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GAME-BASED TEACHING METHODS: DEVELOPING CRITICAL
THINKING AND ANALYSIS

Abstract

The article discusses the role of games in the educational process, particularly in modeling
students' future professional activities. The author examines artificial games as a form and method
of teaching, emphasizing the importance of active participation, creative approaches, and feedback.
Examples of games used in teaching chemistry and analytical chemistry are provided, and their
advantages over traditional methods are discussed.

Educational games hold an important place in the learning system. They enable the simulation of
professional scenarios and teach students to make decisions in problematic situations. The article
explores various types of games, including simulation and symbolic games, which can be used as
educational tools. Games are considered as an independent activity aimed at developing students'
intellectual and practical skills.

It is shown that game-based learning enhances students' engagement and interest in the subject,
contributing to better retention of the material. Games help develop analytical and decision-making
skills by simulating real-world processes.

As a form of teaching, games prove to be an effective means of activating students' learning
activities, enhancing their cognitive and professional skills. The use of games in the educational
process improves the quality of learning, making it more engaging and productive.

Keywords: game, artificial game, learning, modeling, professional activity, didactic value,
chemistry, analytical chemistry, students, feedback
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OKBITYJIAFBI OMBIH 9AICTEPI: CBIHU OMJIAY MEH TAJIJIAY JAFIBLIAPBIH JAMbBITY

Anoamna

Makasnaga odbIHOapABIH Ol1iM Oepy yIepiciHeri pedi, acipece CTyACHTTepAiH Oonamak Kacion
KBI3METIH MOJICNB/ICY/IC MaHbI3bl TAJKbLUIAHAIBI. ABTOD YKacaHIbl OWBIHIAPIBI OKBITY (hOpMaChl MEH
oJlici peTiHae KapacThIphIN, OelICeH Al KaThICY, IMIBIFapMalIbUIBIK Ke3Kapac KoHe Kepi OaiIaHbICThIH
MaHBI3IBUIBIFBIH aTan eTeni. CoHmaii-ak, XMMUs )KOHE aHAJTMTUKAIIBIK XMMHUSHBI OKBITYIa KOJIJaHbI-
JaThIH OUBIHIAPIBIH MBICATIAPBI KETIPITIN, OJNIAPABIH IOCTYPJi OMICTEPMEH CAIIBICTHIPFAHIAFbI
apTHIKIIBITBIKTAPHI TATKbITAHAIBI.

bimim Oepy OHBIHAAPBI OKBITY KYHECiHAEe MaHBI3IbI OpbIH anmanel. Onmap KociOu Karmainap/sl
MOJENbCyre MYMKIHIIK Oepesii ®oHe CTYIEHTTEep Il Macesenep/l HIenry Ke3iHae eiM KaObuiaayra
yiipereni. Makanaga oKy MpoIeciHIe KOJIaHyFa OOJaThlH MMHUTAIMSUIBIK JKOHE CHMBOJIHMKAIIBIK
OUBIHAAP CHUSKTHI OPTYPJi OWBIH TYpJiepi KapacThIpbiiaabl. OWBIH CTYJCHTTEPAIH WHTEIUICKTYAIIBIK
KOHE TIPAKTUKAITBIK IAFIBUIAPBIH JaMBITYFa OaFbITTAIIFaH AepOec OpEeKeT PETiHIE KapacThIPhIIaIbl.

OfiibIH TYpIHJET] OKBITY CTYACHTTEP/IIH MOHTE IeTeH OCJICCH IIITIH KOHE KBI3bIFYIIBUIBIFBIH apT-
TBIPBIT, OKY MaTepHAIIbIH JKaKChl MEHI'€pyTe BIKIAaJ eTeTiHi KopceTinred. OWbIHIAp HAKTHI TPOIIEC-
Tep/i MOZEBACY apKbLIbl TANAAY JKOHE HICNIM KaObUIAay JaFIblIapblH JaMbITYFa KOMEKTECE/I].

OxkpITy (opmacel peTiHAE OWBIHIAP CTYASHTTEPAIH OKY OCJCEHAUNTIH apTTHIPYIABIH THIM/II
KypaJibl OOJIBIN TaObLIAIbI, OJIAPABIH TAaHBIMJIBIK JKOHE KOCIOM JaFAbpUIaphlH AaMbBITaabl. bimim 6epy
yAepiciHae oMbIHAAP/IbI KOJIJIAHY OKBITY CaIllaChlH JKaKCAPTHITI, OHBI KbI3BIKTHI 9pi OHIM/II €Te/Il.

Tyiiin ce3aep: otivin, dicacandvl OUbIH, 0Ky, MoOenvboey, Kaciou Kvizmem, OUOAKMUKATLIK
KYHObLIbIK, HCAPMbl ecen, AHATUMUKAILIK JHCapmyl, cnmyoenmmep, Kepi 6atiiaHble
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HUI'POBBIE METO/1bI B ITPEIIOJABAHNU: PASBBUTUE KPUTUYECKOI'O
MBIIVIEHUS 1 AHAJIM3A

Annomauyus
B cratee oOcyxnmaercs poib UTp B 0Opa3oBaTeIbHOM MPOIECCE, OCOOCHHO B MOJACITHPOBAHHU
Oyny1eit npodeccoHaIbHOM ESTETbHOCTH CTYACHTOB. ABTOP pacCMaTpUBAET UCKYCCTBEHHBIE UIPHI
Kak ¢opMy U MeToJ] 00yUYeHHUs, TTOJUSPKUBAsI BAXXKHOCTh AKTUBHOTO YYaCTHs, TBOPUYECKOTO MOIX0/1a U
o0paTHOi cBs3U. Takke MPUBOIATCSA MPUMEPHI U, UCITIONIB3YEMBIX B OOYYEHUH XMMHUHU U aHAIUTH-
YEeCKOM XUMUH, U 00CYKITAFOTCS X MIPEUMYIIIECTBA [0 CPABHEHUIO C TPAAUIIMOHHBIMHA METOIAMH.
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OOpa3oBareNbHbIC WIPHl 3aHUMAIOT BaXHOE MECTO B cucTeMe oOydeHHus. OHHU IO3BOJISIOT
MOJICIUPOBaTh NMPO(ecCHOHANbHBIE CUTYallMM W y4aT CTYJCHTOB NPUHUMATh DPELICHUS B IPO-
ONEMHBIX CUTyaIusiX. B craThe paccMaTpuBarOTCs pa3IHYHBIC BHIBI U, BKIFOYAsT HIMHTAIIHOHHBIC
U CUMBOJHMYECKHE, KOTOPBIE MOTYT OBITh MCIIOJIb30BaHbI Kak (opma oOyuenus. Urpa paccmarpu-
BaeTCs KaK CaMOCTOSITeNIbHAs JesTEIbHOCTh, HANpaBlICHHAs Ha PAa3BUTHE HMHTEIJICKTYAJIbHBIX U
MPAaKTHYECKUX HABBIKOB CTYJICHTOB.

[Tokazano, uro urpoBasi ¢opma OOy4YEHHs IOBBIIIAET AKTUBHOCTh M HMHTEPEC CTYICHTOB K
MPeIMETY, CIIOCOOCTBYET JIydIlIeMy YCBOCHHUIO Y4eOHOTO Marepuaia. Mrpbl moMorarT pa3BUBaTh
HaBBIKM aHAJIM3a U IPUHATHUS PELICHUH, MOICIUPYS peabHbIe MPOIECCHI.

Urpsr xkak dopma oOydeHuss oka3biBatOTCA 3(P(HEKTUBHBIM CPEJICTBOM aKTHUBH3AIUU YYEOHOU
NESTeIbHOCTH CTYACHTOB, DPa3BUBAIOT WX IIO3HABATEIbHBIE W TPOPECCHOHATBHBIC HABBIKH.
[Tpumenenue urp B 0O6pa3oBaTeNbHOM IpOIEcCce CIOCOOCTBYET YIYUIICHHIO KauecTBa OOydeHHs,
nenasi ero 0oJiee yBIEKaTeIbHBIM M MPOAYKTHBHBIM.

KiroueBble cioBa: uepa, uckyccmeennas uepa, odyyenue, Mooeauposanue, npogeccuoHaibHasl
O0esmenbHOCmb, OUOAKMUYECKAsl YeHHOCMb, XUMUSL, QHATUMUYECKas XUMUs, CmyOeHmbl, 00pamHuas
CBA3b

Introduction.The game must be clearly linked to educational goals and objectives, ensuring the
development of knowledge, skills, and abilities necessary to master the material. All students should
be involved in the game process. To achieve this, it is essential to consider their level of
preparation, interests, and individual characteristics. The rules of the game should be clearly
formulated, easy to understand, and feasible so that participants can focus on completing tasks
rather than interpreting the rules. The game should take place in a friendly and supportive
environment, allowing participants to feel comfortable making mistakes and expressing themselves.

Game-based technology should promote the development of communication, collaboration, and
joint decision-making skills. After the game, it is important to discuss the results with participants,
identify the strengths and weaknesses of their actions, and provide recommendations for
improvement. Game tasks should be related to real-life situations or professional activities, enabling
students to apply the skills they have acquired in practice. The game should be adapted to the age,
preparation level, and personal characteristics of the participants. Upon completing the game, it is
necessary to evaluate how effectively it contributed to achieving educational goals and make
adjustments for future use. These rules ensure the effective application of game-based technologies,
transforming the learning process into an engaging and productive experience.

Educational games play a significant role in the learning system. They allow students to model
professional situations and teach them how to make decisions in problem-solving scenarios. This
article examines various types of games, including simulation and symbolic games, that can be used
as a form of learning. Games are considered as independent activities aimed at developing the
intellectual and practical skills of students. As previously noted, artificial play encompasses both
tangible and theoretical activities. This implies that play simultaneously occurs in both an external
material form and an internal cognitive process.

It is evident that artificial play operates within a well-defined realm of material activity (for
instance, a chessboard) while having an almost limitless sphere of theoretical activity. Play is
possible only when specific rules are adhered to, within particular conditions, and within a given
system of coordinates, symbols, and communication tools [1].

Artificial play is defined by rules that are designed to maintain the stipulated conditions of the
game, to constrain the field of play both temporally and spatially, and to regulate player behavior,
among other factors. Certainly, the concept of rule-based activity is a broad definition of play, and
the presence of rules does not necessarily limit the creativity involved in the game.
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The material component of the play sphere (MPS) is always constrained by the game's rules. The
theoretical component in most artificial games is not restricted by rules but is limited by the
duration of the game. Players engage in MPS activities that are oriented towards the game's goal;
the activities of other players are also directed towards the same goal. The goal must be positioned
at the center of MPS or at least within its central area. This is because, in most artificial games,
there is a unity of goals among all players. From this perspective, artificial play is a relatively stable
system of player activity aimed at pursuing and achieving the game's goal [2].

It is clear that within MPS, all fundamental elements of the game (player, goal, player activity)
have well-defined positions, coordinates, and quantitative and qualitative characteristics. For
example, a player achieves the goal precisely when their activity intersects with a predetermined
goal point with specific coordinates. In simpler terms, in football, a forward scores a goal when the
actions of their teammates and opponents allow them to reach a distance from the goal, strike the
ball with a certain force and precision, such that the goalkeeper cannot block it. In a chess game,
this corresponds to the coordinates of the last move.

Artificial play represents a reality, a specific domain of human activity enclosed within a unique
"shell" comprised of the game’s conditions and rules. It exists and evolves within this "shell" due to
the pervasive influence of human theoretical activity. It can be asserted that the main distinction
between play and practical activity is that the former exists as an artificial construct within a
fictional "shell" of conditions and rules, which separates it from the surrounding world while
simultaneously integrating it into a unified flow of time.

It is also crucial to note that play occurs under artificial conditions where material and ideal
objects are represented as various models and symbols, and actions with them simulate real
phenomena and processes.

The theory of artificial play should be grounded in the concept of development— the essence of
any living system [3,4]. Play represents a vibrant reality, dynamic, purposeful movement— in other
words, development.

Artificial games adhere to the following laws:

1. Law of Goal Unity - This law expresses a clear, ultimate result of the play activity for all
participants (e.g., checkmate, scoring a goal).

2. Law of Material Equality - This manifest in the fact that all players start with equivalent
material resources in the game’s objects, materials, and tools (e.g., 16 chess pieces per player,
equal-sized goals in football).

3. Law of Cyclicality - This signifies the return to the initial state after a player achieves the
game's goal.

4. Law of Action - This law denotes the necessity and sequence of players' actions.

5. Law of Limited Freedom - This law stipulates that all player actions must be within the
material activity sphere (MAS), constrained by game rules. It also defines the duration of the game.

In the construction of artificial games, the following psychological and didactic principles can be
identified:

— Activity. This is the fundamental principle of play, expressing the active manifestation of
physical and intellectual forces during the game.

—  Dynamics. This reflects the significance and impact of the time factor in play. Play is
movement; it has a beginning and an end, thus the time factor in play holds as much importance as
it does in real life.

- Engagement.This denotes the captivating and interesting aspects of play that exert a strong
emotional influence on individuals and can be a primary motivation for participating in or observing
the game. The pedagogical significance of this principle lies in its ability to enhance cognitive
interest and activity.

— Role-Playing.In artificial play, role-playing is based on the simulation of human activity,
reflecting the phenomenon of reproduction and improvisation. The didactic value of role-playing is
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that it allows for modeling future professional activities of graduates and teaching students based on
professional activity models.

- Collectivity. This reflects the collaborative nature of student activity within gaming groups or
teams. As a collective educational activity, artificial play promotes the development of camaraderie,
teaches cooperative thinking and actions, and underscores the necessity of collective work. As
famously expressed by N.K. Krupskaya, play is a school of organization.

- Modeling. This is based on imitation modeling of systems and reflects the simulation of real
or imagined realities. From a didactic perspective, implementing this principle in the learning
process enables the modeling of the functioning of active systems, which are the objects of study in
higher education. According to the renowned German educator P. Wolfram, this encapsulates the
very essence of problem-based modeling learning-one of the modern theories of active learning.

- Feedback.This is a fundamental principle in the design and conduct of artificial games,
reflecting the cause-and-effect relationships in player interactions and the simulated reality. By
"feedback," we refer to the discrete flow of information regarding the progress of the game, based
on which students manage their activities and directly influence the course of the game.

- Problematic Principle. This principle expresses the logical and psychological regularities of
thinking. As is well-known, when an individual is presented with a challenging goal and there are
known motivations for pursuing it, objective problems usually arise along the way, leading to
problematic situations in the individual's thinking.

- Effectiveness. This reflects the understanding of the outcomes of gaming actions as specific
material activities. At higher levels of gaming development, the results of the game are seen as
outcomes of abstract theoretical activity. Effectiveness is a foundational principle of the game,
representing the truth that allows us to view artificial play as a productive activity.

- Autonomy. Any artificial game constitutes independent activity. The essence of autonomy in
artificial play lies in the fact that the goal of the game always carries a function of controlling the
player's activity.

- Competition. Competition in artificial play is based on the effectiveness of gaming activities
and represents the primary motivations for participation in the game. Without competition, there is
no game; the spirit of competition permeates the entire atmosphere of the game. The pedagogical
value of this principle is evident competition encourages active independent activity and mobilizes
the full potential of a person's physical and intellectual forces [5,6,7,8].

Materials and methods. As previously noted, artificial play has its own stable structure and
organization. From this perspective, educational and instructional activities organized as artificial
games can be referred to as a game-based learning format. It is important to emphasize that the
game exists and develops as a system of communications, primarily as a sphere of human
interaction. Thus, artificial play serves as a distinct structure of direct and mediated communication
between players, aimed at achieving educational and developmental goals.

From this, we can identify four organizational forms of play:

1. Individual- Involving a single player (e.g., solving chess problems).

2. Pair- Involving one player A and one player B (e.g., chess, checkers).

3. Team- Involving a team of players A and a team of players B (e.g., hockey, football).

4. Group- Involving a group of individuals consisting of one player A, one player B, one player
C, player D, and so forth. An example is the well-known game "Sportloto".

The Educational Game Format in Learning

The educational game format involves organizing and conducting educational games. An
educational game is an active, independent human activity aimed at acquiring specific knowledge,
skills, and abilities and applying them to achieve the game’s objective. Clearly, the goal of an
educational game differs significantly from the goal of play. In the former, the objective is purely
educational (e.g., mastering specific knowledge or skills), while in the latter, the goal is often
recreational (e.g., winning or scoring points) [9,10,11].
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Play, like any human activity, not only has forms but also methods of execution. From this
perspective, an educational game can be both a form and a method of learning. This phenomenon
suggests that an educational game has an “internal driving force” — purposeful independent
cognitive activity — and an external “shell” — the game format as a means of organizing, managing,
and evaluating this activity. Let's examine the educational opportunities of artificial games using
chess as an example. Initially, the learning process is purely informational. During a “lecture,” the
instructor explains the basics of chess, describes the pieces, clarifies the objectives, and teaches the
rules. Once both parties agree that the lecture material has been understood, they move on to
practical exercises.

In chess, there is always a goal, and as previously noted, when a challenging goal is set (which is
nearly unattainable for the learner at first), objective problems typically arise on the way to
achieving this goal, leading to problem situations in the learner's thinking.

During the game, the law of action excludes the player's withdrawal from activity. Teaching how
to act is the primary pedagogical purpose of the artificial game. In these conditions, the learner
begins to hesitantly move pieces in response to the instructor's deliberate moves. Early on,
significant mistakes are common, leading to failures. The “student” may feel disheartened, thinking
they cannot play and will never master it. This represents a known crisis in learning—preparation
alone does not teach action or independent thinking.

The instructor decides to combine “lectures and practical exercises”: patiently explaining
everything initially and demonstrating their own strategy and tactics. This approach creates problem
situations in the learner’s mind, making them seek clarification, ask questions, and strive to
understand the details. The entire course of the artificial game involves planning, organizing, and
resolving problem situations arising in the learner’s mind while tackling educational problems. The
didactic phenomenon of the game is that it creates its own conditions for the emergence and
resolution of problem situations, which appear almost spontaneously, independently of the player,
similar to real life. Everything is predetermined by the game's objectives, rules, and conditions,
creating a unique “microclimate” conducive to the continuous emergence of new problems [12,13].

At this stage, learning becomes problem based. The instructor notices that the learner begins to
understand their actions and anticipates problem situations, such as a “checkmate in three moves.”
The instructor organizes these situations, and the game itself requires the learner to resolve them
independently. Problem situations in the game include psychological stress related to unexpected
moves by the opponent and the inability to reverse a decision. Even here, the instructor can subtly
guide the learner’s independent work, steering the game in the “right direction.”

Thus, we assume that the learner has acquired the necessary knowledge about the game,
developed skills, learned to plan and create strategies, and cultivated the ability to foresee problem
situations. At this level, learning becomes highly problem-based: issues continuously arise and are
resolved by the players, leading to the emergence of new problems. Indeed, the game is an ideal
generator of problem situations, and the ability to identify problems where the opponent does not
see them leads to victory. Consequently, the learner becomes a chess player through purposeful
independent activity involving planning, organizing, and resolving problem situations within the
context of the artificial game.

So, how can we integrate gaming activity into the educational process? The answer is simple:
create an educational game. In our view, such a game should represent independent cognitive
activity within specific rules and conditions, aimed at searching, processing, and assimilating
educational information for decision-making in problem situations.

Result. It has been shown that the game format of education increases student engagement and
interest in the subject, contributing to better assimilation of the educational material. Games help
develop skills in analysis and decision-making by simulating real-life processes. The article
presents examples of the use of games in the educational process, particularly in chemistry educa-
tion, demonstrating their effectiveness compared to traditional teaching methods.
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Discussion. Simulative and Symbolic Educational Games

Educational games can be broadly classified into three main types: simulative, symbolic, and
exploratory games. Simulative educational games are well-known from literature on business and
management games. Furthermore, under the guidance of the prominent Soviet scholar P.IL
Pidkasisty, special pedagogical research on simulative games has been conducted, with some of the
results published in international and Soviet journals. Given this, we will focus on two aspects of
the theory and practice of simulative games.

A simulative educational game is an active, independent student activity centered on simulating
the studied systems and modeling future professional activities. Thus, the key distinguishing
features of this type of educational game are its explicit imitation of reality and the role-playing of
individuals in various professional fields. An example of a simulative educational game in
pedagogy is the "Pedagogical Practice" game, which simulates modern teaching technology and
involves role-playing as teachers, students, and education professionals. Currently, the development
of educational simulative games is being actively pursued at many leading universities in our
country. While earlier research primarily focused on business and management games, recent
efforts have been made to create educational symbolic games based on specific subject knowledge
of fundamental disciplines and intended for teaching students across various higher education
institutions. Why is this the case?

Aside from various explanations, two main reasons can be highlighted: First, many authors of
business games, relying on the achievements of industry faculties and professional development
institutes, tend to automatically extend their experiences to university education practices, which is
a clear mistake. Second, there is a strong focus on the "business, narrowly specialized" aspect of
educational games, and during the description of specific experiences, the essence of the
educational game format often gets lost. Moreover, specific business games typically have a limited
scope of implementation, such as within a particular course, university, or, at best, a group of
related universities. This may explain why the educational game format is slowly being integrated
into practice, as creating even a single business game requires years of intensive work from
educators.

Let's consider a new type of educational game: the symbolic game, based on the materials from the
course of qualitative analysis in analytical chemistry. As is well-known, chemistry is a fundamental
subject taught in general education and professional schools, technical colleges, nearly all technical
universities, universities, and pedagogical institutes, as well as in many specialized institutions, such as
medical and agricultural universities. It is evident that the scope of application for symbolic educational
games will be much broader compared to business and management games.

Practical Course in Qualitative Analysis: Symbolic Educational Games

The practical course in qualitative analysis is based on a variety of chemical reactions involving
specific ions (or substances) that produce different visual effects, which fundamentally enables the
creation of educational games that can be progressively modified and complicated. These visual
effects in qualitative analysis typically include the formation of precipitates with specific properties,
gas evolution, and more. A series of symbolic educational games and their application
methodologies have been developed. For example, consider the educational game "Chemical
Reaction," which is based on the property of certain cations and anions to "form precipitates" when
present together in a solution. The choice of using precipitation as the core principle of the
educational game is due to the fact that most real chemical methods for qualitative analysis
recommend techniques for ion separation through the sequential formation of precipitates. Thus, the
main rule of the game is directly linked to the content of state educational standards and reflects
real-world practices [14].

One of the primary criteria for assessing students' readiness in analytical chemistry is their ability
to solve "theoretical mixtures" of various components. In practical sessions, students are given a
task describing several compounds allegedly present in a hypothetical solution. For instance, a task
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might be: "Analyze the mixture: barium chloride, sodium nitrate, potassium bichromate, strontium
nitrate". To solve this mixture correctly, a student must identify which of the listed cations and
anions will remain in the solution and which will "precipitate." Based on their knowledge, the
student might conclude that barium chromate will precipitate, while the other cations and anions
will stay in the solution. The student then submits this solution to the instructor, who must check the
answer and assign a grade. The "task-based approach" to teaching students is widely used in
educational programs for analytical chemistry. However, it has some limitations, such as the
instructor’s inability to simultaneously monitor all students' solutions and promptly address their
mistakes. The educational game "Chemical Reaction" addresses this significant drawback by
keeping the instructor informed about all the events related to solving these tasks. In the game,
"theoretical mixtures" are provided as a set of cards, each depicting only one component of the
mixture. This allows the introduction of cards representing elements that the instructor believes
students should study. Consequently, the "Chemical Reaction" game can be applied at various
stages of learning. It can be initiated after students have studied the properties of the first groups of
cations according to the curriculum, with additional cards for new groups being introduced later.

The game is played using cards that display symbols of chemical elements, compounds, cations,
or anions. Each card represents a single ion or molecule of a compound.

Game Mechanics and Teaching Strategy for "Chemical Reaction”

In the game "Chemical Reaction," each student is dealt an equal number of cards, each
representing a specific ion or molecule. The main objective of the game is to "get rid of" these cards
as quickly as possible while adhering to the game's rules. The game concludes when one student has
no cards left, and this student is declared the winner. Cards are removed from the game when their
chemical components form a precipitate together. For example, the formation of silver chloride
requires two cards: one with a silver ion and one with a chloride ion. Similarly, the formation of
Iron (III) hydroxide needs four cards: one with an iron ion and three with hydroxide ions.

Game Setup and Rules:

1. Card Dealing and Removal-Each player receives an equal number of cards. Cards
representing chemical elements that can form a precipitate together are removed from the game.
These discarded cards are placed face down in the center of the table. This serves two purposes- to
ensure control and avoid errors and to provide visual reinforcement of the precipitates formed.

2. Penalty for Mistakes- If a player makes a mistake, they lose their next turn and must retrieve
their incorrectly discarded cards. This rule encourages players to pay attention and identify errors
made by others.

3. Gameplay Mechanics- Players take turns in a clockwise direction, passing one card at a time.

Before their turn, each player must identify and discard cards that can form precipitates with
other cards they hold.

For example, if a player has barium and sulfate ions, they can discard these two cards if they
form barium sulfate precipitate.

4. Example of Play- Suppose a student has cards for barium, aluminum, chloride, and hydroxide
ions. If they receive a sulfate card from another player, they can discard the barium and sulfate
cards as they form a barium sulfate precipitate. The player then chooses which of the remaining
cards to keep and which to pass to the next player.

5. Instructor's Role- The instructor acts as the "respected arbiter" of the game, overseeing rule
adherence and providing subtle, impromptu guidance when errors occur. Visual aids, such as
colorful posters, can also be used to enhance understanding.

6. Game Cycles- A game cycle ends when a player has no cards left. Afterward, cards are
redistributed, and a new cycle begins.

7. Number of Players and Card Count-The game is designed for 3 to 10 students, with 5-6 being
the optimal number of players. The total number of cards should reflect the volume of material
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studied. For instance, in the final stage of the qualitative analysis course, up to 60-70 cards may be
used to cover around 30 cations and their corresponding anions.

Recommendations for Implementation.

- Card Inventory- Include a surplus of common anion cards, such as halogens, hydroxide, and
sulfate, to increase the variety of game scenarios.

- Development and Feedback- Involve well-prepared students in developing the game's
"chemical component." They can provide valuable insights and assist in explaining the game's
objectives, rules, and strategies to their peers.

By using the game "Chemical Reaction", students can reinforce their understanding of
qualitative analysis concepts in a dynamic and interactive manner, while instructors can effectively
monitor and guide their learning process.

Enhanced Teaching Strategies for the Game "Chemical Reaction"

After students have played the game "Chemical Reaction" several times, you can progressively
increase the complexity of the game. Here are some advanced rules and modifications that can be
introduced:

1. Environmental Considerations

Introduce the need to consider the environment in which a precipitate forms. For example,
aluminum hydroxide is amphoteric and dissolves in both acids and bases. To remove aluminum
hydroxide from the game, students will need an additional card labeled "Neutral Environment."
This means students must collect five cards to form a precipitate, which adds complexity compared
to the original version.

2. Color Considerations

Introduce the requirement to account for the color of the precipitate. This can make the game
more challenging and engaging as students must not only identify the ions but also consider their
visual properties.

3. Customizable Cards

Provide "blank cards" on which students can write the ions or molecules they need. This can be
especially helpful when students face difficulties in the early stages of playing the game. A
recommended number of blank cards is two to three, allowing students to adapt the game to their
needs.

Advantages of the Game-Based Learning Approach

1. Active Engagement.

Student Participation: The game encourages active involvement, leading to diligent study of the
material, such as reviewing textbooks and summarizing key reactions. This active engagement helps
in better retention and understanding of the subject.

2. Engaging and Competitive.

Motivation: The competitive nature of the game makes learning more enjoyable and motivating.
Students are more likely to engage in self-monitoring and self-directed learning due to the game's
dynamic and entertaining format.

3. Dynamic Learning Experience.

Understanding Chemistry: The game's dynamic nature helps students observe and understand
the continuous relationships between different chemical reactions. This approach aligns with the
principles and phenomena of chemistry, providing a more realistic learning experience.

4. Broad Implementation.

Widespread Use: Games like "Chemical Reaction" and other chemistry-related games can be
widely implemented in universities across the country, enhancing the educational process and
making it more interactive.

Future Implementation of Game-Based Learning
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Specialized Units. Establish specialized scientific and methodological departments within major
universities to develop and implement game-based learning for fundamental, engineering, and
specialized disciplines.

Long-Term Use. Educational games can be effectively used for many years, especially in
subjects like chemistry, physics, mathematics, and pedagogy. They offer a valuable tool for
enhancing both student engagement and teaching quality.

By incorporating these advanced rules and strategies, you can further enrich the learning
experience provided by the game "Chemical Reaction," making it an even more effective tool for
teaching qualitative analysis and other subjects.

Research Games

Human gaming activity can be utilized not only for educational purposes but also for organizing
scientific and research work for students and faculty. This is a particularly interesting and promising
application of gaming, which is currently intensively developing in the fields of invention, project
design, and technical system construction.

In our research, we have examined only one aspect of the scientific-research application of
games—the organization of "brainstorming" during educational simulation games. As known, this
phenomenon is the basis of synectics—a highly effective method for stimulating inventive activity.
A simple illustration of the complex processes involved in "brainstorming" can be found in a typical
chess game, where active spectators try to persuade the players of the correctness and timeliness of
their proposed moves. In such an environment, all observers participate in analyzing the
problematic situation, proposing their own and rejecting others' action options, and thus
spontaneously search for a collective solution based on comprehensive and multifactorial analysis
of the emerging problem.

The phenomenon of "brainstorming" in artificial games indicates that it is an effective means of
acquiring new knowledge and methods of action. In games, human cognitive activity can self-
develop, "generating" the necessary amount and quality of knowledge to achieve the game’s goal.
The information obtained in this way generates a new portion of information, which, in turn, "pulls"
the next portion, and so on, until the game’s goal is achieved. This development of a "chain
reaction" of knowledge underpins creative cognitive activity. Thus, in its preliminary form, we can
define a research game as: a specially organized activity where the goal is to win by finding new
knowledge and methods of action to resolve problems. In the game, students independently identify
problems, formulate their essence, and pose and solve relevant problem tasks.

Essence of Research Games

The essence of any problem that a person "attacks" with their ideas is inherently related to the
nature of the object being studied and thus has an objective character. As Professor P. 1. Pidkasisty
rightly notes [2,11], "the emergence of contradictions in a student's mind is based on the
contradictions existing in reality." As G. S. Altshuller emphasizes, "to make an invention means to
devise a technical system that does not have the contradictions inherent in the preceding system."
Therefore, during a "brainstorming" session, students, having perceived and assessed the problem
situation, do not limit themselves to merely stating the contradiction but determine what specifically
needs to be done to eliminate it and achieve the goal of the game.

General Scheme of a Research Game

1. Participants

— Facilitator- The instructor who leads the game and poses questions.

— "Criticism" Group- Responsible for identifying and discussing the weaknesses of proposed
solutions.

— "Defense" Group- Defends the proposed solutions, arguing their effectiveness.

— Experts Group- Includes specialists such as economists, engineers, technologists, etc.

— Inventor and Patent Specialist- Develop new ideas and check their patentability.

— Public Representative- Represents public and state interests.
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2. Game Process

— Preparation- The instructor, together with experts (inventor, patent specialist, and public
representative), prepares patent information materials on a specific, relevant problem. It is crucial
that the problem is clear to all so that students can independently analyze it, identify tasks, and
formulate questions.

— Problem Analysis- Students analyze the problem, formulate questions and tasks, and actively
participate in the discussion.

— Dialogue-The instructor and experts interact with students, asking questions and providing
additional explanations.

— Problem Solving- Students propose solutions during the game, which are then discussed and
evaluated by different groups of participants.

Advantages of Research Games

1. Development of Inventive Skills. Games promote the development of skills in finding
innovative solutions and eliminating contradictions in design and construction.

2. Active Discussion. Students learn to work in teams, discuss and defend their ideas, which
enhances their critical thinking and argumentative abilities.

3. In-depth Understanding of Problems. The active search for solutions helps students better
understand the essence of the problem and find effective ways to resolve it.

Recommendations for Organizing Research Games

Preparation. Advance preparation of materials and questions ensures the successful conduct of
the game.

Roles and Responsibilities. Clear distribution of roles and tasks among participants helps to
ensure effective interaction.

Interactivity. Supporting an active dialogue between students and instructors contributes to a
deeper understanding of the problem and effective solution finding.

Research games open new horizons in the educational process, enabling students to develop
skills in scientific research and invention, which is crucial for their future professional activities.

In an Active Dialogue Setting

During the active dialogue, the instructor provides a general analysis of the problem, reveals its
essence alongside the students, demonstrates its relevance, specifies the problem using well-known
real-life examples, and convinces the students of the solvability of the posed problem tasks. At this
stage, the instructor turns to the experts, highlighting and describing the main criteria for analyzing
and evaluating the proposed solutions. In technical systems, these criteria typically include the
simplicity of design, cost-effectiveness, reliability, and versatility of the proposed solution.

Conduct of the Research Game

In a research game, there are no strict rules as found in simulation or symbolic games. The game
is conducted as follows:

1. Presentation of Solutions

The inventor presents several well-known solutions to the problem from literature to the critics.
The chronological sequence in which these solutions are presented and described is important for
the students.

2. Critique Phase

The primary goal of the "Critics" group is to pose as many problem-related questions as possible to
the "Defense" group, which must then defend the proposed solution. The experts, including the inventor,
listen carefully to the responses from the "Defense" group and evaluate the proposed solutions. The
students' responses should include their own independent ways of solving the problem. If the "Defense"
group cannot answer the critics' questions, the instructor will answer on their behalf. In such a case, the
"Critics" group earns a point, making the score 1:0 in favor of the critics.

3. Further Solutions

The inventor then presents another solution to the problem from patent information materials.
The "Critics" group asks questions, and the "Defense" group responds successfully. The solution
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presented by the students is evaluated by the experts as the most optimal. The score is updated to
1:1. The inventor then presents and describes a known solution to the problem that is very close to
the students' solution. The process of questioning and defending continues until one group
demonstrates a clear advantage over the other, such as a score of 4:1 or 5:2.

Expert Group Responsibilities:

Analysis of Questions and Answers. The expert group must thoroughly analyze the questions
and responses. The inventor and patent specialist should recognize new solutions to the problem in
the "Defense" group's responses, as they have detailed patent information materials [15].

Economic Assessment. The economist evaluates the funding scale, cost, level of profit, and
overall economic feasibility of the proposed solution.

Production Assessment. The engineer provides a "production assessment" of the solution.

Public Interest Evaluation. The public representative evaluates the solution from the perspective
of state interests, and their assessment is crucial.

Handling Disputes

If disputes or fundamental disagreements arise among the experts, the instructor must quickly and
tactfully address the situation to prevent it from negatively affecting the behavior of the "Critics" or
"Defense" groups. Careful selection of the expert group is essential to avoid conflict situations.

Conclusion of the Game

At the end of a successful research game, the "Defense" group achieves the best solution to the
problem, which is recognized by the inventor and patent specialist as a new device or method. The
game concludes with the instructor providing an official conclusion regarding the novelty and
usefulness of the proposed solution. While students still have a lot of work ahead to make a real
invention, this work will be carried out outside the game, in real life.

The Nature of Games

A game is a specially organized activity characterized by active competition, where players pursue
and achieve a common goal based on identical initial conditions, using the same means, adhering to the
same rules, and achieving strictly fixed results. In our opinion, the game embodies the eternal dream of
equality and fairness. A vivid example of this is chess. As E. Lasker aptly stated, “On the chessboard,
there is no place for deceit and hypocrisy. The beauty of a chess combination is that it is always truthful.
Ruthless truth expressed in chess devours the eyes of the hypocrite.”

Educational Games for Children and Adults

Games are an integral part of children’s lives. For millennia, children of all times and cultures
have been so engrossed in their play that they forget to eat and sleep. What a happy time childhood
is! According to the famous saying of A. M. Gorky, play is the way for children to learn about the
world they live in and are destined to change.

The educational value of games is undeniable. It is of immense importance not only for the
upbringing of children but also for the development of adults, who often find themselves too busy
to play with children due to pressing tasks and responsibilities. Yet, what can compare to the joyful
interaction with the bright and intelligent eyes of little, trusting individuals? Even on rare evenings
when the television is forgotten and parents truly have free time, many do not know how to play
with their children. And it's not just about playing for fun and killing time, but about doing so with
meaningful benefit.

In an era of continuous scientific and technological progress, children show great interest in the
activities of scientists, inventors, and engineers. This interest is vividly manifested in the
development and application of the game "Scientists, Inventors, and Engineers." The main rule of
the game is that cards with the names of scientists and their works, inventors and their inventions,
engineers and their creations can be removed from play to earn points. For example, a card with "S.
P. Korolev" and a card with "Vostok Spacecraft" will earn two points, a card with "D. L
Mendeleev" and a card with "Periodic Table of Elements" will also earn two points, and finally, a
card with "V. G. Shukhov" and a card with "Cracking Process of Oil" will earn another two points.
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Lexical Game "Frank"

The lexical game "Frank" (available in French, Russian, English, German, and Kazakh languages) is
designed for simultaneous learning of several languages. In this game, a table is created for ten words in
the specified five languages. For example, words related to a specific theme: house, street, road, car,
bus, underpass, traffic light, sidewalk, store, pedestrian. These ten words in five languages are displayed
on 50 cards. You will need to read the table several times to the children, read aloud with them, and only
then begin playing with the table. The main rule of the game is that children must collect cards with the
same word in two, three, four, or five languages, earning two, three, four, or five points respectively.
The children must also correctly pronounce the word in these languages. After mastering one theme,
such as "Family" (with words like mother, father, grandfather, grandmother, aunt, uncle, son, daughter,
brother, sister), the game can transition to another theme. Experience shows that the "Frank" game
yields excellent results not only for children but also for students on topics related to their future
professions. However, this game is most successful for family education. How much joy, laughter, and
determination are found in our children, who grasp everything quickly, possess a remarkable dynamic
memory, and after two or three games, significantly advance in both points and knowledge. Of course,
when developing game themes, consulting foreign language teachers and specialists is advisable, as it
won’t take much time for either party.

Mental Calculation Game "Mini-Maxi"

The ability to quickly and accurately perform mental calculations is a valuable skill. Nowadays,
with the availability of electronic calculators, many adults and children do not place much
importance on this ability. This, however, is a mistake. Imagine what would happen if, at a crucial
moment, a calculator is unavailable, or if the power system fails, or the display breaks.

The educational game "Mini-Maxi (Quick Count)" is designed to help children learn to calculate
quickly and accurately under conditions of severe time constraints and unpredictable actions from
opponents. The game uses cards similar to those in previously described games. Each card features
a single digit, such as 1, 2, 3,4, 5, 6, 7, 8, 9, 10—ten cards in total. There are also cards with
numbers from 10 to 100, such as 20, 80—ten cards. Another ten cards range from 100 to 1000, plus
six cards with values of 1, 2, 3, 5, 15, and 20.

Thirty-six cards are dealt to the players. If there are not enough cards, the remaining ones are
placed on the table. It is best to play with 4-6 people.

Main Rule of the Game

The main rule of the game is that, upon request from the card dealer, the children must construct an
equation using the digits available in their set of cards. The dealer may specify the "Mini" version,
which means creating the smallest possible number from the equation. The equation is constructed using
basic arithmetic operations: addition, subtraction, multiplication, and division. In more advanced
versions of the game, operations such as exponentiation and root extraction may be used.

Let’s consider an example. Suppose the card dealer has the following set of digits: 1, 10, 20, 70,
and 3. The dealer announces the "mini" version and creates the equation:

TO+10
1:
20

¥

Other players have different sets of cards but must also create an equation at the minimal level.
For instance, if they produce equations resulting in 3;5, the dealer wins 2 and 4 points respectively.
The primary objective in the "mini" version is to win this point difference.

In contrast, the "maxi" version requires players to create the highest possible number. For the
given set of cards, it could be something like:

T0x3
10!

20+ 1=
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If other players achieve maximum equations like 13;44, the dealer wins 8 points in the first case
and loses 23 points in the second. Points are tracked using a table with two columns: one for the
"mini" version and one for the "maxi" version. As shown, this game is not simple and can be
compared in complexity to chess.

Initially, it is advisable to play separately the "mini" version and then the "maxi" version before
moving on to the combined "Mini-Maxi" game. You can adjust the number and size of the digits to suit
the simplicity and dynamics of the game. The "Mini-Maxi" game can be used to automate mental
calculation skills with electronic calculators. Experience shows that using calculators significantly
speeds up the game pace and may lead to mental overload for children. This should be avoided. The
game should be paused, the children thanked for their hard work, and their attention redirected to the
enjoyable aspects of the recently played game. After a break, the game can be resumed.

All the described educational games are aimed at applying known knowledge, seeking new
knowledge for children, and using it together with known knowledge to win the competition. The
desire to win through honest competition in knowledge is a major motivation for many children to
participate in the game. It is precisely this competition that mobilizes children’s creative forces,
allowing them to easily and effectively absorb educational material, often without even realizing it.
Isn't this a wonder?

Conclusion. Games as a learning format prove to be an effective means of activating students’
educational activities and developing their cognitive and professional skills. The use of games in the
educational process improves the quality of learning, making it more engaging and productive.

The authors would like to thank the Kazakh National Pedagogical University for receiving a
grant on May 24, 2024 under the project No. 05-04/368 on the topic "Actual aspects of the use of
computerized educational games in chemistry classes".
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MEKTEII TEOI'PAOUACBIHIA CYAbI KOJTIAHY CAYATTbLJIbITBIH
KAJIBIIITACTBIPY — TYPAKTbBI BOJIAINAKTBIH KIJITI

Axoamna

Makainana cy pecypcTapbliH THIMCI3 Mainanany cajjapblHaH TMakjaa OojiFaH mMacenenepai OutiM
Oepy apKbUIbI IICUTy KOJAaphl KapacTeipbliansl. Cy — KepAiH Heri3ri TaOufru kyhenepiHiH Oipi
KOHE ajam3aT YIIH anap opHbl Oesek. Kasipri TaHma cyapl KOJNAaHY cayaTThUIBIFBIH KaJIbITITAC-
TBIPY, €MIMI3MIH €H O0acThl MoceselepiHiH OipiHe aWHaJbII OTBIP. bys 3eprreymiH MakcaThl —
eJiMi3e MEKTEN KaOBIPFachIHIa OKHMTHIH OKYIIBLIAPABIH CYy pecypcTapblHa OaMIaHBICTHI cayaT-
TBUTBIFBIH aHBIKTAy MaKCaThIH/A 9JICYMETTIK ocepiH 3epTrey. Makamana 1900 xbuigan 2025 xbutra
JEHIHT1 CyAbl TYTBHIHY JAMHAMHKACHI TaJJaHBIN, CYAbl KOJJAaHY CayaTThUIBIFBI YFBIMBI KECHIHCH
ambuiael. Cy pecypcTapblH TYTHIHY CayaTTBUIBIFBIH KaJbIITACTBIPY, dCipece MEKTen KaObIpra-
CBIHJIaFbl OCKEJICH YpIIaKKa Cy pecypcTapblHa OailJIaHBICTHI aKMapaTTapMeH KaMTamachl3 €Ty
JKaWIbl YCBIHBICTAp JKacalmblHABL. Cy TamIIbUIBIFEI MEH CyFa CYPAHBICTBIH apTybl KaFJaWbIHIA,
OimiM Oepy pecypcTapblH TYPaKThl OackapyFa BIKIal €TeTiH KYHIBUIBIKTap MEH 9ETTEepl 03repTy
YCBhIHBUIABL. JKac yprmakThlH Cy pecypcTapblHa JIETeH IYPHIC KO3Kapac, CayaTThUIBIFBIH KaJbII-
TaCTBIPYIBIH OipHEIIe THIMII KOJaaphl chi30a-HyCcKa TypiHae Tanaanabl. Cyasl KOJIgaHy cayaTThl-
JBIFbIHA OaWJIaHBICTHI MICTEIAIK ToKipuOenep KapacThIpbULabl. KazakcTaHHBIH op alMarbIHAAFbI
OKYIIbUIAPJAaH KYHJAETIKTI TYPMBIC TipLIUTITiHAE KOJJAHATHIH Cy CayaTThUIBIFBI OOWBIHIIA cayall-
Hama aJIbIHBIM, )KYMBIC XKYPri3uiai. 3epTTey HOTHXKeNnepi KOpCeTKeH 1eH, OKYIIbUIAP CYIbIH MaHbI3-
JBUTBIFBIH, OHBl YHEMJCY/IH KaXETTUIITIH, Ta3a CYJbIH >KETICICYIIIITIHIH CalgapblH KETKUTIKTI
TYCiHOEHTIHI cayanmHama OapbIChiHAA aHbIKTanAbl. COHABIKTaH, MEKTEN OafFaapiiaMachbiHa CYbI
KOJIJaHy CayaTThUIbIFbIHA OAlIaHBICThI TAKBIPBINTAP/BI €HTI3Y, dcipece Cyabl YHEMIELY, Cy pecypc-
TapblH KOpFay, CyIbl Ta3ajay >KoHe KaiiTa maiinamaHy mocesenepi KapacThIPbUIYbl Ka)KeTTLIIri,
OKYIIIBUTIAP/IBIH MPAKTHKAIBIK TOHKIPUOECIH apTThIPy MAaHBI3ABUIBIFRI JoMeNaeH . byn mapanap,
OoJamak ypriakka Ta3a CyJbl KAMTaMachl3 €Ty, SKOJIOTHSIIBIK TeTe-TeH IIKTI CaKTay YIIiH MaHbBI3]IbI.
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