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Abstract

Integrated science courses in grade 1-11 in the Norwegian school system include biology,
chemistry, physics and earth science. The arguments used for integrated science are of scientific,
pedagogical and practical nature. Between 1993 and 1997 primary and lower secondary education went
through a comprehensive reform process and a new science curriculum was introduced. Until 1997
science in primary schools was not a separate subject, but part of an integrated subject including social
studies. The reform of primary education resulted in re-establishment of science as a separate school
subject. Another revision of the curricula of all school subjects will take place within a few years. The
revision should pay special attention to the problem of overloaded science courses, not allowing for
enough time for practical work, and to the need for a more coherent science curriculum for all stages from
grade 1 to 13.
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Science education for all

In the Norwegian school system science is a compulsory school subject from grade 1 to
grade 11. There are no separate courses in chemistry, physics or biology until in grade 12 and 13.
The school science courses in grade 1 to grade 11 include elements from biology, physics,
chemistry and earth science. Until in 1994 science had been a compulsory subject for all students
in primary and lower secondary school, but only for those grade 11 students following general
study programmes in upper secondary school. In 1994 a compulsory course in science was
introduced for a// grade 11 students, both in general study programmes and in vocational training
programmes.

Integrated science teaching

Rather than offering science as courses in biology, chemistry and physics, science
courses in the Norwegian school system include topics from the physical as well as from the
biological sciences. The science courses are frequently characterised as being "integrated"
courses, with reference to elements from biology, chemistry, physics and earth science being
included.

Integrated science teaching, however, should mean more than just putting different
elements together and giving the course a new name. Integrated science teaching should mean
that the different elements of the science curriculum are integrated into a coherent programme in
such a way that it provides students with knowledge and understanding that could not have been
acquired through studying the separated elements. Integrated science should allow students to
understand, for example, that energy is a key concept not only in physical sciences, but also in
studies of life processes and biological systems. Furthermore, it should show the relationships
between phenomena in which energy is transformed and the relevance of energy transformation
in a variety of phenomena and situations.



In integrated science students should also meet scientific issues which do not easily fit
into either of the traditional science disciplines, such as different environmental issues and issues
in biophysics and biochemistry, in relevant contexts. For the same reasons issues such as the
nature of science, the role of scientific evidence, probability and risk, and the ways in which
scientists justify their claims, should all be important aspects in integrated science.

Although the concept of integrated science teaching is not a new issue in Norwegian
school debate, and has been widely accepted, several questions still remain to be discussed and
answered. Examples of such questions are: should science be taught integrated even in grade 12
and 13; and, how should school science be defined at different levels? Should for example earth
science in upper secondary school be included and should technology be a separate subject or an
integrated part of school science?' The arguments used may be grouped as follows: scientific
arguments, pedagogical arguments and arguments of practical nature (Sjoberg, 1998).

Scientific arguments

On a scientific base, one may argue that the natural sciences have so many features in
common, as regards both their content and their methods, which as a whole differ so strongly
from other science areas, that it justifies considering them as coherent unity distinct from other
academic subjects. This alone, however, is not sufficient as an argument in favour of teaching
science integrated in schools. The scientific community has, after all, found good reasons for
splitting up science into biology, chemistry, physics and other science areas, although it is widely
accepted that these areas have many common features.

On the other hand, it is also accepted that fragmentation of the scientific community may
make science appear as a world of discrete ideas and methods, which for many may seem to lack
coherence. Therefore, if school science should emphasise coherence and relevance, and give
students sufficient knowledge and understanding to follow science and scientific debates with
interest, it would probably be better to introduce science as a whole rather than as separate
subjects.

Pedagogical arguments

In a pedagogical perspective, one might argue that it is important to work systematically
and allow students to understand the basic principles represented in biology, chemistry and
physics as separate subjects. Accordingly, relevance, contexts and more overriding perspectives
such as different aspects of the nature of science should wait until later.

"First the basics and then the big pictures" is a commonly held opinion by teachers. As
some say: " The big issues are too difficult to understand, some are hardly understood even by
scientists. How then should students be able to understand those issues, before they have
acquired basic understanding of the elements of science in subjects such as biology, chemistry
and physics?" As a consequence of such a view, integrated science should not be introduced until
at upper school levels.

On the other hand, integrated school science presented in a coherent way which reflects
the true nature of phenomena in the natural world, the work done by scientists and the meaning
of science in society, rather than being a collection of more or less isolated content fragments,
would enhance more meaningful learning. Such contexts would provide essential relevance and
meaning for young people. It may enhance their motivation and counteract the tendency of
seeing science as something detached and irrelevant to their own concerns and interests. A
curriculum for integrated science, based upon current ideas about learning, would perhaps result
in less content knowledge, but more easily develop the sense of wonder and curiosity of young
people about the natural world. Furthermore, such a curriculum would more easily develop the

! Recently a governmental committee proposed the introduction of “Technology and Design” as a separate subject
at lower secondary level (Utdannings- og forskningsdepartement 2003).



ability to understand and interpret scientific information, and gradually develop the ability to
understand science in a critical way.

Arguments of practical nature

Teachers' professional qualifications are a factor of major importance in education. Most
science teachers in secondary schools have a university degree including one and sometimes two
of the subjects biology, chemistry or physics. Only a few science teachers are specialised in more
than two of the subjects.

At university science is usually separated into distinct subjects, and teachers develop a
professional identity greatly based on their university subjects. Many teachers, therefore, may
only reluctantly agree to teach integrated science. For science teachers integrated science may
mean that parts of the curriculum content may not be dealt with in a satisfactory manner. Despite
their acceptance of the advantages integrated science may represent, many science teachers
would prefer not to have to teach those parts of science which they feel lie beyond their
professional qualifications. As a consequence, in some schools, mostly upper secondary schools,
science courses are separated into traditional subjects and taught by two or sometimes even three
different science teachers. Some textbooks in science facilitate such a practice through
organising the science content as easily distinguishable sections for physics, for chemistry and
for biology.

The nineties — when everything changed

The nineties will forever be memorised as the great reform decade in the Norwegian
education system. In 1993 a national core curriculum was introduced, which was meant to be an
ideological framework for all education from grade 1 to grade 13. In 1994 a comprehensive
structural change effected all parts of upper secondary education (grade 11-13), leading to a total
reorganisation of all programmes for vocational education. The 1994 changes also included the
introduction of new curricula for all subjects. In 1997 primary and lower secondary education
went through a comprehensive reform process. An extra school year was introduced by lowering
the age at which the youngest pupils entered school (from age 7 to age 6). The new curriculum
emphasised the use of new teaching methods and of new models for organising teaching, and
new curricula for all school subjects were introduced.

In 1998 and in 2003 teacher education in Norway went through reform processes.

A new science course in primary schools

A new science curriculum was not the only change made in an attempt to improve
science education in primary schools. First of all science had to be re-established as a school
subject. Until 1997 science in primary schools was not a separate subject, but integrated with
social studies into a subject called O-subject (O for orientation). When the O-subject was
introduced in the seventies, it was meant to enhance learning with the pupils' own natural and
social environment as a starting point and learning context. Working with both science and social
issues should emphasise the relationships between science and society. The arguments used were
basically the same as the pro-arguments for integrated science as referred to above. Yet, this
integration never became a success.

Research showed that the science component of O-subject tended to become weakened.
Studies of classroom practice showed that in most cases the social studies component dominated
clearly. An analysis of textbooks used in O-subject showed that science topics were clearly
underrepresented and that presentations of science topics often were of poor quality. The
situation seemed to be most negative for topics in the physical sciences. Some of the textbooks
appeared to have been written by author teams in which no persons at all with science



qualifications were represented. Similarly, many of the teachers who taught O-subject were
poorly qualified to teach science and amongst those, not surprisingly, many tended to avoid
science topics in their teaching.

Therefore, when the reform of primary and lower secondary school replaced O-subject
with separate subjects, science and social studies, most teachers welcomed this. It was generally
agreed that the integration of science and social science had failed. Science was re-established as
a subject in primary school, from grade 1 to 7.

Earth science

The position of earth sciences has generally spoken always been weak in Norwegian
school education. This is somewhat surprising because Norway is a nation with long and rich
scientific traditions in earth science and the nations wealth can largely be ascribed to exploitation
of mineral resources and oil and gas resources. The rich variety of the Norwegian landscape and
nature should also justify more attention in the education of young people to the processes that
have formed the country.

Earth science in school has normally been a part of geography, which in primary school
usually has a rather strong emphasis on social issues. In the new science curriculum, however, an
attempt has been made to include earth science topics. Science in grade 1-10 not only integrates
biology, chemistry and physics, but earth science is now a part of the integrated whole as well.
Earth science finally seems to have landed where it belongs, as a natural part of school science.

Science and environmental studies

The name that was chosen for the new science course in primary and lower secondary
school was, somewhat surprisingly, "Science and environmental studies". All the way during
preparations for final approval of the curriculum by the Norwegian Parliament, the name of the
course had been "Science". However, together with some minor adjustments made just before
final approval, a new course name turned up. No significant changes of the curriculum were
made; it was only the name of the course that had been changed from “Science” to “Science and
environmental studies”. It was undoubtedly done with the best of intentions, but it may have
some negative effects.

Ever since environmental education entered the scene in Norwegian education in the
early seventies, it has been of great importance that environmental education should be
integrated into all education in school and that it should not become associated with a particular
school subject. This has been clearly stated by the Ministry of Education in its official policy for
implementation of science education. This was simply neglected by the politicians when they
decided to change the name of the science course.

If the purpose of the change was to emphasise the close connection between
environmental issues and science, then why wasn't the same done for other school subjects, such
as geography and economics? By connecting environmental studies and science so closely
together, one might create the belief those environmental problems most of all are of a scientific
nature. One might argue that today's environmental problems should be considered as an
important argument for learning science in school. However, there are many other valid
arguments for learning science, which are of equal importance.

What went wrong?

In 1999 the Norwegian education authorities, even before anybody knew anything about
how the new curriculum would effect students' learning in science, assumed that there would be
a need for a curriculum revision in mathematics and science in grade 11 because the introduction
of the new curriculum in grade 8-10 would ”produce” students who had learned more”, or the



new students should at least have a different kind of skills and knowledge. Based on this belief
the curriculum for mathematics in upper secondary school (grade 11-13) was revised.

The science curriculum was however, after a long discussion, not changed. An important
argument which was used against a revision of the 11th grade science curriculum before
knowing anything about the “new” generation leaving grade 10, was that one can never be sure
that the changes one aims at through a new curriculum really lead to changes that are reflected in
the learners' results. A curriculum is, after all, only one of the factors affecting learning
processes and learning outcomes (van Marion & Valdermo, 2000).

Today one may ask why today’s 11th graders do not seem to differ very much from the
students in grade 11 in the past. Is it possible after all, that the new 8-10th grade curriculum in
science alone did not bring about the intended changes, and that this at least partly may explain
why today's 11th graders seem not to have significant more interest, better skills and more
knowledge in science?

The new science curriculum for grade 1-10 is without doubt an improvement when it
comes to structure and progression and the emphasis on practical work and students' own
experiences. Many science teachers say they appreciate the ideas expressed through the new
curriculum and that the new curriculum has led to positive changes in their classroom practice
(Tveita, Almendingen & Klepaker, 2003).

The new science curriculum document never became what it was intended to be. A
hearing, based on a draft curriculum, resulted in an immense number of issues that many seemed
to ”miss” and many of these issues were later included in the final science curriculum. The result
was an overloaded science curriculum. Although the curriculum expresses modern ideas
emphasising the meaning of children's curiosity and questions linked to everyday science, there
is too little time to work thoroughly with the issues, simply because there are too many issues in
the curriculum. This results in superficial learning and leads to fragmentary knowledge. Poor
basic understanding of scientific issues is a common problem and an overloaded curriculum does
not contribute to solve that problem.

Preparing a platform for change

The comprehensive reforms at all levels of the Norwegian education system in recent
years have brought about changes at the system level, school level and classroom level. Some,
but not all of these changes were improvements. Recently the Ministry of Education has
announced that the development of a new curriculum for science and the other school subjects
will start in 2003/2004. This time the mistakes made under the reforms of the nineties should be
avoided. First of all it is important to make sure that the new curriculum will be a coherent
programme for all science education from grade 1 to 13 in Norwegian schools. Under the
reforms in the nineties a new science curriculum for grade 11 was developed initially, followed
by new curricula for the biology, chemistry and physics courses in grade 12 and 13. Finally a
curriculum for grade 1-10 was developed. Soon after the curriculum for grade 1-10 was
introduced, one realised that the recently developed curriculum for grade 11 did not correspond
with the curriculum for grade 1-10.

As a starting point for a change of science education in Norway, some principal questions
have to be considered thoroughly. In a report presented by a group of British experts in science
education, the outcome of a series of seminars was presented (Millar & Osborne, 1998). The aim
of the seminars was to consider and review the form of science education required to prepare
young people for life in our society in the next century. The seminars considered four principal
questions that also seem to be relevant in a Norwegian context:

1. What are the successes and failures of science education to date?
2. What science education does young people need today?



3. What might be the content and structure of a suitable model for a science curriculum for all
young people?

4. What problems and issues would be raised by the implementation of such a curriculum, and
how might these be addressed?

Conclusions

In 1997 science education in primary and lower secondary education in Norway went
through a comprehensive process of change. Only minor changes were made in science
education at upper secondary level. New changes of the science curriculum at all stages will be
made within a few years. No dramatic changes should be expected, although there is a strong
need for a more coherent curriculum from grade 1 to grade 13. There seems to be widespread
consensus that science education in grade 1 to 11 should be integrated, i.e. courses that include
physics, chemistry and biology, and that earth science should be a part of science in primary and
lower secondary school. Furthermore, there are no indications that science and social sciences
will be re-established as an integrated course in primary school. As a whole, most science
teachers seem to be more or less satisfied with the curriculum changes made in the nineties.
However, a major problem in today’s science education, mainly in grade 7 to 10, is that the
courses are overloaded. A new science curriculum should, therefore, not include as many topics
and allow for more time spent on practical work in and outside the classroom.
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Pe3rome

ECTECTBEHHOHAYYHOE  OBPA3OBAHUE B  HOPBEIUM.
PEIIAIOLWI MOMEHT IS CJEIYIOIEN PE®OPMBI

Iletrep Ban MapuoH

B crarbe npeacraBieHa cuCTEMa €CTECTBEHHOHAy4yHOro oOpasoBaHus B Hopseruu.
EcrectBenHoHayuHOoe oOpa3oBanue /EHO/ unrerpupoBanHoe. HeT HUKakuX OTAENBHBIX KypcoB
o0 XUMHH, ¢u3uke Wi Ouonoruu. MHTerpupoBaHHoe 0OydeHHE €CTECTBO3HAHMIO JIOJIKHO
O3HayaTh OOJIbIIE YeM TOJBKO COEIUHEHUE PA3IMYHBIX JIEMEHTOB M IMPEJOCTaBJICHUS Kypcy
HoBoro Ha3BaHus. Coxepxkanne EHO BkitouaeT 3HaHMA 110 OMOJIOTUH, XUMHH, (PU3HKE, HAYKE O
3emiie. MHTerpupoBaHHblii Kypc 00OCHOBAaH HAay4HBIMHU, MEJArOTMYECKUMH U MPAKTUYECKUMHU
aprymentamu. CormacHo pedopme ocHoBHOU mikonbl (1997) B Hopeernmn ¢ 1 mo 10 kmace
OCHOBHOM IIIKOJIBI BBEJIEH HOBBIM MpeaMeT "YdueHune o MpUpoje U OKpyKaromeh cpene”. IToT
KypC OpraHM30BaH TaKUM OOpa3oM, YTO Y4alIMecs PEryJsIpHO BO3BPAIAIOTCS K OCHOBHBIM
TEMaM 3TOT0 Kypca, YIiIyOuss Ipu 3TOM CBOH 3HAHHUE, TOJIydas HOBbIE M PAaCIIUPEHHbIC 3HAHMUS.



WuTerpupoBaHHOe 00y4YCHHE €CTECTBO3HAHHWIO OJDKHO O3HA4aTh, YTO PA3JIUYHBIC SJIEMEHTHI
y4eOHOro IuTaHa OObEJMHEHBI B TIOCIICAOBATEIBHYIO MPOTpaMMy TaKHM CHOCOOOM, YTO 3TO
obecrieunBaeT yYEHWKOB KayeCTBEHHBIMH 3HAHUSMH, KOTOPHIX HE BO3MOXKHO NpuoOpecTH,
u3ydast OT/eTIbHbIC JUCIIUTUINHBIL.

WuTerpupoBanHbill Kypc MOMKEH MOMOYbL YYCHHKAM TOHSThH, HAPUMED, YTO DHEPTUS —
KIIFOYEBOE TIOHATHE HE TOJHKO B (PM3HMKE, HO TaKXKe W B HMCCICIOBAHUSIX MPOIECCOB KHU3HU U
Onojormdeckux cucreM. Kpome TOro, BaKHO II0Ka3aTh OTHOIICHUS MEXIY pPa3HbIMU
SABIICHUSIMU. B HMHTErpupoOBaHHOM Kypce VYYEHHKH JOJDKHBI TaKK€ BCTPETHTh Hay4YHBIC
MpoOJIEMbI, KOTOPBIC JIETKO HE BIUCBIBAIOTCS HU B OJHY W3 TPAJAWIMOHHBIX JIUCIUTUIMH
€CTECTBO3HAHUS, HATIPUMED, Pa3IMYHbIC SKOJIOTHYECKUE TIPOOIIEMBI U TTPOOJIEMbI B OMOpU3NKE U
OMOXVIMHH.

Bcectoponane pedopMbl Ha BCEX YpPOBHAX HOPBEKCKOW CHCTEMBI OOpa3oBaHHS B
MIOCJIETHHE TO/IbI BEI3BAIM U3MEHEHUS Ha YPOBHE CHCTEMBI, IIKOJILHOM YPOBHE U YPOBHE pabOTHI
B Kiacce. K coxxaneHuio, He Bce 3T M3MEHEHHs ObUIM yCOBEpIICHCTBOBaHMsAMHU. Ha ceit pa3
omuOOK, CIIENaHHBIX COTIACHO pedopMaM JIEBSHOCTHIX HYKHO M30exarthb. [Ipexie Bcero BaxxHo
YIOCTOBEPUTHCS, YTO HOBBIM yUEOHBIM ITAHOM OyJIeT TMOCIeioBaTeIbHAs IPOrpaMMa il BCETO
EHO ot 1 go 13 xnmacca B HOpBexckux mkonax. ['masHas 3amagva EHO — moAroTOBUTHE MOJIOABIX
Jroe K OKW3HM B HameMm OOIIeCTBE B CIEAYIONIEM CTOJICTHH. B TNpHHIOWIE BaXXHO
paccMaTpuBaTh YETHIPE OCHOBHBIX BOTIPOCA!

e KakoBbl ycrexu u oTka3sl EHO 10 Hacrosimiero BpemeHu?

e B kxakom EHO mosonpie Troau Hy )IaeTCs CETOAHBI?

e Uro Morio Obl OBITH COJIEPIKAHUEM U CTPYKTYPOU MOAXOISAIICH MOACITH Il yaeOHOU

MPOrpaMMbl €CTECTBO3ZHAHUS JISI BCEX MOJIOJIBIX JTFOJEH?

e Kakue nmpoGiieMbl MOXET BO3HUKHYTH ITPH BHITMIOJIHEHUN TaKOH Y4eOHOH MpOrpaMmbl?

OcHoBHO# Bompoc — Kak mKkonbHOoe EHO 1omkHO OBITH OmpeneneHo Ha pa3sIudHBIX
YPOBHSX 0011e00pa30BaTeILHON NIKOJTBI?

KaoueBble c10Ba: eCTeCTBEHHOHAYYHOE 00pa3oBaHue, IIPOrpaMMa, OJIUTHKA 00pa30BaHMS.
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