria and indicators are
presented in Fig.1. [14].

The analysis of the criteria and indicators that
characterize the future teachers training for various
aspects of professional activity or the formation of
readiness for a specific type of activity revealed the
following.

According to I[.Dychkivska [13], the teacher
training is to involve the presence of motivational
attitudes for activities. According to A.Fedorchuk [22]
and O.Semenikhina [19], the main criteria of teachers'
readiness are the motivation for pedagogical activity
and professional knowledge, skills, and means of
pedagogical activity. The importance of motivation,
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CRITERIA AND INDICATORS

include the most essential
aspects of the object or
phenomenon under study

must be objective

must be formulated
briefly. clearly, and

must measure what needs

accurately to be tested exactly

Fig.1. Requirements for criteria and indicators

theoretical training, technological-analytical skills for
the teacher's readiness to use dynamic mathematics
programs is topical.

In the study [21], the design, constructive,
organizational, communicative, and gnostic criteria are
substantiated for external evaluation of the effectiveness
of the methodological system of basic professional
training of computer science teachers.

The article authors have generalized scientists'
approaches to characterizing teachers' readiness for a
specific type of activity:

— Training a mathematics teacher at a specialized
school [8];

— Preparing mathematics teacher for innovative
educational activities [9; 12];

— Training of teachers of natural and mathematical
courses to use visualization technologies in subject-
professional activities [10];

— Training of teachers of computer science in
pedagogical universities [16];

— Training of teachers to visualize in the professional
activities [4; 5];

— Training of computer science teachers to use the
specialized software [3];

— Preparing future teachers to
mathematical abilities in high school [18];
— Preparing teachers to use social media [2; 23];

— Preparing physics teachers to use virtual physics
laboratories [6; 7; 20].

develop of

— The criteria for the quality of pedagogical activity,
are described in [15].

However, the generalization of the criteria and
indicators proposed by scientists, which characterized
the levels of readiness for a specific type of activity, and
presented in the work [11, p.434—435] the criteria and
indicators of the quality of pedagogical activity did not
give us a systematic idea of the criteria and indicators
of mathematics and computer science teachers' readiness
to use VVT in their professional activities. Therefore,
this article aims to develop criteria and indicators for
determining teachers' level of preparedness to use VVT
in professional activities.

Materials and methods. To achieve the goal, a
theoretical analysis of scientific sources — to clarify the
possible diagnostic apparatus of the study, a generalization
of scientific approaches to identify essential criteria and
their potential indicators, a structural and logical analysis
of the concept of «teacher's readiness to use VVT in
professional activities» to clarify the links between the
components of readiness and the criteria and indicators
of their formation, comparison and comparison to
characterize the levels teacher's readiness to use VVT in
professional activities.

Results. The readiness of future mathematics
and computer science teachers to use VVT in their
professional activities is understood as their personal
quality, which is characterized by a complex structure
(Fig.2).

Readiness touse VVT
In thereadiness of future mathematics and computer science teachers to use VVT in their professional
activities, we will understand their personal quality, which characterizes their ability to use VVT in their
professional activities and integrates the desire to use VVT and means of creating them in the educational
process, specialized knowledge (about the types and types of virtual visibility. types of specialized
software for its creation: features of using VVT with the psycho-physiological requirements of their using,
etc.). technical technological skills (ability to work with VVT) and methodical skills (mastery of methods
of using VVT in teaching mathematics and informatics). as well as skills of reflective self-evaluation of
the success of using VVT for further creative self-realization and professional self-improvement.
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Fig.2. Structure of readiness of future teachers of mathematics and computer science
to use VVT in professional activities

Considering the structure of readiness of a
mathematics and computer science teacher to use VVT
in professional activities, we distinguish criteria and
indicators.

The value-oriented criterion allows to study the
interest of students in future professional activities
and motivation to organize the educational process
using virtual visibility. Prospective mathematics and
computer science teachers have an idea of personal and
social value of future professional self-disclosure using
knowledge of future professional activity. The formation
of positive motivation to use virtual visibility, the ability
to self-knowledge and self-realization, and the usage of
VVT in professional activities. Professional and personal
self-determination of future teachers is essential for
the preparing for professional activities and the ability
to use virtual visibility in their work. Therefore, the
indicator of the value-oriented criterion for the readiness

of future teachers to use VVT in professional activities
was chosen: «Value orientations on the use of VVT in
professional activitiesy.

The cognitive criterion allows you to test the
knowledge of future teachers of mathematics and
computer science about the means of virtual visibility
and the ability to use them in practice, understanding of
the essence of information technologies, the specifics
of their application in the general educational process,
knowledge of the advantages and disadvantages of
their use, knowledge of the technical characteristics
of VVT, knowledge of the peculiarities of the use of
visualization tools in mathematics and computer science
lessons, as well as their and its impact on the activities
of teachers and students in the classroom. Assessing the
existing and acquired theoretical knowledge of future
mathematics and computer science teachers determines
the general awareness of the importance of using
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digital technologies, the desire for self-knowledge, and
the formation of general professional competence. It
involves the creation of prerequisites for self-education,
which should stimulate an increase in digital literacy and
positive motivation to use digital means of supporting
the educational process. Therefore, as an indicator of the
cognitive criterion for forming the professional readiness
of a future mathematics and computer science teacher
to use VVT in professional activities, we have chosen
«Digital awareness in VVT».

The  technological criterion of readiness
characterization is the ability of future mathematics
and computer science teachers to create computer
visualization and apply the necessary professional skills
and abilities in production activities in the context of
the rapid technological development of society and
digital technologies in it. In the context of training future
teachers of mathematics and computer science, readiness
is characterized by professional skills, skills in the use
of digital tools and resources, and the ability and need
to systematically supplement and expand the scope of
involvement of these tools and resources, their own
professional (teaching and learning) activities, including

visualization. It means the ability to rationally select
materials, tools, and devices (equipment) and possess
the basic techniques (operations, techniques) of creating
virtual visibility in applying high-level skills for their
professional needs. Therefore, the criterion indicator is
the «Ability to use virtual visual aids to create visual
didactic materialsy.

The professional activity criterion is determined by
the professional skills that teachers of mathematics and
computer science should have:

- ability to use visualization tools to organize
students' learning effectively.

- ability to determine which visualization tools are
best suited for use in the classroom according to their
content, purpose, and implementation method.

- ability to create your virtual tools and constantly
improve them to move to higher levels of pedagogical
excellence and demonstrate initiative, independence,
and creativity in learning organization.

This criterion a priori assumes that students know
that future mathematics and computer science teachers
should acquire successful visual support in their
professional activities (Fig.3).

Knowledge ]

+professionally significant knowledge (professional, psy chological-pedagogical. managerial, scientific-

methodical, subject, technological);

+scientific and practical knowledge about the pedagogical activity of a secondary schoolteacher in general and
the specifics of its implementation in the process of learning in primary, secondary, and higher school in

particular;

*knowledge of the methodology of teaching mathematics and informatics based on the involvement of IT:
*knowledge of psychological and didactic regularities and laws, didactic principles of learning using VVT;
*knowledge about the effective use of VVT in the educational process, about the creation of information

products;

*knowledge about the pedagogical expediency of VVT, etc.

Skill ]

«the ability to organize the process of teaching mathematics and informatics using VVT;,
«the ability to improve virtual visual content for one's own needs, the ability to use individual and group forms of

learning with the mvolvement of VVT;,

+the ability to use frontal work with VVT in organizing educational activities in mathematics and computer
science classes, mastering the technique of using various VVT i the educational process by the topic and

conditions of the lesson:

+abikity to give a comprehensive assessment of the means of virtual visibility from the standpoint of social-
educational, artistic-aesthetic, technological, functional-applied (utilitarian) orientation:

+ability to search, select, and analyze the necessary information of a project-technological, educational-
methodical nature regarding the means of virtual visibility and their use in mathematics and computer science

lessons:

+ability to outlinethe problem, form the goal and task of using VVT, select rational methods and means of

achievingthe final result:

+ability to use VVT in professional-pedagogical activities:
+simulate pedagogical situations in the process of teaching mathematics and informatics based on the involvement

of VVT;

+carry out the design and development of VVT, revealing the ideological and thematic basis of the project idea;

+ability to the classification of VIN means;

*organize creative activities using virtual visibility tools, and arrange individual workplaces in compliance with
sanitary and hygienic requirements and safe work rules using virtual visibility tools.

Fig.3. Knowledge and skills to provide visual support for professional activities

We have chosen "Ability to develop lessons using
VVT" and "Ability to critically evaluate VVT, taking into
account the educational activities organization needs"
as indicators of professional activity criterion of future
mathematics and computer science teachers readiness to
use VVT in the professional activities.

The personal criterion allows us to characterize the
qualities and abilities of the teacher that will contribute
to the successful organization, implementation, and
analysis of educational activities using VVT with students

in mathematics and computer science lessons, the ability
to self-study and self-assessment, teaching students using
VVT in mathematics and computer science lessons and
finding personal guidelines for future teachers in resolving
contradictions in the educational process through the
proper organization of activities. It also includes the
ability to exercise control for further self-improvement,
self-management, and recognition of the results of one's
performance. Therefore, we have chosen "Ability to Critical
Analysis", "Ability to Self-Education," and "Reflection"
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as indicators of the personal criterion of professional
readiness to use VVT in professional activities.
Criteria and indicators of readiness of future

mathematics and computer science teachers to use VVT
in their professional activities allow us to characterize
the levels of such readiness (Fig. 4).

/ AVERAGE \

(the presence of selective motivation,
aspirations, and needs to apply their
knowledge abouttheuse of VVT,
thorough understanding of b asic
conceptsin the field of visnalization,
and the ability to p erform new
actionsbased on a sample based on
actualmaterial, determining
connections, finding analogies to

o it £ o e < individualimages, sections of the
ability ‘fm sflf-!eal1lu1g and topic, highlighting main ideasbased
self-assessment)

\ K on critical analysis) y
/ /

LOWLEVEL

(low level of motivation,
aspirations, and needsto
apply their knowledge about
VVT,.non-deep
understanding of only basic
facts and concepts,
possession of basic skills to
use VVT to perform
professional tasks, the

/ HIGHLEVEL \

(the presence of stable, highly
develop ed motivation, aspirations,
and needs to apply their
knowledgeregarding the use of
VVT, ransferring knowledge to
new situations, creating original
approaches, algorithms of
cognitive and practical actions in
the organization of the
educational processin lessons

K using VvT)

Fig.4. Levels of teacher's readiness to use virtual visual aids in professional activities

Conclusions. To determine the effectiveness of the
system of training of future teachers of mathematics and
computer science for the use of VVT in professional
activities, we developed the criteria and their indicators:
value-oriented criterion (indicator — value orientations
on VVT in professional activities); cognitive criterion
(indicator — digital awareness of VVT); technological
criterion (indicator — skills use VVT to create didactic
materials); professional and activity criterion (indicators

— the ability to develop lessons using tools; the ability
to critically evaluate VVT, taking into account the needs
of the organization of educational activities); personal
criterion (indicators — ability to critically analyze, ability
to self-education, reflection). The developed diagnostic
apparatus makes it possible to empirically confirm the
effectiveness of the pedagogical system for training future
mathematics and computer science teachers to use VVT
in professional activities vis a pedagogical experiment.
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Myaneca I1asio [IaBroBu4
KaH/U/1aT TEXHIYHUX HAyK, TOLUEHT
3aBigyBa4 Kadeapu KiOepHETHUKH 1 TPUKIIAJHOI MaTEMaTHKH
JABH3 «¥Yxroponchkuii HalliOHAIBHAN YHIBEPCUTET», M. YKropos, YkpaiHa

IOpuenko Aprem OJiekcaHAPOBHY
KaHIWAAT IeAArori9HUX HayK, JOLEHT
Kagenpa iHpopMaTuKu
CyMchkHil lepkaBHUN Tieaaroriynuii yHiBepcuret imeHi A.C.MakapeHka
M.Cymu, Ykpaina

Cemenixina Onena Boromumupisna
JIOKTOP TMeJaroTiyHuX Hayk, mpodecop
xapenpa IH(i)OpMaTI/IKI/I
CyMmchkHil lepkaBHUN Tieaaroriynuii yHiBepcuret imeHi A.C.MakapeHka
M.Cymu, Ykpaina

JIIATHOCTUYHUI ATIAPAT JTOCJIIJIZKEHHS PE3YJIBTATIB IIJITOTOBKU BUUTEJIB JIO
BUKOPUCTAHHS 3ACOBIB BIPTYAJIBHOI HAOYHOCTI Y TPO®ECIAHIN JIIAJIBbHOCTI

AnoTtanis. Mera crarTi: po3po0JeHHsI KPUTEPIiB Ta MOKA3HUKIB JUIs BU3HAYECHHs PIBHS TOTOBHOCTI BYMTEIS
10 BUKOPHCTAHHsI 3aC00IB BIPTYaJIbHOI HAOYHOCTI y mpodeciitHiil AisuibHOCTI. Bukopucrano Teopernynuii aHaii3
HAYKOBHX JDKEPEN [l yTOYHCHHS MOXKIMBOIO JiarHOCTHYHOIO amapary JNOC/IiUKCHHS, y3arajbHCHHsS HAYKOBHX
HiXO/IB 3 METOI0 BHOKPEMJICHHS CYTTEBUX KPUTEPIiB Ta IX MOXKJIMBUX IOKAa3HUKIB, CTPYKTYPHO-JIOTIYHUH aHai3
HOHATTS «TOTOBHICTH BUMTEJISI IO BUKOPUCTaHHS 3aCO0IB BIpTyalbHOI HAOYHOCTI Y npodoecu/mm TiSUTBHOCTI» IS
YTOYHEHHS 3B’SI3KiB MK KOMIIOHEHTAMH TOTOBHOCTI Ta KPUTEPISIMH 1 MOKa3HUKAMU 1X C)OPMOBAHOCTI, IIOPIBHIHHS
1 3iCTaBJICHHS JUIsl XapaKTePUCTHKH PIBHIB TOTOBHOCTI BUUTEIS 10 BUKOPHCTAHHS 3aCO0IB BIpTyaJIbHOT HAOYHOCTI y
npodeciinii aisapHOCTI. 11 BU3HaYeHHS €(DEKTHBHOCTI CHCTEMH ITiITOTOBKM MaOyTHIX YUHUTEJIiB MATEMaTHKH Ta
iHpOpMATHKK O BUKOPHCTaHHS 3ac0o0iB BIpTyaJbHOI HAaOUYHOCTI Y Mpo(eciiHiil NisUIbHOCTI po3po0neHo Kputepii
Ta IX NOKa3HWKH: [[IHHICHO-Opi€HTaliiHIKA KpHUTepiil (MOKa3HUK — IIHHICHI Opi€HTalLii Ha BUKOPUCTAaHHS 3ac00iB
BIPTyaJIbHOI HAOYHOCTI y npodeciiinii zxi;mLHOCTi)' Ni3HABaJIBHUN KpUTEpiii (MOKa3HUK —LIM(POBa 00I3HAHICTD Y
3aC00ax BIpTya/bHOI HAOYHOCTI); TEXHOIONYHUII KPUTEPiii (ITOKA3HUK — YMiHHS BUKOPHCTOBYBATH 3aCO0M BipTyailb-
HOI HAOYHOCTI JUISl CTBOPCHHS MIAKTHYHHIX MaTepialliB); Mpo¢eciiHO-NisIbHICHHUIA KPUTEPIH (IIOKA3HUKH — YMIHHS
PO3POOIATH YPOKH 3 BUKOPHCTAHHSIM 3aC001IB; YMiHHS KPUTHYHO OLIIHIOBATH 3aCO0U BipTyabHOI HAOYHOCTI 3 ypaxy-
BaHHSM NOTpeO opraHizauii 0CBITHBOI AiSUIBHOCTI); 0COOMCTICHUI KpUTEPii (ITOKa3HUKH — 3aTHICTh 10 KPUTHYHOTO
aHaJi3y; 3JaTHICTh A0 CaMOOCBiTH; peduiekcis). Po3pobiennii JiarHoCTHYHUE anapar Aa€ MOXKJIMBICTh €MITiPUYHO
yepe3 MeJaroriyHuid eKCIIePUMEHT MiATBEPIUTH e(PEKTHBHICTh PO3POOICHOT IMearoriqHoi CHCTEMH TTiATOTOBKU Mak-
OyTHIX y4YWTEINiB MaTeMaTuKH Ta iHPOPMATHKH O BUKOPUCTAHHS 3aC00IB BIpTyaJbHOI HAOYHOCTI y MpodeciiHii
IISUIBHOCTI.

Ku1104oBi cJioBa: MiarHOCTUYHUM armapar, KpUTepiit 1 TOKa3HUKH, TOTOBHICTh BUMTES, 3aCO0U BipTyabHOI Ha-
OYHOCTI, MATOTOBKA BUUTEINS, BANTEIb MATEMAaTHKH, BAUTEIb 1HPOPMATHKH.
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