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Overview

I. THE INTERNATIONAL CONTEMPORARY PROBLEM

II. HOW SCIENCE EDUCATION CREATED THE PROBLEM FOR ITSELF

III. NEW INTERNATIONAL RESPONSES TO THE PROBLEM

The current situation

2002: DISINTEREST IN THE STUDY OF SCIENCE

A WIDESPREAD INTERNATIONAL PROBLEM

· Enrolments in sciences – particularly in the “enabling sciences” of physics and chemistry

· Lack of recognition of worth of science

· Comparative extrinsic and intrinsic attractiveness of other studies

Countries recently expressing concern about interest and enrolment in science

England, Sweden, Australia, Canada, Denmark, France, Germany, India, Ireland, Japan, Korea, The Netherlands, Norway, New Zealand, USA, 

SECONDARY STUDENTS’ EXPERIENCES OF SCHOOL SCIENCE

RECENT STUDIES




AUSTRALIA – TERRY LYONS




SWEDEN – BRITT LINDAHL

ENGLAND – JONATHAN OSBORNE & SUE COLLINS

STRONG COMMON THEMES

1. SCHOOL SCIENCE AS KNOWLEDGE TRANSMISSION

2. SCHOOL SCIENCE AS IRRELEVANT AND BORING

3. SCHOOL SCIENCE AS DIFFICULT

Further study of science only for explicit reasons

THE CHOICE FOR THE SUPPLY OF FUTURE SCIENTISTS

By Years 11/12:

Scenario 1:

A minority of students
(with fewer of the brightest minds)

plus

a majority who have “disowned” Science

OR

Scenario 2:

A larger proportion of students who are confident and interested in Science as a possible career and/or as life long learning

POPULAR POSITIVE RESPONSES TO SCIENCE

· Wonder of, and about the Natural World

· Intrigue with terms Science uses

· Pragmatic Usefulness of Scientific Knowledge

· Sharing in Drama of Scientific Discovery

· Excitement at the Triumphs of Scientific Advances

· Being aware of Big Questions Science sometimes asks

· The Big Picture – Science and Changing World Views

Can any of these be harnessed to provide intrinsic reason for the study of science in schooling?

II
HOW SCIENCE EDUCATION CREATED THE PROBLEM FOR ITSELF
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Underlying argument for both Science for All and for Public Awareness of Science:

“Citizens now live in societies that are increasingly influenced by Science/Technology”

Ongoing debate about what is the appropriate learning content for school science that will lead to scientific literacy.

PLACE OF MATHEMATICS AND SCIENCE IN SCHOOLING: HISTORICALLY

University and other Tertiary Education



Senior 

Secondary 

Education










Compulsory Education

Lower

Secondary

Education


Primary

Education

WE ACCEPTED THESE TWO ASSUMPTIONS ABOUT SCIENTIFIC LITERACY

Because societies everywhere are increasingly being permeated by the ideas of science and their products in the form of technologies, all citizens will be better able to cope if they have some knowledge and confidence about science. 

(the pragmatic assumption)

Quality science education in school will enable future citizens to participate meaningfully in the many decisions that societies and politicians must now make about complex socio-scientific and socio-technical issues.

(the demographic assumption)

DOUBTS ABOUT SCIENTIFIC LITERACY

Atkin and Helms (1992,3):

Scientific literacy is clearly not essential in the way language and basic number literacies are.

Shamos (1995):

The myth of scientific literacy

Bingle and Gaskell (1994):

Trust, not knowledge, the basis of decisions

SCIENCE EXPERTS’ ANSWERS

	ENGLAND AND WALES:
	Three Strands of Content + Working Scientifically

	USA:
	Benchmarks of Scientific Literacy

Eight Strands of Content and Processes for Science and Technology

	CANADA:
	Four Strands of Content often including Technology with Science

	AUSTRALIA:
	Three or Four Content Strands + Working Scientifically

	SWEDEN:
	Much more defined strands of Content and Processes

	KOREA:
	Detailed Strands of Content and Processes


Etc.

(All above, stretch across the years of compulsory schooling)

Primary and Secondary

Exception

DENMARK:



Science/Teknik

No Content specified

Scientific Investigations

In Near, Further, and Human Affected Environment

Years 1-6

A DIGRESSION ON ANTS

Ants are one of the most common living co-partners with humans on planet Earth.

They occur in a great variety of species, each with their own characteristic appearance of size and colour, and within each species there is a highly developed pattern of co-operative behaviour with differentiated roles, constantly being played out for the benefit of each group and its individual members.

Observing ants is a very accessible activity, and so their characteristics and at least some of their astonishing social behaviour is very evident.

In Australian school science only one thing about ants is required learning.  Until recently this one thing was taught and learnt in senior secondary biology.  Now it is part of the grade 3 science curriculum in primary school.

ANTS ARE INSECTS, because they have six legs!!

This taxonomic detail is a very technical aspect of the specialist science of entomology.  It was invented by, and hence is useful to professional entomologists and other biologists in their academic and applied work.

Recently, I visited a third grade class in Japan and found the students being taught two things about ants.

1. Ants are insects, because they have six legs.

2. The six legs of ants are all on the central portion of their three part bodies.

The world looks so different after learning science.

Richard Feynman,

Nobel Laureate in Physics, 1965

BEYOND 2000

A major report in Britain, 1998,

edited by Robin Millar and Jonathan Osborne

The National Curriculum has changed the position of science in the curriculum, making it a compulsory core component of all students learning from Grade 1 to Grade 11

The changing curricular position of science has not been accompanied by corresponding change in the content of the science curriculum.

 21st Century Science, a new curriculum for grades 10/11 became available in September, 2003

BEYOND 2000: Science education for the future

(King’s College, London)

· Society and participation in it has changed radically in the last 40 years.

· The curricular position of science has changed dramatically in this time.

· The content of the science curriculum is fundamentally unchanged since the 1960s

Recommendations

· The science curriculum for K-10 should be seen as a course to enhance scientific literacy

· The aims (emphases) of the science curriculum need to be clearly stated

· The content of the curriculum needs to be seen to follow from the aims

· Scientific knowledge can best be presented as a number of key explanatory stories

· Important ideas about science rather than a lot of detail

· Aspects of technology and applications of science should be incorporated

III.
INTERNATIONAL RESPONSES TO THE PROBLEM

· PISA 2000/2003

· PISA 2006

· THE NETHERLANDS

Year 11 – Science for Public Understanding

· ENGLAND

Years 10/11 – 21st Century Science

· CHINA

Distinctive Features of PISA Science compared with TIMSS Science

· Interested in the ways science impinges on society and its citizens 

(this does not exclude issues also of interest to scientists)

· Not bound by curriculum knowledge.  Science learning from sources other than school is recognised.

· Authenticity of presenting contexts

· Science topics (and items about them) chosen because of their importance for scientific literacy, rather than because of the place they have in the curriculum

· Use in the test instrument of a stem Task about which a number of items are asked.  These items thus can cover several of the scientific procedures or competencies included in the definition of scientific literacy.

· “understanding something in science”, as a procedure or competence, means the student is able to make use of that knowledge in a novel situation. i.e. it involves transfer of learning, not simply recall or low level application.

SCIENCE UNIT 5

CHOCOLATE

Read the following summary of an article in the newspaper the Daily Mail on March 30, 1998 and answer the question below.

A newspaper article recounted the story of a 22year old student named Jessica, who has a “chocolate diet”.  She claims to remain healthy, and at a steady weight of 50kg, whilst eating 90 bars of chocolate a week and cutting out all other food, apart from one “proper meal” every five days.  A nutrition expert commented “I am surprised someone can live with a diet like this.  Fats give her energy to live, but she is not getting a balanced diet.  There are some minerals and nutrients in chocolate, but she is not getting enough vitamins.  She could encounter serious health problems in later life”

For PISA 2006

Scientific Literacy refers to an individual’s:

· Scientific knowledge and use of that knowledge to identify questions, to acquire new knowledge, and to draw evidence-based conclusions about science related-matters;

· Understanding of the characteristic features of science as a form of human knowledge and enquiry;

· Awareness of how science and technology shape our material, intellectual and cultural environments; and

· Willingness to engage in science-related issues, and with the ideas of science, as a reflective citizen.

Accordingly, the Science Test in 2006 will present to students (15 year olds) a number of units (or tasks) that involve major science topics in a real world context.  Students will be asked a series of 4-6 questions about each unit that cover several of the above four aspects of scientific literacy.

Compared with PISA Science for 2000 and 2003 when Science was a minor testing, Science in 2006 will explore a wider set of scientific competencies within a larger number of contexts.  Included among these competencies there will be a number of questions relating to the fourth dot point above.  At present interest in science topics, valuing scientific enquiry and knowledge, and responsibility towards resources and environment are the three dimensions of dot point four that are being developed.

That is the test will quite clearly send out a message that both interest in science and knowledge of science should be among the intended outcomes of school science.

SCIENCE AFFECT IN INTERNATIONAL STUDIES


IEA/TIMSS 1994

IEA/TIMSS-R 1999

IEA/TIMSS 2000s

OECD/PISA 2000

OECD/PISA 2003



OECD/PISA 2006

1. Declares Science Knowledge and Affect should both be outcomes of school science

2. science affect is recognised as specific rather than generic

ISSUE: How to measure science affect in such a test?

CURRICULUM EMPHASES OR PURPOSES FOR SCHOOL SCIENCE EDUCATION

· Everyday Coping

· Nature and Structure of Science

· Correct Explanations

· Science, Technology and Decisions

· Scientific Skill Development

· Self as Explainer

· Solid Foundations

(Roberts, 1982)

· Science as Application

· Science for Nurturing

· Science in Making

(Fensham, 1994)

21st Century Science

Follows a similar development in The Netherlands and grew out of the report, BEYOND 2000, a strident critique of the existing National Curriculum in England and Wales for Science in the compulsory years.

21st Century Science is for Years 10 & 11 in England.

Its ideas and its approach has relevance to Queensland:


At Year 10 level or


For a new Science programme at Years 11 & 12

Consists of CORE SCIENCE

And two Options:

· SCIENCE APPLIED

· SCIENCE GENERAL

3 science subjects at the same Year level serving 3 distinctly different purposes (or curriculum emphases)

Scientific qualities in addition to knowledge that are important for the well being of Science

	Creativity
	Personal Interest

	Desire to Inquire
	Perseverance

	Ability to communicate
	Social Concern

	Team Spirit
	


Three Cities Study in China
 Nancy Law/Peter Fensham

PURPOSES AND A SUPPORTING STRUCTURE

FOR

THE SCHOOL SCIENCE CURRICULUM

	YEARS
	EMPHASIS OR PARTICULAR PURPOSE

	11/12
	Science & Technology as Liberal Studies + optional Chemistry, Physics, Biology

	10
	Science as Citizenship

	7, 8-9
	Science as Engagement with Real Issues

	4-6, 7
	Science as Creative Problem Solving

	1-3
	Science as Wonder, Excitement and Interest in the Natural World


With such distinctive emphases determining the learning outcomes for school science,

	the science content
	Would be different at each stage of schooling

	the pedagogies
	

	the assessment
	

	the timetabling of science
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SCIENCE ENTERED SCHOOLING AT TOP AND SAME TYPE OF SCIENCE GRADUALLY ENETERED DOWNWARDS
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