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Application of educational games in the teaching of chemistry

The authors of the article consider the possibilities of using the game method of instruction in the study of
chemistry. Correctly selected game and tasks allow activating both the learning process itself and creating
conditions for the multilateral development of students. The article presents two games «Electronic formula»
and «Guess the compound». The main rule of the game «Electronic formulay which guides the players is the
strictly consistent construction of electronic formulas of the currently selected elements. As a result, students
learn the knowledge of electronic constitution of elements and the ability to build them. The second game
«Guess the compound» is based on the question-and-answer principle and ends at the moment when one of
the players (or a group of players) with the help of their guiding indirect questions will guess what this sub-
stance is. Questions can be asked in different ways, but in general, based only on the chemical and physical
properties of the substance being determined. The content and form of the organization of game training con-
tribute to the formation of skills and practical skills, the disclosure of the creative abilities of students. The
opportunity is shown to awaken and strengthen interest in chemistry, a sense of collectivism and mutual assis-
tance in solving difficult problems. The possibilities of mutual enrichment with information and skills in the
process of the game, the development of the ability to generalize and control the acquired knowledge, con-
firmed by the long-term use of the game method of learning in the study of chemistry in secondary schools
and in higher education institutions are revealed.
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The use of new technologies in teaching and upbringing is the most priority in the modern educational
process. One of the most effective methods for developing and improving cognitive activity, intellectual and
creative abilities of students is the use of gaming technologies. As practice has shown, they contribute to the
activation of attention, thinking and quick reaction in solving set tasks. A great contribution to the develop-
ment of the theory and practice of gaming technologies was made by many foreign and domestic authors, for
example [1-7].

As a result of the use of game training methods: 1) cognitive activity is stimulated; 2) mental activity is
activated; 3) associative thinking and memorization is formed; 4) develops the ability to solve problematic
issues; 5) personality traits are manifested; 6) the motivation to study the subject increases. Game technolo-
gies in the chemistry lesson contribute to the acquisition of specific practical skills, consolidating them, turn-
ing knowledge into experience. Of course, any learning games should have a great content and cognitive sat-
uration, a scientific content that generates interest in cognition. This strategy can be used to arouse and
strengthen interest in the study of the fundamentals of natural sciences, and in particular the subject of chem-
istry [8]. When using gaming technologies in training, it is necessary to use such methodical procedures that
would activate the thought of students, stimulate them to independently acquire knowledge.

It is necessary for the pupil to work actively and enthusiastically in the lessons, to use this as a starting
point for the emergence and development of curiosity, deep. The process of the game allows to form the
qualities of an active participant in the game process, learns to find and make decisions, develop abilities that
can be found in other conditions and situations, to learn consciousness, non-ordinary behavior, the ability to
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adapt in the existing conditions set by the game. To learn the ability to communicate, establish contacts, get
pleasure from communicating with partners, learn to create a special emotional environment, attractive for
students. Game forms can be used both in school and in higher educational institutions, as well as used in
conducting non-traditional lessons.

A feature of educational games in the natural sciences is the need for a game form to teach students the
laws of a particular science. At the same time, it is necessary to link the educational material with the corre-
sponding teaching game, which is quite a difficult task, since the creation and use of such games require the
consideration of a large number of conditions. For training in higher education, there are few such educa-
tional games. Therefore, the creation of such games for the natural sciences, in particular for chemistry, is an
independent scientific, pedagogical and methodical interest.

One of the first examples of such games in chemistry was presented in [9]. Almost at the same time in
[10; 12-65], similar games were shown for use in chemistry classes at higher educational institutions.

It should be noted that the use of educational games in chemistry classes has made it possible to intensi-
fy the process of chemistry teaching itself, and therefore, as a first example consider the game called «Elec-
tronic formula» which is based on the building of electronic formulas of different chemical elements. The
game offered for learning makes it easier by the students to obtain the knowledge they need for understand-
ing the principles of formation of the electron configuration of the chemical elements. The second game giv-
en as an example is called «Guess the compound», which allows the determination of the substance, asking
the least number of questions about the properties of the ions which compose this compound.

Educational game «Electronic formulay

As is known from the textbooks, the distribution of electrons in the atom by levels and sublevels is rep-
resented by the electronic formulas of the elements. For example, the electronic formula of zinc will look
like this: Zn — 1s*2s%2p®3s”3p®3d'%4s”.

In the learning process, students need knowledge of the electronic structures of elements and the ability
to build them. In the educational game «Electronic formula» use the cards, which show the individual com-
ponents of the electronic formula of the element (see Fig. 1):

2 g2

Figure 1. Card of the educational game «Electronic formulay

All cards have the same size, for example, with cards that are widely known to us for the card game.
The game continues until one of the students-player gets rid of their cards. The main rule that guides players
is the rule of strictly sequential construction of electronic formulas of the currently selected elements (natu-
rally, in the order of the sequence of student moves). For example, the teacher decides to check the students'
knowledge of electronic carbon, chlorine and scandium formulas. To do this, they prepare cards for the com-
ponents of the electronic structures of these elements. In the case of carbon having the electronic formula
1s*2s2p®, make 4 cards (see Fig. 2).

C°||1s*| |2s°| |2p°

Figure 2. A set of cards for the carbon atom in the game «Electronic formula»

Correspondingly, 6 and 8 cards are prepared for chlorine and scandium having electronic structures:
1s*2s*2p°3s”3p” and 1s*2s*2p° 35> 3p°3d' 4s”. Then the cards are mixed and distributed to the playing stu-
dents. Since the number of cards in this example will be equal to 18 and each player is given at least 4-5
cards, the optimal number of players will be 3—4 players. The sequence and direction of the moves of the
participants in the game are agreed in advance. As a rule, the game goes along the clock hand and the first
student begins it, sitting in this direction immediately after the person who distributes cards. The distribution
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of cards to students performs in turn. The scheme for students’ location and the course of the game «Elec-
tronic formulay is presented in Figure 3.
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1 — table; 2 — frame of the periodic table; 3 — students; 4 — teacher

Figure 3. Location of the game participants

You must strictly follow the rule of compulsory course for each student. In one move, only one card is
laid out from the number of cards of chemical elements or the electronic formulas that make up them. The
game «Electronic formulay is carried out using the Table shown in Figure 4.

Figure 4. Table of the educational game «Electronic formulay

Cards with components of electronic structures can be laid out only after the card with the chemical
symbol of the corresponding element is put. For example, proceeding analysis of the task described above,
let's say that when distributing cards our student got the following ones (see Fig. 5).

Cl" 222 p% 352340

Figure 5. Cards received for the game by the student-player

To his first move, we can assume that the following game situation will appear on Table, shown in
Figure 6.

C6 | 12252

Sc2l| 162

Figure 6. The situation of the educational game «Electronic formula» at the moment of the student's possible move

Our player can make, according to the rules of the game, two possible moves. The first is to go with a
card of chlorine, while opening up opportunities for other players, allowing them to get rid of other cards, the
second — with a 2s” or 3s” card, continuing the already begun series of respectively carbon or scandium. The
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second move seems naturally more profitable for the player because he has a card 3d', which he can lay out,
sending the game in the direction of building the corresponding for the scandium series. This is also correct
in that he can use the 2p° card in this row. And chlorine cards also allow other players to orientate the game
in a direction more advantageous for them.

Thus, the educational game «Electronic formula» gives students the specific subject knowledge and has
a direct impact on the formation of such qualities of students as the system approach, flexibility, and under-
standing of the basic law of chemistry.

Educational game «Guess the compoundy

The «Guess the compound» educational game is simple both in design and by the rules. Any number of
students can take part in it in any quantitative ratio. The basic principle of the game is the question-and-
answer, and it ends at the moment when one of the players (or a group of players) using his leading questions
will guess the substance hidden from him (her). The opposite side, respectively, selects the substance, in the
literal sense of the word or theoretically, and answers the questions of the requesting side. The answers can
only be unambiguous «yes» or «no». Questions should be as clear and simple as possible. That player (or
team) wins, who will determine the substance, asking the least number of questions. The game is more con-
venient to carry out, thus, when one student stands on the board, and the rest, having chosen up the sub-
stance, answer the questions. Then there is a change of players in order of priority. The game ends when all
students already had have been in the role of guessing player. If the number of players in the group is large,
then it is recommended to play with teams. For a more complete understanding of the game, let's analyze the
corresponding example. It deals with the chemical properties of selected compounds from the cations and
anions. Suppose that for the game the group has offered a solution of the silver nitrate salt. How can the stu-
dent guess this problem? For this, one of the possible variants of questions and answers with comments to
them is supplemented then.

Question: Is it a solution?

Answer: Yes.

Question: Is it colored?

Answer: No.

Two of these questions make it possible to determine whether a solubilized unknown substance is well
dissolved in water (or some other solvent, which it is desirable to specify by asking an additional question: is
the solvent the water?). And whether there are colored anions or cations in solution. If they are available, it is
recommended to find out their color, giving additional information. In our case, this is not the case, and fur-
ther questions can be asked in different ways, but in general, based only on the chemical and physical prop-
erties of the substance being determined. Asking questions like this: the substance cation is in the first group
of the periodic table? — is not allowed, because such generalizations do not give a more complete picture of
the game, so further questions can continue in the following order:

Question: Is the cation of substance monovalent?

Answer: Yes.

Knowledge of the valence of the cation sharply narrows the circle of cation search. Anion ions reacting
with the cation can also act. In our case, the cation circle is limited, and therefore the greatest effect can be
given by the question concerning anions that can precipitate a number of related cations.

Question: Does the substance cation form a precipitate in an ammonia solution with a carbonate ion?

Answer: No.

Question: Does the substance cation form a precipitate with the chlorine anion?

Answer: Yes.

Thus, using the leading questions given above, it was possible to find out that the required cation is pre-
cipitated with hydrochloric acid. Further determination of the cation does not cause difficulties. The cation is
monovalent, so, it can be Hg” or Ag". We will know the cation by asking the question: «Does the molecule
of the chloride precipitate contain two anion atoms?» Having determined the silver ion, we proceed to find
the nature of the anion. This process is simplified since we know that not all anions give a colorless solution
with Ag". The determination of the anion is carried out, in the main, already disassembled above. So, one of
the recommended questions can be:

Question: Is the anion of substance monovalent?

Answer: Yes.

Question: Does the combination of this anion with the hydrogen ion form a very common acid?
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Answer: Yes.

Question: Is it a complex anion consisting of several atoms of two elements?

Answer: Yes.

After these questions and answers, students almost always become clear that the anion which needed to
guess is silver nitrate.

In future, the order of the game does not change much. After determining the substance, the total num-
ber of questions is recorded for the following comparison with the results of other students. The teacher dur-
ing the training game «Guess the compound» serves as a referee and consultant.

Thus, from the material discussed above, it is clear that the game «Guess the compound» forces stu-
dents to use not only all their knowledge but also develops such valuable qualities for specialists as logic,
initiative, ingenuity, non-standard thinking and much more. It is also important that the game can be used
from the very first steps and until the end of training course, up to the exam. Recommend only to take into
account the preparedness of students for the subject in the compilation and selection of tasks for the game. It
is usually better to give for guessing the problem, consisting only of one substance, element, which is espe-
cially valuable for the first periods of training of students in chemistry.
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H.K. Axmeros, I'.T. O3iMbaeBa

XumusaaaH 0ijiM 0epy 0apbICBIHIA OMBIH aPKbLIbI OKBITY JICiH KOJIIaHY

Makasa aBTOpiapbl XuMusiian OimiM Oepy OapbiChiHOA OWBIH apKbUIBI OKBITY OICIH mHaiijanany
MYMKIHIIKTEpiH KapacThIpAbl. JlypbIiC TaHAAJbIN ajblHFAaH OWBIHIAD MEH TalChlpMalap OKy IpoLeci
GapbIChIHIAFBl OUTIM  amyIIbUIapAbIH OCJICCHATINH apTThIPyFa JKOHE ONapAbIH IKAaH-)KAKTHl JaMybIHA
MYMKiHZIiK Oepai. Makanaga «DneKTpoHABIK (opmynay sxoHe «KOChUIBICTBI Tam» OMBIHAAPBIH KApacThIPY
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ycbiHbUTFaH. OHBIHIIBUTAPABIH «NEKTPOHABIK (OpMyJIa» OHMBIHBI OOWBIHIIA YCTaHATHIH OacThl epexeci
TaHJAM alfaH JJIEMEHTTIH 3JIeKTPOHABI (OPMYyJIaChlH KaTaH TypAe OipTiHAen KypacTbIpy OOJbIN TaObLIa/IbL.
HarikeciHge OKyIIbl 3JEMEHTTIH JJIEKTPOHIBI KYPBUIBIMBIH OiNlil, OHBI KYPacThIpyabl Yipenexi. Eximri
olibIH «KOCBIIBICTHI TaI» CYpaK->kayarl IIPUHINI OOMBIHINA XKYPri3ijesi xKoHe OHBIHIIBIIAp LI Oipi (HeMece
OUBIHIIBUIAp TOOBI) OJIAPJBIH XKaHAMa CYpaKTapbIHBIH KOMETIMEH OCHI 3aTTHIH KaHAail ekeHiH OuIreH coTTe
asikranansl. OWBIH apKbUIBI OKBITYABI YHBIMAACTBIPYIBIH Ma3MYHBI MeH ()opMachl OLTIM aTyIIBIHBIH
IIBIFApMAIIbUIBIK KaOiJeTTepiH alibll, IMPAKTHKANBIK JaF[bUIapbl MEH OLTIKTUINIH KaJbIITaCTHIPYFa BIKIIAJ
ereni. XHMMHAFa KbI3BIFYIIBUIBIFBIH OATYFa JKOHE apTTBIPYFa, KMBIH MocelesepAi MISHIye YKbIMIBIK XKOHE
e3apa KOJI YIIBIH Oepyre JereH MYMKIHIIKTEPiH KajlbINTacThlpy KepcerinreH. OHbIH mpoiieci GapbichiHIa
OLTiM aNyIIBIHBIH aKmapar MeH JaF[bUIapbIHBIH KaJbIITACybl, ajiFaH OUTIMIEPiH XKalmbuiay KoHe Oakpuiay
MYMKIHIIKTepiHiH JKeTiyi )Kabl Oi1iM OepeTiH MEeKTeNTepAe JKoHE KOFaphl OKY OPBIHAAPBIH/IA OMbIH 9/IiCiH
¥3aK YaKbIT OOHBI KOJIIAHy JQJIeNIeT OTEIp.

Kinm ce30ep: 6inim 6epy, OKy-XUMUSUIBIK OMBIHAAD, SIEKTPOHIBIK (GopMyia, 3aTTapIbIH KYpaMbIH Tajlay.

H.K. Axmeros, I'.T. AsumbacBa

IIpuMeHeHne y4eOHBIX UTP B IPENOAABAHNH XUMUH

B crarbe paccMOTpEHBI BO3MOXKHOCTH MPUMEHEHHST HTPOBOTO METOIa OOYUCHUS IIPH U3Yd4eHNH XUMHUH. [Ipa-
BIJIBHO MOA00paHHAas Urpa M 3aJaHus MO3BOJISIOT aKTHBU3UPOBATh KAaK CaM IPOIecC 0OydeHUs], TaK U CO3-
JaTh yCJIOBUS Ui MHOTOCTOPOHHETO Pa3BUTHUS ydaIlIuXcsi. ABTOpaMH NPEICTaBICHBl HA PACCMOTPEHUE ABE
Urpsl «DJIeKTpoHHas GpopMyia» U «Yraiail coenrHeHre. [ TaBHBIM MIPaBUIIOM HIPhI «NEKTpOHHAs GopMy-
J1a», KOTOPBIM PYKOBOJCTBYIOTCSI MIPOKH, SIBISIETCS CTPOTO IIOCNIEN0BATENbHOE MOCTPOSHUE BIEKTPOHHBIX
(opMyT BEIOpaHHBIX B JAHHBIH MOMEHT 3JIeMEHTOB. B pesymbraTte y oOywaromuxcs Gopmupyercs 3HaHHE
JJIEKTPOHHBIX CTPYKTYP 3JIEMEHTOB M yMEHHE UX IOCTPOUTH. BTopas mrpa «Yramail coequHEHNe» BEIeTCs
10 TIPUHIIMIY BOIIPOC — OTBET M 3aKaHYMBAETCS B TOT MOMEHT, KOTa OAWH M3 UIPAIOMUX (WX IPyMIIa Ur-
paroImuXx) ¢ MOMOIIBIO CBOMX HABOJSIIUX KOCBEHHBIX BOIIPOCOB JOTagaeTcsl, 4TO 3TO 3 BEmecTBO. Bompocs!
MOTYT 3aJaBaThCsl II0-Pa3HOMY, HO B IIEJIOM OCHOBBIBASICh TOJIBKO HA XUMHYECKHX M (PU3MUECKHX CBOMCTBAX
omnpenenseMoro Bemiecta. Conepkanue U popMa OpraHU3alMy UIPOBOrO 00y4eHHUs cHOCOOCTBYIOT (hopMu-
POBaHUIO YMEHUH U MPAaKTUYECKUX HABBIKOB, PACKPBITHIO TBOPUECKUX CIIOCOOHOCTEH yuamuxcs. [lokaszana
BO3MOXHOCTh MPOOYIUTh U YKPEMHTh UHTEPEC K XUMHHM, YyBCTBO KOJJIEKTHBH3MA U B3aUMOBBIPYYKHU B pe-
IIEHUH TPYJHBIX NPOOsIeM. PacKpbIThl BOSMOXXHOCTH B3auMooOoraiieHus: HHGopMaLueil 1 yMEHUSIMH B IIpoO-
Lecce Urphl, Pa3BUTHSI CHOCOOHOCTH K OOOOIICHMIO M KOHTPOJIO IIOMYYEHHBIX 3HAHHUM, MOATBEP)KICHHBIC
MHOTOJIETHAM IIPHMCHEHHEM MTPOBOTO METOJa 00Oy4eHHs IIPU W3yYeHWH XUMUH B CPEIHEH IIKOJIE U B BBIC-
IIMX y9eOHBIX 3aBEACHHSX.

Knrouegvie cnosa: 06pa3033HHe, 06yqa}ou11/1e XUMHYCCKUEC HUI'PBI, 3JICKTPOHHAA Q)opMyna, aHaJIn3 cocCTaBa
BEIICCTBA.

References

1 Pidkasistyi, P.I., Arystanov, M.Zh., & Khaidarov, Zh.S. (1980). Problemno-modulnoe obuchenie: voprosy, teorii i
tekhnolohii [Problem-modular training: questions, theories and technologies]. Alma-Ata: Mektep [in Russian].

2 Akhmetov, N.K. (1995). Teoriia i praktika ihrovoho obucheniia v podhotovke uchitelia [Theory and practice of game educa-
tion in the teacher's training]. Almaty: Ministerstvo obrazovaniia RK, RIK [in Russian].

3 Pidkasistyi, P.I., Akhmetov, N.K., & Khaidarov, Zh.S. (1985). Thra kak sredstvo aktivizatsii uchebnoho protsessa [The game
as a means of activating the learning process]. Sovetskaia pedahohika — Soviet pedagogy, 3, 2225 [in Russian].

4 Summerfield, S., Overton, T.L., & Belt, S.T. (2002). The International Simulations and Gaming Research Handbook:
Empoyability, the Role of Games, Simulations and Case Studies. SAGSET, Napier University, Edinburgh, 10, 174-183.

5 Bershadskii, A.M., & Yanko, E.E. (2016). Ihrovye kompiuternye tekhnolohii v sisteme obrazovaniia [Game computer tech-
nologies in the education system]. Sovremennaia tekhnika i tekhnolohii — Modern Technics and Technologies, 9. Retrieved from
http://technology.snauka.ru/2016/09/10429 [in Russian].

6 Lyapina, O.A., Rogacheva, N.A., & Yakoviev, K.V. (2018). Using game technologies in training chemistry. Modern problems
of science and education, 4. Retrieved from https://www.science-education.ru/en/article/view? id=27770.

7 Dmitrienko, N.A., & Mikhnova, E.H. (2016). Use of information technologies in the educational process of the school.
Molodoi uchenyi — Young Scientist, 16, 336-338. Retrieved from https://moluch.ru/archive/120/33160/.

8 Kiristen, K.B., Malinda, W.G., Monica, D., & Kendra M. (2017). Pedagogical methods and technology used in chemistry sec-
ondary education. Mod.Chem. appl. (Vol. 5). Retrieved from https://www.omicsonline.org/open-access/pedagogical-methods-and-
technology-used-in-chemistry-secondaryeducation-2329-6798-1000223.php? aid=90742.

9 Pidkasistyi, P.I., Akhmetov, N.K., & Khaidarov, Zh.S. (1985). Po fundamentalnym distsiplinam [On fundamental disci-
plines]. Vestnik vysshei shkoly — Bulletin of the Higher School, 7, 35-40 [in Russian].

10 Akhmetov, N.K., Khaydarov, Zh.S., Filippova, L.M., & Nauryzbaiev, M.K. (1983). Uchebnye ihry v praktikume po
analiticheskoi khimii [Educational games in the workshop on analytical chemistry]. Alma-Ata: Izdatelstvo KazSU [in Russian].

86 BecTHuk KaparaHauHckoro yHvusepcuTeTa





