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QUESTIONS OF CHEMICAL CONTENT IN THE INTEGRATED
COURSES OF NATURAL SCIENCES
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Abstract. In formation of complete knowledge of nature and the person a big role belongs to studying of
chemistry as the discussing subject according to its nature is primary integrated and its (her) maintenance
(contents) is interconnected with that of physics and biology. Chemistry teaching in average educational
institutions now is accomplished by studying obligatory independent rates as well as and by including of
questions of chemical maintenance (contents) into the obligatory integrated rates of natural sciences
(alongside with independent rates of chemistry by choice of pupils). The maintenance (contents) of a
chemical component in the integrated rates of natural sciences taught in Japan, Canada, USA, the Great
Britain, Ireland, Italy, France, Spain and Byelorussia is considered in the work. It is indicated that doubtless
advantage of the integrated rates of natural sciences in general is the establishment of full interrelation
between investigated natural-science subjects, and with reference to chemistry - formation of belief in
necessity of chemical knowledge for the decision of many vital problems. Introduction of national standards
and aspiration to equivalence of documents on the general education urgently demand definition in the
different countries of uniform approaches to natural-science rates in high school, preparation of the scientific
and pedagogical staff, to perfection of continuity school and high school natural-science education.
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Introduction

It is well known that the total amount of knowledge accumulated by mankind is doubled every
5 years (some researchers are expecting the period in the nearest future will be reduced to 1,5 years).
This fact, as well as the one that the bulk of this knowledge is produced within interdisciplinary
sciences, is the major reason for the principle of content integration to become one of the basic
methodological principles in modern education. However, it must be noted that the phenomenon of
integration in education is firmly established in the theory of didactics, being, thus, not a prerogative
of the present time. Integration is not limited to the interdisciplinary studies; it has a strong influence
on the organization of teaching throughout the entire educational system.

Chemistry plays one of the major roles in the formation of the scientific view on nature and a
human being. It is inherently integrative, as the content of chemistry is strongly interrelated with that
of physics and biology.

In today's secondary school chemistry is being taught either as a separate course or as a part of
a complimentary integrated course in natural sciences, as well as a pure chemistry course to be
chosen as an option. These conclusions are supported by the analysis of the structure and content of
scientific education in 39 countries, which participated in TIMSS (Third International Mathematics
and Science Study) project, launched by IAEEA (International Association for the Evaluation of
Educational Achievement). Analysis showed that integrated courses of natural science were taught
in 21 of those countries (54%) (Kovaleva & Koroshchenko, 1997).

Education in natural sciences, including chemistry, is one of the most important areas in
Belarusian secondary education system, which is currently being reformed. Introducing of national
standards and the tendency of establishing the equivalence between the certificates of secondary
education in different countries make it necessary to establish common approaches to natural-



science education, as well as to ensure evolutional rather than revolutionary transition from
secondary to higher and postgraduate education, namely educational succession.

This indicates urgency of our research and defines its aim — to reveal the major trends in
improving natural-science education in secondary schools worldwide.

The subject of the research is chemical content in the integrated courses of natural sciences
worldwide. Methods of the research are based upon comparative and correlative analysis of various
printed materials relevant to the topic.

Results of the research

The framework of pre-college education in Western countries is constituted by three major
levels: elementary school (56 years), lower secondary school (3—4 years) and higher secondary
school (2-3 years) (Bratennikova & Vasilevskaya, 2001). In elementary school chemistry is taught
as a part of integrated courses, same as physics and biology. For example, in Japan some
foundations of chemistry are taught as a part of the integrated course "Life experience" (grades 1
and 2), which includes natural studies as well as the basics of geography, physics, chemistry,
biology and social science. This educational course is aimed at teaching students to make
conclusions about the world around them by using theoretical reasoning and experimenting. The
educational content can be subdivided into two basic areas (Shimozawa, 1982):

1. Matter, energy, atoms, molecules and ions.

2. Diversity of natural phenomena. The universe. The Earth's crust. Relations between the
living and inanimate nature.

In Great Britain and the USA, the content of the integrated courses of science is defined by
national standards and programs, which contain the guidelines on the knowledge and skills which
students must acquire at different grade levels. Conformance to these guidelines is controlled by
nationwide tests.

The national educational standard in the USA for grades -1V requires the students to have a
notion about the properties of various objects and materials; position and motion of objects; light,
heat, electricity and magnetism. Integrated courses of natural science in Canada, Israel and a number
of other countries include similar content at the elementary level.

At the elementary level of school education in the Republic of Belarus, chemistry is taught as
a part of a preparatory course "Humanity and the world" (grades 1 and 2). Chemical content is
studied within the topic "Inanimate matter" (the program of studies allocates 6 hours to this area in
the 1st grade and 14 hours in the second grade). In the first grade, students are being introduced to
the following subjects: air, water, environmental protection. In the second grade, the scope of the
studies is extended to bodies and substances, physical and chemical phenomena, water; air;
minerals; environmental hazards, etc. Studies are being organized in accordance with the spiral-
concentric principle, when the scope of acquired knowledge is expanded and deepened during the
consecutive stages of education.

At the lower level of secondary school in Japan, chemical content is a part of the integrated
course "Science I" (4 hours per week). It covers a number of major chemical concepts, such as
energy, structure and bonding of substances, chemical changes, evolution and equilibrium in a
natural environment. It must be noted that the periodic behavior of the properties of chemical
elements and the stoichiometry of chemical transformations are regarded as fundamental chemical
concepts (Shimozawa, 1982).

At the lower secondary level of education in Italy (grades 6-9), chemistry is also taught within
an integrated course (6 hours per week, of which 4 hours are normally allocated for mathematics).
The chemical content of this course touches upon the following subjects (Cervellati & Guardo,
1992):



states of matter (experiments dealing with the quantitative measures of substances
and of their properties, e.g. measuring volume, mass, density, pressure, etc.;
experiments illustrating phase transitions, mainly of water and other common
substances);
e characteristics and transformations of substances (experiments with composite and
pure substances, including separation of pure substances forming mixtures),;
e atoms, molecules, their relative sizes, crystals;
e air (experiments dealing with combustion and other common oxidization
processes).

In France (Le Bihan, Le Roy & Coomber, 1992) and Spain (Cervellati & Guardo, 1992),
chemical education starts with a two-year integrated course "Physical sciences", preceded by a
preliminary (propaedeutic) stage during the first two grades in college. Throughout this stage,
students acquire certain elementary knowledge of chemical processes and the structure of matter.
Later it serves as a basis for studying more advanced subjects, including corpuscular structure of
matter; structure of the atom, corpuscular structure and electricity; ions, molecules, solids; water
solutions, chemistry in economy and society.

Currently, in the Republic of Belarus students take a course “Universe” at the junior stage of
high school (V-VI grades). As a result of propeadeutical training in Chemistry in the frame of this
course students should acquire an idea on composition and properties of certain substances as well
as initial knowledge regarding chemical elements, chemical symbols, chemical formulas, simple and
complex substances, compounds of substances, chemical phenomena. The curriculum allocates 16
hours in the 6™ grade to study this topic. Knowledge obtained at this stage of education helps
students to form an initial integral perception of the world.

We shall have a more detailed look at the arrangements of comprehensive chemical education
at the senior stage of secondary schools, which offer integrated courses in natural science presenting
Canada as an example. The structure of education in natural sciences in Canada is reviewed in
Diagram 1. Depending on individual interests and preferences the students of higher secondary
schools in Canada can take one of three “Science” course levels, namely Beginner (B), General (G)
or Advanced (A). Grades 9 and 12 also offer optional chemistry courses simultaneously with the
general course “Science’. However, for an in-depth study of chemistry it is essential to choose level
A in the “Science” course during two previous years.

Tablel. Teaching of natural science in Canadian secondary schools

Grade Course of studies
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Applied biology
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Chemical content taught in grades XI (advanced level) and XII (academic course) is presented
in the following table.

Table 2. Chemical content studied in grades XI and XII in Canadian secondary schools

Grade XI (advanced level) Grade XII (academic course)
Core units of study Time Core units of study Time
allocations, allocations,
hours hours
Matter 8 Review 4
Elements and chemical 20 Organic chemistry 15
bonding
Gases 15 Atomic structure and 13
molecular architecture
Chemical reactions 25 Energy and rates in chemical 20
reactions
Chemical-reaction 13 Equilibrium — introduction 12
calculations
Solutions 20 Equilibrium — 18
implementation
Industry and society 9 Redox and electrochemistry 20

The academic course is oriented towards preparation for the university studies, thus implying
training in problem solving in various subjects, especially those requiring mathematical calculations,
formulating hypotheses, and scientific interpretation of facts. The curriculum of this course
emphasizes how important it is not only to build chemical knowledge, but also to create certain
attitude towards it. In particular, it requires the students to understand relative nature of the
knowledge they obtain and model character of the chemical theories they study. One of the essential
components of the academic course is the Independent Research. The curriculum allocates 8 hours
for this activity. Independent research implies development and implementation of a project in
chemistry on a topic chosen in the beginning of the year. This project can be either experimental or
theoretical (e.g. literary search). The work on the project is conducted under teacher's supervision,
but independently by each student. Students formulate and define a problem, evaluate various
solutions, and choose the optimal one. At the end of the year, they present the results of their
research in the form of a report.

The content of the integrated “Science” course in the USA covers study material on atomic
structure, structure and properties of substances, chemical reactions, motion and forces, energy
conservation and increase of entropy, interaction between energy and matter. Similar content is
offered to students in Great Britain, Ireland, and a number of other countries. Diversity of
educational services allows American students, for instance, to study chemistry not only in the
framework of the integrated course “Science”, but also within integrated courses “Chemistry in the




Community” or “Gaia” (Chemistry + Geography).

The integrated course “Chemistry and the Community” (ChemCom) was developed and
distributed in the USA during the 80s due to the lack of interest among students to natural sciences
and chemistry in particular. Study of chemistry in the frame of this course is grounded on socially
relevant practical problems. Thus, chemical content is studied by means of discussing and solving
these problems. Throughout the entire process of education the role of chemistry in everyday life
and in decision-making is constantly emphasized.

The content of the course “Chemistry in the Community” is constituted by 8 large Sections.
Each of them dedicated to an important chemistry-related aspect of social life, namely water
resources, natural mineral resources, oil, nutrition and health problems, nuclear chemistry, chemistry
of gases with respect to atmospheric problems, organic chemistry related to bioactive substances,
industry and power engineering. Starting with an empirical fact, students learn to formulate a
problem, and then focus on gathering additional data, to be followed by a group discussion
employing numerical and visual supplementary material. About 50% of auditory time is devoted to
laboratory experiment. Apart from a conventional evaluation of knowledge and skills, the
standardized ChemCom exam assesses students’ abilities to interpret charts and diagrams, to apply
chemical knowledge in problem situations and to carry out laboratory activities.

Regulatory documents concerning education in Western countries are generally characterized
by pragmatic and specific definitions of study objectives. For instance, according to the American
educational standards the course “Science” should provide students with a sufficient level of
knowledge and skills to

e cxperience the richness and excitement of knowing and understanding of the natural
world;

e use appropriate scientific processes and principles in making personal decisions;

e engage intelligently in public discourse and debate about matters of scientific and
technological concern;

e increase their economic productivity through the use of the knowledge,
understanding and skills of the scientifically literate persons in their careers.

Establishment of the extensive interrelation between the disciplines of natural science may be
considered as an undoubted advantage of integrated natural-scientific courses in general. With
regard to chemistry, this also means that students develop an understanding of the significance of
chemical knowledge in solving numerous vital problems. Furthermore, when selecting the optimal
framework of laboratory investigations in the integrated “Science” courses worldwide the primary
objective is to “introduce Chemistry by principles”, meaning to apply approaches used for scientific
research (Vorobiev, 1993).

A number of researchers consider shallow study of each discipline within a course as an
obvious drawback of integrated courses. However, should we consider American school as an
example, it must be emphasized that classes exercising conventional approach to chemistry teaching
coexist with those using the ChemCom framework, making an in-depth study of chemistry available
to all of the students. This relation between integrated and academic courses is well understood by
the students, who show an increasing tendency to choose academic courses of chemistry (Malkova,
1996, p. 106).

Conclusions
Analysis of natural sciences education throughout the world reveals the following general

trends:
1. A tendency towards stronger interdisciplinary integration in natural sciences, and for



development of unified approaches to creation of fundamental notions studied across different
disciplines in modern secondary education.

2. A trend for diversifying education in order to agree with the educational capabilities of each
student.

3. An increase in the practical orientation of the content of courses, manifested by enhanced
emphasis on study of effects, processes and objects surrounding students in everyday life.

However, it should be emphasized that the present experience in chemistry teaching around
the globe cannot be neither mindlessly replicated nor unreasonably praised. It has been written down
as principles of historic continuity and multicultural identity that improvement of education in any
discipline must be based above all on a nationally approved methodical system, as well as the
present cultural and historic background of every country.
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Pe3rome

BOIIPOCBHI XUMHNYECKOI'O COAEP KAHUA B UTHTEI' PUPOBAHHBIX
KYPCAX ECTECTBO3HAHUA

Anexanapa bparennukoBa, Enena BacusieBckast

B ¢opMupoBaHuM 11€70CTHOrO 3HaHUS O MPUPOJE U YEJIOBEKEe OOJNbLIAsk POJb MPUHAAICKUT
U3YYEHHUIO XHMHH, IIOCKOJIbKY XUMHS [0 NpPUPOJIE€ CBOEH HW3HAYaJIbHO WHTETpaTHBHA, €€
COJIepKaHWE B3aWMOCBSI3aHO C cojepkaHueM ¢u3uku u Ouosoruu. [IpernonaBaHue XuMHUHM B
CpeIHUX YYEeOHBIX 3aBEICHUSAX B HACTOALIEE BPEMsI pealu3yercs Kak IyTeM H3YUYCHHs
00513aTENIbHBIX CaMOCTOATENBHBIX KypCcOB, TaK M IIyTeM BKIIOYEHHUS BOIPOCOB XHMHUUYECKOTO
coJlepkaHusl B 00s3aTeNbHbIE MHTETPUPOBAHHBIE KYpPChl €CTECTBO3HAHUS (Hapsily € HaJlUYHEM
CaMOCTOSITENIbHBIX KYPCOB XHMUH I10 BBIOOPY YUAILUXCH).

B paGote paccMoTpeHBI CTpyKTypa W  COJEpKaHME  XHUMHYECKON COCTaBISAIONICH B
UHTETPUPOBAHHBIX Kypcax ecrecTBo3HaHus B Snonuum, Kaname, CIIIA, BenukoOpuranum,
Upnanaun, Utanuu, @panmuu u Wcnanum, a taxke B PecnyOmuke benapycs. Ilokaszano, uto
UHTETPUPOBAHHbBIE KypChl €CTECTBO3HAHMS SIBIAIOTCS, KaK MPaBUIIO, 00s3aTEIbHBIM KOMIIOHEHTOM
o0Opa3oBaHMs B HauaJbHOM IIKOJE W HAa MJIQJIIEH CTyNEeHH cpenHel mkonbl. Ha crapiieil crynenu
CPEHUX ILLIKOJI, IPAKTUKYIOUIUX MIPENoJaBaHue MHTETPUPOBAHHBIX KYPCOB €CTECTBO3HAHUSA, HAPA LY
¢ o0muMu uHTerpupoBaHHbIMH Kypcamu "Hayka", "Xumusa u oOmectBo" mnu "T'es" (xumus +
reorpadusi) nNperycMOTpeHbl Takke KypCchl XMMHHU IO BBIOOPY. B mporpammax ydeOGHBIX KypcoB,
PaBHO KaK M B JIPYTMX HOPMAaTUBHBIX JOKYMEHTaX, LEJIHU UX HU3YUYEHHS OIpeNeeHbl JOCTATOYHO
OparMaTu4HoO U MNepcoHuuuupoBaHHo. Tak, K NpuUMepy, HM3y4€HHE WHTETPUPOBAHHOIO Kypca
"Hayka" corjacHO aMepUKaHCKMM O0Opa30oBaTEIbHBIM CTaHJAapTaM JOJDKHO JaTh ydallluMcs
JIOCTaTOYHBIM yPOBEHb 3HAaHUM JJIS:

— HAy4YHOTr0 MOHUMAaHUS NPOIECCOB, KOTOPbIE IPOUCXOAST B OKPYIKAIOLIEM MHPE;

— HAy4YHO apryMEHTHUPOBAHHOTO NPUHATHS JINYHBIX PEIICHUN;

— OCO3HAHHOTO Y4acTHsl B O0ILECTBEHHBIX OOCYKIEHHX MO0 BOIIPOCAaM HayKH U TEXHUKH;

— YBEJMYEHUS JUYHON SKOHOMHUYECKON MPOLYKTUBHOCTH IIyTEM HCIOJIB30BAHUS HAYYHBIX

3HAHUM B JIMYHOM Kapbepe.

IIpoBeneHHbIll B paboTe aHaIM3 COAEP)KAHUS WHTETPUPOBAHHBIX KypPCOB €CTECTBO3HAHMS B
pa3HbIX CTpaHaX MHpa IMOKa3ajl, YTO HECOMHEHHBIM JOCTOMHCTBOM paccMaTpUBAaEMBIX KypCOB
BOOOIIE sBISETCA YCTaHOBJIEGHHWE HauOosiee TIOJIHOW B3aUMOCBSA3M MEXIYy M3y4aeMbIMU
€CTECTBEHHOHAYUYHBIMH MPEIMETAMH, a PUMEHUTENIBHO K XUMUU — (JOpMUpPOBaHHUE YOESKIICHUS B
HEOOXOMMOCTH XMUMMYECKMX 3HAaHMHA JJIs1 pElIeHHs MHOIMX >KM3HEHHO BaXXHBIX Mpobiem. B
IIKOJILHOM 00pa30BaHUU HA COBPEMEHHOM 3Tale CJIEyEeT OTMETUTh SPKO BBIPAXKEHHYIO TEHACHIINIO
HE TOJBKO K YCWJIECHHIO MHTErpallii €CTECTBEHHOHAYYHBIX 3HAHUM, NOJYYEHHBIX IPU HU3YUYCHUU
pa3IMYHBIX TPEIMETOB, HO M K Pa3pabOTKE €AWHBIX TOJXOMOB B (HOPMUPOBAHHH OCHOBHBIX
NOHATHM, W3ydaeMbIX B pa3IMYHBIX E€CTECTBEHHOHAy4HbIX Kypcax. Ilpm 3TomM HaGmonaercs
YCWJIEHHE IPAaKTUYECKON HAIIPaBICHHOCTH COJEPKAaHUS KypCOB, U3YUYEHHE SIBJICHMM, MPOLIECCOB,
00BEKTOB, BELIECTB, OKPYXKAIOIIUX yUYallUXCsl B MOBCEIHEBHOM KU3HU. BHeApeHNe HallMOHATIBHBIX
CTaHJApTOB M CTPEMJICHHE K SKBHUBAJICHTHOCTH JOKYMEHTOB 00 0011eM 00pa30BaHUN HACTOSTENHHO
TpeOYIOT ONpEeNeNeHusl B Pa3HbIX CTPaHAX €IUHBIX MOJIXOJO0B K €CTECTBEHHOHAY4YHBIM KypcaM B
CpelHEeld  1IKoJIe, IOATOTOBKE  HAyYHO-IIEJAArOTMYECKMX  KaJpOB,  COBEPLICHCTBOBAHUIO



IIPEEMCTBEHHOCTH  IIKOJIBHOTO, BY30BCKOTO M  IIOCJIEBY30BCKOTO  €CTECTBCHHOHAYYHOTO
o0Opa3oBaHusl.
KawueBble cJI0Ba: eCTECTBEHHOHAYyYHOE OOpa3OBaHHME, MHTEIPUPOBAHHBIC KYPCHI, XHMHUYECKOE
oOpa3oBaHHe.
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