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Abstract. Scientific knowledge, skills and attitudes are cultural products of great intellectual power and
beauty. The future of science education and scientific literacy of youngsters is determined by the
educational policy of the country, moreover, it also depends on teachers working at schools and
universities. The tasks of reported research work was to explore approachable literature about natural
science education in general and to analyse corresponding educational problems particularly in Latvia.
Key words: science, scientific literacy, educational process, constructive approach, teaching-learning
strategies.

Introduction

The sphere of natural science development is very wide, complicated and diverse, thus it
requires a new point for all. The school must give all citizens the tools to understand the world
they live in. It is a new concern. In all cases and at all levels of schooling, in such a context
physics or science education for all cannot continue to be the simple academic transfer of
contents that we see in many physics classes today. The science education is one of the most
important areas of general education to form conception of the world, to acquire practical
knowledge, to form definite attitudes and skills, as well as to rise cultural level, to understand
link between material environment and society and to take notions about modern technologies.
New paradigm of modern education requires new quality approach and new content of
education to improve scientific literacy and promote better public understanding of science.

According the educational strategy of Latvia where the care for intellectual and scientific
literacy of society is marked as one of the main priorities, author indicate two basic directions of
research: 1) to analyse and evaluate the educational research done in different countries and to
choose the most appropriate educational strategies for Latvia; 2) to analyse the nowadays
situation in science teaching in schools of Latvia.

Scientific literacy for all

About the problem of scientific literacy a variety of research works have been done in the
world during recent years. According to American researcher Miller scientific literacy includes
two basic dimensions — a basic vocabulary of scientific terms and concepts and an understanding
of the process and methods of science for testing our models of reality (Miller, 1995). Almost
every author who has written about scientific literacy expressed the idea that scientific literacy
meant more than memorizing vocabulary. That allows us to expand the way we think about the
terms, it suggest standards of achievement (Bybee, 1997). According with George DeBoer
scientific literacy would be humanistic study in which students developed a broad understanding
of the regularities of the natural world, the methods that have been used to acquire corresponding
knowledge and the ways this knowledge and these methods have affected all of humanity (Buck,
1997).

There is much evidence that many school students and adults have little understanding of
basic scientific ideas or processes (Millar, 1996). Surveys of science understanding among the
adult population (Durant, Evans, Thomas, 1989) indicate much of the same picture: little
understanding and many potentially serious misunderstandings of basic ideas of science. Adults
know little about scientific theories; they have surprising gaps in their knowledge about the
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physical world and, worst of all, they have little idea about how scientists do in their work
(Bryce, 1996).

The educologists of Lithuania (Vaitkus, 1996; Motiejuniene, Lekevicius, 1996;
Peciuliauskiene, Rimeika, 2004) and Latvia (Geske, 2002; Kangro, 2002) claim that basic school
learners are not able to apply practically knowledge of natural science. At the same time 56.9%
of Latvian pupils evaluate their knowledge in natural science as sufficient and only 6.6% as
insufficient (Lamanauskas, Gedrovics, Raipulis, 2004). The evaluation is about knowledge,
which acquired in basic school.

Are science lessons really playing an acceptable role in the education of students today?
Some researchers have argued that the lack of effectiveness of science teaching is a consequence
of the content of the curriculum on offer. During the past century science has changed
considerably. Aikenhead argued that present situation has come out of 19™ century university
plus deep integration with technology, industry, politics, ethics, the military and other social
groups in society. In short, scientific enterprise has become “’socialized”. As well, science itself
has evolved into a multitude of disciplines which are themselves integrated combinations of
older disciplines. Over the past years, however, the high school science curriculum has not
changed its allegiance to the compartmentalized disciplines of pure physics, chemistry, biology,
and geology, all decontextualized from a social milieu (Aikenhead, 1997).

Many students achieve little in science because they simply cannot see the point of it. Each
lesson builds on the last, introducing new ideas. The “big ideas” get lost in the mass of detail
(Millar, 1996). There is a gap between the science taught in school and the science education
needed to function within tomorrow’s society at least for the overwhelming majority of citizens
(Holbrook, 1999). Partly this gap seems to arise from science teachers’ perception of science
education. Many feel it is to provide a basis for further study, rather than to enable a student to
function within society. Of course, many perceive it should be both. But it is worth remembering
that students go to school to be educated. Science education in school is part of modern general
education. And if that education is to guide students to make informed choices, to solve
problems within society, to make moral judgments and to be able to communicate and cooperate
with others, then these must surely be major facets of science education. But science teachers
ignore these in many cases. No wonder students tend to see the science taught in schools as
irrelevant (Holbrook, 1999).

Perspectives of natural science education

The central argument, that all youngsters should became more scientifically capable as
part of their education, can be considered from theoretical perspectives, which have informed the
literature in recent years but are looked at the context of curriculum development, taking
methodologies and assessment (Bryce, 1997). Today, a new view of nature and new paradigm of
integrate science education has emerged from twentieth century discoveries in physics, biology
and chemistry in dialogue with the arts and humanities.

Education is a specially organized process, where we get knowledge, develop our skills and
form our attitudes toward our material environment and society. It is not only process of gaining
knowledge. Knowledge and skills form human’s intellect, they are developing in
teaching/learning process. Attitudes and skills - promote developing moral values during
upbringing or value education process. Full scale human’s intelligence today needs integration of
intellect and moral (Broks, 2001). Teacher utilizes different theoretical approaches in his or her
teaching process.

Some theories are based on the social-cultural perspective of learning From social-cultural
perspective the relevancy of school science learning can be understood by comparing the ways in
which people learn about the world (Lave, 1988; Saxe, 1990). Learning is a dynamic and
recursive (rather than mechanical) process of constructing meaning (Rogoff & Chavay, 1995;
Vygotsky, 1978). Language and communication are constitutive in the process of learning.



ISSN 1648 - 3898 Journal of Baltic Science Education, No. 1 (7), 2005-03-30; pp. 63-69.

Learning is, according to the socialcultural theory, regarded as appropriation to intellectual and
physical tools which are used to solve problems in everyday life. It is in this context however
important that learners in their communication with their peers not only do discuss scientific
concepts in situated scientific context but that they observe the epistemological and ontological
questions which are appropriate to the subject studied.

Prominent in the literature of science education is the work done on constructivism (Driver
and Oldham, 1985), an approach to learning which takes seriously the view that meaning is
constructed by the learner on the basis of what she/he already knows. Very often learners create
distortions to new ideas or inter-connect different ideas. Thus constructivists dwell upon the
activity necessary by learners and the understanding required by teachers of learners’ construct
during learning. Constructivist learning, therefore, is a very personal endeavor, whereby
internalized concepts, rules and general principles may consequently be applied in practical real-
world context. Trusted old ideas are very hard to shift and research has steadily revealed the
wealth of ideas, half-baked and bizarre though some may be, which require unpacking and
modification through enquiry, investigation and discussion. Solomon (1994) and Osborne
(1996) admit to the significant body of knowledge we now have about the difficulties
encountered in learning science, so much of which is counter-intuitive to pupils (Bryce, 1997).

According to Schulmans (1987) conception, content of learning should be comprehension
and reasoning, reflection and transformation. The selection of content for science education
might be a problematic issue has been discussed by Roberts (1982) and Broks (2004). A
constructivist approach to classroom science supports these reform articulations because students
learn science as active constructors, rather than passive recipients of knowledge. As students
negotiate their understandings in science in collaboration with teachers and peers, critical
thinking becomes the dominant mode of learning over the rote memorization of facts.

Cognitive theorists such as Piaget and Ausubel, and others, were concerned with the
changes in a student’s understanding that result from learning and with the fundamental
importance of the environment. Constructivism itself has many variations, such as Generative
Learning, Cognitive Apprenticeship, Problem-Based Learning, Discovery Learning. Regardless
of the variety, constructivism promotes a student’s free exploration within a given framework.

Equally prominent in science education literature is the debate about practical work and
projects and the role of investigative practical science. It seems accepted now that the use of
investigative practical work, which encourages pupils genuinely to investigate phenomena, is
much more effective rather than practical work which is merely illustrative of concepts or
outcomes. Handled well with effective teacher questioning, pupils’ own ideas can be made the
subject-matter of investigation and their practical skills and scientific methodology improved.
An appropriate stress can be placed upon setting out testable hypotheses, variables, using
controls and specific techniques, sorting out inferences in relation to evidence, recording and
reporting techniques, etc. Useful strategies are ones where activities for pupils require them to
use their ideas (as opposed to filling in worksheets) and, in due course to connect these ideas to
scientists’ ideas. Such strategies resolve the ‘process-product’ and ‘parts-whole’ problems which
have featured in the last fifteen or so years (Bryce, 1997; Hodson, 1991). The issue remains live
in relationship to assessment where the amount of structure to be imposed on tasks is still
contentious. Particularly at formative stages, structuring is required to ensure that assessment
strategies will be valid and reliable. In order to check for genuine problem-solving ability,
however, a degree of openness must apply to the problem passed and to the questions set for
pupils to investigate.

The challenge for curriculum development now is to advance teaching strategy which
exemplify “science-in-the-making”. For curriculum development should recognize the
significance of informed theoretical discussion, infused with evidence from research, among
those who lead the way (Bryce, 1997). Great difference is between science curriculum for
specialists and scientists and science curriculum for public use.
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Science subjects teaching in Latvia’s schools at upper secondary level of general education

The system of four education programs for Latvia’s upper secondary schools and
gymnasiums was introduced from 1999/2000 school year. They are as follows: 1) general
education program, 2) humanitarian and social education program, 3) natural science and
mathematics education program and 4) professionally oriented education program. Pupils have
to choose one of those programs in the beginning of our so called middle stage of education
(10™ grade or form up to 12" grade or form). Pupils who have chosen science and mathematics
education program study biology, chemistry, physics as separate subjects. Pupils study the
integrated subject “Science” if they have chosen general education program or humanitarian and
social as well as professionally oriented education program. The first project about the school
subject “Science was realized eight years ago. It forces to assimilate physics in 10™ form,
chemistry in 11" form and biology in 12 ™ form. School subject “Science” for students who have
chosen general educational program or humanistic and social education program, physics,
chemistry and biology teachers are involved in teaching this integrated subject.

11 physics, 8 chemistry and 9 biology secondary schools teachers from Daugavpils,
Kraslava and Rezekne participated in the research. Observation of 28 upper secondary science
subjects teachers work during 95 school lessons in overall was realized to determine how their
real work correspond to those new ideas for further development of science education.

The students of Daugavpils University faculty of Natural Sciences and Mathematics was
involved during their final pedagogical practice period in 2003/ 2004 school year. Students have
observed more than 3 science lessons of each teacher. Observing teachers in action is important
not only at the start of teacher training but also is one of direct research methods. To gain better
and more complete insight in educational process, the author of the article has developed and
offered students a questionnaire. Teachers work observation became a search for corresponding
answers to those questions. The questions were as follows:

1. What was the teacher’s role during the lesson?

2. Did the teacher activate pupil’s previous knowledge during the lesson on the basis of
known knowledge. Will they new knowledge and skills and make conclusions.

3. Did the teacher offer situations to make pupil’s interested in the topic or problem?

4. Did the teacher offer situations for developing pupils power of apprehension and
judgment ability?

5. Did the teacher accent situations in acquired knowledge which are directly connected
with pupil’s living environment.

6. Did the theme of the lesson was integrated with other science subjects or themes ?

Students evaluated all these aspects of educational process as satisfactory or insufficient
or did not seen at all during the observed lesson.

According to data analysis of the role of teacher during the lesson (question Nol) 35% of
respondents considered that main teachers role during the lessons was related to management of
teaching and learning process. Teachers were actively involved in the teaching — learning
process as facilitators of learning, instructors or coaches, mentors. But about 40% respondents
showed that teacher was mainly information deliver during their lessons. The account’s of
students account documents suggest that it is difficult for some teachers to move from the old
teaching methods to a new strategy which require new approach for science teaching for students
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who have chosen general educational program or humanistic and social education program.
About 25 % respondents concluded that teachers were more information delivers and less
managers of teaching and learning process.
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Figure 1. Evaluation of teacher’s activities (answers to questions No 2 — 6.)

About 70% teachers satisfactory activate pupil’s previous knowledge and offer situations
for making pupils interested in the topic or problem. Only 62% teachers offered situations for
development pupils’ power of apprehension and judgment ability?

Many teachers don’t accented (8%) or accented insufficient (25%) situations in which
acquired knowledge was directly connected with living environment. About 46% of teachers pay
attention insufficient to nature sciences cross disciplinary aspects and 16% do not pay attention
to is important aspect.

Constructivists’ ideas are neither fully recognized nor utilized at any of the school stages,
and much of secondary science teaching is constrained through perceived lack of time and via
pressures from examinations. Constructive approach is oriented towards pupils’ abilities to apply
and acquire knowledge in practice, to solve problems in living environment. Science teachers
need to recognize that they educate students to be able to develop their skills, attitudes and
awareness as a members of the society through a context of science. It requires special work to
prepare corresponding recommendations for teachers as well as teacher educators.

Conclusions

The tasks of reported research work was to explore approachable literature about natural
science education in general and to analyse some corresponding educational problems
particularly in Latvia. Particular attention has been paid to the following components of
contemporary educational process: developing student’s thinking skills, they skills to make
connections to a known material and to real life situations.

The author was found out that only 35% of science teachers are paying attention to a
process of organizing study process, about 40% of science teachers become a source of
knowledge to their students.
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It was stated that not much attention has been paid to interdisciplinary themes and
problems, not much attention has been paid to designing positive social environment and
building student’s value system.

Science teachers need to recognize that they educate students to be able to develop their
skills, attitudes and awareness as members of the society through a context of science.
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Pe3ome

MOUCK BO3MOXKXHOCTEMN YAYYIIEHUS NTPENOJABAHMSA
ECTECTBO3HAHMA B CPEJHEU IIKOJIE U T'MMHA3UU

Jloaura Uonane

CorilacHo MHOTHM HCCJIEIOBAaHUSM, B DIOXE, KOTJa HAYYHBIE JOCTIDKCHUS IIIHPOKO
MIPUMEHSIOTCS B PA3IMYHBIX c(hepax AeITeIbHOCTH YeoBeKa, B 00IIecTBe HAOMIOAaeTCs HU3KHA YPOBEHb
€CTeCTBEHHOHAyYHOH TpaMOTHOCTH. B craThe paccMmarpuBaeTcs BONPOC O TOM, KaK ITOBBICHUTH
3G PEKTHBHOCT TPENOJI0BaHusl y4eOHOTrO mpenMmera Ecmecmeo3nanue B cpelHEd MIKOJNE M TUMHA3UU
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JUIS TeX YYEHHUKOB, KOTOpbIE HE MPOSBIISIIOT MHTEpeC K TOUYHBIM HaykaM. [Ipenmer Ecmecmeosnanue B
mkonax JlarBuu BBeseH B 1996 rony.

Ilo muenuto yuensix [lpaiiBepa, Onaxoma, bpanca KOHCTpYyKTHBHBIH HOIXOA sIBiIseTCs Oonee
3¢ GEKTUBHBIM AJIS OBBIICHUS €CTECTBEHHOHAYYHON TPAMOTHOCTH MOJIOJICHKH.

C nenbio uccnenoBaHus yueOHOTO MpoLecca aBTOPOM CO  CTYACHTaMU — MPAKTUKAaHTAMH ObUIH
MOCEHNICHBl W MpPOaHAIW3MPOBaHbl 95 ypOKOB HMHTETPUPOBAHHOIO IpeaMmera FEcmecmeosnanue,
U3y4yaeMoro B cpeiHeil o0meo0pa3oBaTelbHON MIKOJIE B paMKax MpOrpamMM, HE MpeayCMaTpUBAIOINX
U3y4EHHE OTIENIBHBIX MPEIMETOB E€CTECTBEHHBIX HAayK. B Xome HccnenoBaHHS KOHCTaTHPOBAHO, 4TO
OCHOBHOE BHHUMAaHHE Ha COBPEMEHHYIO OpIaHHM3alMI0 00pa30BaTEIbHOM [JESTENbHOCTH YYaLIUXCS
yAemnsuio Tonbko 35% yunteneit. Yuutens B ocHOBHOM (B 40% ciy4aeB) BBIIOIHSUIM POJIb “‘HCTOYHHKA
3HaHnii”. B 25% caywaeB yuurens Oombllle BHHMaHHME YACTSUT TNPEMOJABAHHMIO 3HAHWKW 4YeM Ha
OpraHu3alrIo U Apyroil yueOHOM M BOCIUTATEIBHON AEATENBHOCTH yueHHKOB. Oco00 HCClIen0oBaHbI
CIIEYIONIME KOMIIOHEHTHI 00pa30BaTeNbHON JEATENbHOCTH: JOCTaTOYHO JIM YYHUTEISAM YHAeTcs
3aMHTEPECOBaTh YUECHUKOB; HalpaBlieHa I paboTa Ha Pa3BUTHE MBILUICHHS; KaK OCYIECTBISIETCS CBS3b
C paHee Ny4EeHHBIM MAaTE€PHAJIOM U KOHKPETHBIMHU SIBICHUSIMH PEAIbHOM KU3HU. BBIABIEHO, UTO BO BpeMs
YPOKOB HEIOCTATOYHO MPOSABIIIETCS MEKIIPEIMETHAS CBSI3b, MUHMMAJIBHO PACKPBIBACTCA COLMAIBHBIN
KOHTEKCT U [IeHHOCTHBIE OPHEHTAI[MN H3y4aeMOoro Marepuaa.

KaroueBble cjioBa: ecTeCTBEHHOHAY4HAs! [PaMOTHOCTb, ob1iee 00pa3oBaHie, KOHCTPYKTUBHBIN MOOXON,
y4IeOHBIN M BOCTIMTATEILHBINA MPOIIECC.
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