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Abstract. A new contemporary teaching/learning model of chemistry in basic school in Latvia is proposed
and discussed in the paper. Society’s needs, contemporary demands and sustainable development are driving
forces of the model. A meaningful mode of chemical thinking, a careful and understanding attitude towards
environmental processes, and skills and attitudes useful for practical life result from the application of the
mentioned model. The model, together with accompanying didactical material — student’s laboratory
workbook, teacher’s guide and students’ worksheets, was tested in several basic schools of Latvia.
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Introduction

The ability of the new generation to judge, analyze, do, compete in the job market and other
areas of life will depend in large part on a contemporary, environmental process and phenomenon
modeling chemistry curriculum. A student will always find curriculum oriented to understanding
phenomena and processes, an immediate connection with the substances and materials participating
in natural processes, opportunities for practical action and application of chemical methods
interesting and significant. Knowledge and skills are those factors that develop and contribute to the
cognitive interest of students, generate motivation of studying and allow to better understand the
individual as a constituent of nature responsible for the future of the planet he dwells on.

It is important for an educator to concretize lasting values that start shaping today and stabilize
in future viewpoints of a student, understanding about chemical processes ongoing in real life
beginning with promoting and understanding chemistry in basic school — 8™ and 9" grades.
Effective comprehension is limited by the extensive number of facts in the subject, too much
information that the student is obliged to accept in form of abstraction, insufficient reflection of the
link of chemistry with everyday life. Therefore, a new teaching/learning model is necessary in order
to include teaching methods challenging students to think and discuss, stressing the significance of
practical chemistry and student’s practical activity in classes, and emphasizing the significance and
necessity of chemistry and sustainable development of environment in the life of society.

Main trends in the content of teaching models of chemistry

The didactic model of teaching/learning subject is a system of pedagogic methods that
includes a plan of what to teach and when, methods for the most effective teaching to guarantee
fulfillment of instructional, educational and developmental tasks and attainment of educational
goals. The concept “model” is reflected differently in various publications. In the Anglo American
understanding, it is the background material placed in the didactic model of the subject, taught by
the teacher, and acquired by experience that forms the intellectual development of an individual.
According to these authors, precise measuring, including test analyses, allows evaluation of the
quality of the results and planning of subsequent work. In European, including German and Latvian
understanding, the content of an educational model, its diversity and significance in the
development of the competence of an individual’s capability, are dominating factors in a subject
model (Zogla, 2001).
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Discussion about not only the theoretical background of teaching models but also their
practical solutions, including subject didactics and chemistry didactics, has become more and more
topical during the last 20—30 years together with increasing interest about empirical
teaching/learning models. Serious research is being done and radical changes in chemistry
curriculum are being carried out in many countries. Subject didactic models are more oriented
towards humanism ideas in European countries, especially in Germany (Barke, Harsch, 2001). The
influence of three substantial chemistry sectors — chemical technology, environmental chemistry,
and chemistry of every day life — on the teaching content in schools has been emphasized in
German chemistry didactic for almost 30 years (Barke, Harsch, 2001). Estonian authors (Tdldsepp,
Toots, 2003) discuss a similar model — STL (Scientific and Technological Literacy) in the balanced
curriculum of the education of the new generation. Science, society, and technology as the
existential and instructional environment of a person are at the center of attention of these authors.

Similar problems exist in our country and abroad, regardless of differences in the formation of
a teaching model and evaluation of its efficiency. Schoolteachers, scientists (Lamanauskas, 2003;
Broks, 2000) and educational methodologists are all looking for their own solutions of these
problems. Discrepancy between gained and delivered knowledge, lack of comprehension in basic
chemistry issues in schools, shortage of chemistry students in universities are well established
(Salickaite-Bunikiene, 2004; Birkun, Kozyrev, 2003, Lakhvich, Travnikova, 2004). The necessity
to humanize the teaching process is also discussed (Kincans, 2003). Unfortunately, changes in
chemistry curriculum take place at a much slower pace than chemistry science and the chemical
industry are progressing. As a result, the knowledge that a young person acquires at school is of
little use in his later life. The above mentioned force us to look for new conceptual solutions in
chemistry didactics. Teaching methods also have to fundamentally change. They need to be
transformed from those oriented to acquiring chemistry fundamentals, to quantitative knowledge
and voluminous facts into methods centered on the student — a scientifically comprehending
personality (Towbridge, Bybee, 1996) capable of using the obtained knowledge and practical skills
in his later life. The result will be a study-capable individual, and society will be receive the
individual — an educated consumer (C&dere, 2001).

The necessity to develop a new teaching model

The historical situation in Latvia in the past limited both the student’s and teacher’s well-
rounded growth and development. It is necessary to develop a teaching model that would have as its
basis the above mentioned chemistry curriculum, the humanization and selection of contemporary
teaching methods, capable of stimulating students’ comprehension of the subject in Latvia today.
Chemistry is not more difficult or more unintelligible than other subjects in school. There is no
basis to maintain that chemistry teachers in Latvia are more inadequately prepared than teachers of
others subjects. Therefore, changes in pedagogic thinking, methodology, and teaching models are
necessary because together these factors might cause expected improvement of teaching quality.

No foreign model or approach is applicable directly in contemporary circumstances.
Discrepancy between chemistry curricula and the information necessary for modern society to allow
its citizens to develop self-dependent as well as motivating and self motivating individuals, desiring
a life-long education and willful career, has become a problem. The most essential questions in
basic school chemistry education that need to be addressed are as follows:

e Restructuring of teaching content responding to society’s demands, environmental sustainability
principles, and people’s every day needs.

e The chaos caused by the increase of information volume during the last ten - twenty years.

e Mastering the abilities and skills useful for practical life.

e Forming an understanding and caring attitude toward processes in the environment.

Our didactic model for teaching chemistry in basic school has been developed to address the
above mentioned questions.
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Characteristics of the model

Our teaching/learning model contains three essential features — modified content, different
(unconventional) teaching methods, and drawing of chemistry closer to every day life. A shift of
emphasis has occurred within the framework of the model:

e concerning content, three joint domains — social sphere, biosphere, and technosphere — now
have a joint influence on the chemistry teaching process in basic school;

e concerning methods, teaching strategies that stimulate thinking practical chemistry and
development of students’ practical work skills (applied skills) are used in chemistry classes;

e concerning practical aspects, significance of chemistry is accented in society’s life.

Nature, society, technology... Natural environment, human environment, and technological
environment... Biosphere, noosphere, and technosphere... These are three main clusters of
categories, expressed in slightly different words, whose interaction forms ideas about the
surrounding world and man’s place in this world in the human consciousness (Figure 1).
Interdependence between nature, man and the achievements of human activity result in a tangency
of these spheres that we accept as self-evident values in every day life. Nature is the background of
our biological existence; technologies are the result of goal oriented deliberate action of the
intellectual sphere over many years; the achievements in chemistry (facts, discoveries, generated
production) give testimony of human accomplishments and present a challenge to act in the name of
the future.
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Figure 1. Teaching/learning model ,,Society - Figure 2. Value-oriented learning of
Nature —Technology” of chemistry. chemistry (development of Figure
1).

The student is placed at the center of the entire educational process from the point of view of
a humane educational paradigm. The pedagogic approach to the student who is at the center of the
developed model is based on generally human values — such as mutual regard and love,
understanding, consideration of the abilities and interests of the student, understanding his behavior
and actions. The teacher is the person who builds the link between the student, the teacher and the
curriculum, selects working methods and pedagogical technique, and the most appropriate teaching
strategies.
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Chemistry curriculum is a system open to different influences and changes. It helps arrange
conceptions of the student about chemistry, insight about chemistry as a science, and helps form his
world outlook about natural sciences, when directed and guided in the right way by the teacher. Our
model presents answers to the questions “What to teach?”, “How to teach?” and “When to teach?”
in every sphere of influence (Figure 2).

The developed model allows realizing in practice an integrated multistep approach — to
provide knowledge corresponding to students’ perception at the proper time and age. Answers to
the questions “What?, How?, and When?” are a variable part of the teaching/learning model.
Chemistry specifics influence the study of content (What?). Teaching methods (How?) are changing
with time. A person-centered approach develops the activity and creativity of the students in due
time (When?).

Attitudes and choices offered by the new millennium have changed along with time. Some
students have developed the delusion that chemistry is a difficult and unintelligible subject. Other
students have the opinion that they will not find a good job in the speciality after graduating.
Students reexamine their life values and establish priorities over their entire learning process. The
change in values has also entered the chemistry curriculum. A values-oriented class is only one that
forms an assemblage of definite values and attitudes, not only values specific to some existential or
chemistry aspect (Belickis, 2000). The previously mentioned (in Figure 2) spheres of chemical
influence interface once more in teaching/learning chemistry at school in the following items:

1. Chemistry and social competence of a person.
2. Chemistry and environmental protection.
3. Chemistry and everyday life (Figure 3).

Safety. Critical attitude
Analytical attitude
Solution of a problem
Environmental health
Stability
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Figure 3. Formation of the values at chemistry classes (development of Figure 2).

Only the most significant values are included in the developed model, those demanding
special attention for their formation. They are as follows: knowledge of chemistry, logic and
understanding of phenomenona, analytical and critical attitude towards processes in the
environment, problem-solving skills, safe and proper handling of substances and materials,
opportunities to assess problems connected with environmental health, et. al.

Society’s needs, sustainable development, and contemporary demands are the driving forces
to be considered in changing chemistry teaching curriculum and selecting appropriate
teaching/learning methods (Figure 4). The content of chemistry curricula in school can be divided



ISSN 1648-3898 Journal of Baltic Science Education, No.I (5), 2004-03-30; pp. 49-57.

conventionally in two parts — theoretical chemistry and applied (practical) chemistry. It is
impossible to draw a precise borderline between both parts, of course. One can speak only about
proportion or meaning of one or another part in the total familiarization of knowledge and skills.
Both parts come into contact in definite areas and, therefore, they must be discussed together.

Significant qualities of chemistry education are crystallized best as a result of the areas of the
above mentioned spheres and driving forces. The main qualities of chemistry education in the frame
work of this model are as follows.

1. Meaningful mode of chemical thinking. It associates chemistry and the social competence of a
person and develops the student’s personality.

2. Caring and understanding attitude towards environmental processes. It joins chemistry and
elements of environmental protection in the lesson, and develops the student’s personality.

3. Skills and attitudes useful for practical life. They combine the science of chemistry with the
demands of practical life, and develop the student’s personality (Figure 5).

A G PROCHG
f STUDENT

Figure 4. Driving forces of teaching and Figure 5. Formation of contemporary qualities
learning chemistry. of chemistry education (development
of Figure 4).

The practical aspect of the developed teaching/learning model was realized in basic schools
with a teaching aids package consisting of a student’s laboratory workbook, teacher’s guide and
worksheets for students. The pedagogical approach for realization of the practical aspect, as well as
for formation of contemporary qualities of chemical education, is presented in Figure 6. The main
emphasis in the realization of practical aspects was placed on the following items:

1. Practical work of the students in chemistry classes with simple known substances and cheap
available materials.

2. Consideration of the warning signs, security symbols characterizing properties of substances,
warning signs for self-protection and environmental protection.

3. Laboratory experiments that model environmental processes and are environmentally friendly;
the final step is neutralization and recyclization of final products of reactions.
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Figure 6. Formation of contemporary qualities of chemistry education (development of Figure 5).

The model, together with accompanying didactical material — student’s workbook, teacher’s
guide and students’ worksheets, was tested in several basic schools of Latvia. Six hundred basic
school students took part in the assessment of the above mentioned pedagogic experiment
conducted by twelve teachers over two years. In total, amelioration of students’ performance,
increase of learning motivation and activity were observed. Assessment of the results will be
published later.

Conclusions

Particular historical and social conditions in Latvia have caused the necessity to change
chemistry curriculum and teaching/learning methods in school. Contemporary chemistry education
does not provide knowledge and skills corresponding completely to the contemporary demands,
modern society’s needs and principles of the environment sustainable development.

The new teaching/learning model of chemistry in basic school is developed considering the
humanization principle of the teaching process recognized elsewhere in the world. The model is
ground on three prior aspects: society, nature, and technologies forming united system. The
objective of the model is stimulating student’s comprehension of the knowledge and skills of
chemistry in society, nature and technologies.

Contrary to the existing approach to chemistry teaching, the developed teaching/learning
model includes three main peculiarities: modified content, unconventional teaching methods, and
drawing of chemistry closer to every day life. The first involves joint influence of three spheres
(social sphere, biosphere and technosphere) on the chemistry teaching process. The second
promote teaching methods that stimulate thinking. The third includes greater proportion of the
applied chemistry: accenting the significance of chemistry in human every day life, adoption of the
attitudes and skills that are necessary for every day life and environmentally friendly.

Developed teaching/learning model of chemistry at basic school allows:
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e Introduction the student into the unified understanding of intellectual, natural, and material
values.

e Demonstration of the student-centered approach in the teaching process of chemistry as the
most effective system of pedagogical method in Latvia at the present time.

e Implementation qualitative changes in curriculum, proving the significance of applied chemistry
and applied skills as useful for human’s practical life.
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Pe3rome

PA3BPABOTKA COBPEMEHHOI MO/JEJIN OBYYEHUS XUMWUH B
OCHOBHOM HIKOJIE

Aiipa baprycesnua, laruus enepe

ConepkaHne XUMHYECKOTO OOpa3oBaHUs W MeTOAbl 00yueHuss B Iukonax JlarBuum B
HACTOSIIEe BpEeMs HE JAlOT yYECHUKaM T¢ HEOOXOJWMBIC 3HAHHS, HABBIKU M YMCHHS, KOTOPBIC
MOJIHOCTBIO COOTBETCTBOBANM OBl TPEOOBAHHSIM COBPEMEHHOTO OOIIECTBA, 3TO BBI3BIBACT
HEOOXOIUMOCTh U3MEHHUTh METOJIUKY OOYyUCHUSI.

B cratbe mpennoxkeHa u o0CykJaeHa HOBask MOJIENb O0y4YEeHUs XUMUHU I OCHOBHOM IIKOJIBI.
Monens pa3paboTaHa MPU KCIOJB30BAHUN MPOBEPEHHOTO W OJOOPEHHOTO IMOJIX0Ja B MHPOBOM
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MpaKTUKE - TyMaHuTapuzaluu ydeOHoro mporecca. [loaxon oOCHOBaH Ha EAMHYIO CHUCTEMY
,O0mecTBo - [Ipupoma — TexHonoruu”. ITH TP MOTHBA MOJAEIH OTPAKAIOT HYKABI OOIIECTBa,
JOJITOYyCTONYMBOE Pa3BUTHE U TPEOOBAHUS COBPEMEHHON KHU3HHU.

Paspaborannass Mopaens OOydeHHs OTIMYaecs OT TPAAUIMOHHOTO moaxona Ooiee
AKLEHTUPOBAHHOM MpPAKTHUECKONM XUMHUEH (B CMBICIE COJEp)KaHUs IpeaMmeTa U (OpMHUpPOBaHUS
HABBIKOB ydamuecs). MeToauka XHUMHUYECKOTO OJKCIIEPHUMEHTa TNPeIyCMaTPUBACT H3YUYCHHE
CUMBOJIOB MpEAYNPEeKIEHUS M OMNACHOCTH XUMHYECKHX BEIIeCTB, a Takke Ccrnoco0oB
HEUTpPATU3allid OTXOJOB TIIOCJIE€ pEaKIuh. B XUMHUYECKHX OSKCIEpUMEHTaX Mpejiaractcs
WCIIOJIb30BaTh IMPOCTHIC, B IOBCEIHCBHOW >KHU3HH PACIPOCTPAHEHHBIC BEIIECTBA W MAaTEPHAIIBI.
Mopnenbs oOy4yeHHs MpU3BaHA pa3BUBaTh YMEHHUS M HABBIKU MPUTOAHBIC B MOBCEAHEBHOW >KHU3HH,
OepeKIIMBOE OTHOIICHHWE K OKPY)KAIOIICH cpejie W OOOTallleHHbI 3HAaHUEM 00pa3 XMMHYECKOTO U
AQHATUTUYECKOTO MBIIIIICHUS YYCHUKOB.

Pa3zpabGoTtannas MeToarka 00yueHUsI XUMUU JJIsI OCHOBHOM IIIKOJIBI TTO3BOJISIET
e (QopmupoBaTh NOHUMAaHUE YUYEHUKOB 00 MHTENEKTYalIbHBIX, MATEPHAIBHBIX U HKOJIOTHYECKUX

[IEHHOCTSIX;
® aKIICHTHPOBATh TyMaHHBIH TOMXOJ K TMporeccy OOydeHHUs, KOTOPBIM SBIIIETCA Ooliee
MPOJXOASIINM B HacTosAlIee BpeMs B JlaTBuu;
® BHECTH KAueCTBEHHBIE HM3MEHEHHS B COJAEpKaHUU Yy4eOHOro mpeameTa, ocoboe BHUMaHUE
yAeTsis MPAKTHIECKONH XUMHUU U (POPMUPOBAHUIO HABBIKOB MPAKTHUYECKOM JIeATETHHOCTH.
[Ipemoxennass MOAEIb BMECTE C pa3pabOTaHHBIM y4eOHBIM TOCOOMEM JUIsl J1TaOOpaTOPHBIX
paboT, METOMMYECKUM MaTEpHaIoOM I YYHUTENs U padOYuMHU JUCTaMH Il YYCHHKOB ObLia
anpoOupoBaHa B OCHOBHBIX mHikosiax JlatBuu. Habmionanoce moBwllIeHHE aKTUBHOCTU U MHTEpeca
MO3HAHUS yYalIUXCs, a TaKkKe YIydllIeHne ycneBaeMocTd. bonee monpoOHOe oO0Cyx)aeHHe
pe3yIbTAaTOB apOOHUPOBaHUS OYIET OMyOIIMKOBAHO TIO3XKE.
KiroueBble ciioBa: xumMudeckoe o0pa3oBaHue, MOIeTh O0YyUEHUS XUMUHU, OCHOBHAS IIIKOJIA.
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