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Application of the CLIL method in the classes of Inorganic Chemistry

The article considers the features of applying the CLIL method to integrated teaching of Inorganic Chemistry
in English. To develop students' subject and language skills the content and language integrated learning (CLIL)
method was studied in the format of online learning. Inorganic chemistry classes for first-year students of B012
Chemistry Teacher Training Program group were conducted in online format for the.control group, and for the
experimental group using CLIL method. Students were selected not randomly, according to English and subject
level for experimental work based on entrance control work. In the pedagogical experiment the method of
mathematical statistics was used to confirm the reliability of the obtained results and to prove the representa-
tiveness of the sample. The validity of the proposed research hypothesis was proved by Student’s t-test method.
The levels of students’ knowledge are summarized in accordance with learning outcomes according to their
competencies. During the lesson, work was carried out on the use of CLIL technology with terminology, glos-
sary, and text in English. Students' language competencies were developed when working with texts and ques-
tions in English. The effectiveness of working with terminology, glossary, and English text was determined as
a result of a survey of students. The article presents comparative indicators of the midterm control results of
students in the control and the experimental group during online format teaching. As a result of a comprehensive
study an increase in students' interest in the CLIL method was revealed, which had a positive effect on the
educational process.

Keywords: CLIL method, Inorganic Chemistry, online format, offline format, content and language integrated
learning, glossary, working with English text, competence.

Introduction

Nowadays, education systems are changing the format of teaching in the context of the coronavirus pan-
demic (COVID-19) and switching to online learning. The new format of education, along with the obvious
problems, offers a wide range of opportunities and prospects for change and improvement of education sys-
tems. In this regard, the use of traditional methods of teaching English for academic purposes is insufficient in
the context of globalization of science and the international exchange of information. Currently, CLIL (Content
and Language Integrated Learning) technology is an important form of subject teaching method in English.
CLIL is'amethod of teaching that is widely used at the international level, especially in Europe, as a way to
promote language learning. CLIL technology mainly uses English to teach subject content [1].

The use of the CLIL method via integrated learning in English in Higher Education has been studied in
several research papers. The authors shared some experience in online teaching of Inorganic Chemistry during
COVID-19 outbreak. To help students feel comfortable with online learning they explored different teaching
platforms and adjusted online learning methods. During the online class special attention was paid to the topic-
oriented learning process. It also encouraged teachers to interact with students and provide timely feedback [2].
In his research U. Reckino studied two pedagogical methods: Content and Language Integrated Learning
(CLIL) and Flipped learning. To achieve the main goal the author proposed a guide to the use of Flipped
Learning and CLIL to teach the content of lessons for future English teachers at UNAE [3].

A.B. Arynova, D.A. Kassymbekova and Zh.K. Korganbayeva’s research works show the integration of
all four content and language-integrated elements (content, communication, cognition, and culture) of the
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course “Chemistry of the Elements of the Periodic Table”. The course of modeling a lecture with the help of
CLIL and the results of the assessment questionnaire is given. The survey questions are aimed at studying the
motivation of students to study the course using CLIL technologies. The results showed that students are mo-
tivated to the learning process and their vocabulary is enriched with chemical terms [4].

The authors made a three-way comparison of full-time, online, and blended forms of study in the under-
graduate course to determine whether there were differences in student academic performance and course
satisfaction in different forms [5]. The following article provides an overview of the changes made to the first
year of Physical Chemistry Unit. The authors analyzed how they can use this experience to make online learn-
ing lessons more effective in the future [6]. J. Fernanda developed a strategic plan for integrated content and
language learning (CLIL) at the University of Extremadura (UEX) in Spain for the period of 2014-2018. This
event was held in the project “Learn in English”. This paper describes the features and results of this project
at the Faculty of Natural Sciences UEX, where three different degrees involved: Physics, Chemistry, and Chem-
ical Engineering [7].

A several studies have shown that CLIL methods, like other linguistic skills, do net pay much attention
to writing activities. However, writing is a skill that needs to be improved, especially in higher education, due
to its importance in the educational and professional context. In his research M. Ramiroexplored the potential
for understanding the text genres using the CLIL method to improve writing skills at the University of Spain
for students majoring in Chemistry [8]. The article presents the results of experimental testing of the effective-
ness of group learning activities of students at Inorganic Chemistry laboratory classes. The results showed that
the use of group learning activities of students contributes to the formation of the order, and course on Inorganic
Chemistry laboratory sessions [9]. This study aims to understand how a team of teachers implements content
and language integrated learning (CLIL) in an online context (cycle 1) as well as action plans (cycle 2) to
address the issues identified in cycle 1 while teaching undergraduate groups [10].

The authors of the work considered the content and language integrated method as a relatively new way
of learning the language in terms of its effectiveness in the/process of teaching terminology [11]. The CLIL
method has been shown to improve students' English language skills and significantly increase their motivation
through interactive methods [12]. Some works contain the most important facts about the current state of re-
search in the field of bilingual education in Natural‘Sciences,[13]. The authors of the work [14] investigated
changing in undergraduate L2 students' performance historical reasoning and how it affected their reading and
writing skills in English. The article examines the relationship between course progress, English proficiency,
motivation, and academic language skills<in the English medium instruction (EMI) University context [15].
The following study presents the results-of a study of CLIL teachers' understanding of the pedagogical use of
translanguage and the impact of these concepts on pedagogical practice in various trilingual schools in Ka-
zakhstan. Conclusions show that teachers' attitudes towards translanguaging are ambiguous [16]. In his study,
K. Frances showed how emotion affects the memory of information [17]. The article describes the study of a
model of teaching based on CLIL at the Pedagogical University, designed specifically for the development of
professional and communicative competence of students [18]. General Chemistry instructors have faced chal-
lenges due to the COVID-19 pandemic as they search to engage students in a new online learning format. The
authors analyzed student questionnaires about the issues encountered during the pandemic, instructor reflec-
tions, and grade allocations across several sections of General Chemistry (I, 1) taught by different instruc-
tors [19].

According to the research, CLIL has become a widely used method of language learning and teaching in
recent years. However the CLIL method of teaching in the Natural Sciences field and especially for chemistry
students is not.much investigated.

The purpose of the proposed research is the theoretical development, scientific substantiation, and exper-
imental study of teaching methods in English in Higher Education based on a subject-language integrated
approach. In our previous research, a pedagogical experiment conducted on secondary school students revealed
the formation of language skills as a result of working with the terminology, glossary, English-based text, and
calculations in subject-language integrated learning (CLIL) [20]. In the given study, the effectiveness of sub-
ject-language integrated learning was determined among High School students.

Experimental

The pedagogical experiment was conducted among B012 Chemistry Teacher Training Educational Pro-
gram group first-year students of the Faculty of Natural Sciences of Khoja Akhmet Yassawi International
Kazakh-Turkish University.
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In order to determine the conditions for integrated learning of the subject and language, a test paper was
obtained through the Google form. As a control work, tasks from the educational and methodological manual
of Inorganic Chemistry were given in English [21]. It allowed determining the level of students’ learning skills
in subject content as well as in the English language. The selection of participants is not accidental, as students
were selected among the multilingual groups. To describe the main results of the study 20 students were
selected for the control group (CG), 16 students for the experimental group (EG). Both groups were taught
with the same syllabus content approved for the educational program 6B01512-Chemistry, but a different
methodology was used during training. In the CG instruction was given by using the traditional method while
in the EG experimental training was carried out. In the EG Inorganic Chemistry course was implemented by
the CLIL method of teaching and aimed at developing students' knowledge of the subject content.

Inorganic Chemistry classes were conducted in the traditional classroom teaching format (offline) in the
pre-pandemic and from early March 2020 continued remotely online due to the sudden coronavirus pandemic
outbreak. Online lessons were taught by MOODLE distance learning system. There were:some:issues in the
initial lessons when quickly switching from the traditional learning format to distance<learning. But students
have adapted to online classes, as we have been organized training seminars on how to use the new format of
the learning system. Lecture materials were implemented in all four areas of the CLIL"method: the content of
the lecture was clearly explained, communication developed by asking each other questions in English, cog-
nition skills increased by writing chemical reactions and solving problem-based task in English. Also, students
evaluated each other's activities during the culture lesson.

According to the syllabus of inorganic chemistry, topics “Nomenclature.and classification of inorganic
compound”, “Atomic structure”, “Periodic system and the electronic structure of atoms”, “Chemical bond”
were studied during offline classroom teaching. Due to the pandemic outbreak from the 8th week of the second
semester the topics “Chemical thermodynamics”, “The science of solutions”, “Theory of electrolytic dissoci-
ation”, "Hydrolysis of salts" continued in the form of remote online teaching.

The effectiveness of terminology, glossary, lecture materials; working with the English text, and tasks in
English was studied by implementing the CLIL method via the teaching of Inorganic Chemistry in English in
offline and online formats.

During remote online format distance teaching classes (lectures, seminars) were conducted via ZOOM
videoconference. Materials of online lessons (lectures, seminars, assignments, glossaries, control work tasks,
tests, etc.) are uploaded to tng.ayu.edu.kz (https://tng.ayu.edu.kz/).

To determine effectiveness of the CLilL method, one of the methods of mathematical statistics in pro-
cessing results was used the Student’s t-test. The validity of the proposed research hypothesis was proved by
Student’s t-test method.

Results and Discussion

To test the effectiveness of the CLIL method, the results of control work before and after the experiment
were obtained, based on the competencies (Table 1) following the learning results.

Table 1

Competencies following the learning outcomes

Education level Assigned competencies

Lower level: Understands the chemical tasks given in English

Selects and uses appropriate mathematical knowledge in solving problems, but makes incorrect
assumptions in the answer to many problems, as a result of which faces a contradiction in proving the
answer to the problem

Only individual parts of the task can be completed due to incomplete assimilation of tasks

Average level: |Understands the chemical tasks given in English, can write a short answer

Knows how to solve this problem, however, because the english dictionary incorrectly writes reagents
and reaction products, has difficulty balancing the reaction

Can give a concise definition of terms and concepts in English, albeit briefly, in theoretical questions
High level: Understands the chemical tasks given in English, can write a complete answer to the given problems
using the acquired knowledge

Can analyze data to solve a given problem and justify conclusions

Can give convincing arguments to theoretical questions due to good knowledge of English
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For the first statistical processing of the experimental results the numerical characteristics of the sample
mean and sample variance of the main set was used. To determine the effectiveness of the lessons used in the
CLIL method, the values of the selected medium obtained as a result of the control work were compared and
analyzed.

The sample variance describes the extent to which the given mean values deviate from the individual
values.

The results of sample and average sample variance values in the course of control work of the studied
groups of students are shown in Table 2.

Table 2

Results of control work performed in the CG and EG groups

Mastering the CLIL method
Groups - —
X S
cG Before the experiment 6.8 2.05
After the experiment 8.9 2.24
EG Before the experiment 7.37 2.92
After the experiment 9.5 2.13

The results obtained before the experiment at the first stage of the sample meanand variance showed that
the difference between the results in the CT and ET groups of students was'small. And the results of the second
assessment after experimental training show that there was a significant change between them. These data
show that the CLIL method applied to the experimental group affected the dynamics of student learning out-
comes.

The results of the control work obtained at the formation stage of the experiment are shown in Figure 1.
The figure below compares the X — average values of the control'work performed.

10
9
8
7
6
5
4
3
2
1
0
Control group Experimental group
\m Before the experiment 6,8 7,37
' After the experiment 8,9 9,5

Figure 1. Results of control work obtained before and after using the CLIL method

By comparing the sample average values of the experimental data it is possible to see a significant dif-
ference between the beginning and end of the experiment in the EG group.

Table 3 shows that at the initial and final stages of the experiment the level of knowledge of the experi-
mental group increased significantly compared to the control group.
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Table 3

Results of measuring the level of knowledge of control and experimental groups
before and after the experiment

. Control group Experimental group

Education level Beginning End Beginning End
Low (5-7) 10 7 7 1
Average (8-10) 9 12 8 11
High (11-15) 1 2 1 4

Using the second method of statistical processing of experimental data, the effectiveness of the CLIL
method was tested by determining between average values.

To find the exact difference between the statistical average values from each other, we use the Student’s
t-test. Its basic calculation equation is [22]:

% x|
m -+ ]

where, Z is the average value of the variable for the first sample data (at the beginning of the experiment);

x, is the average value of the variable for the second sample data (at the end of the experiment); m? and m’
are integrated indicators of the deviations of the partial values of the two compared sample from their corre-
sponding average values, which are calculated by formula:

1 H 2 )
nl n2

t:

m

where, Sf is the sample variance of the first variable; 822 IS the sample variance of the second variable; n, is
the number of students in the first choice, and n, is the number of students in the second choice. In our study

the number of students at the beginning and end of the experiment was the same.
Based on the data, we calculate the value of t., the data obtained below describe the control work:

|7.37-9.5]
=——— =378,
292 213
74_7
16 16

If we compare the values with the value of the critical distribution of the student, which depends on the
number of degrees of freedom, then the probability of error obtained from the error is equal to
f=ni+n,—2=16+16-2/=30. If f = 30, then the critical value, according to a special table, is 3.646. The
value of 3.78 is greater than the value of 3.646, so the significance level is less than 0.001. These indicators
were higher than the critical value of Student’s distribution. The fact that the probability of errors made is
equal to or less than 0.01 is sufficient to draw scientifically reliable conclusions, that is, the correctness of the
proposed research forecast is proved.

To.determine the effectiveness of working with the glossary and the text in English when teaching inor-
ganic.chemistry classes in the online format a survey was conducted. The effectiveness of working with a text
in the English language in the workshop classes of Inorganic Chemistry during online training was studied in
a group work together with the CLIL method. During the seminar sessions a glossary was worked out to im-
prove students’ assimilation of English text. Working with the glossary allowed students to better remember
definitions related to the topic.

The results of the survey on the effectiveness of working with English text are shown in Figure 2.
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80 71,5
70 | 62,5
60
50 375 375
40
30
20
10
0
1 2 3 4 5
question | guestion | question | question | question
Yes 62,5 37,5 50 71,5 63,8
No 37,5 12,5 25 28,5 11,2
| face challenges in answering 0 50 25 0 25
mEYes mNo | face challenges in answering

Figure 2. The results of a survey taken during an online‘lesson
to determine the effectiveness of working with the English text

During the experiment the average result of the second midterm control grades of students of the control
group during online training was 86.71, and the average result of the second midterm control grades of students
of the experimental group was 90.17 (Fig. 3). This difference means that learning using the CLIL method has
shown positive results. Since they are students of the 1st year, they are not trained in direct communication
with the teacher and students of the group, it was difficult to immediately get used to the new format. However,
in the online format explanatory seminars and consultations were held in ZOOM, and students adapted to the
new learning format. As a result, the effective methods used in the lesson and the learning results were positive.

92
90
88
86
84
82
80
78

Second midterm
control
= Control group 82,64

' ® Experimental group 90,17

Figure 3. Results of the second midterm control grades of students
of the control and experimental groups

Conclusion

The conducted pedagogical experimental work showed the effectiveness of teaching Inorganic Chemistry
classes in English based on the subject-language integrated method. As a result of the proposed research, stu-
dents of the experimental group showed a higher level of language and subject competence in teaching in an
online format than in the control group. The positive dynamics of the development of these competencies was
characterized by the fact that the teaching of subject knowledge in English is carried out through the use of
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certain teaching methods, in particular, the use of terminology and glossary, working with English text, that
is, the use of the CLIL method.
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P.H. Hypninnaesa, I'.O. XKyman

Beiioprannkansik xumus moHi cadaxkrapsinaa CLIL aaicin KoJpany

Makanazna OefiopraHUKanbIK XUMUS TOHI cabaKTapblH aFbUIMIBIH TimiHAe Kipiktipe okpiTyna CLIL omiciH
KOJIZIaHy epeKUIeNiri KapacTelppUirad. CTYOEHTTEpAIH HOHMIK JKOHE TUIMIK JaFJbUIapbIH KaJbIITACTHIPY
MaKcaTbhIH/Ia OH MeH Tl Kipiktipe okpityaa — CLIL opmici onnaitH okeiTy opmatsiga 3eprrenai. BO12
Xumus MyranimzepiH paspray OimiM  Oepy OarnmapiamMachkl TOOBIHBIH OipiHINI Kypc CTyJIEHTTepiHe
OeflopraHUKaNbIK XUMUS TI9HI cabaKTaphbl OHJIalH GopmarTa OakplIay TOOBIHA TOCTYPII, al SKCIIEPUMEHTTIK
torka CLIL omiciH KonaHy apKbUIBI ©TKI3UITeH. DKCIEPUMEHT YIIiH CTYAEHTTep Ke3/eHCOoK aiciieH-emec,
Kipic Oakputaybl HETi3iHJE aFbUINIBIH TiIi MEH MOHMI OUTy JeHreii OoibiHmMA TaHmamabl. [lemarornkalrbik
OKCIIEPHIMEHTTE AIIBIHFAH HOTIDKENEpIiH CeHIMALNIIH pacTay »oHe IpIKTeMEHIH penpe3eHTaTHBTUIIrH
JoTiesiaey YIIIH MaTeMaTHKalbIK CTaTHCTHKAa ofici KonmaHbuiabl. CTHIOJCHT t-KpuTepuil ofiCi. apKbLIBI
YCHIHBUIFAaH 3epTTey OOJDKAMBIHBIH IYPBICTBIFB AdnenfeHal. CTyaeHTTepaAiH OiniM JeHreaepi OKBITYIbIH
HOTIDKEJEepiHe ColiKec KY3BIPETTUIIKTepre cail KophIThIHABIIaHAbl. Cabak Oaprickinaa CLIL TeXHONOTHICHH
KOJIIaHyJJa TEPMHHOJIOTHS, TJIOCCAPH, aFbUIIBIH TUTIHAE HETI3JENTeH MOTiHMEH [ KYMBICTap / JKacajllbl.
AFBUIIIBIH TinmiHAe OepiNreH MOTIH MEH cayajgapMeH JKYMBIC JKacayla CIyJCHTTepAiH TUIAIK
KY3BIPETTUTIKTEpl JAaMbIIbl. TEPMUHOJIOTHS, TJIOCCApPHiA, AaFbUINIBIH TUTIHAES AaibIHIATFaH MOTIHMCH
JKYMBICTap/IbIH THUIMIIIIT CTYyJEHTTep/IeH alblHFaH cayajHaMa HOTIDKeciHe aHbIKTabl. COHBIMEH Karap,
Makaiasa 6aKplIay TOOBI JKoHE SKCIIEPUMEHTTIK TOI CTYJICHTTEepiHIH OHJIaliH (popMaTTa OKBITY KEe31HAE apajIbIK
0akpuIay HOTIDKEJIEPiHIH CAIBICTBIPMANbl KOPCETKIITepi Ae KenTipingi. JKan jKakTsl 3epTTey *KYMBICHIHBIH
HoTmkeciHne cryaeHtrepaid CLIL omiciHe aereH KbI3BIFYIIBUIBIKTAphl APTKAHBL, OUTiIM aiy MpoleciHe
JKAFBIMJIBI 9Cep €TKCHI ailKbIHAAIIIBI.

Kinm cesoep: CLIL opici, OeliopraHUKaIbIK XUMUS [IoHI, OHIaWH ¢opmar, oddraiiy popmar, IoH MEH Tl
KipiKTipe OKBITY, TJIIOCCAPHH, aFbUIIIBIH TUTIHIETI MOTIHMEH XKYMBIC, KY3BIPETTLIIK.

P.H. Hypaunnaesa, I'.O. XKyman

IIpumenenune meroga CLIL Ha 3aHATHAX 10 HEOPrAaHMYECKONH XUMMHU

B cratbe paccMoTpens! ocobeHHOCTH nprMeHeHHst Metona CLIL npu nHTerpupoBaHHOM HpeTIoJaBaHuH 3aHs-
T HEOPraHWMYECKOI XMMUH Ha aHIJINHCKOM si3bIke. C 1elibio pOopMHPOBaHHS MPEIMETHBIX U SI3bIKOBBIX HABBI-
KOB CTYJICHTOB OBUT M3y4eH METOJ MHTETPUPOBAHHOTO IPENOAaBaHUs mpenmera U si3pika — meroga CLIL B
(opmare oHIalH 00yUeHHs. 3aHATHS 0 HEOPTraHMIECKONH XUMUH IJIsI CTYAEHTOB MEPBOTO Kypca TPYIIBI 00-
pasoBaTtenbHOM mporpamMmbl BO12 moATOTOBKM yuuTeNed XWMHUH TMPOBOIWINCH B OHIAWH (opmaTte st
KOHTPOJIGHOU TPYTIITBL TPAAALNMOHHO, U IS SKCIIEpUMEHTaNbHOM rpymisl MetogoM CLIL. [l sxcriepumenTa
ObLIM 0TOOPAHBI CTYIGHTHI He CIYyYaiHBIM METOJIOM, a [0 YPOBHIO 3HAHHS aHTJIMICKOTO SI3bIKa M IIpeIMeTa Ha
OCHOBE BXOJHOTO KOHTpPOJLi. B memarornyeckoM 3KCHEpUMEHTE Ul IOATBEPXKIEHHUS JOCTOBEPHOCTH
MOJy4YeHHBIX - Pe3yJIbTaTOB U JOKa3aTelbCTBAa PEIPE3CHTaTUBHOCTH BBIOOPKH HCIIONBb30BAaH METOJ
MaTeMaTHYeCKOM CTaTHCTUKH. JloKa3aHa NPaBUIILHOCTD THUIIOTE3Bl UCCIIET0BAaHMS, NPEIUIOKEHHOTO METOIOM
t-xputepnst Crbro€HTa. YPOBHU 3HAHUH CTYIEHTOB 0OOOIIEHBI B COOTBETCTBHH C PE3yJIbTaTaAMHU O0YyIEHHUS
COTTIaCHO WX KOMIeTeHIMAM. Ha 3aHATHSIX OBUTH MPOBEAEHHBI pabOTHI C TEPMHUHOIOTHEH, TII0CCapHeM, MOATO-
TOBJICHHBIM TEKCTOM Ha aHTJIMICKOM SI3BIKE TIPH UCTIOIb30BaHuH TexHomorny CLIL. SI3p1k0oBEIe KOMIETEHIN
CTYAEHTOB Pa3BUBAINCH P pabOTe ¢ TEKCTAMH H BOIIPOCAMH Ha aHTIIMIICKOM s3bIKe. D()(HEeKTHBHOCTE PabOTHI
C TepMHMHOJIOTHEH, TJIOCCApUEeM U TEKCTaMU Ha aHTJIMHCKOM SI3BIKE ONPEIEIISUIN aHKETHPOBAHUEM CTYICHTOB.
Kpome Toro, B cTaThe NpHBeIeHbI CPABHUTENBHBIE IOKA3aTeIN PE3yJIbTaTOB IPOMEXYTOYHOTO KOHTPOJISI IPH
00y9eHH! CTYJEHTOB KOHTPOJBbHOW M OSKCIIEPUMEHTAIBHOI Tpynnm B oHyaiH ¢Qopmare. B pesynbrare
BCECTOPOHHETO HCCJICJOBAaHUS BBISBJICHO MOBBILICHHE HHTepeca  CcTyneHToB k Merony CLIL, uto
MOJIOKHUTENBHO CKa3aI0Ch Ha 00pa30BaTeIbHOM IPOIIECcCe.

Knioueswvie cnosa: merox CLIL, Heopranuaeckast XuMusi, OHJIAHH Gopmar, odduraitn popmaT, HHTETPHPOBaH-
Hoe 00yJeHHe peAMETy U SA3BIKY, TII0CCaphii, paboTa ¢ TEKCTOM Ha QHTJIMHCKOM SI3bIKE, KOMIIETCHTHOCTb.
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