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Formation of critical thinking skills at the lesson
of the discipline «Chemistry of Elements»

A methodology for conducting classes using new forms of work that promote the development of critical
thinking has been developed. The first year students took part in the experiment. Pedagogical experiment
consisted of three stages, namely, ascertaining, formative and control. Classes were held with the use of vari-
ous techniques such as schemes, diagrams, presentations, clusters, which made the classes more interesting,
cognitive and diverse. Questionnaires and questions for testing the level of components development of criti-
cal thinking were designed. They helped to determine the level of educational motivation and to test the ef-
fectiveness of supporting abstracts. These tasks were applied before the beginning of the experiment to de-
termine the initial level of development of critical thinking, as well as after the formation stage. The results of
the present stage of the experiment showed that the level of critical thinking of first-year students was not suf-
ficiently developed. The obtained data of research.can be.used at creation of a technique of students’ critical
thinking development in the chemistry course teaching. In comparison with the traditional form of teaching,
where an authoritarian approach to learning is used, this technology provides a free liberal form of conducting
a lesson that leads to the awakening-of students':cognitive activity. Traditional evaluation technique can be
used to assess students when using new forms of work, since the components of critical thinking cannot be
evaluated specifically. The technology helps to establish a discussion between students, through a form of
work such as oral presentation.

Keywords: critical thinking, motivation, introspection, reflection, technology, Venn diagram, cluster, presen-
tation.

Introduction

Lecture, seminar, practical classes, laboratory work, independent work of students are traditional forms
of teaching chemistry in high school. Lecture is a basic form of teaching students. The main purpose of a
lecture is/to provide a theoretical basis for training, develop interest in the learning process and a certain aca-
demic discipline, and motivate students to develop self-directed activities during the course [1]. In addition, a
lecture 1s a convenient way of obtaining the basic information in a compressed form, which activates the
process of cognitive activity in practical exercises. All of these are a significant plus of lecture classes. How-
ever, it is possible to identify a number of disadvantages inherent in the lecture form of training, for example,
getting involved in passive perception of the information received, inability to think critically, and almost
complete absence of independent work. At the lecture classes the students do not try to comprehend the ma-
terial, but simply mechanically write down the lecturer's information. This means that there is simply an imi-
tation of the cognitive process. There is a need for a new format arises for conducting lecture classes to use
the teaching time effectively, which is provided to familiarize students with new material by reading the lec-
ture of a teacher.
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Experimental

The pedagogical experiment was conducted on the discipline «Chemistry of Elements» in which the
first-year students took part. The first-year students of the Kazakh department were chosen to participate in
the experiment, because there are class-lesson forms of the organization of the educational process at
schools, where students study subjects strictly sequentially in a specific volume for a certain period in class-
room conditions. In the university, students are trained in the credit system of education, which is aimed at
increase the level of self-education and individualizing the pace of student learning. Therefore, first-year stu-
dents are the least prepared for an individual form of training organization, where they must independently
master the knowledge. Also another reason why first-year students took part in the experiment is that at
school students use one or two textbooks, when they come to the university, as such, they have no single
textbook on which they can study. This is one of the difficulties in finding and studying information. One of
the tasks of the experiment was that the students of the Kazakh department should learn to write lecture notes
from textbooks not only in Kazakh, but in Russian too.

Before applying the technology of critical thinking at the lesson of chemistry, it is necessary.to find out
at what level of development critical thinking exists. Especially, in the first year students with a different
level of education from different schools study. In this regard, the pedagogical experiment was divided into
three stages, namely, ascertaining, formative and control. For each stage, various tasks were developed,
which served as diagnostic and forming tools [2].

The goal of the ascertaining stage of the experiment is to determine the initial level of development of
critical thinking among students in the process of teaching chemistry of elements. In accordance with the
goal, the main tasks of the ascertaining stage of the experiment are outlined:

— to determine the level of motivational readiness of students for the formation of critical thinking in the

process of studying the chemistry of elements;

— define criteria and indicators of the level of development of critical thinking of students;

— select the diagnostic material with which it’s possible to determine the qualitative characteristics and

are unique to each of the critical thinking levels;

— define the initial level of development of critical thinking in first-year students.

At this stage of the experiment, students' learning motivation was studied, also the ability to compose
abstracts, and the ability to work in a group: A questionnaire [3] to study the motivation of students was
used, where students were required to answer «yes» or «no» to the following questions:

1) Are you interested in studying chemistry?

2) Can you apply the knowledge gained in chemistry in life?

3) Do you ask questions to the teacher if you do not understand something?

4) Do you read additional literature on chemistry?

5) Do you like solving complex chemistry problems?

6) Are you interested in the achievements of scientists in the field of chemistry?

7) Are you tryingto find answers to your questions?

8) Do you apply knowledge gained in chemistry classes while studying another subject?

9) Do you limit the information in the textbook to answer on the lesson?

10) Do you practice self-education?

11) Do-you consider the information presented in the textbooks is interesting?

12) Do you.think good knowledge will help you in your future professional work?

For each question with a «yes» answer, one point is awarded, with a negative answer, the points are not
credited. Levels of motivation: high (from 10 to 12), medium (from 6 to 9), low (from 0 to 5).

It is possible to monitor positive changes in the students' educational motivation in comparison with the
initial state after processing the results of the questionnaire (Table 1).

Table 1
The level of motivation of students before and after the experiment
Number of Students
Levels - -
before the experiment after the experiment
High 6 7
Average 14 15
Low 4 2
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As the results of the research show, the motivation of the majority of students at the beginning of the
experiment is at an average level, where students' interest in the learning process is inactive and the activities
of students are not meaningful, and then there are positive changes.

There are a huge number of techniques and strategies for students to develop their critical thinking. At
the beginning of the study, we selected forms of independent work that contributed to the development of the
ability to think critically, which would result in mastering the skills of presenting the results of our analysis
in various ways such as writing a summary, a collective presentation, a Venn diagram and diagrams, clusters.

Writing and drawing up a summary before each lecture was offered to students at home. Students can
use any sources of information that must be presented in the form of a lecture. The amount of information
learned by students in self-writing notes, the degree of understanding of the material studied, as well as'those
questions and facts that students could not understand in the course of independent work were determined by
asking leading questions. Preliminary acquaintance with the material through the drafting of the abstract first
caused the students great difficulties. Therefore, at the initial stage of the application of this methodology,
the independent writing of abstracts was organized. Mandatory requirements for the content of the abstract
was a thesis of the theoretical material with the derivation of formulas, laws, questions arising during the
study of the material, the availability of examples of practical application of the material [4].

Evaluation of the abstracts was organized as follows. Four groups of students were trained, who were
trained to write abstracts, according to the following criteria:

— there is no abstract;

— the abstract is not complete (not all material is reflected in the abstract);

— the summary is complete, but it has some drawbacks (the material is poorly structured, there are no
conclusions, few examples, its attitude to the material is not shown in the form of questions, addi-
tions);

— the abstract is mostly without shortcomings. Improvements in learning outcomes were recorded.

When comparing the results of the study of preliminary processing of educational material, one can ob-
serve an increase in the number of students whose abstracts are mostly deficient, which leads to the devel-
opment of the capacity for self-organization and critical analysis of one's own activity (Table 2).

Table 2
The results of the evaluation of abstracts before and after the experiment

Evaluation Criteria Ngmber of Students -
before the experiment after the experiment
There is no abstract 2 0
Abstract is incomplete 11 8
Abstract is complete 7 7
Abstract basically has no shortcomings 4 9

To assess the effectiveness of the compiled abstracts, we conducted a test work, where students had to
answer a series of‘questions.on the topic, using only their own abstracts. Within 10 minutes, using their own
notes, the students had to answer the following 6 questions:

1) Why, in comparison with other elements of the VA group, the maximum valence of nitrogen in com-
pounds isIl, whereas, for example, the maximum valence of phosphorus is V?

2) Why does molecular nitrogen show a low reactivity?

3) What single oxide can be obtained by direct interaction of nitrogen and oxygen at high temperatures?

4) What reaction underlies the use of hydrazine as a rocket fuel?

5) Why is nitric acid stored in dark bottles? What reaction equation underlies this storage condition?

6) The most common nitrate, which is used as a nitrogen fertilizer?

Verification work carried out at the end of the experiment showed also improvements in comparison
with the ascertaining stage.

Presentation as a kind of educational retelling puts the task to convey from the perceived text the main
thing, using the language means of generalized content transfer. It occupies a special place in the teaching of
coherent speech and contributes to the improvement of general communicative skills: to disclose the topic,
the main idea of the text, to plan the utterance, to improve the created text.
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Presentation lasting about 15-20 minutes was prepared by students, who were previously divided into
groups. For example, in the lesson on «Elements of Group V», where the main representatives are nitrogen
and phosphorus, we used the oxidation states characteristic of these elements as a basis for dividing students
into groups. If a student came across a card with a «+5», he was in a group that needed to characterize all the
nitrogen compounds, where he exhibited an oxidation state of «+5».

In preparing the presentation, students were given the opportunity to use various sources of information,
including their own abstracts.

From each group, 2 to 3 representatives were elected who were to go to the board and provide. infor-
mation about the element, its representatives, properties and applications. After their speech, students from
other groups asked them questions on interesting or incomprehensible facts.

The main requirements for the presentation were: own critical analysis of information, close communi-
cation with the audience, persuasiveness and creative submission of information using examples. The great-
est number of skills and competencies helps to get work on a collective presentation, as apart from analytical
abilities, the ability to distribute duties, skills of effective oral presentation is also developed.

Also one of the new forms of work was the development of schemes (Fig. 1).

15°24%2, ;‘Fr_ aiatn R el L 2O
.)‘)f (23 é m pa é cyy IEC
Crenems [T 5 AP(‘L;LP&U-; x.(?r Lt

O
32 OKUM CELITYNEEEAL —d noimsttly "”‘(
U pOtkeemall  mygep
Sy Il
i

Tm &nlﬂﬂ_] = z "_ ‘
- S.ldegs | 408 | § .
-2 X 2,00 | 30,0 | 5%
o0 | Aen, |y 5§ e
S P INWITRENTNN - X
H S CKYKIPT o4TLKr el
o
2. "‘wu\‘ Hpiline
G e g adk
3 o
2H

< Wl¥s= s

é.+s=@s

Figure 1. Presentation.of the training material in the form of a schema

The scheme is used to visually structure a topic, highlight the main structural elements and establish
links between them. These schemes help students to see not only the distinctive features of objects, but also
allow faster and stronger storagef information [5].

The Venn diagram was used to.compare two or more elements that have similar physical and chemical
properties. The lesson reveals two'or more concepts, terms, phenomena that need to be compared. For exam-
ple, in the task «Compare:properties and structure that are inherent in nitrogen and phosphorus», students
draw rings, fill in graphs. At the stage of reflection, the diagrams in the groups are discussed (Fig. 2).

Figure 2. Venn diagram on the subject «Elements of the VA group»
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Another of the new forms of work was the reception of Clusters. On the lesson, we tried to characterize
the s-elements. Students had to write in notebooks all the associations that they cause these metals (work
within 2 minutes). The teacher builds clusters on the board according to the ideas expressed by the students

(Fig. 3).

Active metals

Reacts violently with water Y

Sodium
and
potassium

Form alkali

Soft, cut with a knife

\ 4

At the valence level,
there is 1 electron

Figure 3. Cluster on «Sodium, potassium and their propertiesy»

At the end of each lesson, students were asked questions for self-analysis-of the effectiveness of their
own abstracts and their participation in the work of the group when applying the presentation of the material.

1) Has your reference abstract helped you in answering questions on the topic of the lecture?

2) Do you think that the teaching material is fully reflected in your abstract?

3) Do you think you have learned reflect the training material briefly and at the same time fully?

4) Do you participate in the preparation of the group for the presentation?

5) Do you present your thoughts aloud when discussing a group of questions of a lecture?

6) Do you participate in the distribution of roles'and the definition of the function of each member of
the group?

7) Do you like the pace of the work of the group you were assigned to?

For clarity, the results of the study of the effectiveness of the abstracts are presented in the form of a di-

agram in Figure 4.

Oyes Eno

75%
18
students

Figure 4. Efficiency of abstracts

The number of students who believe that the quality of their abstracts had improved markedly in-
creased. Perhaps this was due to the fact that the number of students who believed that they had coped well
with the questions of verification work had increased.

After processing the results of the questionnaire, the following data were obtained: 79 % of students
rate their learning activity in the group as high, 21 % — as low.

On the last lesson we held a reflection in order to identify students' perception of new forms of work.
For this purpose, students were given questionnaires with the following questions [6]:

1) Did you like the new forms of work with information?

2) Did you easily manage to present information in the form of diagrams, diagrams and presentations?
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3) Do you think that these forms of work contribute for improving the quality of knowledge in this dis-
cipline?

4) Would you like to continue using these forms of work in class?

The results of this survey are shown in Figure 5.

Ono
Oyes

M not sure

Figure 5. Perception of new forms of students work

Conclusions

Approbation of methods for developing students' critical thinking (abstract, clusters, schemes, Venn di-
agram and presentations) has proved the possibility of purposeful development of critical thinking of first-
year-students in the process of teaching chemistry. The most difficult. for the students was the task — the
Venn diagram and the preparation of lecture notes. By the end of the experiment, students have learned to
compose such abstracts that can be used in practical exercises without resorting to additional sources.

The results of testing all components of critical thinking at the control stage confirm the success of the
experiment. Also, these techniques help to interest more. passive students, who in the course of time in the
process of learning may appear personal functions,in particular, motivation for learning. When applying the-
se strategies independence of judgments, creative.abilities-are developed. If the teacher uses these techniques
in the educational process, they can also identify individual gaps in the knowledge of each student.

It is necessary to use different methods and techniques to develop critical thinking among students not
only in lectures, but also in practical exercises.

A small disadvantage of this technology is the teacher's time spent preparing for the lesson, since there
are almost no didactic or teaching aids, which give examples of ready-made assignments that could be used
to prepare the lesson plan. All the tasks the teacher needs to think through independently and to foresee ques-
tions that can raise doubts among students.
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«JeMeHTTep XUMMSCHD> MIIHI 00MbIHIIA cadaKTapbIHAA
ChIH TYPFbICHIHAH OHJIay KaOlleTTepiH KaJbINTACTBIPY

ChbIH TYPFBICBIHAH OMJIAY Il aMbITYFa BIKIIAJ €TETiH )KaHa KYMbIC TYPJIEPiH KOJIaHATHIH cabaKTap/ibl OTKi3y
anicremeci xkacanipl. DKCHEPUMEHTKe OIpiHIII Kypc CTYASHTTEpi KaThICThI. [leaarorukaibplk Taxipude yur
KE3€HHEH TYpJbl: aHBIKTAy, KaJBIITACTBIPY *oHe Oakpuiay. Cabakrap op Typii onictepli KOJAaHYMEH
OTKI3lIi: cxemanap, QuarpaMmanap, Npe3eHTauusuIap, Kiactepiaep, oiap cabakTbl KbI3BIKTBI JKOHE
KOTHUTHBTI eTyiHe bIKnan eTTi. ChIHM TYPFbIIaH OWJlay KOMIIOHEHTTEpiHIH Jamy JCHIeHiH Tekcepy YIIiH
CayaTTBUIBIKTEl JaMBITY/BIH JACHTeHiH aHBIKTAay XoHe pedeparTapAblH THIMIUITIH TECTiNEy CYpaKTapbl
OoibIHIIA cayaHaMa OTKi3Ual. By MiHgerTep skcriepuMeHT OacTanraHra JASHiH CHIHM OMIayAbIH OacTamKb
JIeHTreii, coHmai-aKk KaJbIITacy Ke3eHiHeH KeHiH aHBIKTaabl. TokipHOeHIH Ka3ipri Ke3eHIiHIH HOTHKelepi
OipiHINI Kypc CTYACHTTEPIiHIH CBIH TYPFBICBIHAH Oifflay JeHredi >KeTKITIKCI3 IaMBIFaHbIH < KOPCETTi.
3epTTey/IiH aJIbIHFaH AePeKTePiH XUMUSHBI OKBITY OapBICHIHIA CTYICHTTEPIIH CHIHU OMIay bl TAMBITY 9iCiH
KYpy Ke3iHge KonpaHyra Oonagsl. OKyIblH aBTOPUTAPIBIK 9/iCi KOJAAHBUIATBIH ASCTYPIIi OKBITY. d/1iCIMEH
CAIBICTBIPFaH/Ia, OYJ TEXHOJIOTHS OKYLIBUIAP/BIH TaHBIMJBIK OCJICEHAUIINH OATyFa OKENETIH CabaKTh
OTKI3y/iH epKiH JiuOepaiabl HBICAHBIH KaMTaMachl3 eremi. OKyHIBUIApABIH jKaHa KYMBIC (opMalapbiH
naiilananran ke3ge Oarajay YUIiH ASCTYpii Oaranmay SficiH KojjaHyra Oonanbl, ceOedi chIHM oilmaymbiH
KOMITOHEHTTEpi HAaKThl OaraJlaHybl MYMKIH eMec. TeXHONOrus aybl3Ia HpPe3eHTANMs /CHSKTHI 2KYMBIC
TYpJIepiMeH CTYJEHTTEep apachH/a MiKipTanac Kypyra KOMeKTece .

Kinm ce30ep: CbIH TYpFHICBIHAH OMJlay, MOTHBAIMs, ©3iH-031 Tanmay, pediekcus, TexHojorus, Benna
JMarpaMMacsl, KJI1acTep, Ipe3eHTalus.

I'.T. Kokubacosa, A.T. lrocekeeBa, C.X. Ka3zraea

(I)OpMI/llZ)OBaHI/Ie HaBbIKOB KPUTH4YECKOI'0 MbIIIJICHUSA
HA 3AHATHUAX JUCHUIIHHBbL « XHMHSA JI€eMEHTOB

Pazpaborana MeTonnKa MpoBEAEHHS 3aHATHH C IPEMEHEHUEM HOBBIX (OpM paboT, CHOCOOCTBYIOMNX Pa3BH-
TUIO KPUTUYECKOI'O MBIIIICHUS. B skcriepuMeHTe NpUHUMaIl y4acTUe CTyIEeHThI epBoro Kypca. Ilegaroru-
YECKUH HKCIIEPUMEHT COCTOSUI M3 TPeX HTAIOB: KOHCTATUPYIOIMIETo, (POPMHUPYIOIIETO U KOHTPOIBFHOTO. 3aHs-
THUS IPOXOJWIU C IPUMEHEHUEM PA3IUYHBIX IIPHEMOB: CXEMbI, JHAarpaMMBbl, IPE3CHTAlUU, KIAcTepPhl, KOTO-
pbIe Aenany 3aHsTue 6oJiee HHTEPECHDBIM, TO3HABATENBHBIM U pa3HOOOpa3HbIM. J{11 IPOBEPKH yPOBHS Pa3BH-
THS KOMIOHEHTOB KPUTHYECKOTO MBIIIIEHUs OBLTH pa3paboTaHbl aHKETHI AJIs ONPEEIICHHS YPOBHS Pa3BUTHUS
y4eOHOI MOTHBALMM M BOIPOCHL JUT MPOBEPKH 3P EKTUBHOCTH OMOPHBIX KOHCIEKTOB. J[aHHbIE 33JaHUS
MPUMEHSINCH Tepe/i HaualoM SKCHEPHMEHTa Ul ONpPEIENeHNsT HCXOAHOTO YPOBHS Pa3BUTHS KPHUTHIECKOTO
MBILIICHHUS, a TaKXKe Mocie TpoBeeH:us: GOPMHUPYIONIEro Tamna. Pe3ynbTaThl KOHCTATHPYIOIIETO 3Tarna 3Kc-
HNEpUMEHTA IO0Ka3ald, YTO YPOBEHb KPUTHYECKOTO MBIILICHUS IEPBOKYPCHUKOB HEIOCTAaTOUHO pa3BuUT. Ilo-
JIydeHHBIE JaHHBIE MCCIEIOBAHNS MOTYT OBITH HCIIOJIB30BAHEI IIPH CO3JAHUU METOJMKU PA3BUTHS KPUTHUE-
CKOTO MBIIUICHUSI CTYJEHTOB B IIpoliecce 00ydeHHs XUMUH. B oTiiame oT TpaanuoHHOH GopMbI mpernosa-
BaHMS, IJIe UCIIONB3YETCS ABTOPUTAPHBIA TOIXO0] K 00y4eHHIO, TaHHAs TEXHOJIOTHs obecrednBaeT cBOOOM-
HyI0 JMOepabHyto GopMy NPOBEICHHS 3aHATHS, KOTOPas BEAET K MPOOYKICHHIO KOTHUTHUBHOI JIeATeNbHO-
CTH CTYIEHTOB. J{jis OLICHNBAHMUS CTYJEHTOB IIPU UCHOJIb30BAHUU HOBBIX ()OPM PabOTHI MOKHO HOJIb30BATHCA
TPaANIIAOHHON METOINKOM OIIEHMBAHMUS, TaK KaK KOMIOHEHThI KPUTUUECKOTO MBIIIIEHHST HEBO3MOXKHO Olle-
HHUBaThb KOHKPETHO. TeXHONOTHs CrIOCOOCTBYET YCTAHOBIEHHIO AUCKYCCUH MEXKAY CTYASHTAMHU MOCPEICTBOM
TaKoit HopMBI pabOTHI, KaK yCTHAs IIPe3eHTalusl.

Krnwouessie crosa: KPUTHYECKOE MBINIJICHUE, MOTUBAIUs, CaMOaHalIn3, pe(i)neKcm{, TEXHOJIOTUsA, AuarpaMmma
BeHHa, KJ1acTep, Npe3CHTalUsI.
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