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Currently, problem learning is widely used in many disciplines, as one of the techniques of modern
learning technologies [1-3]. It involves the creation of teacher-led problem situations and active independent
activity of students to resolve them. This type of training is aimed at independent search of students for new
concepts and methods of action. The main purpose of the technology of problem learning is the development
of thinking and abilities of students, the assimilation of their knowledge and skills obtained in the active
search and independent problem solving. As a result, such knowledge is stronger than traditional training. In
the learning process, students are put forward cognitive problems, the resolution of which (under guidance of
a teacher) leads to the active assimilation of new knowledge. Problem learning provides a special way of

thinking,

S.B. Abeuova', D.D. Naushabekova', D.M. Muslimova',
E.B. Abeuova’, E.K. Tussupbekova’, A.T. Dyussekeyeva'

"Ye.A. Buketov Karaganda State University, Kazakhstan;
2102 school-gymnasium, Karaganda, Kazakhstan,
‘Karaganda State Technical University, Kazakhstan
(E-mail: abeuova.salta@gmail.com)

Application of technology of problem-based learning in the discipline
«Methodology of carrying out school chemical experiment»

The article presents the results of an experiment on the application of problem-based learning technology in
teaching chemistry. Problem learning is aimed at the independent search for new knowledge and ways of ac-
tion, and also involves a consistent and purposeful promotion of cognitive problems, through the resolution of
which students actively learn new knowledge. Technology of problem-based learning was used in the disci-
pline «Methodology of carrying out of school chemical experiment» with the students of the third course.
Two demonstration experiences in chemistry were chosen as problem situations in our case. Updating of
knowledge was carried out before the experiment. Then there was the creation of a problem situation and the
formulation of the problem. The chemical experiment was shown by a teacher. The situations were consid-
ered by students. Then conclusions were drawn. The questionnaire of A.A. Rean and V.A. Yakunin was used
for diagnostics of educational motivation of students. Knowledge of problem situations was tested with the
test method before and after the experiment. To identify opinions of students on the technology of problem-
based learning the individual interviews were conducted. As a result of application of technology of problem-
based learning cognitive and research interest, search features and abilities were created, opportunities for co-
operation of the teacher with students were opened that promoted deeper and strong assimilation of material.
Despite the disadvantages of problem learning, including high time costs, the presence of the necessary
«starting» level of knowledge of students, today the idea of problem learning has been successfully imple-
mented in the systems of developmental education.

Keywords: problem-based learning, problem situations, new technologies of teaching chemistry, chemical
experiment, methods of teaching chemistry.

Introduction

strength of knowledge and their creative application in practice.
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It is possible to create problem situations and solve them with the help of various methods, with the in-
volvement of visual and technical means of training, as well as with the appliction of chemical experiment
[4, 5]. For example, in the production of demonstration and laboratory experiments, the results of which stu-
dents cannot explain using their knowledge, because these results usually contain new information, which
requires new knowledge to understand. Such experiments are carried out before the study of a new topic or a
separate issue, as well as before the generalization of all the material. First, students simply observe the phe-
nomena, and then, when a problem arises, consider their essence deeply and comprehensively. Demonstra-
tion and laboratory experiments in the process of problem training can serve as a material for creating prob-
lem situations, and used to solve them.

Chemical experiment is a source of knowledge, promotion and testing of hypotheses, a means of secur-
ing knowledge and control. Through laboratory and demonstration experiments, the teacher creates certain
organizational conditions for the activation of mental activity of students, stimulating the search for missing
knowledge to resolve cognitive contradictions.

Experimental

Pedagogical experiment was conducted in the classes on the discipline «Methodology of carrying out of
school chemical experiment» among third-year students. The experiment involved 8 students (female), who
are trained in the specialty «chemistry-education» and are future teachers. They can apply the acquired
knowledge in their future professional activity. During the class, students worked in groups.

Diagnostics of educational motivation of the respondents (before and after experiment) was carried out
according to the method of A.A. Rean and V.A. Yakunin [6].

Knowledge of students about problem situations was evaluated by testing. The test consisted of 30
questions on the following topics, namely properties of nonmetal oxides, bases, acids, salts; electrolytic dis-
sociation; monobasic carboxylic acids; double bond; chemical properties of ethylene. Testing was conducted
twice, namely before the experiment (pre-test) and after the experiment (post-test).

We conducted an individual interview after the experiment in order to identify the views of students
about the problem-based learning.

Two demonstration experiences were selected to create a problem situation. Depending on the level of
training of students problem situations are analyzed by students under the guidance of a teacher or inde-
pendently. Then students find ways to solve the problem and draw conclusions.

Demonstration experiment No. 1

Preparation of carbon dioxide and testing its properties

Purpose: Show the dependence of the properties of carbon dioxide on its composition and structure.

Reagents and equipment.: Pieces of marble or limestone, solutions of hydrochloric acid and universal
indicator, lime or barite water, highly diluted sodium hydroxide solution; gas discharge tube for carbon diox-
ide, laboratory tripod, test tubes.

Updating of existing knowledge: Students know the general properties of non-metal oxides. They also
understand the properties of bases, acids and salts from the point of view of the theory of electrolytic dissoci-
ation. During the introductory conversation, they restore the properties of these substances in memory.

The creation of problem situation and statement of the problem: The composition of carbon dioxide re-
fers to non-metal oxides. Considering the electronic formula of carbon dioxide, the saturation of carbon
bonds with oxygen and their strength (covalent nonpolar bonds) are noted. Hence, carbon dioxide is a com-
pound in which there was a complete oxidation of the carbon atom. This gives you the opportunity to claim
that the carbon dioxide is able to demonstrate general properties of non-metals oxides. The problem is to test
experimentally whether carbon dioxide will interact with water and alkalis.

The nomination of hypothesis: Students assume that carbon dioxide exhibits chemical properties similar
to the general properties of non-metal oxides.

The solution to the problem and conclusions: The experiments were demonstrated by a teacher, or they
were performed by students.

1. Pieces of marble or limestone are lowered into the carbon dioxide device and a solution of hydro-
chloric acid (1:4) is added. There is a release of gas bubbles-carbon dioxide.

2. Carbon dioxide is passed into the test tube with water colored with a solution of the universal indica-
tor. There is a change in the color of the indicator.
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3. Carbon dioxide is passed firstly in a test tube with lime water, and then in a test tube with a highly di-
luted solution of sodium hydroxide, which wetted with a universal indicator. In the first test tube there is tur-
bidity of the solution, in the second is discoloration.

Students explain the nature of the observed experiments, make the reaction equations and come to the
conclusion that carbon dioxide exhibits the general properties of nonmetal oxides and get it as well as most
gaseous oxides.

Demonstration experiment No. 2

The ratio of oleic acid to bromine water and potassium permanganate solution

Purpose: To show the dependence of unsaturated properties of oleic acid on its composition and struc-
ture.

Reagents and equipment: Oleic acid, bromine water, potassium permanganate solution, test tubes.

Updating of existing knowledge: Students revise in memory the structure of the double bond, its charac-
teristics and chemical properties of ethylene and its homologues. They also recall the chemical properties of
monobasic carboxylic acids.

The creation of problem situation and statement of the problem: According to the molecular formula of
oleic acid C;3H340, students make its structural formula and determine the structure, note the presence in the
oleic acid molecule of one double bond and one functional carboxyl group. Students characterize this acid as
a substance exhibiting the properties of carboxylic acids and unsaturated compounds. They suggest the prop-
erties of oleic acid due to double bond. The problem is posed: to test experimentally the possibility of inter-
action of oleic acid with bromine water and potassium permanganate solution.

The nomination of hypothesis: Students assume that oleic acid exhibits properties similar to ethylene
due to the presence of a double bond in molecule of the oleic acid.

The solution to the problem and conclusions: The experiments were demonstrated by a teacher, or they
were performed by students.

1. 2 cm’ of oleic acid and bromine water is poured into a test tube. The tube is closed with a stopper and
is shaken. There is discoloration of bromine water.

2.2 cm’ of oleic acid and potassium permanganate solution is poured into a test tube. The tube is closed
with a stopper and also is shaken. There is discoloration of potassium permanganate solution.

Students write the reaction equations, explain the essence of the experiments and come to the conclu-
sion that oleic acid along with the properties of carboxylic acids also shows the properties of unsaturated
compounds, which indicates its dual nature.

Results and Discussion

Questionnaire consisted of 34 questions [6]. Students evaluated on a 5-point system given the motives
of educational activity on the importance for them: 1 point corresponds to the minimum significance of the
motive, 5 points — the maximum.

Scale 1. Communicative motives — 7, 10, 14, 32 questions;

Scale 2. Avoiding Motives — 6, 12, 13, 15, 19 questions;

Scale 3. Prestige motives — 8§, 9, 29, 30, 34 questions;

Scale 4. Professional motives — 1, 2, 3, 4, 5, 26 questions;

Scale 5. Motives of creative self-realization — 27, 28 questions;

Scale 6. Educational and cognitive motives — 17, 18, 20, 21, 22, 23, 24 questions;

Scale 7. Social motives — 11, 16, 25, 31, 33 questions.

When processing the test results, the average for each scale of the questionnaire was calculated.

Diagnostics of educational motivation of students according the questionnaire of A.A.Rean and
V.A. Yakunin showed the increase of communicative, professional, educational and cognitive motives (Ta-
ble 1).

The results of students on the scales of motives of avoiding and prestige remained unchanged. This
shows that before and after the study, the desire of students to keep up with fellow students, to be among the
best students and to get approval from parents and others remains at the same level (not changed).
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Tablel
Diagnostics of educational motivation of students (before and after the experiment)
Values of respondents
(before and after experiment)

No. | Scales of motives 1 2 3 4 5 6 7 8
Be- |After| Be- |After| Be- |After| Be- |After| Be- |After| Be- |After| Be- |After| Be- |After
fore fore fore fore fore fore fore fore

1 |Communicative 3514538 45| 4 | 433843 |33| 4 (38|43 3 4 | 38148
motives

2 |Avoiding Motives| 3 3 13232 3 3 3 3 128283232 |28|28|28]28

3 |Prestige motives 4 4 |46 |46 |44 |44|38|38| 4 4 | 44|44 |132|32|38]38

4 |Professional 5 5 5 5 5 5 143 5 5 5 4247|3547 (45| 5

motives

5 |Motives of 4 4 4 4 4 4 145|145 4 4 |35(135| 3 3 3 3

creative self-
realization

6 |Educational and 4 146 |41 |47 |41 |46|39|47|39|46|34|47|33|44|34]|46
cognitive motives
7 |Social motives 441441464642 |42 | 4 4 138]38]38]38|38|28]32]32

Testing for knowledge of problem situations showed that the number of students with good results in-
creased (Table 2, Fig.).

Table 2
Testing results for knowledge of problem situations

Number of correct answers Nurpber of students -
Before experiment | After experiment
High index (23-30) 2 4
Average index (15-22) 4 3
Low index (1-14) 2 1

B Number students before
experiment

B Number students after
experiment

High index

(23-30) Average

mndex

Low index
(1522 (-4

Figure. Analysis of the test for knowledge of problem situations (before and after experiment)

Table 3 presents data from the analysis of interviews on the applicability of problem-based learning at
chemistry lessons. The results show the answers that students most often indicated in the interview. The
analysis showed that problem-based learning has a great impact on learning skills, life and cognitive skills.

Despite the advantages, problem learning also has disadvantages among which «weak interaction be-
tween some students» and «Treating the passive group members equally with the othersy.
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Table 3
Analysis of student interviews about the applicability of PBL
Number
Category Answers of students of students
PBL encouraged us to do individual investigations 7
Learning skills |I challenged my phobia of public speaking 4
We built intragroup and intergroup communication skills and to make presentations 6
There was a good communication in our group 5
Acquired knowledge helped to improve more communication skills 7
PBL helped students to improve their self-confidence 6
Life skills  |Group works contributed to the interaction and increased our motivation to learn 6
chemistry
Presentations increased our self-confidence and self-expression 5
PBL was related to effective use of time 5
Cognitive skills Problem scenarios were interesting. Therefore, working on it was also interesting 7
The scenarios had a positive effect on the our curiosity 6
Shortcomings Weak' interaction§ between some students ' 2
Treating the passive group members equally with the others 2

Conclusions

The use of problem-based learning technology in chemistry teaching increases interest of students in the
search for new knowledge, provides a special type of thinking, the strength of knowledge acquisition and
their creative application in practice. As a result, the students formed the motivation to succeed, develop
mental abilities. Diagnostics of educational motivation showed that students increased cognitive and research
interest, search features and skills. They became more open to creative cooperation. Testing for knowledge
of problem situations showed an increase in the level of knowledge.

However, the technology of problem-based learning, like other technologies, has positive and negative
sides. Interviews revealed advantages and disadvantages of the application of problem-based learning. Along
with increasing communication skills and research interest, there is a weak control of cognitive activity of
students. The technology of problem-based learning requires a lot of time to prepare for the lesson, the nec-
essary starting level of students, and the creative approach of the teacher. Despite the identified shortcom-
ings, nowadays, problem-based learning is the most promising, compared with traditional methods of train-
ing, and can be successfully used in teaching chemistry.
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C.b. Abeyoga, JI./l. Hayma6ekosa, /.M. MycnumoBa,
D.b. Ab6eyona, D.K. Tycyn6ekoBa, A.T. /rocekeeBa

IIpo6JieManbIK OKBITY TEXHOJOTUSICHIH «MeKTenTe XuMHUSIJIBIK IKCIIEPUMEHTTI
JKYPri3y aicTemeci» moHi cabaKkTapbIHAa KOJIaHY

Maxanaza xumust cabakTapblHIa HPOOIEMAIBIK OKbITY TEXHOJOTHACHIH KOJIIaHy OOWBIHINA IKCHIEPUMEHT
HoTwKenepl kenripinreH. IIpoGneManbIK OKBITY JKaHa OUIIM MEH ic-KUMBUI TocuiuepiH o3 OeriMeH
i31ecTipyre OaFbITTaIFaH OKBITY OOJIBIIT TA0BUIABI, COHIai-aK MYFalIMHIH >KETEKIIUTITIMEH XKaHa OuTiMaepai
OelceHml Typle Mrepill jKaTKaH CTYAEHTTepre KOTHHTHBTI IpobieMaaapsl TOHEKTi jKoHe MaKCaTThl TYphe
ayFa KoronapbH ke3neiai. [IpoGreMaliblk OKBITY TEXHOJIOTHSCH! YIIIHINI Kype CTyAeHTTepiHe «Mekrenre
XUMHSUIBIK OKCIEPUMEHTI JKYprizy ojicteMeci» IIOHIH JKYpri3y OapbIChIHAA KOJIAQHBUIABI. XHMHSIaH
npoOsieManblK JKardail periHme €Ki KepHeKkinik Taxipube Tammanapl. Toxipube anasiHza Oirim
e3ekrenaipiani. Conan kel mpobaeMabIK JKaFIai bl xKacay *KoHe MOCeNIeHI TY)KbIpbIMAY KaxeT. MyFaitim
XUMHSUIBIK TOKipuOeHi kepcereni. CTyIeHTTep KaFAaiIpl capanamn, KOPBIThIHABI xkacaiiibl. CTyqeHTTepAiH
OKyFa JIEreH BIHTAChlH TeKcepy MakcaThiHga A.A. Pean xoHe B.A. SIkyHuMH cayaiHamachl KOJJaHBUIIBI,
TIpo0JIeMalTbIK JKaFaaiylap/bl aHbIKTal 01Tyl TecT 9/ici apKbUIBI TOXIpHOE alAbIHA JKOHE ToXKipHOeIeH Keiin
aNbIHbII, OaranaHzabl. CTymZEeHTTepAiH HMpoOJIeMalbIK OKBITY TEXHOJOTHSCH OOMBIHINIA MIiKipJIEpiH aHBIKTAY
ymH okeke cyxOar okyprizinmi. IIpoGmeManblk OKBITY TEXHOJIOTHSUIAPBIH KOJJaHy HOTWDKECIHAE
CTYICHTTEPAIH KOTHUTHBTIK JKOHE 3epPTTEy KbI3BIFYIIBUIBIKTApBI Maiiaa OONIbI, i37ey epeKiiesikrepi MeH
JIaF IblIIapbl apTThI, COHBIMEH KaTap MaTepHalllibl TEPEHIPEK, opi OepiK YFhIHYbIHA BIKIIAJ €TETiH, MyFaJliM MEH
CTYICHTTEpPAIH apachlHAAFbl BIHTHIMAKTACTBIK KapbIM-KaThIHACTBIH Maiifia OoyyblHa KON  allThI.
[TpoGneManbIK OKBITYAAFbl CTYICHTTEPAIH KaXeTTi «OacTankp» OiniMiHIH GONybl, KON YaKbITThI KaXKET €Ty
CHSIKTBI KEMILTIKTepre KapaMacTaH, Ka3ipri TaHaa npobiieMaiblK OKbITY HIesIIaphl )KaHAPThUIFaH OisliM 6epy
JKYHeCiHIe OWIarpIIail icke achIpbUTy/Ia.

Kinm ce30ep: mpoOneMainbIK OKBITY, NMpoONeManblK JKargaiinap, OumiM OepymiH kaHa TEXHOJOTHSIIApHL,
XUMHSUIBIK 9KCTICPUMEHT, XUMHSHBI OKBITY 9/liCTEMeci.

C.b. Ab6eyona, /[.JI. Hayma6exosa, /.M. MycnumoBa,
2.b. Abeyora, 3.K. Tycynbekona, A.T. [lrocekeena

HpnMeHeHne TEXHOJIOINH npoﬁneMnoro 06yqemm Ha 3aHATHUAX 0 JTUCIHHUITIJIMHE
«MeToauka MpPOoBEACHUA IIKOJBbHOI0O XUMHYIECCKOI0 IKCIIEPUMEHT A

B crarbe mpuBoAsATCS pe3yNbTAaTHl HKCIICPHMEHTA MO MPUMEHEHUIO TEXHOJIOTHH IPOOIEMHOr0 00ydeHHs Ha
3aHATHAX 110 XuMuH. [IpoGeMHOe 00ydeHre HalpaBIeHO Ha CAMOCTOSTENIBHBIN IIOMCK HOBBIX 3HAHHH U CIIO-
co0OB JeHCTBHS, a TAKKe NPEANoJaraeT MOCIe0BaTeNbHOE U LeJICHANPABICHHOE BBIIBH)XCHUE I103HABA-
TEJBHBIX IPOOJIEM, TOCPEACTBOM Pa3pELICHNS] KOTOPHIX CTYJICHThI aKTHBHO YCBaMBAIOT HOBbIC 3HaHUA. Tex-
HOJIOTUSL NPOOJIEMHOro OO0y4eHMsl NMPUMEHSIACh Ha 3aHATHUAX MO JUCHUIUIMHE «MEeTOoIHKa IpOBEICHHS
IIKOJIBHOTO XMMHMYECKOI0 KCIIEPUMEHTa» ¢ YYalllMMHUCS TPETbero Kypca. B kadecTBe mpoOieMHBIX CUTya-
Ui B HaIlIeM ciydae ObUIM BEIOPAHBI J[Ba AEMOHCTPALIOHHBIX OIBITa IO XUMHU. [lepex mpoBeneHneM dKc-
TIepUMEHTa TPOBOMIIACH aKTyalIn3anus 3HAHUH. 3aTeM UIeT COo3laHne IMPoOIeMHON cutyanun u Gopmym-
poBka npobeMsl. Jlanee mperogaBaTelb MOKA3bIBACT XMMUUECKAN SKCIEPUMEHT. Ydamuecs 00yMBIBAIOT
CUTyalluH, JETal0T BBHIBOABL JJIs ITHMAarHOCTHKU y4eOHOH MOTHMBALMM CTYACHTOB HCIIOJIB30BAJICS OIPOCHUK
A.A. Peana u B.A. SIkyHuHa, 3HaHHE IPOOJIEMHBIX CUTYalMii OLIEHUBAIOCH METOAOM TECTUPOBAHUSA A0 U IO-
ClIe BKCIIEpUMEHTA. J[J1s BBIBICHHS MHEHHMS CTYJICHTOB O TEXHOJOTHHU IPOOIEMHOTO 00y4eHHUs POBOANIOCH
UHAUBHIyaJIbHOE HHTEPBbIO. B pe3ynbrare NMPUMEHEHUsS TEXHOJIOTHH NMPOOJIEMHOr0 O0YUeHHs Yy ydalluxcs
copMHUpOBAIICS TTO3HABATEINIBHBII M HAYYHO-HCCIIE0BATEIbCKHI HHTEPEC, HOMCKOBbIE OCOOCHHOCTH U yMe-
HUSI, OTKPBUINCH BO3MOXXHOCTH IJISI COTPYIHUYECTBA MPEII0aBaTels ¢ yJallMUCs, 9TO CHOCOOCTBYeT Ooiee
TIIyOOKOMY H IIPOYHOMY YCBOEHHIO MaTepuana. HecMoTpsi Ha MUHYCHI IIPOOJICMHOTO 00yUeHHs, CpeIH KOTO-
pBIX OOJNBIINE BpEeMEHHBIE 3aTPaThl, HAINYHE HEOOXOINMOTO «CTapTOBOTO» YPOBHS 3HAHMI 00ydaromuxcs,
uaeu npobIeMHOro OOydYeHUs! Ha CETOJHSANIHUN JIeHb YCIICIIHO PEaM3YIOTCSI B CHCTEMaX pa3BHBAIOLIECTO
o0y4eHusl.

Kniouesvie cnosa: npobnemMHoe o0ydeHHe, IPOOIEMHBIE CUTYal[H, HOBbIE TEXHOJOTHU O0Y4YEHHS, XUMHYe-
CKHMil DKCIIEPUMEHT, METO/IMKA TIPEIOaBaHUs XHMHH.
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