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The article substantiates the need to create conditions for the formation of students' creative
personalities, realization and self-realization of their opportunities and possibilities in the
educational process. It is noted that a significant tendency of modern education is its
intensification, which primarily implies a reduction in the number of hours for studying subjects,
while their content remains unchanged. Thus, it makes impossible for students to master ways
and means of solving non-standard creative tasks and objectives. Therefore, the problem of
developing and introducing technologies for the development of creative thinking of high school
pupils in extracurricular activities is urgent and important.

The authors analyzed modern approaches to understanding the concept of 'creativity”,
identified the main components of the creative process, traced the relationship between creativity
and thinking. The characteristic features of creative thinking are determined, the features of its
development in high school pupils in the process of participation in extracurricular activities are
revealed.

The state of development of creative thinking of high school pupils, including participants of
the IlI-rd and IV-th stages of the Olympiad in information technologies and research works
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contest of the Junior Academy of Sciences of Ukraine, including the members of the study groups
("Applied Software" and "Automation of Scientific Research”) is analyzed. Insufficient level of
students' creative thinking and poor motivation for its development were revealed.

The technology of development of creative thinking of high school pupils during the classes of
the "Applied software” study group is offered and described. On the basis of the analysis of the
results of the forming stage of the experiment, it is concluded that its influence on the level of high
school pupils' basic theoretical knowledge in computer science, practical skills and non-standard
IT / CS problem solving skills, as well as the development of algorithmic, systemic and creative
thinking.

Key words: creativity, creative thinking, properties of creative thinking, development of
creative thinking, extracurricular activities, extracurricular activities in computer science, creative
thinking development technology, competencies (practical, creative, social).

BIIPOBAIJXKEHHS TEXHOAOTII PO3BHTKY TBOPYOTI'O MHCAEHHS
CTAPILIOKAACHHKIB Y IIOBAHABYAABHIN OISIABHOCTI: PESYABTATH
INEOJATOI'TYHOI'O EKCIIEPHUMEHTY

O. €. AaToHOBa, C. A. IlocTOoBa, C. A. SlueHKO

Y cmammi o6tpyHmoeaHo HeobXIOHICMmb CMBOPEHHSL YMO8 Ol (POPMYBAHHS MEOPUOL
ocobucmocmi yuHie, peasnizauii Ui camopeanizayii ixHix morxkaueocmeli 8 0C8IMHLOMY NPOUEC.
3asHaueHo, wo cymmesor meHOeHUier cyuacHol oceimu e ii iHmeHcugikauyis, uio nepedycim
nepedbauae CKOpoUeHHs KLibKocmi 200UH HA 8UBUEHHST HABUAIbHUX npedmemie npu He3amiHHocmi
ix samicmy. Lle, y ceoro uepzy, npuzeooums 00 HEMONJAUBOCMI HABUAHHSL YUHI8 po38’si3ysamu
HecmaHOapmHi, meopui 3a80aHHsL Y pobouuil uac. Tomy HazanbHoO nocmae npobiema po3pobru
ma 6NnposadskeHHst MEexXHONO02il pOo38UMKY MBOPUO20 MUCAEHHS. CMAPUOKNACHUKI8 Y
no3aHasualbHill 0isl/lbHOCMI.

Asmopamu NpoaHai308aHO CYUACHL NiOX00U 00 PO3YMIHHSL noHsMmMsL "meopuicms”, 8U3HAUEHO
OCHOBHI CKA008L MEOPUO20 NPouecy, NPOCME’KeHO B630eMO038°130K MK meopuicmio ma
MuUcneHHaM. BusnaueHo xapaxmepHi pucu meopuoz0 MUCTEHHs, 8UsieieHO ocobaueocmi 1iozo
PO38UMKY Y CMAPULOKNIACHUKIB Y NPOoUECt No3aHaA8UANbHOT OislibHOCMA

ITpoaranizoeaHO cmaH po38UMKY MBOPU020 MUCSEHHS CMAPULOKAACHUKI8, yuacHukig IIl ma IV
emanig onimniadu 3 IHGOPMAYIHUX MexXHON02il, KOHKYPCY-3aXUCMmy HAYKO080-00CNIOHUX pobim
MAH ma uneHig sypmkie npu HayKo8o-mexHiuHoi meopuocmi YyuHigscovkoi mono0i "TIpuxnaore I13"
ma "Aemomamusauis Haykosux oOocniokeHv". BuseneHo HedocmamHilli pieeHb mME0puU020
MUCTIEHHSL YUHIB Ma caabKy momueayito 00 1020 po3eumry.

3anponoHoeaHO ma OoNUCAHO MEXHOJ02i0 PO3BUMKY MEOPU020 MUCTEHHSL CMAPULOKJIACHUKIS
Ha 3aHsmmsax eypmra "[Ipurxnadre npozpamHe 3abe3neueqHs”. Ha ocHosgi aHanisy pe3ysibmamie
opmysanbHO20 emany eKchepumeHmy 3podaeHo 8UCHOB0K Npo egeKmuesHicmbs ii eniusy Ha
piBeHb 80JI00IHHSL CMAPULOKIACHUKAMU OCHOBHUMU MeOpemMUUHUMU 3HAHHAMU 3 THhOpMamuKu,
NPAKMUYHUX YMIHb MA HOABUUOK PO38°S3YBAHHSL HECMaHOapmHux 3a800Hb 3 IHGOpMAMUKU,
PO038UMOK A2ZOPUMMIUHO20, CUCTEMHO20 1l MBOPUO020 MUCTIEHHSL.

Knrouoei cnoea: meopuicms, meopue MUCIEHHS, PUCU MEOPU020 MUCAEHHSl, PO38UMOK
meopuoz20 MUCTEHHSL, NO3AHABUANILHA OLSLIbHICMb, NO3AHABUANIbHA OLS/IbHICMb 3 THPOPpMAMUKU,
MEeXHOJI02Is1 PO3BUMKY MB0PU020 MUCSEHHS. CMAPULOKIACHUKIB, KOMNEeMeHMHOCMI (NPaKmuuHi,
meopui, CoyianbHi).

Introduction of the issue. Dynamic conditions for the formation of creative
development of modern life of the personality of both teacher and
country, as well as informatization of student, the realization and self-
society necessitate the creation of the realization of their opportunities and
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possibilities in the educational process.
Over the last decade there has been a
clear tendency for substantial increase
in the number and variety of
intellectual and creative competitions,
contests, Olympiads, which allows the
pupils to fully expand their abilities,
outline life prospects, set meaningful
multi-level goals and achieve them.
However, only the pupil who has
developed creative thinking, strong
motivation for constant development
and self-improvement can demonstrate
good results in the mentioned above
activities.

Another trend of modern education
is its intensification, which implies, in
particular, a reduction in the number of
acadenic hours deducated to a sertain
subject, however, the content of the
educational process must remain of the
same quality and quantity with
constant improvements and
innovations. This leads to the lack of
time for students to learn to perform
non-standard, creative tasks, to
optimize found solutions, and so on. At
the same time, pupils get such an
opportunity during extracurricular
activities. Therefore, the problem of
designing, approbating and introducing
creative thinking development
technologies for high school pupils in
extracurricular activities is an urgent
issue.

Current state of the issue. The
problem of creativity in pedagogy and
psychology has always occupied a
prominent place. Thus, it is widely
recognized that creative thinking can be
considered as "a creative activity that
produces a nontrivial (qualitatively new)
result” [2].

Modern psychology distinguishes the
following components of the creative
process: the formulation of a question
that requires a creative answer — the
ability to see the problem; mobilizing
the necessary knowledge to formulate a
preliminary hypothesis to determine
ways and means to solve the problem;
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special observations and experiments,
their generalization in the form of
conclusions and hypotheses; design of
thoughts or ways that have arisen in
the form of logical, figurative,
mathematical, graphic subject
structures; checking the social value of
a product of creativity. These
components are interdependent, closely
interconnected and can be merged or
separated from each other in time [J].

The process of creativity can be
presented in three interrelated stages
(S. Sysoieva) [9]: the pupil (child) sets a
task and seeks the necessary
information; examines tasks from
different sides; brings the work started
to its logical conclusion. Awareness of
the essence of the creative process and
its phases allows the teacher to
effectively  build the educational
process, focusing students' attention
not on reproductive but on creative
activity. Therefore, the question of the
relationship between creativity and
thinking is important.

According to L. Yermolaieva-Tomina,
"thinking and creativity are two
processes that are closely intertwined
with each other, although they pursue
different goals and wuse different
thinking operations. Thinking is about
knowing the real world, and creativity is
about rebuilding, renewing and
improving it" [3]. A. Petrovskyi
consideres  creative  thinking as
cognitive processes that allows a person
to solve problems that cannot be solved
by methods already known to mankind
[8].

In our opinion, an important
indicator of creative thinking is its
unpretentiousness, as well as the
ability to embrace reality in all its
relations and interconnections; transfer
knowledge to new conditions and levels;
link one object with another; the ability
to see structural components of the
solid whole; find a non-standard
approach to solving standard tasks; etc.
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Ye. Zharikov and Ye. Krushelnytskyi
give such characteristic features of
creative thinking:

1) heuristic — the ability to solve
problems that require the discovery of
patterns, properties, relationships;

2) creativity — the ability to create
new things and new methods;

3) mobility — the ability to move from
one related field of science into another,
solve complex problems;

4) independence - the ability to
withstand the traditional views in
science and hinder the acquisition of
fundamentally new knowledge;

5) expresentness — the ability to see
the prospect of the object under study
based on limited information about the
subject matter, to predict its future
state, to build hypotheses about its
past states;

0) systematic - the ability to embrace
an object as a whole;

7) rationality - the ability to
dialectically deny old systems of
knowledge that hinder the qualitative
change of science;

8) openness — ability to perceive any
ideas;

9) antinomy - the ability to see the
unity of opposites or the absence of
regularities;

10) ability to generalize material that
allows an individual to rise from
empirical concreteness to conclusions
about common properties [4].

Thus, creative thinking expresses
such varieties of human mental activity
as productivity, constructiveness,
ingenuity and ability to make
reasonable predictions. It is strongly
connected with logical, algorithmic,
systemic, divergent and heuristic types
of thinking.

There are several approaches in the
national pedagogical science to the
concept of "development of creative
thinking": according to S. Vitvytska,
development of thinking is not a simple
change of types and forms of thinking,
but their transformation, improvement

in the process of assimilation of more
abstract and generalized information
[1]. The scholar focuses on the fact that
for the teachers the process of
development of thinking has the
following meanings:

1) to develop all kinds and forms of
thinking: practically-effective, visual-
figurative, verbal-logical, empirical and
theoretical, debatable and intuitive,
productive and reproductive - and
stimulate their transition from one to
another;

2)to form and improve mental

operations (analysis, synthesis,
comparison, generalization,
classification);

3) to develop the following skills and
abilities: to distinguish essential

properties of objects and to abstract
them from irrelevant ones; to find the
main connections and relations of
things and the world phenomena; make
the correct conclusions from the facts
and verify them; to prove the truth of
their judgments and to refute false
assumptions; to reveal the essence of
the basic forms of correct inferences; to
present the thoughts consistently and
evidence-based;

4) to develop the ability to transfer
operations and techniques of thinking
from one field of knowledge to another;
to anticipate the development of
phenomena and to make sound
conclusions;

5) to stimulate the process of
transition from formal logic-based
thinking to dialectical logic-based
thinking; to improve the ability to use
the laws and requirements of formal
and dialectical logic in students'
educational and cognitive activities.

Therefore, to develop creative
thinking means to develop its
components — all kinds and forms of
thinking operations, procedures of
cognition, logical skills and techniques
in the process of mastering the system
of scientific knowledge provided by the
school curriculum [1].
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The main criteria for the
development of creative thinking
(according to D. Mamediarov) are the
ability to: analyze, synthesize,
summarize and produce conclusions on
data acquired; find interrelations and
their impacts; set up tasks, objectives,
and review problems; design
hypotheses; structure the information
received according to the patterns;
switch from one idea to another using
the current knowledge in order to
acquire new experience [7].

To ensure the effective development
of pupils' creative thinking, a set of
favorable conditions is created during
their participation in extracurricular
activities, which are an integral part of
the educational process. It must be
mentioned that extracurricular
activities, in their turn, are defined as a
form of organization of students' free
time, which forms a system of
communication-based interaction, a
voluntary cognition, which is free from
compulsory learning and academic
restrictions, limitations and
regulations, and is encouraged by
cognitive needs and personal interests
of pupils [6].

We believe, that high school is the
most suitable stage to study computer
science for a significant amount of
knowledge in multiple subjects is
mandatory, as well as the basic
computer interaction skills and
software peculiarities. Performing
creative tasks in computer science
implies the obligatory provision of a
certain level of independence of
students, since creative tasks are not
structured, have a cross-curricular
nature, and, most importantly, there is
a very low probability of successfully
completing the creative tasks without
proper investigation and preparation,
excluding "lucky guess" factor.

The aim of the article is to study
the state of development of creative
thinking of high school pupils and the
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impact of extracurricular activities in
computer science on its development.

Research results and discussion.
We have conducted a survey among the
pupils-participants of the III-rd and IV-
th stages of the Olympiad in
information  technologies, research
works contests of the Junior Academy
of Sciences of Ukraine and members of
extra-corricula circles at the regional
center of scientific and technical
creativity of pupil youth "Applied
Software" and "Automation of scientific
researches" (300 individuals). The study
was mainly devided into two parts:
2012-2014 - diagnostic section, 2017-
2019 - forming section. All stages of the
pupils’ research works contest were
subject to evaluation: extramural
evaluation of research paper; major
subject testing (mathematics);
presentation and public discussion of
the research work conducted.

Overall preliminary impression is the
following: research  papers and
experiments conducted by the pupils-
participants of Junior Academy of
Sciences of Ukraine young researchers’
contest (2012-2014 a.y.) indicated quite
low level of their scientific inclination
and basic knowledge of core subject
(mathematics), which implies -certain
limitations to realization of their
creative potential.

Corresponding evaluation of the
works, which was carried out on a
number of criteria (relevance,
theoretical and (o1) practical
importance of the issue; scientific
novelty of the obtained results;
systematic and completeness in the
disclosure of the topic; research nature
of the issue-solving work; expediency
and correctness of the used research
methods; results, etc.) showed that only
38 % of participants (84 students)
reached the high level. At the same
time, almost 10 % of participants (20
students) scored less than half of the
maximum score (Pic. 1).
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m 75-100%

W 50-74%
24-49%
0-24%

Picture 1. Summarized results of the extramural evaluation of pupils’ research works
of the Junior Academy of Sciences of Ukraine

Research papers presentation and
public discussion, which had its own
evaluation criteria (the reasonableness
of the choice of research topic and its
disclosure; author’s awareness of the
topic material; the degree of author's
independence in the process of
scientific search and issue
investigation; personal contribution of
the author to the conducted research;
clarity, logic, consistency, concise of the
presentation of the research material,
etc) indicated that about 42 % of the
participants achieved high results.
However, almost 20 % of participants
scored less than half of the maximum
possible score.

Among the typical mistakes of
students are the following: technical
errors in the design and structure of
scientific work; pseudoscience; lack of
analysis of similar coding samples (for
software products); uncertainty of
fundamental difference of the offered
software product (its novelty);
inappropriate structure of software
product / coding (databases, site, etc.);
providing only software sample or
technical documentation without
description of the theoretical part;
insufficient knowledge of theoretical
material (mathematics, computer
science); use of invalid or inappropraite
terms and abbreviations (in most cases
due to inaccurate translation); the

inability to communicate with other
participants, jury members.

Insufficient level of development of
creative thinking of high school pupils
was also revealed during the analysis of
offered students’ solutions of the
Olympiad (IT) tasks. There was a clear
tendency to experience considerable
difficulties in the process of undergoing
theoretical testing and perfoming sub-
structured practical tasks (dividing it
into relevant sub-tasks and
establishing cross-curricular relations,
defining thematic specification of the
task, performing creative objectives,
etc.). Thus, almost 50% of participants
scored less than half of the maximum
possible score according to the
proposed criteria.

The next stage of the research was
the interviewing of respondents using a
specially developed methodology, which
consisted of three blocks of questions.
The first block allowed to determine the
general level of knowledge and skills of
the pupils: 75 % of the respondents
marked their academic successfulness
as "well", 8 % indicated the"excellent"
performance during the academic year
and only 17 % of individuals chose
"satisfactory" option. At the same time,
71 % of students said that they liked
the organization of the learning
process, but only 14 % confirmed that
it facilitates the development of their
abilities. This highlights the need to
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diversify the forms, methods and means
of conducting computer science
training.

The second block of the survey
consisted of questions that allowed us
to determine the level of development of

creative thinking of high school pupils
on the scale of expression of qualities
(from O (absent or at very low level) to 5
(expressed at a high or extremely high

level) (table. 1).

Table 1

The results of determining the level of development of creative thinking of
high school pupils

No Personality Traits 0 1 2 3 4 5
1. | The need to constantly expand the | 3% 16% 54% 18% | 7% 2%
outlook, cognite the world around, | (9) (48) (162) (54) (21) (6)
analyze and learn more about him-
/her-  Self”

2. | Orientation to search for new titles, | 1% 15% 47% 18% | 15% | 4%
ideas, necessity to create his / her | (3) (45) (141) (54) (45) | (12)
own picture of the world

3. | Tendency to analyze facts and | 0% 16% 47% 18% | 15% | 4%
events, to form his / her own | (0) (48) (141) (54) 45) | (12)
opinions

4. | The desire to reach the essence of | 1% 9% 39% | 23% | 25% | 3%
complex problems, discover social | (3) (27) (117) (69) (75) 9)
and natural phenomena

S. | The desire to achieve significant | 0% 3% 10% 23% | 49% | 15%
results in educational activities (0) (9) (30) (69) | (147) | (45)

6. | Positive emotional well-being while | 2% 15% 18% 39% | 20% | 6%
performing educational tasks (@] (45) (54) (117) | (60) | (18)

7. | The desire to perform creative work, | 0% 15% 46% 17% | 13% | 9%
participate in creative activities 0) (45) (138) (51) (39) | (27)

8. | Interest in the creative pursuit of | 0% 10% 26% 38% | 18% | 8%
new knowledge, facts, patterns (0) (30) (78) (114) | (54) | (24)

9. | The propensity for creative activity | 1% 11% 27% | 38% | 17% | 6%
under any circumstances (3) (33) (81) (114) | (S1) | (18)

10.| The desire to achieve new creative | 1% 16% 25% | 30% | 19% | 9%
results in behavior and any kind of | (3) (48) (75) (90) (57) | (27)
activity

Analyzing the results of the students'
answers to this block of questions
indicates a low level of creative thinking
and poor motivation to improve it.
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The third block of questions was
aimed at determining the impact of
extracurricular activities in computer
science on the development of creative
thinking of high school pupils (table. 2).
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Table 2

The results of studying the effectiveness of the impact of computer science
extracurricular activities on the development of creative thinking of high

school pupipls
Yes Partially No
Yes
Do you like to participate in computer science (IT) | 63% 28% 9%
competitions, Olympiads and / or contest of Junior | (189) (84) 27)
Academy of Sciences of Ukraine?
Are the tasks of IT Olympiad new to you? 35% 47% 18%
(1095) (141) (54)
Do these tasks have a practical orientation? 24% 61% 15%
(72) (183) (45)
Do the tasks offered allow you to be creative? 20% 55% 25%
(60) (165) (75)
Do you feel yourself encouraged to gain new IT knowledge | 63% 30% 7%
?
by these tasks: (189) (90) 21)
Are there cross-curricular links in these tasks? 58% 39% 3%
(174) (117) 9)
Do the olympic tasks contribute to the development of | 61% 38% 1%
. o S
logical thinking? (183) (114) 3)
Do these tasks encourage you to use non-standard ways | 15% 73% 12%
ing?
of solving? (45) (219) (36)
Does solving this type of task help you to increase your | 12% 69% 19%
: ?
self-esteem? (36) (207) (57)
Does the ICT Olympics help you to put your knowledge | 9% 7% 14%
I P
and skills into practicer (27) (231) (42)
Did you manage to divide the proposed tasks into sub-| 5% 61% 34%
tasks yourself? (15) (183) (102)
Do you feel yourself encouraged to find new ways and | 7% 58% 35%
means of solving tasks while participating in the 21) (174) (105)

Olympics?
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The analysis of the results indicates

that the computer science
extracurricular activities have
insufficient influence on the
development of students' creative
thinking.

Thus, we concluded that the majority
of the surveyed high school pupils had
a low level of basic theoretical
knowledge in  computer science
(including IT), a low level of scientific
experience, attainment, practical skills
and non-standard CS and IT problem
solving abilities, together with poorly
developed algorithmic, systemic and
creative thinking, as well as poor
motivation for creative activity and
creative thinking development. The
results also suggest that a significant
proportion of respondents
underestimate the impact of
extracurricular CS and IT activities on
the development of their -creative
thinking.

According to the data collected and
processed, the technology was designed
(by S. Postova) for the development of
creative thinking of high school pupils,
which was introduced at the classes of
the "Applied software" study group
(circle). This program is aimed at
comprehensive preparation of gifted
pupils for computer science research,
namely, detailed study of various types
of modern software, training of youth
researches for participation in the CS
and IT Olympiads, various tournaments
and other intellectual competitions
(involving computer science and ICTs).
The program can be adapted by other
teachers, taking into account the
planned number of Thours, the
peculiarities of the elementary
institution's work, etc.

The basic tasks of a study group are
to form the following competences:

— cognitive: mastering modern types
of software; familiarization with the
methodology and means of scientific
research in the field of computer
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engineering; formation of scientific
outlook, modern scientific thinking;

— practical: formation of skills and
habits of performing research work,
planning and organization of
computational and model experiments,
processing of results of experimental
researches, independent processing of
scientific literature, selection, analysis,
systematization @ of material and
registration of results of scientific
activity;

— creative: development of search,
inventive, research, creative activity;
technical thinking; formation of skills of
independent choice of methods of work,
direction of scientific research; ability to
navigate the information space, to
creatively solve complex scientific
problems;

— social: formation of a sustainable
interest in scientific activity, creative
initiative; development of positive
qualities of the emotional-volitional
sphere of personality: diligence,
perseverance, responsibility, ability to
make and defend his / her own
decisions; education of students'
conscious attitude to future
professional activity in the conditions of
wide informatization of society.

In the first semester, students are
introduced to basic general-purpose
software, basic concepts of research
activities and methodology of scientific
research, learn to properly (as required)
design and perform scientific tasks.
Each student chooses a topic of
scientific research, makes up a plan
and schedule, as well as analyzes the
sources of information, determines the
purpose and main objectives of the
research, selects methods and means,
prepares  scientific activities and
submits it for participation in all-
Ukraininan research papers contest of
Junior Academy of Sciences and other
competitions. In the second semester
students are introduced to special
purpose software, preparing for the
tournament and other competitions in
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computer science. At this stage, an
analysis of the scientific research is
also scheduled and expected.

An important aspect of working with
pupils is to prepare them to solve IT
Olympiad tasks, which is carried out in
several stages:

o familiarization with written details
of the task and identification of its main
thematic issue (including
interdisciplinary nature);

e dividing the whole task into
smaller components (sub-tasks);

e suggesting ideas for solving a
specific sub-task;

e highlighting the main stages of
solving a subtask;

e implementation of the elaborated
solution in the environment of the
chosen applied software environment;

e checking the correctness of the
solution and analyzing the result
obtained; correcting the resultant
solution in case of conflict with the
condition or the tasks set by the
authors (if necessary).

Complex preparation of students for
solving Olympiad tasks in information
technology consisted of the following set
of steps:

v'  substantial theoretical set of
knowledge in the spheres of IT / CS /
ICT and proper preliminary training;

v reviewing and analyzing tasks
from the previous contests
(independently or under the teacher’s
guidance);

v solving the tasks from the
previous contests (according to the
offered scheme if possible);

v searching for interesting,
curious or non-standard IT tasks on
the Internet and solving them,;

v'  systematic enlargement and
update of personal knowledge (IT
sphere); expansion of the outlook.

For the purpose of pupils’ training
for the solution of Olympiad tasks in
information technologies we have
designed an internet website
sites.google.com/view/zippoikt with the
help of services GOOGLE services,
thus, both practical and theoretical sets
of tasks from previous contests have
been placed there (2 types of tests are
presented — using the Google Forms
online resource and a portable version
for offline individual use, which is
developed by EasyQuizzy).

After the introduction of the
described technology, in 2014-2018 a.y.
a comparative section of the results of
the survey of pupils-participants of the
scientific research paper presentation
and discussion contest of Junior
Academy of Sciences of Ukraine was
conducted. The results indicate a
significant improvement in the results
obtained (pic. 2). Thus, more than 60%
of participants (213 individuals)
reached a high level, respectively, none
of the participants scored less than half
of the maximum number of points.

The analysis of the results of the
final stage of the experiment showed
that more than 50 % of participants
(185 pupils) achieved high rates during
the presentation and discussion of
scientific research papers and only
12 % of participants (43 high school
pupils) scored less than half of the
maximum number of points (pic. 3).
Thus, there is a steady tendency to
significantly improve both student
outcomes and increase the development
of their creative thinking.
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Picture 2. Comparison of results of extracurricular stage of evaluation of pupils’
scientific research paper (Junior Academy of Sciences of Ukraine) at the ascertaining
stage of the experiment and after conducting the formative stage of the experiment
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Picture 3. Comparison of the results of the stage of evaluation of pupil’s scientific
research paper (Junior Academy of Sciences of Ukraine students' at the statement stage
of the experiment and after the forming stage of the experiment

Conclusions and research
perspectives. Thus, the analysis of the
obtained results made it possible to
conclude that after the application of
the technology of development of
creative thinking of high school pupils,
which was introduced at the classes of
"Applied software" study group, the
level of high school pupils’ basic
theoretical knowledge in computer
science (including IT) has significantly
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improved. Also, there is an increase in
the level of scientific knowledge,
practical skills and non-standard tasks
solving abilities in CS / IT, as well as
the tendency for better development of
algorithmic, systemic and creative
thinking, including motivation for
creative activity and development of
creative thinking.

The study does not claim to be a
definitive response to the problem of
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developing the creative thinking of high
school pupils in  extracurricular
activities. The relevance and complexity
of its solution requires further
theoretical and experimental research
in the areas of: improving the content,
forms, methods of preparing high
school pupils to participate in
intellectual competitions and
tournaments; diversification of training
of CS teachers in the system of
postgraduate  education for  the
development of creative thinking of high
school pupils during the extracurricular
activities; enriching the content and
tasks of pupils' pedagogical practice in
order to prepare them for the
organization of teamwork, etc.
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