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ABSTRACT

The article discusses the growth of staffing requirements for modern manufacturing companies, taking into account the
emergence of the term Industry 4.0, which includes components: Cyber-Physical Systems, Internet of Things, Smart Factory, Internet
of Services, Smart Product, Machine-to-Machine, Big Data, Cloud. The importance of introducing robotic tools, such as the
electronic platform with an Arduino microcontroller, to educational directions such as STEM (stands for: “Science”, “Technology”,
“Engineering” and “Mathematics”), STEAM (adding “Arts”) and STREAM (adding “Reading/Writing™), is noted. But today they do
not take into account the way to strengthen motivational activity based on computer games, therefore the purpose of the article was to
establish two-way communication between the computer game design process using a robotic system and Arduino microcontroller
sensors for later solving the task of determining the gamification characteristics of a given sensor, as well as the task of determining
robotic characteristics of a given stage of the computer game design process. To achieve this goal, a data analysis technique is
proposed, which includes the following steps. The stage of analyzing the functions of fairy tales by Vladimir Propp (hereafter,
metaphorization functions), which forms a table of functions as templates of text phrases for creating a computer game script that
takes into account the Arduino microcontroller sensors. The stage of the analysis of computer game classes, which forms the table of
classes of the market for the game and the table of classes of players' needs. It is assumed that the product sales market is closely
related to the various disciplines of the school curriculum. The stage of analysis of the components of the Mechanics-Dynamics-
Aesthetics within the MDA-model. The stage of analysis of the Arduino microcontroller sensors. The proposed methodology allowed
creating a relational database including the following tables: a table describing 31 templates of text phrases to create a plot of
computer game; table describing 15 classes of players' needs; table describing 10 classes of MDA-model; table of descriptions for 19
Arduino microcontroller sensors; a table of relations between 31 templates of text phrases, scenarios from the Vladimir Propp's
morphological functions of fairy tales, and descriptions of 15 classes of players' needs and 10 classes of the MDA model; table of
interconnections between the descriptions of the Arduino microcontroller sensors, classes of players' needs and classes of the MDA
model. Testing of the proposed methodology took place during master classes with participation of I-11l stages' students of
secondary school No.10 (Izmail, Odessa region) in the process of creating five computer games using the Scratch software tool for
managing graphic objects based on signals from the Arduino UNO microcontroller sensors. In the future, it is proposed to consider
interactive models of the design of robotic computer games that can be used in the described method, providing graphic means of
displaying the components of the structural model of the method. As a result, this will require the development of a software
integration module for the contents of the developed relational database and the internal structures of the software tools supporting

these interactive design models.
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INTRODUCTION Things, Smart Factory, Internet of Services, Smart
FORMULATION OF THE PROBLEM Product, Machine-to-Machine, Big Data, Cloud [1].

In the current decade, the term “Industry 40" is Prqqluctlon companies, in order to ensure future

. . : ' . o competitiveness, begin to create a development plan

belng_ actively _dlsc_ussed as a variant of the fourth in- in the form of a technological roadmap [2], in which

?T:Jaitigﬁl ;%OI(L;:th(;Qctr:]aen;%”?h(r);uagEe\t/;erobj?: 8; illjjtgh an important section is personnel with the necessary

. skills [3].
components as: Cyber-Physical Systems, Internet of Ir[l d]ust ry 4.0, in turn, requires a new quality of
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Melnyk S. P., Troianovska Yu. L., Riashchenko O. 1., 2019 tion 4.0, in the form of a system of continuous tech-
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nical education, including levels of general, second-
ary vocational, higher and additional professional
education [4].

In 2017, the World Economic Forum's Report
“New Vision for Education: Fostering social and
emotional learning through technology” offered the
following skills as a result of Education 4.0 [5]: six
basic types of literacy (Literacy, Numeracy, ICT
literacy, Scientific literacy, Financial literacy, Cul-
tural and Civic literacy); four competencies with
which students approach solving complex challenges
(Critical thinking, Creativity, communication, Col-
laboration); six qualities of character, using which
pupils meet their changing environment (Curiosity,
Initiative, Persistence/grit, Adaptability, Leadership
and Social and cultural awareness).

Modern approaches to the study of the compe-
tence of graduates of schools, as future citizens of soci-
ety working in Industry 4.0, are determined by the re-
quirements of time by themselves. It is not enough in
contemporary reality to have knowledge and skills in
individual disciplines, but it is necessary to be able to
combine them in a creative, innovative way to solve
any task. Therefore, for many years pedagogical sci-
ence has been looking for ways to attract the interest of
preschoolers and schoolchildren to the learning process
in the modern conditions of transition from post-
industrial to informational society, especially consider-
ing the unexpected appearance of its intermediate stage
in the form of Industry 4.0. The World Economic Fo-
rum Report, of course, did not describe new directions,
but summarized the accumulated pedagogical experi-
ence of experimentally introducing robotic tools into
educational processes in the form of design kits: from
the educational robot Lego Mindstorms [6; 7; 8] to the
electronic platform with the Andruino microcontroller
[9; 10; 11]. In order to attract schoolchildren to the
study of such tools, researchers and teachers began to
introduce them into the optional STEM educational
direction which stands for: Science, Technology, Engi-
neering and Mathematics [21], developing recommen-
dations [12, 13] and textbooks [16]. But numerous ex-
periments have shown the need to engage the emotion-
al intelligence of schoolchildren and to the natural,
technical disciplines have been added creative and ar-
tistic disciplines as “A” letter, meaning “Arts”, forming
the educational direction STEAM [22]. For example,
for the Arduino platform, software libraries of commu-
nication with the visual programming language
Scratch, which is popular in computer science lessons,
were intensively developed. They actively use images
to visualize and animate the virtual world [14, 15],
[17].

Since in Industry 4.0, the efficiency of man-
machine interaction depends on the skills of com-
munication between people [5], the letter R - Read-

ing / Writing was added to STEAM, which should
be understood as “writing and understanding the mean-
ing of the text”, creating a new educational direction
STREAM [23, 24]. It is known that one of the most
important forms of attracting children to any process of
educational activity is gamification, which has been
actively used in the management of business processes
[25, 26], as well as learning processes [27], offering
new results competencies Deeper Learning: Critical
Thinking, Active Learning, Flipped Learning and
Learning from Failure [28].

For its part, the Deeper Learning format active-
ly uses project-based learning, involving children in
solving technical problems [29], what makes it posi-
ible to use 36 principles of instruction in the format
of video games [30]. The effect of the gamification
launch grows in the disciplines that create communi-
cation skills [31], [69]. In project training, a game
can move from the form of an instrument to achieve
a goal to the form of the goal itself, offering to solve
gamification problems through the standard comput-
er game development process (Game De-
sign/Development) [32]. On the other hand, in the
current decade, new ways of player interaction with
the virtual world based on the Natural User Interface
(NUI) appeared, for example, through MS Kinect
human motion control sensors, Leap Motion, as well
as augmented reality web cameras for desktop com-
puters and smartphones [33]. It is these methods that
are also key in the components of Industry 4.0.

In the works of Educational Robotics direction
[6, 7], [8, 9], [10, 11], [12, 13], [14, 15], [16, 17], the
automatic control of robots by itself is already con-
sidered by the authors as a game process, without
taking into account the theory and practice of gami-
fication of the process in which the robot performs
certain actions. In [18], the complexity of studying
the mathematical and physical fundamentals of ro-
botics without the involvement of schoolchildren in
the gameplay is noted, and recommendations are
given on gamification using the example of several
games. In [19], the Edutronics game project is pre-
sented that allows children to become familiar with
electronics and the Arduino platform based on a se-
ries of game scenarios. In [20], an analysis of com-
puter games methods and characteristics of intelli-
gent robots is presented, on the basis of which the
concept of an intelligent robot that can be used in
computer games is proposed, and methods for de-
signing and implementing this robot were given.
Unfortunately, these works only partially consider
the theory of designing computer games with regard
to their multicriteria classification.

This indicates the relevance of research in the
direction of integrating the development of computer
games based on robotic systems into the components
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of STREAM-education to support the educational
process in Industry 4.0.

RELATED WORK

Considering the importance of the competences
with which students approach to solving complex
tasks, and the qualities of character, using which stu-
dents meet their environment's changes presented in
the World Economic Forum Report [5], it is necessary
to consider the peculiarities of creating a computer
game plot. Many games have long become a kind of
interpersonal computer communication [56]. In this
regard, communication messages that are used in mar-
keting communications are often used in the design of
computer games, for example, an archetypical appeal
to power and domination. Using archetypal communi-
cative messages, problems are replaced by a simplified
view of the eternal struggle of pair of mythologized
communities, us (friends) and them (aliens, foes),
Black and White, East and West, etc. The attitude to
these groups is based on the dichotomy “us and them”:
“we” are “good guys”, “they” are “bad” ones. There-
fore, such communication becomes a myth-
communication [57]. In such communication, carried
out through myths, the process of coding personal
meanings into messages can be represented as myth
making. The personal meaning of the communicator
becomes the universal meaning (experience) of the
collective, or that which becomes the personal experi-
ence of everyone to whom it is addressed, by being
transformed into an archetype.

Any computer strategy game will certainly con-
tain an explicit or hidden narrative (a certain story) that
cannot be built without metaphorization [58]. This cir-
cumstance allows us to represent all the genre diversity
of computer games of this kind as a construct, which is
built from repetitive blocks — the actions and attitudes
of the characters of computer games. In this regard, we
coundn't help drawing an analogy with the classifica-
tion of the functions of fairy-tale heroes, which philol-
ogist and folklorist VVladimir Propp laid out in his fun-
damental, study “Morphology of the Folk Tale”. In his
scientific work, the Soviet scientist proceeded from the
observation that the most diverse fairy-tale characters
in different fairy tales act in the same way. Attributes
of fairy tale characters change, the actions changes, i.e.
the act of the hero (according to Propp is a way of per-
forming functions). Propp discovered a pattern that
identical functions are found in various fairy tales.

As an example, he cited seven categories of ac-
tors: 1) villains; 2) dispatchers (those who call for
help); 3) and 4) agents of activities or heroes and bogus
heroes; 5) donors; 6) assistants; 7) the desired charac-
ters (princess or other prized persons). Studying the
structure of the fairy tale, Vladimir Propp identified
[31] functions [59]. These functions can be used when

classifying ways to design computer games at the stage
of determining the scenario of character behavior.

In Industry 4.0, the work of individual compo-
nents should strive for maximum autonomy in rela-
tion to human activity. The same autonomy can have
a gaming system. In [34] it is noted that the gaming
system is a system of rules that limit the actions of
players when they participate in an artificial conflict
with each other, which is accompanied by emotions
due to the ratio of the level of effort and ability of
the players and forms the player's experience as a
psychological need to repeat the game. It is this need
for repetition that determines the possible autonomy
of the gaming system in relation to its developers
and, as a result, good marketing opportunities.

Although the process of developing most games
begins with defining the scenario of game characters
interaction as a literary work, in recent decades this
process has ceased to be only art when the structural
model MDA (Mechanics, Dynamics and Aesthetics)
[35] became the methodological basis for this process.

These three words have been used informally for
many years to describe various aspects of games, but
the MDA structure provides precise definitions of these
terms and tries to explain how they relate to each other
and affect the player’s experience. The MDA structure
clarifies the terms “gameplay” and “fun” and uses their
definitions to demonstrate the stimulating and discour-
aging properties of different dynamics for different
types of aesthetic use of the game.

In the context of learning to create developing
games, the structural model DPE (Design, Play and
Experience) [36] was added to the MDA model,
which shows not only the algorithm for creating a
video game, but also the behavior of the game sys-
tem as a teacher, its learning influence on the stu-
dent-player. On the basis of the combination of these
models, [37] considered the gamification of the pro-
cess of mastering the fundamentals of economic
mathematics by children of pre-school age based on
the activation of their implicit knowledge (intuition,
insight, guesswork), which resulted in the “Choco-
late Mathematics” game for Android devices.

When automating individual stages of computer
game development based on the MDA model used
in gamification of production or training processes,
it is important to structure the player’s behavior as a
game consumer in detail. Such structuring can be
based on a multicriteria classification of computer
games [63, 64], taking into account the following
categories:

— concept-oriented category;

— project-oriented category;

— design-oriented category.

The concept-oriented category includes sub-
classes:
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— by Purpose: divides the games according to
the goals that they pursue when interacting with the
player, for example, teach, convey a message, tell a
story [64];

— taking into account the Market: divides the
games by industry, for example, entertainment, educa-
tion, health [63];

— taking into account the individual goals of the
player [67], associated with the theory of motivation,
for example, based on the work of Abraham Maslow
“A theory of human motivation” [65].

The project-oriented category includes sub-
classes with regard to: the type of the game plot, the
game mechanics component (GamePlay), player
visualization tools, the number of players, the means
for transmitting progress between players, and the
interface for receiving game information. The de-
sign-oriented category includes subclasses with con-
sideration of the game launching platform; human-
computer interaction  (HCI-Human-Computer-
Interface), programming method in the game devel-
opment process.

Speaking of project training of students, in which
they must skillfully use various tools to achieve the
goal of creating a prototype of a useful product, it is
necessary to consider a student in his interconnections
with a computer game not as a passive consumer, but
as its own creator, shaping the important skills of pro-
ject roles presented in Fig. 1.

Even by the names of the them, it is possible to
determine the interrelation of the design roles of the
computer game development process with the com-
ponents of STREAM education [45]: Science, Tech-
nology, Reading / Writing, Engineering, Arts, Math-
ematics.

At the same time, STREAM-research focuses
mainly on a standard set of school subjects, based on
various technological processes in the field of ecology,
chemistry, and physics. But these studies do not pay
attention to such a consumer product as a computer
game, which is often associated with the very negative
attitude of teachers towards such a consumer product,
where the student becomes a passive consumer.

For the discipline, “Informatics” the key project
role is the programmer. Over the past decade, visual
block-oriented programming methods have emerged,
applying which to create programs, the user only
needs to move graphic blocks without typing texts
except for creating variables and entering constant
values [40].

It is known that block visual programming frees
the user from monitoring the correctness of the syn-
tax of the program, being a great help at the pro-
gramming learning stage for schoolchildren. The
most famous examples of programming environ-
ments are scratch [41] and Blockly [42].

E% Designer

Stage 2 - creating
Game Design
Documents

% Screenwriter

Stage 1 - creating
script for playing
characters

Y

Game Design
Documents
| Computer
| Artist

v
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Fig. 1. Stages of the computer game design

process, project roles and their results
Source: compiled by the author
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In Industry 4.0, an important component is
Augmented Reality technology using mobile devices
based on smartphones running Android or iOS.

For the development of Android applications,
the MIT App Inventor tool environment has been
created using the Blockly visual editor [43]. All of
these software environments are event-oriented, al-
lowing you to implement multi-threaded algorithms
for controlling the characters of a computer game. In
the spring of 2019, the developers of MIT App In-
ventor plan to create a program code generator under
iOS for Apple-based smartphones, which will allow
creating cross-platform programs. In this case, stu-
dents with a small level of knowledge in program-
ming will be able to create programs whose func-
tionality can compete with the functionality of pro-
grams developed by industrial software platforms of
C ++ / Java / C # languages, for example, with the
Xamarin.Forms software platform [66].

Based on the Scratch programming environ-
ment, two extensions have been created for pro-
gramming the Arduino microcontroller: mBlock for
Arduino [60], Scratch for Arduino [61].
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Algorithmic programming languages are not pro-
fessional, but they allow you to quickly create a so-
called prototype of the game, drawing the attention of
the student to the algorithms and logic of the game,
syntactic and technological subtleties [42]. At the same
time, for more than 30 years, there has been a para-
digm of automaton programming or “state program-
ming” for developing programs based on finite autom-
aton [38]. The advantages of the graphical representa-
tion of the program behavior in the form of a state ma-
chine model over algorithmic programming are the
simplification of the analysis of the generated program
code and the automation of testing. In modern instru-
mental development environments of games, for ex-
ample, Unity 3D, there are many possibilities for using
automated programming [51], but they are rather com-
plicated for schoolchildren.

A few years ago, an experimental software envi-
ronment MetaVerse [49] was created, which allows
you to create iOS applications and Android applica-
tions under simplified scenarios based on automaton
programming, thereby it became popular in US
schools. One of the functional blocks of this environ-
ment contains software technology of augmented reali-
ty, which can also be used in the process of teaching
schoolchildren in the format of Education 4.0

In the current decade, new ways of user interac-
tion with the virtual world of a computer based on
the natural interface have appeared, for example,
through MS Kinect, Leap Motion sensor control
technologies, as well as augmented reality web cam-
eras for desktops and smartphones. All these tech-
nologies can be considered as a type of augmented
reality for Industry 4.0 [33]. When programming
human-machine interaction introduced into the com-
ponents of Industry 4.0, technologies are used that
take into account the features of game scenarios:

—virtually augmented reality through the
camera of smartphones;

—actually augmented virtuality through sensors
of control of human movements on the example of
devices like Leap Motion and MS Kinect.

One example of the NUI-type interface is the use
of the MS Kinect non-contact touch gaming controller
for tracking human movement based on a set of a color
camera, an infrared emitter and its depth sensor [46].
Such a controller can also be used for robotic pro-
grams. For example, in [62] it is used for indoor navi-
gation based on the Google Robotic Operating System
(ROS). The authors conducted a series of experiments
to verify the quality of the Kinect sensor operation on
an autonomous ground vehicle.

At first, to create games based on the controller,
programming languages C# / C++ with a high level
of knowledge about learning the programming pro-
cess and assembling were offered, which are irresist-

ible for most students. But the creation of the Ki-
nect2Scratch software library by Microsoft's Stephen
Howell volunteer significantly reduced this barrier
[44]. When using the ScratchX web tool environ-
ment [17], we can combine the capabilities of MS
Kinect and many other sensors whose JavaScript
drivers are designed for this environment.

To conduct experiments on gamification of ro-
botic systems, examples of developed games are
needed. For example, in [55], a method was pro-
posed for creating a truly augmented virtuality of
training exercises with a ball based on the MS Ki-
nect motion sensor controller, taking into account
the large number of experiments for each physical
exercise [50], according to which two master classes
were organized in an initiative format “Meet and
Code” within the weeks of the EU Code with the
support of the Institute of Computer Systems (ICS)
of the Odessa National Polytechnic University (ON-
PU) during the implementation of the ERASMUS +
K2 project “GAMEHUB: University-enterprises
cooperation in game industry in Ukraine” [52; 53].
Also in [55], existing games were analyzed, which
are offered by software manufacturers in the world:
LumoPlay [47], MotionMagix [48].

Analysis of 187 games of the LumoPlay soft-
ware system determined the following distribution
by classes: logical — 4 %, sports — 5 %, entertaining
in various game genres — 30 %, relaxing with special
effects — 61 %. And the analysis of 84 games of the
MotionMagix software system determined the fol-
lowing distribution by class: logical — 14 %, sports —
15 %, entertainment in various game genres — 19 %,
relaxing with special effects — 52 %. The 25 variants
of games selected in the work can be the basis for
conducting experiments on gamification of robotic
systems, if we propose an alternative replacement
for aesthetics, dynamics, and mechanics for a variety
of Arduino microcontroller sensors.

PURPOSE OF THE RESEARCH

The purpose of this article was to establish two-
way communication between the process of design-
ing a computer game using a robot system and Ar-
duino microcontroller sensors for the subsequent
solution of such problems:

— direct task — determination of gamificatio
characteristics of a given sensor;

—inverse problem — determination of the robotic
characteristics of a given stage of the computer
game design process.

RESEARCH METHODS

The paper uses methods for analyzing computer
game design processes, analyzing the characteristics of
Arduino microcontroller sensors, methods for classify-
ing games, and methods for abstracting games.
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PRESENTATION OF THE MAIN
RESEARCH MATERIAL

To establish two-way communication between
the process of designing a computer game using a
robotic system, and the Arduino microcontroller
sensors, an appropriate data conversion method is
proposed, presented in Fig. 2 with next stages.

Stage 1. Analysis of the functions of fairy tales
by V. Ya. Proppu (hereinafter, the metaphorization
function), which forms a table of functions as text
phrase phrases to create a computer game script,
taking into account the Arduino microcontroller sen-
sors. This process is fundamental for the formation
of STREAM component — Arts, supporting a crea-
tive approach to finding solutions to problems and
using the possibilities of art when creating products
for the user.

Stage 2. Analysis of computer games classes
forms a table of game market classes and a table of
player needs classes. The market for the product is
closely related to the various disciplines of the
school curriculum. This process supports the for-

mation of STREAM component — Engineering, ac-
companying the process of creating prototypes of
material products for consumers.

Stage 3. Analysis of the components of the Me-
chanics-Dynamics-Aesthetics MDA-model. This pro-
cess supports the formation of STREAM-component
- Mathematics, ensuring the formalization of the crea-
tive processes of designing computer games.

Stage 4. Analysis of the Arduino microcontrol-
ler sensors. This process supports the formation of
the STREAM-component — Technology, providing
skills in the use of software and hardware technolo-
gies to simplify the procedure for performing manu-
al operations.

Stage 5. Analysis of all the structures prepared
at the previous stages for the formation of relations
between them. In this connection are formed sepa-
rately between:

— metaphoring functions and game design
components of a computer game;

— components of game design of a computer
game and Arduino microcontroller sensors.

Computer Games

Game Classification

I
| Stage 5 !
| Stage 1 — Metaphor- :
| Analysis of Game-Classes- |
: Metaphor Function MDA-Sensors |
| Analysis |
I
I
i PR '
| . |
| v N~ A I
i o N—— . :
I A Metaphor- e Arduino-sensor |
| »  Game-Classes- Types |
: MDA-Sensors I
I \\Reﬁ‘tx_orls_/ !
|
[ ‘
= ST ! |
: Game Classification L | Stage 4 — |
1! P - - 3 Arduino-sensor :
! Hee——— [ e————— Analysis |
| Market-Based Purpose-Based L !
| Classes Classes P :
I P
| s Stage 3 — :
: MDA- < Analysis of |
| model | MDA-model |
Stage 2 — |
: Analysis of |
|
I
! I

Science - chhnology — Rcading/Writing = Enginccring — Art — Mathematics

Fig. 2. Informational links between data structures and data transformation techniques
Source: compiled by the author

All presented analysis steps are performed in
manual mode. But in order to reduce the laborious-
ness of performing the stages, it is further planned to
introduce information technology of intellectual
analysis following the example of work [70].

To establish two-way communication between
the computer game design process using a robotic

system and Arduino microcontroller sensors, it is
proposed to formalize the design data structures used
in the design process in the form of a structural
model represented by the form:

< MF, MC, PC, MT, AT, DT, R®roP) Rsenson) >
where:
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MF = {mfi}, i > I — the set of metaphorization
functions according to Vladimir Propp;

MC = {mc}, j > I — the set of classes of games
based on the market;

PC = {pci}, [ = I — the set of classes of games
based on the needs of the player;

MT = {mtx!, k£ > I — the set of types of the “Me-
chanics” component from the MDA model;

AT = {at,}, r > I — the set of types of the “Aesthet-
ics” component from the MDA model;

DT = {dte}, e > I — the set of rules of the “Dynam-
ics” component from the MDA model;

ST = {sto}, 0 > I — the number of descriptions of
the Arduino microcontroller sensors;

RCPP = F(PC, MT, AT) — is the set of links be-
tween the sets of PC, MT, AT as a result of executing
the function of mutual mapping of their elements
onto each other;

RemsoN = F(MF, ST) — is the set of links be-
tween the sets of MF, ST as a result of executing
the function of mutual mapping of their ele-
ments onto each other.

The set of metaphorization functions MF con-
tains elements represented by the form:
< action, function, example >
where: action — basic definition of the action;
function — clarifying function;

example — example of a phrase from a script.

Many PC-based game classes based on player
needs contains elements represented by the form:
<type, name, description>,

where: type — {information, action, control} — the type
of need as the need for information, action and con-
trol;

name — class name;

description — class description.

The set of MT types of the “Mechanics” com-
ponent contains elements represented by the form:
<type, name, description, example>,
where type — {game, play} — type of mechanics rule;

name — name of the rule;
description — description of the rule;
example — example of use in computer games.

The set of AT types of components “Aesthetics”
contains elements represented by a deuce of the form:
<name, description>,
where name — name of the type of aesthetics;

description — description of the type of aesthetics.

The set of ST descriptions of the Arduino mi-
crocontroller sensors contains elements represented
by the form:
<name, description>,
where: name — name of the sensor;

description — description of the features of the sensor.

All structural models were transformed into re-
lational tables, examples of which are listed below.

As a result of data conversion processes are
formed for the existence of conditions component
STREAM-education [21, 22], [23, 24], [55] shown in
Table 1.

During creating a relational table of Metaphor Func-
tions, an analysis of 31 functions by V. Ya. Propp
was carried out [59]. The functions presented in
Table 2 were selected to the database.

Table 1. Components STREAM-education supported the proposed method

STREAM- Description of skills
component
Science Critical attitude to unverified facts
Conducting research on the search for patterns and analysis of the results of experiments
Skills in using software and hardware technologies to simplify the procedure for performing manu-
Technology | al operations
Ability to reduce quantities of error procedures for executingmanual operations
Reading/ | The ability to convey the results of the work
Writing Ability to get the results of the work
Engineering | Creation for consumers prototype material products
Creative approach to finding solutions to problems
Art The use possibilities of art to create products for the consumer
. Formalization of creative processes
Mathematics - - - -
Using mathematical laws in solving problem

Source: compiled by the author

Table 2. Metaphorization functions (actions performed by the protagonist) with their possible use
in the plot of robotic games (according to V. Ya. Propp)

MF Basic gg{;g:'on of Clarifying function Example phrases from scenario
1 Absence One family member leaves home | Merchant leaves once for foreign countries
2 Ban Hero is banned Do not pick apples
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Table 2 — Continuation

MF | Basic definition of action Clarifying function Example phrases from scenario
3 Violation of ban Ban is broken Princess goes to the garden, they are late
home
4 Leading out Antagonist is trying to make intel- | Tell me, Ivan is a merchant's son, where is
ligence your wisdom?
5 Issuance of Antagonist given information Koschey gives away the secret of his
about his victim death
6 The catch Antagonist tries to trick his victim | Stepmother gives stepson poisoned cakes
to take her or her property
7 Involuntary aiding Victim gives in fraud and the fact | The Hero no lulls, he suddenly he falls
unwittingly helps the villain asleep, an enemy to facilitate his work
8 Harming Antagonist causes one of the fam- | Snake kidnaps the daughter of the king
ily members harm or damage
9 Shortage One of the members of the family | Hero is single and goes to look for a bride
something was missing, it would
be desirable to have Thu
10 Mediation Trouble or shortage reported to Mother tells the son of the kidnapped
the hero to make requests or or- daughter, happened to his birth
ders, send, or let his
11 Start counter Seeker agrees to, or decides to Let us your princesses to find
counter
12 Sending Hero leaves home Ivan Tsarevich took a blessing from his
parent, chose a horse for himself, and
went on a journey
13 Test Hero is being tried, asked, at- Three years to serve the merchant
tacked, etc., what is preparing to
receive a magic tool or helper for
14 Reaction to a test Hero reacts to the actions of a Heroes secretly change clothes with their
future donor daughters of a yaga, she kills them instead
of heroes
15 Getting a magic tool At the disposal of the hero gets Old man gives a horse
a magic tool
16 Spatial Hero transferred, delivered, or On horseback or on wolf
displacement searched object is to find a place
17 Fighting Hero and his antagonist come into | Boy with Kite or Chudo-Yudo
direct boron boo
18 Branding Hero of the mark as a result of Princess marks hero ring
previous actions
19 Victory Antagonist vanquished Snake killing a sleeping
20 Liquidation of trouble Initial trouble or lack is liquidated | Harvest egg death Koshchey
21 Pursuit Hero persecuted Geese fly over girl
22 Rescue Hero is rescued from pursuit River, apple, girl in the oven are hidden
23 Hidden arrival Hero not recognized arrives home | The hero arrives at a different king, enters
or in another country the Kkitchen or serves
24 Unfounded False hero makes unfounded Brothers posing as earners, general — for
claims claims the winner snake
25 Preparation difficult task Hero serves difficult task Ships living water
26 Difficult solution of the The problem is solved The hero manages to get living water
problem
27 Recognition Hero learn Under unexpected circumstances, the hero
is revealed and everyone recognizes him
28 Exposure False hero or antagonist, the pest | Here the princess told everything as it

is exposed

was: all events are told from the very be-
ginning in the form of a fairy tale. The
pest is among the hearers; he gives him-
self away by cries of disapproval
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Table 2 — Continuation

MF | Basic definition of action Clarifying function Example phrases from scenario
29 Appearance issue Hero is given a new look With the hero, transfiguration takes place. It
is dipped in water or allow to wear a magic
item, so it takes a new look
. . . Enemy make fair harsh sentence beheaded
30 Penalties The enemy is punished or hounded out of the realm of
. . . “Then they got married and the sunset feast
31 Wedding Hero marries and reigns for the whole world”

Source: compiled by the author

As can be seen from the above table, each func-
tion (character’s action) is a small structural element
that can be stacked one on another, creating a kind
of narrative (plot) that will be schematically con-
structed from three main positions:

—  beginning — where they represent the charac ters;
—  middle —a problem is formed or its resolution
oceurs;

— the end — the glorification of the hero.

When creating the Market Base Game database,
classes from [63] were considered, taking into ac-
count the sales market. The selected classes are pre-
sented in Table 3.

Table 3. Examples of filling in the database of

the Market Base Game

during the game and divide the games into three
subclasses to meet the player’s need for:
— information;
— action;
— control.
The player’s need for information can be divid-
ed into the needs presented in Table 4.

Table 4. A description of the need to obtain
Information

No. Requirement Description

For example, for pre-
schoolers, this is the

study of numbers, the

alphabet, the names of

No. | Class of the game with regard to the 11 Education things, and in a general
sales market sense, this is the study of

1 | Entertainment terminology in any sub-

2 State & Governement ject area

3 | Military & Defence As a means of testing

4 Healthcare 12 | Solving puzzles knowledge obtained at

5 Education training information

6 Corporate As a combination of

7 Religious 13 Communication | questions and answers to

8 Culture & Art with other beings them in the form of a

9 Ecology conversation

10 | Politics As eveloping Player level

11 | Humanitarian & Caritative 14 Heroic _ / perfo_rmance_ and com-

12 | Media transformation municate with other

13 [ Advertising players

14 | Scientific Research 5 Travel Research worlds in space

Source: compiled by the author and time

hen creating the Purpose-Base Game Classifica-
tion database, A. H. Maslow pyramid was taken into
account [65]. Assume that the consumer starts to
play games to meet their needs of the upper levels of
Maslow's pyramid:

— affiliation (chat, friendship, love);

— the recognition of (respect for others, self-
esteem);

— Expressions (improvement, staff develop

— ment ny).

Then we can consider the classification of
games based on the criterion of the consumer’s goal

Source: compiled by the author

Need for information creates a genre of com-
puter games such as role-playing game (Role-
Playing Game — RPG) which provides the player to
communicate with the virtual world with the re-
striction his freedom by the plot of the game (train-
ing) or without restrictions, with the full right to
move freely (to travel).

These goals of satisfying needs can be combined
to form meta-goals as game genres, for example:

— Puzzle (Pazzle), as solving logical problems
requiring the player to use logic and intuition = 11 x 12;
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— Quest (Quest), as a careful search for hints and

hidden details = 12 x 13 or 12 x 14;

— Adventure (Adventure) = 14 x 15;

— Role-playing game (Role-Playing Game — RPG).
The player's need to participate in any actions

can be divided into the needs presented in Table 5.

Table 5. Description of Needs for Action

—“Towers” Defense(TowerDefence) = C2 x C3;
—military strategy (wargame) = C3 x C4;

card and collectible board games (Cardgame) = C4 x
C5.

Table 6. Description of the player’s control

Needs I
No. Requirement Description
c1 Carﬁ for For example,game
other Tamagotchi
creatures
Creating ob- Distribution of available
c2 jects of the | resources for development,
surrounding for example for example,
world SimCity
Indirect con-

trol over the

Player only indicates to the

No. | Requirement Description
Gathering CoIIectlng s_peC|aI objt_acts at
. a small limited level in or-
Al material .
der to get the highest num-
wealth :
ber of game points
Avoidance enemies, surviv-
. al, when a player does not
Evasion .
have combat skills and he
A2 from .
dangers hgs to avo!d encounters
with enemies, hide from
them and run.
A3 Destruction | Destroying everything that
anything moves
competition Confronting competitors
A4 | with other | (but not enemies) subject to
creatures the rules
A5 Direct Simulation of the real situa-
control tion, driving the vehicle

Source: compiled by the author

Need for action creates a genre of computer
games as a game action (the Action) thatcan not take
into account the complex simulation models of the
real world (collection of material wealth) or fully
depend on these models (vehicle control).

These goals address the needs to participate in
any activities can be combined to form a meta-goals
as the genres of games, for example:

— Platformer (Platformer) = Al x A2;

— “Hidden action” (Stealth), how to avoid detec-

tion of a game character by opponents or covert

their removal without attracting attention to your-
self = A2 x A3;

— Duel (Fighting) = A3 x A4;

— Race (racing) = A4 x Ab5.

The player’s need for control can be divided in-
to needs, which are presented in Table 6.

The need for control forms such a basic genre
of computer games as a strategy game (Strategy),
focused on the process itself or on the results of the
process.

These goals of satisfying the needs of control
can be combined to form meta-goals of game genres,
for example:

—Economic Strategy (Economic) = C1 x C2;

C3 | objects of the
world around

objects what to do without
direct control of them.

the
Smooth interaction be-
. tween the various partici-
c4 Tactics pants whom the player
gives em personal orders
Planning subsequent ac-
C5 Logic tions by the player, for ex-

ample, in the game Tetris
Source: compiled by the author

When creating the database MDA , the descrip-
tion of three components was used: mechanics, dy-
namics and aesthetics.

Table 7 shows examples of filling the game
aesthetics database.

MDA-component “Mechanics” includes:

— Game-rules — goals rule defining goal of the
game — Game components;

— Playrules — rules of manipulation that de
termine the main actions that a player can apply in a
game.

Table 8 shows examples of filling in the Me-
chanics Type table.

When creating the Arduino-Sensor Types data-
base, sensor descriptions were used on the official
website [68]. An analysis of 203 sensors and other
streams was carried out. Sensors are presented in the
database, presented in Table 9.

Table 10 presents the results of the step of ana-
lyzing the links between the metaphorization func-
tions of the MF set and the game design components
of a computer game of the PC, MT, AT sets. The
table is a form of representation of the set RP™P, as a
result of the execution of the function of mutual
mapping of the elements of these sets to each other.
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Table 7. Eight types of aesthetics

Type of .
No. aesthetics Description
1 Game as a feeling of satisfaction, when a player feels something completely unfamiliar, for exam-
ple, for a player unfamiliar with a game like RTS (Real-TimeStrategy), StarCraft Il could already
Sensation | be a sensation or disappointment due to a number of buttons at the same time, the player, hardened
typegames FPS have received no sensations, playing for the millionth shooter from the series
“World war I1” while it does not have a unique game mechanics
2 Fantas Game as makeup, imaginary world, that is, fantasy is a process c, through which the player spends
y in the imaginary world and is tied to something that, in his opinion, there can be
3 Playing like a drama, a story that makes the player re-return to the imaginary world of the game, it
Narrative is difficult to create for the designer when the target the audience consists of thousands of players,
and the designer needs to mentally connect to each
4 Challende Game as an obstacle, encourages the player to overcome something, to master, increasing the like-
9 lihood of reuse of the game
5 . Game as a social environment, the community in which the player is its active part, part of a cohe-
Fellowship : .
sive team that n okladayutsya to communicate to the overall success of
6 Game as unknown territory, calls to explore the game world, the world size should correspond to
Discovery | the dynamics of its components, and the players have to do research on their own, related to various
reasons-motivators, such as special equipment, the level of bonuses
7 . Play as self-knowledge, his own work, using special characters that come alive in the hands of a
Expression . - : .
player in the process of moving on spec cial areas, and creates a new virtual valuable those
8 _— Game as a pastime, a connection to the game as such, despite the restrictions, is the most difficult
Submission .
type of aesthetics
Source: compiled by the author
Table 8. Example of filling in the mechanics type table
No. | Type Name Description Examples
In adventure games, allows the player to
Invites the player to make multiple | select many items, for example, inventory
p1 Pla Select selections of elements using any items or interactive answers using the
y input device (mouse, keyboard, and mouse. In FPS, he chooses different
others) weapons, and in RTS he chooses different
buil ings
P2 Play Write Prompts player to enter character- | In role-playing games allows the player to
numeric values communicate with other players.
Play Invites the player to manage re- For example, invites the player to refu_el a
P3 Manage - car, buy ammunition, purchase materials
sources to achieve the goal P
and tools for building
Play Invites the player to defy a chance, Many games are used as a way to create
P4 Random
try your luck random events
Term “Shoot” is not considered in For example, in the game “Space In-
PS5 Play Shoot the literal sense, but suggests the vaders” the player must shoot a rocket,
player to touch an object located at a | To touch the enemy, without determining
distance, or to somehow influence it his future state
Invites the player to move in differ-
ent directions, to control other ob- . . ..
Play . L For example, in Action Driving Game,
P6 Move | jects or other characters. 6 directions .
I the player is allowed to move the car
are possible: forward back, to the
left, to the right, up, down
Invites the player to show creativity For example, Crayon F_>hy5|cs allows the
Game . ) L X player to draw any object to solve puz-
Gl Create | inassembling, building or creating X
) zles. This component can also be used to
virtual game values
create sound
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Table 8. Continuation

No. | Type | Name Description Examples
Antonym_component c_reate " | For example, in Space Invaders, a player needs to
Invites the player: dest lien in order to win
1) destroy the objects of the _ destroy every afien in order '
G2 | Game Destro game: This component can also be _used to collect or
y . . catch objects, for example, objects eaten by Pac-
2) to catch objects for their ) . "
further targeted collection and man can be cons@erec_l destrgyed , as well as
. control points in a racing game
accumulation
Suggests the player to avoid .
G3 | Game | Avoid | colliding with objects of the | O ©X@mPle, in the game Need for Speed, the
player must avoid collisions with the wall.
game (obstacles, opponents)
For example, in a Pong game, the player must put
Invites the player to place or the ball out of the control area of his opponent.
G4 | Game | Match | hold one or more objectsina | Inthe game Chess, the player must place the op-
certain state ponent’s king in a position from which he cannot
move
Table 9. Example populate the database Arduino-Sensor Types
No. Sensor Description of the sensor
1 Temperatur | The sensor measures the ambient temperature
e
sensor
2 Vibration | Measures the presence of vibrations due to the two balls, which during vibration jump
sensor through the tube by breaking contact
3 Magnetic | The sensor measures the presence of the magnetic field received bygithe Hallpu. Sen-
field sensor | sitive to the polarity of the magnetic field.
4 Soil The sensor outputs two values depending on how wet the soil is.
moisture
sensor
5 Light sensor | The sensor contains a photoresistor, which is used to measure the intensity of light or
to determine its presence / absence
6 Inclination | The sensor contains a switch that is triggered by the inclination of the module, and re-
sensor only takes two positions without measuring the inclination angle
7 Flame The sensor responds to infrared radiation
sensor
8 Impact The sensor when struck perpendicular to the board's plane (shaking) closes
sensor
(shocks)
9 Distance | The sensor contains an infrared transmitter and receiver with an effective distance to
sensor an obstacle of up to 80 cm and a detection angle of up to 35 °
10 Touch The sensor includes a metal contact to determine human touch
sensor
11 Sound The sensor includes a microphone with a high sensitivity
sensor
12 Gas sensor | The sensor reacts to liquefied petroleum gases, methane, alcohol, Hydrogen, smoke,
etc.
13 Rain sensor | The sensor reacts to water droplets
14 Flow sensor | The water flow sensor consists of a water rotor and a Hall sensor. When water passes
through the sensor, the rotor rotates at a speed proportional to the speed of water flow.
The Hall sensor captures each revolution and transmits the received signal
15 Weight The sensor converts the amount of deformation into an electrical signal
sensor
16 Bend sensor | The sensor with a bend produces a proportional increase in resistance at the output
17 UV sensor | The sensor detecting the index of ultraviolet radiation
56 Systems analysis, applied information ISSN 2617-4316 (Print)
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Table 9. Continuation

No. Sensor Description of the sensor

18 Motion sen- | The sensor contains an infrared sensor and is designed to turn on the light when there
sor is movement in the field of view of the sensor

19 | Color sensor | The sensor detects colors according to the main components: Red, Green and Blue

Source: compiled by the author

Table 10. Relations between the functions of the metaphorization of the MF (V. Ya. Propp) and
game design components of the computer game
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Source: compile

n the course of the analysis, it was revealed that
most functions cannot be unambiguously transferred
to the semantic field of game mechanics and aesthet-
ics. Thus, the function “Test” (MF13) was coded
with the aesthetics of “Challenge ”, but at the same
time implies a whole set of information needs (11-3)

o

by the author

<

and actions (A1-4). This function is also necessarily
embodied in the Play-rules “Move” (test as a hero’s
progress), which are evaluated in terms of victory -
avoid all obstacles (G3 “Avoid ). However, the pol-
ysemy of the term gives additional and optional me-
chanics that can implement the function “Test”: P1
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“Select”, G1 “Create ”, G2 “Destroy ”.The aesthetic
connotations of the “Inflicting Grief” function also
lead to Game-rules ambiguity as victory conditions,
since the result can be obtained by either the G1
“Create” mechanics or the G2 “Destroy|.

An important aspect of classifying functions of
fairy tales with game mechanics is the understand-
ing of the functions themselves as facts without
taking into account their consequences. Thus, the
function “Shortage” clearly manifests itself in the
Needs of NI2 and “as a consequence” is realized in
NIl “Learning”, NALl “Collection of material
wealth”, NC2 “Creating objects of the world”. In
Aesthetics, it is clearly realized in “Sensation” (as a
feeling of frustration) and leads to “Discovery”. In
game mechanics, the function “Shortage” can im-
plicitly determine in P3 “Manage”, P6 “Move” and
G1 “Create”.

Thus, the typical functions of metaphorization,
which constitute a peculiar form-sample of the
game plot, when recoding them into the meaning
field of needs, the game mechanic and aesthetics
showed such important categories as:

Thus, the typical functions of metaphorization,
which constitute a peculiar form-sample of the
game plot, when recoding them into the meaning
field of needs, the game mechanic and aesthetics
showed such important categories as:

1) “multiplicity” (one function means many
actions of the game), therefore clear semantic links
in the table were marked with a “+” symbol, and
implicit interpreters — “#”;

2) the complexity of aesthetic connotations
(communication “Harm, Grief” — “Create”, “Victo-
ry” — “Destroy”);

3) correlation of the facts (indicated in the ta-
ble “+”) and their consequences (“#”);

4) inversion of the “Shortage” functions —
“Elimination of the shortage or misfortune”;

5) the duplication of functions in the playing
field — “Absence”, “Departure” — the difference
between the meanings of fairy-tale plots in the
game is clearly not felt;

6) the absence of the NA5 “Direct control”,
since the narrative of the fairy tale does not imply
the simulation of real situations. Therefore, games
invloving the NAS are a separate genre;

7) “narrative” aesthetics is present in all functions
of fairy tales, since they are the basis of the plot;

8) the aesthetics component of “Fantasy” (A2)
does not significantly affect the realization of the
functions of fairy-tale scenes and can be arbitrarily

manifested in all, therefore A2 can be a game add-
in defining the entourage of the game world,;

9) the components of the aesthetics of “Fel-
lowship” and “Submission” also do not significant-
ly affect the narrative of the game and are imple-
mented separately as independent game add-ins in
terms of the number of players (their communica-
tion) and the time of game sessions.

Table 11 presents the results of the step of ana-
lyzing the links between the elements of a variety
of MS types of Arduino microcontroller sensors
and the elements of PC, MT and AT sets. The table
is a form of representation of the R set, as a
result of the execution of the function of mutual
mapping of the elements of these sets to each other.

In the course of the analysis, it was revealed
that sensor gamification is most easily implemented
in the “survival” mechanics “Avoid & Match”, in
components of the aesthetics “Sensation & Chal-
lenge”. It was also found that the types of MDA
components of aesthetics like “Fantasy” and “Narra-
tive” could not be used to gamify the use of sensors.

Testing of the proposed links took place from
February 18 to March 1, 2019 in secondary school
No0.10 with participation of I-1ll stages' students
(Izmail, Odessa region) [77].

The schoolchildren investigated the features of
the Arduino UNO microcontroller sensor pro-
gramming, creating five games: a “Clicker” game
with scratch-objects control using a click-button; a
game “Get Time for the Barbershop” with the man-
agement of scratch-objects using a button and an
infrared remote control; the game “Arkanoid” with
control of scratch-objects using a potentiometer and
a light sensor; the game “Auto lap-racing” with the
management of scratch-objects using a potentiome-
ter and buttons; game “Race in the desert” with the
management of scratch-objects using two potenti-
ometers.

CONCLUSIONS AND PERSPECTIVES OF
FURTHER RESEARCH

The proposed method for establishing two-way
communication between the process of designing a
computer game using a robot system and the Ar-
duino microcontroller sensors allowed us to create:

— a relational table describing 31 templates of
text phrases to create a computer game script that is
important for “Arts” component of STREAM, sup-
porting a creative approach to finding solutions to
problems and using the possibilities of art when cre-
ating products for the user;
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Table 11. Relations between Arduino sensors and components of the game design of the
computer game

s Toomtor | Agton | Caniar | MDA-Aesthetics(AT) |5 e C
112|3|4|5(1/2|3|4|5|1|2|3|4/5|1(2|3|4|5|6|7|8|1|2|3|4|5|6|1]2|3|4
1|+ + + + + + +
2 |+ + + + + + +
3+ + + + + + + |+
4|+ + |+ + + +
51+ + + + + + +
6|+ + + + |+ + + + +
71+ + + + +
8|+ + |+ + + + + + |+
9|+ + + + + +
10| + + |+ |+ ]+
11| + + + +
12| + + + + +
13| + + + + +
14| + + + + + + + +
15| + + + + + + +
16| + + |+ + + + +
17| +
18| + + + + + + +
19| + + + + + + + + +

Source: compiled by the author

— a-relational table describing the 15 classes of
players' needs, which is important for “Engineering”
component of STREAM, accompanying the process
of creating prototypes of material products for con-
sumers;

— relational tables describing the 10 classes of
MDA-models that are important for the “Mathemat-
ics” component of STREAM, providing formaliza-
tion of the creative processes of designing computer
games;

— a relational table describing the 19 Arduino
microcontroller sensors, which is important for the
“Technology” component of STREAM, providing
skills in the use of hardware and software technolo

— gies to simplify the procedure for perform-
ing manual operations;

— a relational table of interconnections be-
tween 31 templates of text phrases of scenarios from
the morphological functions of the Fairy Tale by
Vladimir Propp and descriptions of 15 classes of
players' needs, descriptions of 10 classes of the
MDA-model, along with what it was found that most
of the functions cannot be unambiguously translated
into the semantic field of gaming mechanic and aes-
thetics, for having multiple inverse relationships;

— a relational table of relationships between
the descriptions of the Arduino microcontroller sen-
sors and descriptions of the classes of players' needs
descriptions of the classes of the MDA model.

The filling of relational tables of interconnec-
tions between sets was performed manually. But in
order to reduce the laboriousness of this process, in
the future it is planned to introduce information
technology of intellectual analysis of source analysis
tables, following the example of work [70].

The developed tables were used as methodologi-
cal recommendations for creating robotic computer
games during master classes with participation of
I-111 stages' students of secondary school No.10 (lz-
mail, Odessa region) in the process of creating five
computer games selected taking into account the pro-
posed structural model of 18 projects described in
[14], using the Scratch tool software for managing
graphic objects based on signals from the Arduino
UNO microcontroller sensors. In the process of creat-
ing games, schoolchildren solved two types of tasks:

— direct task — determination of gamification
characteristics of a given sensor;

— inverse problem — determination of the robot-
ic (Machine-to-Machine) characteristics of a given
stage of the computer game design process.

Solving such problems allows schoolchildren to
be given the skills, competencies and qualities from
the new educational format, Education 4.0.

Returning to Industry 4.0 and its Cyber-Physical
Systems, Internet of Things, Smart Factory, Smart
Product, Machine-to-Machine, and Big Data, Cloud
components, it should be noted that Cyber-Physical
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Systems, Smart Factory, Smart Product and Machine-
to-Machine use finite automaton models. Therefore,
after students learn the basics of robotic interaction
using visual algorithmic programming in the Scratch
tool environment, it is necessary to switch to using
visual automaton programming, the advantages of
which compared to algorithmic are the simplified
analysis of the generated program code and test au-
tomation. Unfortunately, modern instrumental devel-
opment environments for games, such as Unity 3D,
that use automate programming are rather complicat-
ed for schoolchildren to use. Therefore, in the future
we plan to conduct an analysis of the methods and
models of automation of game design. These models
include the design of games using the software model
of finite automaton [71], the mathematical model of
Petri nets [72]. A review of the design patterns in
games and the feasibility of their use at the design
stage [73] will be conducted. We will also consider
the method of representing the behavior of a game in
the form of predicates of temporal logic based on the
calculation of events [74]. These models can be
shared with interactive design models, examples of
which are Game-O-Matic [75] — a tool for creating
video games and a generator for creating games based

on ideas using micro-rhetoric; Machination [76] — a
game design tool, a framework for designing, balanc-
ing and simulating gaming systems.

These interactive design models can also be
used in the method proposed in this paper, providing
graphical means of displaying the components of the
structural model of the method. But this will require
the development of a software integration module
for the contents of the developed relational database
and the internal structures of the software tools sup-
porting these interactive design models.
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AHOTALIS

YV crarTi 00roBOpIOETHCS 3pOCTAHHS BUMOT CY4acHHX BUPOOHMYMX KOMIIaHiH 10 SIKOCTI KaJpoBOro 3a0e3MeUeHHs 3 ypaXyBaHHAM
nosiBi TepMmina Industry 4.0, mo Brirouae kommnonentu: Cyber-Physical Systems, Internet of Things, Smart Factory, Internet of Services,
Smart Product, Machine-to-Machine, Big Data, Cloud. BifzHa4aeTbcst BaXX/IMBICTh BIPOBA/KEHHSI B TaKi OCBITHI HAMIPSMKH JJISI IIKOJISI-
piB sik STEM (S - Science, T - Technology, E - Engineering i M - Mathematics), STEAM (nonasanns A - Arts) i STREAM (nonaBanHst
R - Reading / Writing) 3 BUKOpHCTaHHIM POOOTOTEXHIYHUX IHCTPYMEHTIB , HAIIPUKIIAJ, HA OCHOBI EJIEKTPOHHOI IIATHOPMHU 3 MiKPOKO-
HTposepoM Arduino. Ajie CbOroJlHI BOHM HE BPaXOBYIOTh 3aCOOM MOTHBALIIMHOT JisUTBHICTI HA OCHOBI KOMIT'IOTEPHHUX irop, TOMY METOIO
CTAaTTi CTAJI0 BCTAHOBIICHHS IBOCTOPOHHIX 3B'SI3KiB MIXK ITPOLIECOM MTPOEKTYBAHHS KOMITTOTEPHOI I'PH, 10 BUKOPHCTOBYE POOOTOTEXHIY-
Hy CHCTEMY, 1 JaTYNKaMi MIKpOKOHTpojepa Arduino i HOAANBIIOrO BUPIMICHHS 3aBJaHHA BU3HAYCHHS TeiMi(iKaIliOHHUX XapaKTe-
PHCTHK 3aJ[AHOTO JAaTYMKa, a TAKOXK 3aBAaHHS BH3HAYEHHS POOOTOTEXHIYHMX XapaKTEPHUCTHK 3aJaHOTO €TaIy MPOIeCcy MPOEKTYBAHHS
KOMIT'FOTepHOT TpH. [ TOCSATHEHHS 3a3Ha4€HOI METH 3aIllpOIIOHOBAaHA METOJAMKA aHANI3y AaHHX, IO BKIIOYAE HACTYNHI eramu. Etam
a”ai3y (yHKuiil kaskoBux croxeri o B.A. [Ipormy (ragani, ¢pyHkuii meradopusarii), sikuit popmye TaGIHITO QYHKIIH K TEKCTOBUX
(pa3-1abIIoHIB U1 CTBOPEHHS CIIEHAPil0 KOMITTOTEPHOI I'PH, sIKa BPaxoBY€E AaTYMKU MikpokoHTpoiepa Arduino. Etan aHanizy kiacis
KOMIT'IOTEpHHUX irop, sikuit popMye TabIIHIIO KIIaciB prHKY 30yTy T'pH 1 TabimIio KiaciB notped rpasuiB. [Ipu oMy nependadaeTses,
[0 PUHOK 30YyTy MPOJYKTY TiCHO IMOB'SI3aHU 3 PI3HUMH JMCIMIUTIHAME IIKUTBHOT mporpamu. ETan aHanmizy kommoHeHT MexaHika-
Junamika-Ecretuka MDA-moneni. Etan anamizy maTumkiB MikpokoHTpoJepa Arduino. 3anmpornoHoBaHa B poOOTi METOAMKA JTO3BOJIHIIA
CTBOPHTH peJLsiLiiiHy 0a3y TaHuX, IO BKJIIOYAE TaOJHIi: TabIHIE0 onucy 31 TeKCTOBUX (pa3-IIabiIoHiB A CTBOPEHHS CIIECHAPII0 KOM-
M'IOTepHOI rpy; TabuuIo onucy 15 kinaciB motped rpasumi; Tadmmiio onucy 10 kracie MDA-Mozeni; Tabnmiio onucy 19 gaTymkiB Mik-
poxoHTpoiepa Arduino; TabmuIo 3B'A3KiB MK 31 TekcToBUMH (pa3zaMu-IIabJOHAMH CIIEHapiiB 3 MOp¢oJoriuHNX (HYHKIIK YapiBHOL
kasku B. . IIponma i onucamu 15 kimaciB motpe6 irpokoB, a Takoxk ommcamu 10 ximaciB MDA-Mozeni; TaOnHIlio 3B'I3KIB MK OITHCAMH
JIaTYMKIB MiKpOKOHTpoJepa Arduino i omucaMu KiaciB moTped irpokiB, a Takoxk onucamu kiacieB MDA-Mozeni. Anpofarist 3arpornoHo-
BaHOI METOJMKH MMPOMIILIA IiJ] Yac IPOBECHHS MalcTep-KJIaciB 3a y4acTIO MIKOJIIPIB 3arabHOOCBITHBOI Koy Ne 10 I-1II cryneniB m
I3main Opeckkol o0macTi B IPOIECi CTBOPEHHS I'STH KOMIT'IOTEPHUX irop 3 BAKOPHCTAaHHSM iHCTPYMEHTAIBHOTO MPOTPaMHOTO Cepesio-
Bunia Scratch 3 ynpaiiHHA rpadidyHIMH 00'€KTaMi Ha OCHOBI CHTHAINIB BiJl JaTYHKiB MikpokoHTpoiepa Arduino UNO . B maiiGyTHB0-
My TPOIIOHYETHCS PO3TISIHYTH IHTEPAKTHBHI MOJIENI MMPOEKTyBaHHS POOOTOTEXHIYHIX KOMITIOTEPHHUX irop, sIKi MOXYTh OYTH BHKOpPHC-
TaHi B 3aIPONIOHOBAHIH B TaHii poOOTI METOMKY, Haalouu rpadiuHi 3aco0u BiToOpakeHHS KOMIIOHEHT CTPYKTYPHOI MOJIET METOIH-
KA. |, SIK HACHIZOK, IIe 3aKa/ia€ PO3POOKH MPOTPAMHOTO MOJYIIS THTErpallii BMICTy po3poOiIeHol pensiiHol 6a3u JaHNX 1 BHYTPIIIHIX
CTPYKTYp MPOTPaAMHHUX iHCTPYMEHTIB MATPHMKH 3a3HAYCHNX IHTEPAKTHBHUX MOJEIEH MPOSKTYBAaHHS.
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AHHOTAIMA

B crarbe o0Gcyxmaercst pocT TpeOGoBaHHI COBPEMEHHBIX IPOU3BOJICTBEHHBIX KOMITAaHHI K Ka4eCTBY KaJpOBOTO OOECIICUECHUS C
yueroMm nosiBneHust TepmuHa Industry 4.0, Brmouaromuii komnoHeHTsl: Cyber-Physical Systems, Internet of Things, Smart Factory,
Internet of Services, Smart Product, Machine-to-Machine, Big Data , Cloud. OTMe4aercst BaXKHOCTh BHEJPECHHS B Takue o0pa3oBare-
JIbHBIC HanpasieHus st mkoiapHuKoB kak STEM (S - Science, T - Technology, E - Engineering u M - Mathematics), STEAM (zo-
6aBnenne A - Arts) m STREAM (no6asnenue R - Reading/Writing) ¢ ucnons3oBaHHeM poOOTOTEXHUYECKUX MHCTPYMEHTOB , Ha-
IIpUMep, Ha OCHOBE JIEKTPOHHOH IIaTOpMBI ¢ MUKpOKOHTpoiuiepoM Arduino. Ho ceromHst oHM He yYHTBIBAIOT CIIOCOOBI MOTH-
BAaIlMOHHOM JIEATEIBHOCTH Ha OCHOBE KOMITBIOTEPHBIX UIP, O3TOMY IEBI0 CTAThH CTAJ0 yCTAaHOBJICHUE JABYCTOPOHHMX CBSI3EH Me-
Ky MPOLECCOM MPOEKTUPOBAHMS KOMITBIOTEPHOHN UIPBI, HCIONB3YIOMIEH pOOOTOTEXHHYECKYIO CHCTEMY, U AaTYMKaMH MUKPOKOHT-
posutepa Arduino Uit DanbHEHIIEro peleHus 3aadd ONpesieNeHHs IeiMHU(UKAIMOHHUX XapaKTEePHCTUK 33JaHHOTO JaT4uKa, a
TAKOKe 3a/aud OIpe/eNeHNs] POOOTOTEXHUUECKUX XapaKTEPHCTHK 3aJaHHOTO 3Tama Ipolecca MPOEKTHPOBAHUS KOMIBIOTEpPHON
urphl. 1 JOCTIDKEHHs yKa3aHHOM IIeH MpeiokeHa METOIMKA aHalIN3a AaHHBIX, BKIIOYAIOIIAs CICAYIOLIME 3Tanbl. JTal aHannu3a
GbyHKUMit cka304HbIX CrokeToB 1o B. S. Tponmy (B qanpHeiimeM, pyHKIUE MeTaQopU3aLun), KOTOPbIA popmupyeT Tadbiuiy QyHK-
UM KaK TeKCTOBBHIX (hpa3-IIabloOHOB AJISI CO3JAaHUs CIEHApHs KOMIBIOTEPHON UIPHI, YUUTHIBAIOIIUH TATYUKH MHKPOKOHTpOIIEpa
Arduino. Dran aHanM3a KJIACCOB KOMITBIOTEPHBIX UTDP, KOTOPBIA (OPMHUPYET TaOJIMIy KIACCOB PHIHKA CObITA UTPHI M TaOJIHIy KIla-
ccoB notpedHocTelt urpokos. IIpu 3ToM npeamnonaraercs, 4To PeIHOK COBITA MPOAYKTA TECHO CBSI3aH C PA3IHYHBIMU JUCIUIUITHAMH
LIKOJBHOW MPOrpaMMBl. DTal aHain3a KOMIOHeHT MexaHuka-/{unamuka-Ocretnka MDA-Mozenu. DTam aHanu3a JaTYMKOB MUKPO-
koHTposuiepa Arduino. IIpennoskenHas B paboTe METOAMKA MO3BOJIMIA CO3JaTh PELIIMOHHYIO 0a3y JaHHBIX, BKIIOYas TaOJUIIBI:
Tabnuiy omucanus 31 TEKCTOBBIX (pa3-II1abIOHOB AJIS CO3AaHHS CIEHApUs KOMIIBIOTEPHOW HIphI; TabiMIly omucaHus 15 kimaccoB
noTpeOHOCTel MrpokoB; Tabmuuy ommcanus 10 xmaccoB MDA-monenu, TaGmuiyy omucaHus 19 maT4ukoB MUKPOKOHTpOJLIEpa
Arduino, tabmuny cBsizeit mexay 31 TekcToBeiME (pazamu-inabloHaMH cleHapueB U3 Mopdoiornueckux (QyHKIHH BOJIICOHOM
ckasku B. f. [Iponma u onucanusamMu 15 kaaccoB NOoTpeOHOCTEH UTPOKOB, a Takxke onucanusaMu 10 kraccoB MDA-moznenu, Tabuuiry
CBsI3ell MEXy ONMHMCAHUSIMHU JaTYNKOB MHKPOKOHTpoJUIepa Arduino ¥ ONHCaHUSIMHU KIIaCCOB MOTPEOHOCTEH NTPOKOB, a TakXKe OIU-
caHusaMH kiaccoB MDA-mozenn. Ampo0arius mpeanoKeHHONH METOMKH TPOIILIa BO BpeMs IPOBEICHUS MaCTEeP-KIIACCOB C Y4acTHEM
IIKOJBHUKOB 001eo0pa3oBatenbHoil mikonbl Ne 10 I-11I cryneneit r. M3mann Opecckoii 001acTH B MpoLecce CO3AaHUS MATH KOM-
IIBIOTEPHBIX UTP C UCIOJIb30BAHMEM HHCTPYMEHTAIBLHON MPOrpaMMHON cperbl Scratch Mo yrpaBieHHIO rpapHIecKUMH 0OBEKTaMU
Ha OCHOBE CHI'HAJIOB OT JIaTYMKOB MUKpoKoHTposuiepa Arduino UNO. B Oyaymem mpemiaraercss paccCMOTPETh HHTEPAaKTUBHEIE MO-
JIETM TIPOSKTUPOBAHUS POOOTOTEXHHUYECKUX KOMITBIOTEPHBIX UT'P, KOTOPBIE MOTYT OBITh UCIIONB30BAaHBI B MPEATI0KCHHON B TAHHOM
paboTe MeToarKe, IPeOCTaBIIss rpagUIecKre CPeaCTBa OTOOPaXKEHHST KOMIIOHEHT CTPYKTYPHOMH MOJEIN METOMKH. 1, kak cienct-
BHUE, 3TO MoTpedyeT pa3pabOTKH MPOrPaMMHOI0 MOMYJIS MHTETPAllMU COJep)KaHUs pa3pabOTaHHOH persiMOHHOW 0a3bl TaHHBIX U
BHYTPEHHHX CTPYKTYP IPOTPAMMHBIX HHCTPYMEHTOB IOJJICP)KKH YKa3aHHBIX HHTEPAKTUBHBIX MOJEINICH POSKTHPOBAHHUS

Kiwuesbie ciioBa: STREAM-o06pasosanue; yueOHbie po6oTsl, Arduing, KOMIpHOTepHAas Urpa
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