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ABSTRACT

This paper evolves from work carried out during a consultancy for the European
Commission. This consultancy involved liaison with the European Commission at
regular meetings in Brussels with representatives from the extended European Union
FRPSULVLQJ  &RXQWULHV LQFOXGLQJ WKH QHZ DFFHVVLRQ FRXQWULHV 7KHVH IRUPHG
D ¶ZRUNLQJ JURXS· ZKLFK ZDV VHW XS WR H[SORUH H[DPSOHV RI LQLWLDWLYHV DLPHG DW
LQFUHDVLQJUHFUXLWPHQWLQWRWKHÀHOGVRI0DWKHPDWLFV6FLHQFHDQG7HFKQRORJ\DQG
to draw up reports based upon the discussions.
As part of the remit a study visit to Sweden was organised to enable evaluation
of some of the established and ostensibly, successful initiatives which had been set
up to promote greater interest in science and technology.
$QDQDO\VLVRIUHFUXLWPHQWWRWKHÀHOGRI6FLHQFHDQG7HFKQRORJ\HGXFDWLRQLQ
Europe will be shown to be gaining political impetus. The implications of this for
both Sweden and Scotland will be considered. Following a brief overview of the
Swedish school system, an examination of the current situation in both countries will
be explored. Three Swedish initiatives which closely relate to current aspirations for
Science and Technology education in Scotland, will be discussed and analysed.
$(8523($1675$7(*<)256&,(1&($1'7(&+12/2*<

An important conclusion reached at a meeting in Lisbon of the European Council
of Ministers in March 2002, was that the Union was currently confronted with what
was termed a quantum shift resulting from globalization and the knowledge driven
economy. From this meeting a strategic target evolved which had at its heart the
desire for the Union to become the most competitive and dynamic knowledge based
economy in the world, capable of sustainable economic growth with more and better
jobs and greater social cohesion. This set of initiatives is targeted for 2010.
Initiatives which were considered to be crucial in achieving this dynamic economy
ZHUHUHFRUGHGE\WKH(XURSHDQ&RXQFLODVLQYROYLQJVFLHQWLÀFDQGWHFKQRORJLFDO
GHYHORSPHQW *HQHUDO DQG VSHFLDOLVHG VFLHQWLÀF RU WHFKQRORJLFDO NQRZOHGJH LV
increasingly called upon in professional and daily life, in public debates, decision
making and legislation. The Council goes on to emphasise that all citizens require
a basic understanding of mathematics, science and technology and that this should
be acquired as part of the necessary package of basic skills.
$PDMRUDQGVLJQLÀFDQWIRFXVRIWKLVSURJUDPPHLVDPRGHUQLVDWLRQRIWKHYDULRXV
current educational systems set within the extended European Union. The focus will,
however, respect the various national diversities of the thirty countries involved.
On this basis, and following a report to the European Council of Ministers meeting
LQ%DUFHORQDLQ0DUFKWKHUROHRIHGXFDWLRQDQGWUDLQLQJZDVLGHQWLÀHGDV
EHLQJ IXQGDPHQWDO WR WKH HQKDQFHPHQW RI WKH OHYHO RI TXDOLÀFDWLRQ RI SHRSOH LQ
Europe, and hence to meeting not only the Lisbon challenge, but also the broader
needs of citizens and society.
,Q SDUWLFXODU VFLHQWLÀF DQG WHFKQRORJLFDO GHYHORSPHQW ZDV VHHQ DV EHLQJ
fundamental for a competitive knowledge society. All citizens, it is argued, should
have a basic understanding of science and technology. In order to improve its position
in the world and to meet the Lisbon targets, it is consequently seen as essential that
Europe encourage children and young people to take a greater interest in science and
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WHFKQRORJ\DQGWRHQVXUHWKDWWKRVHDOUHDG\LQVFLHQWLÀFDQGUHVHDUFKFDUHHUVÀQG
WKHLUFDUHHUVSURVSHFWVDQGUHZDUGVVXIÀFLHQWO\VDWLVIDFWRU\WRNHHSWKHPWKHUH
An informal Meeting of Ministers of Education and Ministers of Research in
Uppsala, Sweden, in March 2001 underlined the importance of increasing recruitment
WRVFLHQWLÀFDQGWHFKQRORJLFDOGLVFLSOLQHVLQFOXGLQJDJHQHUDOUHQHZDORISHGDJRJ\
and closer links to working life and industry throughout the entire educational and
training system.
Science and Technology was therefore one of the three priority areas in which
the Education Council decided on 28 May 2001 to start work, as highlighted in the
conclusions of the Stockholm European Council. In the context of the implementation
of the detailed work programme on the objectives of education and training systems
also known as the “objectives process”, the Commission established a working
group for increasing recruitment to Maths Science and Technology, which formed
one of the thirteen objectives.
It is issues relating to initiatives which explore new pedagogies for science and
WHFKQRORJ\DWVFKRROOHYHOWKDWWKLVSDSHUZLOODGGUHVV+RZHYHUWKHÀUVWSUREOHP
encountered by the working group was how to differentiate between the concepts
of science and technology.
813$&.,1*7+(5(/$7,216+,3%(7:((16&,(1&($1'7(&+12/2*<

,QWKHFRQWH[WRIWKH¶&DQEHUUD0DQXDO·  VFLHQFHLVGHVFULEHGDVDWLWVZLGHVW
¶«´NQRZOHGJHµRU´NQRZLQJµLQDQDUURZHUVHQVHLWLVXQGHUVWRRGDVEHLQJWKH
kind of knowledge of which the various “sciences” like mathematics, physics or
economics are examples. In ordinary English usage science is often synonymous with
WKHQDWXUDOVFLHQFHV«· S 7HFKQRORJ\RQWKHRWKHUKDQGLVGHVFULEHGDV¶«´WKH
application of knowledge”, and more narrowly dealing with tools and techniques
for carrying out the plans to achieve desired objectives’ (p 16).
There exists in this context, a clear and distinct difference between science and
WHFKQRORJ\0RUHRYHUWKH¶&DQEHUUD0DQXDO·FODVVLÀHVVL[EURDGÀHOGVRIVFLHQFH
DQG WHFKQRORJ\ WKH ÀUVW WZR EHLQJ WKH QDWXUDO VFLHQFHV LQFOXGLQJ PDWKHPDWLFV
and computer science programmes, followed by engineering and technology,
which includes trade, craft and industrial programmes together with engineering
SURJUDPPHVDUFKLWHFWXUDOWUDQVSRUWDQGFRPPXQLFDWLRQVSURJUDPPHV2WKHUÀHOGV
include medicine, agriculture and social sciences.
Once more a clear distinction is made between science and technology where
technology has now been aligned to engineering. The tension inherent in the
distinction between science and technology was a strong and recurring issue which
emerged at the various working group meetings. The widely held perception was
that technology was an applied form of science and that science, in a school sense,
FRPSULVHG 3K\VLFV &KHPLVWU\ DQG %LRORJ\ ,W ZDV JHQHUDOO\ WKRXJKW WKDW WKHVH
subjects effectively subsumed technology. This is not a new misunderstanding and
in terms of school education, a consensus was eventually reached which highlighted
WKHGLVWLQFWLYHQDWXUHVRIVFLHQFHDQGWHFKQRORJ\DQGFOHDUO\LGHQWLÀHGWKHLUXQLTXH
and distinguishing features, at the same time recognizing that each is constituted
within each other. This distinction is supported by many authors such as Kline
 6WDXGHQPDLHU  %ODFNDQG+DUULVRQ  /D\WRQ  %HQQH
DQG%LUQEDXP  *DUGQHU  +DUOHQ  %DUOH[ 3LWW 
The working group agreed that, for the purposes of the consultation, science
ZRXOGEHFODVVLÀHGDVWKHQDWXUDOVFLHQFHVSK\VLFVFKHPLVWU\DQGELRORJ\DVWDXJKW
DWVFKRROOHYHODQGWHFKQRORJ\ZRXOGEHFODVVLÀHGDVWHFKQRORJ\HGXFDWLRQRQFH
more, as taught at school level. Science in this sense, has more common features
throughout the various countries, and is considered to be a more important subject
area than technology education which demonstrates a wide variation in both its
delivery and status.
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The study visit to Sweden was, however, exclusively related to science education.
The Swedish initiatives discussed do have similar ones that are exclusively geared
towards technology education. These, however, did not form part of the study. The
term science and technology is used throughout the paper in order to take account
RIWKHWHFKQRORJLFDOSHUVSHFWLYHZKLFKLVFHUWDLQO\UHÁHFWHGLQWKH6FRWWLVK6FLHQFH
Advisory Committee report.
This paper is based upon a case study visit to Sweden which coincided with the
SXEOLFDWLRQRIWKH6FRWWLVK6FLHQFH$GYLVRU\&RPPLWWHHVÀUVWUHSRUW:K\6FLHQFH
Education Matters: Supporting and Improving Science Education in Scottish Schools
66$& 
$63,5$7,216)256&,(1&($1'7(&+12/2*<,16&27/$1'

The aspirations for Science and Technology in Scotland are clearly illustrated by
the following quotation from the SSAC report.
´$ERYH DOO WKH 66$& >6FRWWLVK 6FLHQFH$GYLVRU\ &RPPLWWHH@ ZLVKHV WR
see that support is forthcoming for excellent science carried out by talented
individuals, to ensure that Scotland remains at the forefront of internationally
competitive science. To achieve this goal it is also important that we have
DVRFLHW\WKDWKDVDFRQÀGHQWUHODWLRQVKLSZLWKVFLHQFH)RUWKLVUHDVRQZH
are keen to ensure that access and opportunities are given to all those who
ZLVKWROHDUQDERXWVFLHQFHJHQHUDOO\DQGQHZVFLHQWLÀFEUHDNWKURXJKVLQ
particular. We must seek to identify innovative and more effective ways of
teaching and promoting science both formally in our schools and informally
YLDRXUQHWZRUNRIVFLHQFHFHQWUHVµ 66$&
It is perhaps interesting to note that whilst the report does give some mention to
technology education, the same perception as discussed earlier is evident throughout
the report regarding the distinction between science and technology. The emphasis
in the above quotation is exclusively geared towards science.
$63,5$7,216)256&,(1&($1'7(&+12/2*<,16:('(1

The similarity to the aspirations for Scotland may be seen by the following statement
from the Swedish Ministry for Education.
´6FLHQWLÀF DQG WHFKQLFDO GHYHORSPHQW SOD\ D FUXFLDO UROH LQ FRPSHWLWLYH
knowledge societies. An increasing amount of both general and specialised
VFLHQWLÀFDQGWHFKQLFDOVNLOOVDUHQHHGHGDWZRUNLQGDLO\OLIHLQWKHSXEOLF
debate, in decision making and the legislative process. All citizens need to
have a fundamental understanding of technology, mathematics and science
if Europe is to maintain or preferably improve its position in the world and
achieve the overall, shared goals. More young people need to be stimulated
LQGLIIHUHQWZD\VWRDSSO\IRUWHFKQLFDODQGVFLHQWLÀFVWXGLHVµ 0LQLVWU\RI
(GXFDWLRQDQG6FLHQFHLQ6ZHGHQ 
Sweden includes technology in the above quotation; however, this report followed
WKHHVWDEOLVKPHQWRIWKHDJUHHGFODVVLÀFDWLRQE\WKHZRUNLQJJURXSRQZKLFKDV
is usual for devolved areas of EU member states, Scotland had no representation.
As consultant I was not at liberty to contribute the Scottish experience, only the
UK representative was entitled to do that; that representation was poor in terms of
attendance and certainly only gave an English perspective.
It became evident at the various working group meetings that whilst uptake
in science and technology subjects was generally in decline at school level, all
countries were unanimous that these subject domains were essential to the economic
wellbeing of Europe.
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SCIENCE AND TECHNOLOGY LITERACY IN A KNOWLEDGE ECONOMY

Both Scotland and Sweden clearly hold Science and Technology in high regard, or
at least they do so politically. The reality in both countries, however, appears to be
somewhat different. Students at school level are rejecting courses in both subjects.
Whilst at the political level, knowledge in Science and Technology is seen to be
commensurate with a strong economy, university students seem, in spite of these
political aspirations, to be more interested in taking courses in Media Studies,
Computing or Business Management. Science and Engineering have, it would
seem, lost their appeal. This may be due in part to modern conceptual perceptions
RIWKHVXEMHFWV´)RUVRPH6FLHQFHJLYHVXVDJULFXOWXUDOVHOIVXIÀFLHQF\FXUHVIRU
the crippled, a global network of friends and acquaintances; for others it gives us
ZHDSRQVRIZDUDVFKRROWHDFKHU·VÀHU\GHDWKDVWKHVSDFHVKXWWOHIDOOVIURPJUDFH
DQGWKHVLOHQWGHFHLYLQJERQHSRLVRQLQJ&KHUQRE\Oµ &ROOLQVDQG3LQFK 
´,QUHFHQW\HDUVSXEOLFFRQÀGHQFHLQ6FLHQFHKDVGHFUHDVHGGXHWRHYHQWVVXFKDV
WKH%6(DQG)RRWDQG0RXWKFULVHVµ 66$& 
Science and Technology are, however, regarded as the main forces behind social
and cultural change. In this knowledge economy world we now inhabit, it is Science
and Technology that have become the required capital for economic competitiveness
and national identity. Japan was regarded as the most technologically advanced
nation on earth in terms of electronics; it was also highly developed economically.
Science and Technology are therefore seen as the most important areas for
development in industry and in terms of the future, at both school and tertiary
level. Recruitment into these areas is now seen, politically and culturally, to be of
crucial importance.
,Q  WKH 3,6$ 3URJUDPPH IRU ,QWHUQDWLRQDO 6WXGHQW$VVHVVPHQW  VDZ
Scientific and Technological literacy as being “the capacity to use scientific
NQRZOHGJHWRLGHQWLI\TXHVWLRQVDQGGUDZHYLGHQFHEDVHGFRQFOXVLRQVLQRUGHUWR
understand and help make decisions about the natural world and the changes made
WRLWWKURXJKKXPDQDFWLYLW\µ S 
7KH 66$&   KDV VXEVHTXHQWO\ VKRZQ UHFRJQLWLRQ RI ´WKH UHODWLRQVKLS
between science, science policy and wider society as crucially important for the
future development of science in Scotland and seeks to foster a greater literacy in
science among the Scottish population” (p7).
6LJQLÀFDQWO\ WKH HPSKDVLV FDQ EH VHHQ WR EH VKLIWLQJ IURP D ´WUDQVIHU RI
knowledge” model, to that of a more discursive, socially constructed model, where
the impacts of science and technology upon society are seen to be crucial aspects
of a curriculum which will attract more interest.
This paradigm shift is taking place in science and technology curricula around
the developed world including Sweden and Scotland (SCCC, 2000; Ministry of
(GXFDWLRQDQG6FLHQFHLQ6ZHGHQ66$& 7KLVQHZ¶OLWHUDF\·HPHUJHG
principally from the USA but quickly spread, in the late 1970s, as a response to
the new and emerging global marketplace. International comparisons at the time
revealed that USA students were lagging behind their global competitors in science
and technology achievement. Moreover, the image of science and technology, as
PHQWLRQHGDERYHZDVUHDFKLQJDQDOOWLPHORZ :DNV 
Emphasis in the 70s was more about positive recruitment together with an
emphasis on the correlation between the number of scientists and engineers, and
a strong economy. The emphasis has now changed, however, to that of the social
aspects of science and technology, delivered within a more authentic pedagogy. This
was a major conclusion which emerged from the working group.
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The working group established that there is a growing recognition, which is implicit
ZLWKLQWKHLGHRORJ\VHWRXWLQWKH66$&  DQGWKH0LQLVWU\RI(GXFDWLRQDQG
6FLHQFHLQ6ZHGHQ  GRFXPHQWVDVZHOODVVLPLODUGRFXPHQWDWLRQLQRWKHU
European countries, that for children to learn, they have to be actively involved in
the learning process. They construct meaning through the process of interaction and
inquiry, which is fundamentally constituted through their relations with the world
/DYH/HPNH:DONHUGLQH:HQJHU 
Learning, however, does not take place in a vacuum. Children do not learn
simply by constructing their own individual realities in isolation from the cultural,
historical, and social environment into which they were born. Without those factors
there is no conceptual framework to work from. (Resnick, 1987)
Vygotsky saw human development as an interaction between the social and the
PDWHULDOHQYLURQPHQW6LJQLÀFDQWO\KHVDZWKLVHQYLURQPHQWDVFRQVWDQWO\FKDQJLQJ
This state of change was due to a fusion between past and present, and the present is
seen in light of history. “To study something historically means to study it in the process
RIFKDQJHµ 9\JRWVN\²RULJLQDOHPSKDVLV +XPDQEHLQJVDUHQRWOLPLWHG
to their biological inheritance, as other species are, but are born into an environment
that is shaped by the activities of previous generations. In this environment, they are
VXUURXQGHGE\DUWLIDFWVWKDWFDUU\WKHLUSDVWLQWRWKHSUHVHQW &ROH 6FLHQWLÀF
and technological literacy involves teachers and pupils, developing together in a
community of understanding which investigates, amongst other things, the way
that science and technology impacts upon us as human beings in a technologically
mediated globalised world. In this way, more relevant and authentic understanding
RIWKHVFLHQWLÀFSURFHVVFDQEHWDNHQIRUZDUGLQDQLQIRUPHGDQGPHDQLQJIXOZD\
UDWKHUWKDQWKHDEVWUDFW¶PDNHXSDSUREOHP·SDUDGLJP 'DNHUV 
Central to Vygotsky’s theory of cognitive development is that a child’s
metacognitive, or intrapersonal processes have their roots in interactions with others.
They learn by internalising external dialogue. For Vygotsky, language and thought
are intimately and inextricably related (Sternberg and Williams, 2002).
7KHGHYHORSPHQWRIVFLHQWLÀFDQGWHFKQRORJLFDOOLWHUDF\DVZHOODVOLIHVNLOOVLV
accelerated through the use of language skills such as debating, justifying an opinion,
ZHLJKLQJXSFRQÁLFWLQJSRLQWVRIYLHZDQGDQDO\VLQJGLVDJUHHPHQWV7KHVHVNLOOV
which are linked to problem solving skills, can be assessed, formatively, in dynamic
and exciting ways, such as observation, interaction, group work and challenge from
the teacher. Furthermore, learning and understanding the design process, is not seen
as the acquisition of isolated skills, or as items of information transferred from an
expert and deposited, or “banked” into the pupil (Freire, 1970). It is seen as involving
an interactive process where concepts are deliberated in a safe, social context, which
encourage a synthesis between opposing views and perceptions.
The case study to Sweden was set up to explore initiatives which applied these
new pedagogies to teaching science in schools.
THE SWEDISH SCHOOL SYSTEM

The Swedish public school system comprises both compulsory and non compulsory
schooling. Compulsory schooling is for all children between the ages of seven and
ÀIWHHQ0XQLFLSDOLWLHVKDYHPRUHRYHUDQREOLJDWLRQWRSURYLGHDSODFHIRUDOOVL[
year olds in a pre school class if their parents so wish. Compulsory education is
free of charge, nor is there normally a charge for teaching materials, school meals,
health services and transport. Non compulsory schooling includes pre school and
upper secondary school which takes children from the age of sixteen to eighteen.
6LJQLÀFDQWO\RIVFKRROOHDYHUVIURPFRPSXOVRU\VFKRROPDNHWKHWUDQVLWLRQ
to upper secondary.
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Municipalities must also provide places for all students who complete compulsory
schooling. Upper secondary education is also free of charge. In principle, students
KDYHWKHULJKWWRVWXG\WRZDUGVWKHLUÀUVWFKRLFHRIQDWLRQDOSURJUDPPHRIZKLFK
since 2000, Sweden has offered seventeen. All are of three years in duration, and
have a total rating of 2,500 upper secondary credits. These programmes are designed
to provide a broad general education and provide eligibility to study at university
RUSRVWVHFRQGDU\VFKRROOHYHO
$OOQDWLRQDOSURJUDPPHVLQFOXGHHLJKWFRUHVXEMHFWV(QJOLVKWKH$UWV3K\VLFDO
Education and Health, Mathematics, General Science, Social Studies, Swedish
(or Swedish as a second language) and Religion. These core subjects account for
750 upper secondary credits. The remainder of the credits are accounted for in the
seventeen programmes which give the upper secondary course its own character.
These programmes are:
•

Child and Recreation/Recreation, Educational and Social Activities

 &RQVWUXFWLRQ&RQVWUXFWLRQ%XLOGLQJ3DLQWLQJ0HWDOZRUN
•

Electrical Engineering/Automation, Electronics, Electrical and Computer
Technology

•

Energy/Operation and Maintenance, Marine Technology, Heating, Ventilation
and Sanitation

•

Arts/Art and Design, Dance, Music and Theatre

•

Vehicle Engineering/Aeronautics, Coachwork, Motor Vehicle Mechanics and
Engineering, Transport

•

Business and Administration/Business and Services, Travel and Tourism

•

Handicrafts/Various Trades and Crafts

•

Hotel, Restaurant and Catering/ Hotel, Restaurant and Catering Services

•

Industry/ Local Specialisations, Country wide recruiting

•

Foods/Local Specialisations, Country Wide recruiting

 0HGLD0HGLD3URGXFWLRQ3ULQWLQJ7HFKQRORJ\
•

Use of Natural resourses/Local Specialisations

•

Natural Sciences/Mathematics and Computer Sciences, Environmental
Science, Natural Sciences

•

Health Care/ No National Specialisations

•

Social Science/ Economics, Liberal Arts, Social Sciences, Languages

•

Technology/ Local Specialisations.

%\FRPELQLQJVSHFLÀFVXEMHFWVIURPGLIIHUHQWSURJUDPPHVHDFKPXQLFLSDOLW\FDQ
put together specially designed upper secondary programmes to meet local and
regional needs. In upper secondary school, subjects are divided into courses which
may have 50, 100, 150 or 200 credits. Grades are given for every course completed.
$JUDGHRI3DVVDOZD\VJLYHVWKHQXPEHURIDSSURYHGXSSHUVHFRQGDU\FUHGLWVIRU
the course, regardless of whether the student requires fewer or additional hours to
achieve the course objectives.
$WWKHHQGRIWKHXSSHUVHFRQGDU\VFKRROSURJUDPPHVWXGHQWVUHFHLYHDÀQDO
JUDGH OHDYLQJFHUWLÀFDWH ZKLFKLVDFRPSLODWLRQRIWKHJUDGHVIRUDOOWKHFRXUVHV
LQFOXGHGLQWKHVWXG\SURJUDPPH 6NROYHUHNHW 
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THREE SWEDISH INITIATIVES

The Swedish Government, in partnership with authorities and private actors, has
been striving for many years to increase interest in Technology, Mathematics and
6FLHQFH LQ VFKRRO DQG KLJKHU HGXFDWLRQ 6HYHUDO ORQJWHUP LQLWLDWLYHV KDYH EHHQ
introduced with the aim of improving general conditions. An important aim of these
measures has also been to create a positive attitude to these subjects among children
and young people.
$OOXSSHUVHFRQGDU\SXSLOVPXVWWDNH6FLHQFHDVDFRUHVXEMHFWUHJDUGOHVVRI
the programme they are following. The Science programme now incorporates a
EURDGHUUDQJHRIGLIIHUHQWFRXUVHVLQ0DWKHPDWLFVDQGRWKHUVFLHQWLÀFDUHDV$Q
XSSHUVHFRQGDU\SURJUDPPHLQ7HFKQRORJ\ZLWKVHYHUDOVSHFLDOLVDWLRQVKDVDOVR
been introduced.
National measures have also been implemented to promote and develop
experiments and laboratory work as part of compulsory school education. Local
Science Centres have been established across the country with some help from
government grants. A government Mathematics delegation has been established to
develop a plan to determine how interest in, and attitudes towards Mathematics can
EHLPSURYHGDPRQJVWXGHQWVDWDOOOHYHOVIURPSUHVFKRROWRKLJKHUHGXFDWLRQ
(YHU\LQVWLWXWHRIKLJKHUHGXFDWLRQUHFHLYHVDVSHFLÀFHGXFDWLRQDOWDVNVWLSXODWLQJ
targets for the minimum number of degrees in related disciplines to be awarded in
the long term. Examples of such degrees are civilingenjör (MSc in Engineering).
7KHVHGHJUHHVSURYLGHDTXDOLÀFDWLRQIRUWHDFKLQJDWSULPDU\DQGVHFRQGDU\VFKRRO
level. Funding for undergraduate education is provided by the government on a per
FDSLWDEDVLVXSWRDÀ[HGPD[LPDODPRXQW
7+5(((;$03/(62)*22'35$&7,&(,16:('(1

Three examples of good practice aimed at different sectors of the education system
were examined as part of the case study. These were:
•

the SciTech project: aimed at stimulating interest in the primary sector

 WKHÀYHQDWLRQDOUHVRXUFHFHQWUHVDLPHGDWVWLPXODWLQJLQWHUHVWLQWKHSULPDU\
and secondary sectors.
•

the SciTech Basic Year: aimed primarily at increasing recruitment of students
from upper secondary into higher education in science and technology related
areas.

7+(6&,7(&+352-(&7

7KHDLPRIWKH6FL7HFK3URMHFWLVWRGHYHORSWHDFKLQJPHWKRGVZKLFKZLOOHQDEOH
children to approach Science education in an active and participatory way. A
guiding principle of the pedagogy is that the working methods adopted in schools
should attempt to be connected, as far as possible, with the reality of the pupils’
own experiences and to accommodate a range of learning styles. Traditional
transmission models of teaching have therefore been replaced by the imaginative
use of narrative, drama, outdoor education and model construction in an attempt
WRGHYHORSLQFKLOGUHQWKHLQWHUHVWDQGXQGHUVWDQGLQJRIVFLHQWLÀFFRQFHSWV7KHVH
concepts are set within a context that the children can relate to. In this way a much
greater emphasis is placed on the need for real world investigation in developing
the interest of children. Encouraging dialogue with children, moreover, encourages
WKHPWRUHDOLVHWKDWQRWDOOWKHLULPSOLFLWLGHDVDERXWWKHZRUOGQHFHVVDULO\ÀWZLWK
all the evidence presented This type of pedagogy therefore “will keep them puzzling
DERXWLWµ +DUOHQ (YLGHQFHVXJJHVWVWKDWE\XVLQJWKLVPRGHOFKLOGUHQDUH
motivated to discuss issues relating to the ways in which Science and Technology
impacts upon their lives and the society that they are involved with from a local,
national and global perspective.
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0RGHOOLQJ WKH WHDFKLQJ HQWLUHO\ DURXQG FKLOGUHQ·V ¶ELJ· TXHVWLRQV DERXW WKHLU
RZQ H[SHULHQFHV DQG H[FOXGLQJ DQ\ DEVWUDFW VFLHQWLÀF IDFW FDQ KRZHYHU EHFRPH
extremely complex, especially for the teacher (Harlen, 2000). On the other hand, the
transmission model tends to demotivate the pupil. Vygotsky (2000), however, suggests
that concept formation, or making sense of the world is a synthesis of the two. He
sees spontaneous learning going from the child’s everyday concrete experience of
LWVHQYLURQPHQWZKHUHWKRXJKWLVQRQGHOLEHUDWHDQGEDVHGXSRQQDWXUDOFXULRVLW\
6FKRROEDVHGLQVWUXFWLRQRQWKHRWKHUKDQGLQYROYHVLQLWLDOYHUEDOGHÀQLWLRQVZKLFK
are of themselves, initially, abstract constructions. However, when these are applied
systematically, with unambiguous links being developed, they gradually become more
concrete in formation. The type of pedagogy being applied in the SciTech project
therefore attempts to synthesise these opposing methods into a more coherent and
enjoyable whole from the child’s point of view by moving it towards a state where
she can develop an increasingly articulate understanding of her environment.
The SciTech project personnel are actively involved in providing training
VHVVLRQVIRUHVWDEOLVKHGWHDFKHUVZLWKOLWWOHRUQRVFLHQWLÀFEDFNJURXQGWRHQDEOH
them to present Science and Technology activities in a stimulating and motivating
manner. The emphasis is very much directed towards the primary sector teachers
ZKRDUHFRQVLGHUHGWRKDYHYHU\ORZFRQÀGHQFHOHYHOVLQWKHWHDFKLQJRI6FLHQFH
and Technology. They also have input into Initial Teacher Education courses where
they offer help and advice to student teachers and to ITE Tutors.
Furthermore, a SciTech Newsletter is published four times a year and distributed
WRDOOLQYROYHGLQWKH6FL7HFKÀHOG7KHVHQHZVOHWWHUVLQFOXGHDFWLYLWLHVGHVLJQHGWR
promote active enquiry into such areas as young people’s attitudes towards Science
and Technology and offer up to date information on teaching aids in Science and
Technology education.
NATIONAL RESOURCE CENTRES

A measure designed to complement the SciTech programme is the establishment of
ÀYH1DWLRQDO5HVRXUFH&HQWUHVIRUWKHYDULRXV6FLHQFHDQG7HFKQRORJ\VXEMHFWV
6XFK&HQWUHVH[LVWIRU&KHPLVWU\ HVWDEOLVKHGLQDQGVLWXDWHGLQ6WRFNKROP 
3K\VLFV HVWDEOLVKHG LQ  DQG VLWXDWHG LQ /XQG  7HFKQRORJ\ HVWDEOLVKHG LQ
1997 and situated in Norrköping), Mathematics (established in 1998 and situated
in Göteborg) and a centre for Biology and Biotechnology (established in 2002
and situated in Uppsala). Each of these Centres receives some funding from the
*RYHUQPHQWDQGLVDWWDFKHGWRDPDMRUXQLYHUVLW\ZKLFKDOVRRIIHUVÀQDQFLDODQG
academic support.
7KHÀYH&HQWUHVKDYHDVRPHZKDWGLIIHUHQWSURÀOHRIDFWLYLW\GHSHQGLQJSDUWO\RQ
the nature of the subject. For the purposes of this paper the most recently established
Centre for Biology and Biotech will be considered.
The Centre for Biology and Biotechnology is based at Uppsala University. The
work of the centre is primarily directed towards supporting teachers in the Science
domain at all levels of the education system. An emphasis is placed upon practical
work. The focus, once more, is upon connecting Science to real life experiences and
contexts with examples of Biology used in everyday conditions. The centre designs
experiments which actively encourage student discussions relating to aesthetic and
HWKLFDODUJXPHQWVDERXWVFLHQWLÀFLVVXHV7KHVHLVVXHVFDQUDQJHIURPFRQVLGHULQJ
the preservation of nature to the use of genetics.
Here again there is a clear emphasis on cross curricular links and these are
made by encouraging teachers to use topics in different subject areas. Teachers are
WKXVHQFRXUDJHGWRH[SORUHDUDQJHRIZD\VLQZKLFKSXSLOVPD\DFTXLUHVFLHQWLÀF
literacy, such as engaging with a story which started in a nature study. Multiple
pathways are then formed which lead to Science or lead from Science to other areas
of the curriculum.


2QHSUREOHPLGHQWLÀHGE\WKH&HQWUHZDVWKDWRIUHDFKLQJWHDFKHUV$VVWDWHG
earlier, a regular newsletter is sent out to schools and teachers can take out individual
subscriptions to this. However, whilst some evidence does exist that this initiative
is having some impact on science teaching, the newsletter is not reaching and
LQÁXHQFLQJDVPDQ\WHDFKHUVDVWKH&HQWUHZRXOGZLVK
The resource is free to schools and it is necessary for the Centre to work with
RWKHURUJDQLVDWLRQVLQRUGHUWRHQVXUHVXIÀFLHQWIXUWKHUUHVRXUFHVSULQFLSDOO\KXPDQ
UHVRXUFHV*RYHUQPHQWIXQGLQJLVVXIÀFLHQWWRSURYLGHRQO\)7(IRUWKHUXQQLQJ
of the centre. This places a strain on the dissemination of information and particularly
staff time. In order to have the desired impact on teachers’ attitudes and practice, it
is considered preferable to have face to face meetings with teachers, and where this
is achieved it is found that they are generally very responsive to the new ideas and
teaching methods promoted. Given the small scale of the Resource Centres and the
high demand made upon them, therefore, it would seem that without further funding
WKHVHZLOOQHYHUEHDEOHWRIXOÀOOWKHLUDVSLUDWLRQVZKLFKDOVRLQFOXGHHVWDEOLVKLQJ
links between industry, schools and universities.
6&,7(&+%$6,&<($5

An initiative which has had a very positive impact on recruitment to higher education
is the establishment of the SciTech Basic Year. The objective of this project is to
DOORZ\RXQJSHRSOHZKRKDYHFRPSOHWHGWKHLUXSSHUVHFRQGDU\VWXGLHVLQRWKHUÀHOGV
such as Arts or Social Sciences, to effectively change their minds by encouraging
them to have second thoughts about their future careers. The SciTech Basic Year
is an intermediary year during which students are given the opportunity to study
FRXUVHVLQ6FLHQWLÀFGLVFLSOLQHVZKLFKZLOOLQWXUQDOORZWKHPHQWU\WRDXQLYHUVLW\
FRXUVHVSHFLDOLVLQJLQDUHODWHG6FLHQWLÀFRU(QJLQHHULQJGLVFLSOLQH7KLVLQLWLDWLYH
started in Luleå in the late 70’s and is now established in the majority of universities
in Sweden.
(QUROPHQWRQ7KH6FL7HFK%DVLF<HDUDWDVSHFLÀFXQLYHUVLW\LVJHQHUDOO\DWWDFKHG
to a guaranteed place in one of the Engineering, Science based or Initial Teacher
(GXFDWLRQ SURJUDPPHV DW WKDW XQLYHUVLW\ 7KH VWXGHQW KDV WKH ULJKW WR ÀQDQFLDO
support during the basic year although the course does not entitle the student to any
further academic credits.
6WXGHQWV DWWHQG XQLYHUVLW\ DV SDUW RI WKH 6FL7HFK EDVLF \HDU ZKLFK GRHV QRW
form part of any undergraduate programme, but is seen as an intermediary year. The
SciTech BasicYear is therefore regarded as a way to broaden the base of recruitment
for Science and Technology courses at university level. Every year, approximately
7,000 students from the Social Science program or from the various vocational
programmes in upper secondary school study opt to take up the opportunity of the
SciTech basic year. Most of these then enter higher education by progressing to a
6FLHQFHRU7HFKQRORJ\UHODWHGFRXUVH6LJQLÀFDQWO\DERXWÀIW\SHUFHQWRIWKHVH
students are female. Approximately one third of the students take up Initial Teacher
Education for primary school by this route.
Informal interviews with participating students on the course indicated a high
level of enjoyment of the university environment. However, teaching strategies
VXFKDVXQLYHUVLW\VW\OHOHFWXUHVZHUHFRQVLGHUHGWRKDYHDGHPRWLYDWLQJHIIHFWRQ
these students. Recognising that they were undertaking an intensive year of study
in an alien subject area, tutors on the course chose to adopt styles of teaching more
closely related to school than university. It was felt that students were more responsive
WRWKLVPHWKRGRORJ\DQGWKLVZDVFHUWDLQO\UHÁHFWHGLQWKHVWXGHQWUHWHQWLRQDQG
success rates.
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“The Scottish Science Advisory Committee (SSAC) is an independent Committee,
established under the auspices of the Royal Society of Edinburgh with funding
from the Scottish Executive, to provide advice to Scottish Ministers on Science
VWUDWHJ\6FLHQFHSULRULWLHVDQG6FLHQFHSROLF\µ 66$& :KLOVWWKHHPSKDVLV
may be seen to favour science, the SSAC recognise and consider Technology as a
complementary discipline.
Explicit in the Swedish case study, and SSAC documentation is a recognition that
training for teachers in Science and Technology is much needed at primary level.
,Q6FRWODQGSULPDU\WHDFKHUVKDYHFRQWLQXDOO\H[SUHVVHGORZFRQÀGHQFHOHYHOVLQ
WKH WHDFKLQJ RI 6FLHQFH +DUOHQ DQG +ROUR\G   DQG HYHQ ORZHU FRQÀGHQFH
levels in the teaching of Technology (Dakers and Dow, 2001; Dakers, 2001). “It
is vital to improve the experience that primary school pupils have of Science and
to make sure that their interest in Science is sustained and developed across the
SULPDU\VHFRQGDU\WUDQVLWLRQµ 66$& 7KLVLVYHU\PXFKLQOLQHZLWKWKH
UDWLRQDOHEHKLQGWKH6FRWWLVK²´(QYLURQPHQWDO6WXGLHVµGRFXPHQWDWLRQZKLFK
also emphasizes the importance of developing authentic, meaningful learning
environments (SCCC, 2000).
7KHSULQFLSOHVEHKLQGWKH6ZHGLVK6FL7HFKSURMHFWDUHPRUHRYHUYHU\PXFKLQ
line with the proposals set out for Scottish education in “Science for Citizenship”,
DV RXWOLQHG E\ 66$&   DQG ´7HFKQRORJLFDO &DSDELOLW\µ DV RXWOLQHG E\ WKH
SCCC (1996).
6FLHQWLÀFDQG7HFKQRORJLFDOGHYHORSPHQWDVLVFOHDULQWKH6ZHGLVKLQLWLDWLYH
involves a process of socialisation. Humans are not born in isolation but into
communities, or cultures, which are mediated today, almost entirely, by science
and technology.
Whilst the SSAC does not directly tackle issues relating to the need to change
pedagogies, it does recognise the need for some change in the delivery of the Science
curriculum. “The present Science curriculum both at Standard and Higher grade is
WRRFRQWHQWGRPLQDWHGZLWKYLUWXDOO\QRVFRSHIRULQGLYLGXDOWHDFKHUVWRLQFOXGH
WRSLFDORULQQRYDWLYHPDWHULDOWRLQVSLUHWKHLUSXSLOVµ 66$&S 3HUKDSV
WKHSHGDJRJLFDOUHDOLJQPHQWDGRSWHGLQWKH6ZHGLVK6FL7HFKLQLWLDWLYHPD\RIIHU
some guidance on this matter.
The SSAC has, however, on the other hand, recommended that “SEED should
SURYLGHUHVRXUFHVWRVXVWDLQWKH,PSURYLQJ6FLHQFH(GXFDWLRQ3URJUDPPHµ
66$& %\VRGRLQJLWLVHPEUDFLQJDSHGDJRJ\IRXQGHGXSRQD¶VFLHQWLÀF
method’ of delivery. It does this by aligning itself with the methodologies espoused
by HMI, who recommend that teaching Science will be improved by adopting
pedagogies which are in direct opposition to those discussed earlier. This opposition
is apparent in the following quotation:
´7KH7,066>7KLUG QRZ7UHQGV LQ,QWHUQDWLRQDO0DWKHPDWLFVDQG6FLHQFH
6WXG\@ UHVHDUFKHUV FROOHFWHG GDWD DERXW WHDFKLQJ DQG OHDUQLQJ LQ 6FLHQFH
from pupils and teachers in all the participating countries. Scotland was
unusual in a number of ways compared with higher achieving countries. It
KDGWKHVPDOOHVW6FLHQFHFODVVHVLQVHFRQGDU\VFKRROVZLWKRIFODVVHV
LQ6DQG6FRQWDLQLQJRUIHZHUSXSLOV/HVVWLPHZDVVSHQWLQZKROH
class teaching of Science in primary and secondary schools than in all other
participating countries. Further, less Science homework was set, both in
SULPDU\DQGVHFRQGDU\VFKRROV*LYHQWKDWIUHTXHQWZKROHFODVVWHDFKLQJ
and homework are characteristics of high performing countries, teachers
of Science in primary and secondary schools should review their teaching
approaches to ensure they take account of the characteristics of effective
VFLHQFHOHVVRQVµ +0,3DUDJUDSK
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7KLVHPSKDVLVRQ¶IUHTXHQWZKROHFODVVWHDFKLQJ·DQG¶KLJKSHUIRUPLQJFRXQWULHV·
resonates with instrumentalist overtones. It supports a pedagogy which leans
disturbingly towards a knowledge acquisition model based upon Lyotard’s somewhat
dystopic postmodern condition (2001):
“We may thus expect a thorough exteriorisation of knowledge with respect
to the “knower,” at whatever point he or she may occupy in the knowledge
process. The old principle that the acquisition of knowledge is indissociable
from the training (Bildung) of minds, or even of individuals, is becoming
REVROHWHDQGZLOOEHFRPHHYHUPRUHVRµ S 
SCIENCE CENTRES

The Science Centres in Sweden differ quite dramatically from the type of
Science Centres established in Scotland. These are supported by the SSAC which
UHFRPPHQGVWKDW´7KH6FRWWLVK([HFXWLYHVKRXOGÀQGDPHDQVWRSURYLGHÀQDQFLDO
support to ensure the sustainability of the Scottish Science Centres as a network
ZKLFKIXOÀOVDFXOWXUDODQGHGXFDWLRQDOUROHµ 66$& 'HVSLWHVXFKVXSSRUW
LQ)HEUXDU\WKH6FRWVPDQQHZVSDSHUUHSRUWHGRQFRQFHUQVDERXWWKHYLDELOLW\
of the relatively new Science Centre in Glasgow. In August last year, moreover,
the same newspaper reported the closure of the Big Idea Science Centre in Irvine.
This was apparently due to a serious decline in visitor numbers. It was suggested
WKDWWKLVPXVWDOVRUDLVHQHZIHDUVDERXWWKHYLDELOLW\RI6FRWODQG·VRWKHUÁHGJOLQJ
Science Centres. It may be that these Science Centres, whilst purporting to engage
YLVLWRUVLQVFLHQWLÀFHQTXLU\DUHUHJDUGHGVLPSO\DVSODFHVRIHQWHUWDLQPHQWZKHUH
HYLGHQFHRIFKLOGUHQ·VGHOD\HGJUDWLÀFDWLRQLQWU\LQJWRVROYHVRPHRIWKH¶KDQGVRQ·
experiments is somewhat lacking. Unlike in Sweden, the pedagogy upon which they
are based tends to be constructivist rather than social constructivist, with children
being encouraged to interact directly with the environment rather than through a
process of scaffolding or social mediation. The Swedish Centres’ emphasis on subject
areas and their connections with universities may also be factors which contribute
to their perceived viability.
6&,7(&+%$6,&<($5

There is no comparative initiative to this in Scotland. Given that it is proving to be
very successful in Sweden, it may be that the SSAC may wish to consider this as a
viable recommendation to SEED.
DISCUSSION

The pedagogy used in the Swedish initiatives is based on social constructivist
principles in which building on prior experience, and the active construction of
knowledge with mediation from more expert others emerge as important features. It is
VLJQLÀFDQWWKDWWXWRUVLQDOORIWKHLQLWLDWLYHVGLGQRWUHJDUGWKHPVHOYHVDVWUDQVPLWWHUV
of knowledge but that the learning process was a “meeting of minds.”
7KHLPSRUWDQFHRIFRQQHFWLQJVFLHQWLÀFSULQFLSOHVWRWKHUHDOZRUOGZDVDOVRDQ
important aspect of all courses, with tutors emphasising the importance of authentic
and meaningful learning experiences for students. The need to build on the prior
experience of students, to express concepts in a language which is accessible to them,
WRPDNHVFLHQWLÀFDQGWHFKQRORJLFDOFRQFHSWVUHOHYDQWE\SUHVHQWLQJWKHPZLWKLQ
authentic learning contexts was highlighted as a crucial element in the success of
the initiatives at every stage of the education process.
An ability to cater for a range of learning styles and to harness the creative power
of narrative, drama, art, models etc is closely related to this and must be considered
an important element in raising and maintaining interest.
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Whilst the Swedish initiatives were impressive, there were several problems
which emerged as part of the study. Finance was either limited in the amount
granted, as was the case for the development of the Centres which received very
limited budgets and relied to a large extent on subsidies from the host universities,
or budgets being stopped before projects could become established, as was the case
with the SciTech primary project. The SciTech basic year relied on the exceptional
teaching talents of two retired university science professors, without whom it was
quite clearly stated, the project might not have been able to run. Moreover, some of
the students who opted to enroll for this year did so for strategic purposes. When
interviewed, some admitted to electing to study social subjects in upper school
because they were easier to do than science subjects, however, they knew that they
FRXOG HQUROO LQ WKH EDVLF \HDU WKHUHE\ JHWWLQJ LQWR VFLHQFH VXEMHFWV ¶E\ WKH EDFN
door’ so to speak.
One of the major problems associated with any of these initiatives at school level,
is that of teacher resistance to change. This was seen overwhelmingly to be the case
in all countries. This may suggest that for any new initiative to succeed teachers
VKRXOGEHLQYROYHGLQWKHSODQQLQJUDWKHUWKDQKDYHLQLWLDWLYHV¶WKUXVWXSRQWKHP·
It is clear that no single initiative can change the recruitment to the Science and
Technology areas, but the Swedish initiatives discussed warrant close attention
EHFDXVH RI WKHLU SRWHQWLDO LQÁXHQFHV RQ VHYHUDO RI WKH SUREOHPV WKDW QHHG WR EH
addressed. Whilst the most recent Scottish initiatives are clearly intent on addressing
similar issues, there may be much of value to be learned by Scotland exploring
initiatives from other parts of Europe where successful, albeit problematic, innovation
has been implemented with at least some evidence of success.
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