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Collaborative Australian Secondary Science Program

Introduction to the Proposal

The community has high expectations of science and science education. Adaptability, flexibility and
the ability to transfer and apply ways of thinking will be paramount to life and work in the 21st
century. Problem solving ability, ability to communicate and use information technology and
scientific literacy will have a high priority

(OECD, 1998).

The curriculum frameworks and syllabuses being introduced, or recently introduced, by Australian
States and Territories have as a common heritage the national science statement and profile. This
common heritage is reflected in the definitions of, and rationales for teaching science which
emphasise the need to develop scientifically literate citizens who can understand the world around
them, use scientific approaches to investigating and problem solving, and contribute to public debates
on scientific issues that affect the community.

To realise these expectations of scientific literacy for all of our students, the importance of a quality
lower secondary science education cannot be overstated. The high expectations of high school science
held by primary school students are often not met; lower secondary science often involves lecturing,
note taking and working from the text (Speering & Rennie, 1996). These unmet expectations appear
to be partly responsible for declining attitudes to science in the early high school years, and may be
a contributing factor to the declining enrolments in the physical sciences in upper secondary and
tertiary science education. The level of student engagement in learning tasks appears to be linked to
perceptions of challenge; challenge being enhanced by difficulty, importance, relevance and novelty
of tasks, extent of control over learning and opportunities for active involvement (Baird, Gunstone,
Penna, Fensham & White, 1990). Much of secondary science with its traditional and theoretical
content delivered in a transmissive and teacher-centred style has limited potential for challenge and
% student engagement or for developing the learning outcomes described in the States and Territories’
S curriculum frameworks, or for developing scientifically literate citizens.
g
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In response to this problem, the Australian Academy of Science, the Education Department of
Western Australia and Edith Cowan University agreed to conduct a feasibility study to explore the
potential of a national collaborative program to support lower secondary science teachers implement
changes to teaching and learning consistent with contemporary best practice.

In the first phase of this study, information was gathered from all States and Territories on the
development and implementation of curriculum frameworks and syllabuses in the Science Learning
Area, on whether there is a common need for a major initiative, and an interest in establishing an
Australian collaborative project. The Australian Science Teachers’ Association was also consulted
to provide the opportunity for the Association to take a major role in any initiative that may result
from the feasibility study. Analysis of curriculum documents revealed a shared view about the nature
and purpose of school science. Consultations resulted in commitments from all States and Territories
to participate further in the feasibility study.

The second phase involved a meeting of science curriculum officers from all States and Territories,
the Executive Secretary of the Australian Academy of Science, science education researchers from
Edith Cowan University and the University of Western Sydney, the executive of the Australian
Science Teachers’ Association, and a representative from the Curriculum Cornoration~ The nurnose
of this meetin2 held in Darwin in Julv was to identify

A third phase, involved a group of key stakeholders who met in Canberra for two days in November
and one day in December to develop this proposal and the attached briefing paper. The meetings
involved representatives of education departments, curriculum councils and boards of studies from
the Australian Capital Territory, New South Wales, Queensland, South Australia, Tasmania, Victoria
and Western Australia working with representatives from the Australian Academy of Science, the
Australian Science Teachers Association, the Curriculum Corporation and science educators from
Edith Cowan University and the University of Western Sydney.

Purpose of the Collaborative Australian Secondary Science
Program

To support teachers in implementing a science program that is consistent with the type of science
described in State and Territory curriculum frameworks and syllabuses, using pedagogies consistent
with contemporary best practice, providing students with a challenging and engaging experience of
school science, and achieving internationally competitive learning outcomes for students in the
compulsory years of secondary schooling.

Components of the Program

To successfully implement the new curriculum frameworks in a way that presents science as described
in the definitions and rationales there is a need to reform classroom practice and at the heart of this
change, is teacher change. Teacher change is a difficult and complex process. Research indicates that
teacher change can be facilitated by professional development, the provision of curriculum resources
to support teachers as they attempt to adopt new approaches to teaching science, and engagement in
participative inquiry to monitor, analyse and reflect on their classroom practices and the learning that
is occurring in their classrooms. The Program will therefore have three interconnecting components;
curriculum resources, professional development, and participative inquiry.
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Figure 1. The contribution of professional development,
curriculum resources, and participative inquiry to
teacher change.

Teachers’ understanding of the new pedagogies and classroom practices and their use of them in
teaching, learning and assessment will be developed through professional development, participative
inquiry and exemplified through concrete examples in a curriculum resource.

Guiding Principles
Focus on teacher change

If secondary science teachers, who have been trained to teach traditional science in traditional ways,
are to accommodate to the new classroom practices required by the curriculum frameworks and
syllabuses they must undergo significant personal and professional change. Science departments will
also need to undergo significant cultural change to create learning communities that work together
to reflect on, and change their classroom practices. This Program will therefore be focussed on
supporting teachers and science departments reform their practices.

Flexibility
The Program needs to be flexible to enable:

. all school systems and sectors, all schools, and all teachers to have equitable access to the
Program. The curriculum materials need to be flexible to ensure teachers can construct a
sequence of learning experiences that is relevant to all their students, regardless of their
geographical location, cultural values, socioeconomic background or gender. This will require
the Program to have the flexibility to provide a curriculum relevant to all students and be
accessible and useable by all teachers.

. individual schools, school districts, systems and sectors to access and utilise the Program at a
point that services their need. Individual schools, systems and sectors have teachers with
different levels of knowledge and skill in teaching practice and curriculum planning, and
different cultures and structures that impact on the most effective curriculum for their students
and the most effective means to provide support for teacher change.

4
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. education systems and sectors to utilise existing structures and cultures for supporting schools
to implement the Program. State and Territory education systems and sectors have differen(
structures for supporting schools, and are at different stages of curriculum development and the
provision of support for implementation.

Provision of a relevant and integrated curriculum for all students in today’s
world

Science learning must be relevant to students’ interests and needs as they leave formal schooling in
the ,;st Century. Improved attitudes towards science and scientific literacy for all students is a central
focus of all State and Territory curriculum statements and will be a key principle in the development
of this Program.

Many curriculum statements refer to the contribution that science learning makes to students
developing broad outcomes of learning. These are described in various ways, such as key
competencies or overarching outcomes. Many statements also acknowledge that the learning of
science does notoccur in isolation from other learning areas and connections facilitate complementary
learning. In the context of an evolving focus on the middle years of schooling in many States and
Territories, and a focus on whole-school planning, the connections within science and with other
learning areas, and the contribution of science to the broad outcomes of learning needs to be made
explicit to support teachers. This Program will therefore make strong connections with relevant
aspects of other areas eg. literacy, numeracy, technology and learning technologies.

Curriculum materials as concrete exemplars for practice

Research studies conducted in association with the Australian Academy of Science demonstrated the
value of using exemplary curriculum resources with professional development to support teachers
attempting to change their classroom practices (Aubusson, Watson & Brown, 1997; Goodrum &
Hackling, 1997; Watters, Diezmann & McRobbie, 1997). Curriculum resource materials can provide
concrete exemplification of the approaches and strategies to be adopted. This Program will therefore
develop curriculum materials that illustrate how an effective science program can be planned,
delivered, monitored and evaluated. These materials will support teachers as they come to understand
the changes they are attempting to make, and help them achieve the student learning outcomes
described in the curriculum frameworks.

The resources will help teachers structure learning so that students will learn about science, by
engaging students in doing authentic science set in meaningful contexts. Where appropriate, links will
be developed between science, technology and society with a problem-based focus to learning so that
scientific attitudes, skills and understandings are not learned as an end in themselves but to help
students understand the world around them, make decisions in relation to the application of science
in their own lives, and contribute to public debates about science related social issues.

Accurate and balanced science

Students need to be presented with an accurate, balanced and an insightful view of the important
problems and research questions that are being investigated by professional scientists. This Program
will include science that is relevant to industry, work and the Australian context and impacts on
people’s lives; their health, environment and workplace.

Professional development
Research on professional development has identified characteristics of unsuccessful and successful

approaches. Fullan (1991) indicates that: one shot workshops without follow-up support for teachers
or follow-up evaluations are ineffective; topics are frequently selected by people other than those for
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whom the inservice is to be provided and consequently programs rarely address the needs and
concerns of participants; and most programs are provided for subject coordinators from different
schools in a district without recognition of the needs of individual schools or directly involving the
classroom teachers in the professional development experience.

To be effective professional development programs must
address issues of concern recognised by the teachers themselves;
be as close as possible to the teachers’ working environment;
take place over an extended period of time;
have the support of both teachers and the school administration;

enable participating teachers to feel a substantial degree of ownership;
involve a conscious commitment on the part of the teacher;

1

2

3

4

5. provide opportunities for reflection and feedback;

6

7

8.  involve groups of teachers rather than individuals from schools; and
9

use the services of a consultant or critical friend (Lovitt, Stephens, Clarke & Romberg, 1990,
p. 234).

Professional development made available through this Program will therefore:
. involve the whole science department;

. be on-going;

. focus on the needs of participating teachers;

. provide opportunities for analysis and reflection on classroom practices;

. provide all teachers, regardless of geographic location, school structure, or student population
with opportunity to access professional development at the time of need;

. provide for the changing needs of teachers as they grow in their understandings and skills; and

. involve teachers in the development of professional development resources and facilitation of
professional development workshops.

Participative inquiry

The involvement of teachers working collaboratively within science departments reflecting on their
current practices, recognising new possibilities and identifying issues to be addressed can engage
them in forms of inquiry into their own professional practice. Participative inquiry involves
cooperative participation in the construction of professional knowledge relevant to the context of the
workplace. Groups working together in open and authentic communication inquire into, and reflect
on professional knowledge and practices, constructing understandings that are a guide to action.
Participative inquiry is therefore an empowering and transformative process (Reason, 1998). The
strengths and benefits of various forms of participative inquiry include being focussed on the
participant’s own practice, bringing about change in and developing understanding of that practice,
ownership of and commitment to the change, and enhanced collaboration between colleagues. This
Program will therefore resource teachers with the strategies and analytical tools to enable them to
participate in monitoring, reflecting on and evaluating changes in their classroom practices and
impacts on learning outcomes.

Teacher input

For change to be effective, the curriculum materials and professional development must address the
issues that inhibit teachers undertaking change. The resources must be prepared for the conditions
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under which schools typically operate. To ensure they are real for teachers, teacher input into their
development is a critical feature. This can be accommodated through intensive trialling of all
components of the Program by those teachers most in need of support for change. This feedback will
be incorporated into the Program.

Valuing teachers as professionals

This Program recognises that teachers are the professionals who initiate and manage change
appropriate to the requirements of educational systems, the context of the school and the community
it serves and the needs of the students. The resources developed by this Program do not represent an
imposed curriculum, but a set of resources from which teachers can select to support them and their
science department colleagues as they set a path for reforming their curriculum and classroom
practices.

Earth and Beyond
. models of inquiry;
. techniques for gathering data about their classroom practices;

. techniques for probing students’ understandings, attitudes towards science, and perceptions of
classroom climate, and for assessing students’ attainment of skills; and

. tools to facilitate analysis and reflection.

As teachers analyse their current curriculum and practices, plan for change, and implement new
strategies or curriculum approaches they will need to access these tools of participative inquiry to
monitor the success of the implementation, and, in collaboration with their colleagues, develop
modifications or enhancements to the implemented curriculum or classroom practices.

Curriculum resources

One of the challenges of any busy teacher is the selection and sequencing of interesting and
worthwhile activities. To support teachers, ‘units’ will be developed and comprehensively trialled to
ensure they maintain student interest and are easy for teachers and students to use.

Each ‘unit’ will represent a sample learning program comprising a carefully structured, yet flexible
sequence of learning experiences related to a conceptual theme. More resources will be provided than
would be required so that teachers and students can select those activities most relevant to their needs
and interests. The activities will be sufficiently open and flexible to allow for different student needs.

It is proposed that sufficient ‘units’ should be developed to support the four years of compulsory
secondary science education. The units should generally have a developmental sequence and fit within
an overall conceptual framework developed collaboratively by the States and Territories. Units could
be developed in four developmental stages, designated Yellow, Green, Blue and Red.

Units at the lower stages are likely to be multidisciplinary (eg Units Gi, G2 and B2), however, some
units at the Red stage are likely to be based on a single discipline (eg Unit R3). Units could be
integrated round the major ideas and contexts that are common across State and Territory frameworks
and syllabuses. The horizontal (eg Unit Gi to Unit G2) and vertical (eg Unit Gi to Unit B2)
developmental sequences, should be sufficiently robust so that teachers can select units in a way that
is meaningful for their circumstances and needs. Each State and Territory should be able to make
connections between their syllabus and the conceptual framework for this Program.

Learning features

It is anticipated that the curriculum resources would probably need to incorporate:
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. a teaching-learning model that takes account of students’ existing beliefs and understandings,
such as the SEs model (Bybee, 1997), to facilitate the development of students’ understandings;

. a teaching-learning model, such as the cognitive apprenticeship approach involving modelling,
scaffolding and coaching (Collins, Brown & Newman 1989; Hennessy, 1993), to facilitate the
development of students’ problem-solving and investigation skills;

J an outcomes focus;

. materials to structure formative and developmental assessment;
. cooperative group learning;

J learning in relevant contexts;

. development of conceptual understandings, understanding of the nature of science, scientific
attitudes and processes of working scientifically; and

. developing literacy through science, and learning science using information technologies.
These features represent elements of a new paradigm for teaching and learning secondary science.
Format

Itis expected that the curriculum resources would consist of a teacher’s resource pack and a student
activity resource. The format of the materials would be determined by the needs of teachers and

students ascertained through comprehensive trialling, the available and anticipated technology, and
€conoImics.

It is anticipated that the teachers resource pack would include a wide range of web-

based materials supported by hard copy, video and CD ROM. The teachers’ resources would
need to include some of the following:

. an outline of the conceptual underpinnings and philosophy of the program;

. an explanation of the conceptual framework that structures the ‘units’ of work that make up a
four-year program of learning;

. explanations of the learning models and how they are exemplified in the materials;

. descriptions of a range of teaching-learning strategies and illustrative examples showing how
they are incorporated into the Program’s resources;

. strategies and resources for assessment; and

. information about suggested lessons and activities, useful hints to ensure the activities are
successful and the learning experiences are effective, and ideas for adapting activities for
different student groups.

Sets of tailored summative assessment resources would need to be developed to support teachers from
each State and Territory so that assessments would be explicitly linked to the various outcomes and
standards frameworks.

Itis anticipated that the student resources would probably need to:

. provide contextual and stimulus material for students, pose questions, engage students and elicit
their existing beliefs, lead students into a wide range of activities and investigations of different
types, and scaffold the generation of work samples and portfolios that can be used for
assessment purposes;

. be available in hard copy and electronic formats so that they are flexible and can be used in a
number of different ways, eg be copied for student use in the form supplied, or adapted by the
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school, or used as a resource from which activities and approaches to learning can be selected
and used to supplement an existing program; and

. be used in conjunction with other existing resources such as student expository texts.

The needs of secondary science in the new millennium are quite different to those identified for
primary science in the early 90s. To meet the needs of systems, schools, teachers and their students,
the curriculum resources will need to be far more sophisticated and flexible than those produced by
the Primary Investigations project. It is recognised that none of the stakeholders has any interest in
developing another expository text, laboratory manual, or set of black line masters.

It is likely that the student resources will be web-based. It is suggested that the Web Page acts as a
filter for teachers from different State and territories so they can access the version of the materials
that shows explicit links to their particular framework or syllabus.

Possible Time Line for the Program

1998 Develop the final proposal and identify key players and sources of funding.
Establish the management structure for the Program.

1999 Plan the outline of the curriculum ‘units’, the professional development modules and the
participative inquiry tools.
Identify and establish writing teams for curriculum, professional development and
participative inquiry resources.
Commence preliminary writing. Select trial schools.

2000 Trailing and continued writing of curriculum, professional development and participative
inquiry resources.

Implementation of initial professional development and participative inquiry modules.
2001 Revision based on feedback from trialling and continued writing.

Further trialing of resources.

Further implementation of professional development and participative inquiry modules.

Curriculum resources for the Yellow and Green Stages to be available for implementation.
2002 Further revision.

Continued implementation of completed resources.

References

Aubusson, P., Watson, K. & Brown, G. (1997). Enhancing lower secondary science: The trial of a
curriculum package combined with a professional development program . A research report prepared
Jfor the Australian Academy of Science. University of Western Sydney.

Baird, J., Gunstone, R., Penna, C., Fensham, P., & White, R. (1990). Researching balance between
cognition and affect in science teaching and learning. Research in Science Education, 20, 11-20.
Bybee, R. W. (1997). Achieving scientific literacy: From purposes to practices. Portsmouth, NH:
Heinemann.

Collins, A., Brown, J. S. & Newman, S. E. (1989). Cognitive apprenticeship: Teaching the crafts of

reading, writing and mathematics. In L. B. Resnick (Ed.), Cognition and instruction. Issues and
agendas (pp. 453-493). Hillsdale, NJ: Erlbaum.



CONASTA 48 The Spirit of Science

Education Department of Western Australia (1996). Lower secondary science resources: The
development of a conceptual description for future lower secondary science curriculum resources.
Perth: Education Department of Western Australia.

Fullan, M. G. (1991). The new meaning of educational change. New York: Teachers College Press.
Goodrum, D. & Hackling, M. (1997). Secondary science investigations research project:
Final report. Perth: Edith Cowan University.

Hennessy, 5. (1993). Situated cognition and cognitive apprenticeship: Implications for classroom
learning. Studies in Science Education, 22, 1-41.

Lovitt, C., Stephens, M., Clarke, D. & Romberg, T. (1990). Mathematics teachers reconceptualising
their roles. In T. Cooney & C. Hirsch (Eds.), Teaching and learning mathematics in the J990s. 1990
Yearbook (pp. 229-236). Reston, VA: NCTM.

Reason, P. (1998). Three approaches to participative inquiry. In N. Denzin & Y. Lincoln (Eds.),
Strategies of qualitative inquiry. London: Sage.

Science Functional Expert Group of the OECD (1998). Framework for assessing scientific literacy.
OECD PISA national project.

Speering, W., & Rennie, L. J. (1996, April). Transition to secondary school: The impact of
curriculum change on students’ attitudes to science. Paper presented at the meeting of the American
Educational research Association, New York.

Watters, J., Diezmann, C. & McRobbie, C. (1997). The reality of knowledge construction: An

investigation of the impkmentation of an instructional sequence based on constructivist principles.
Centre for Mathematics and Science Education, Queensland University of Technology.

10



Q

ERIC

Aruitoxt provided by Eric:

20/12/01 09:03 FAX

U.S. Department of Education
Office of Educational Research and improvement (OERI)
National Library of Education (NLE)
Educational Resources Information Center (ERIC)

(Specific Document)

. DOCUMENT IDENTIFICATION:

4] 02

2004 A8,
ERIC

REPRODUCTION RELEASE

Tite: %ml&am W%M

Author(s): Ma LJ No&l-—.\ Dﬂ«wc-ooebu-o—. o—w( Fﬁ-ﬂo( wav\

Corporate Source: [, # G,,_,M M

Publication Date:

(949

Il. REPRODUCTION RELEASE:

In order to dissaminate as widely as possible Umaly and significant materials of interest to the educational community, decuments annaunced in the monthly
abstract journal of the ERIC system, Resources in Education (RIE), are usually made available Lo users In microfiche, reproduced paper copy. and electronic
media, and sold through the ERIC Document Reproduction Servica (EDRS). Credit is given to the source of each document. and, if reproduction release is

granted, one of the following notices is affixed to the document.

If parmissian Is granted to reproduce and disseminate the identified document, please CHECK ONE of the following threa aptians and <ign at the bottom

of the page.
The sample slcker shown below will be The sample siicker shown below will by The sample Bicker shown beiow win be
affixed {o ofl Leved 1 documents. alfixed 1o all Lavel 2A dotumenls Sffixed to 30 Level 28 doasments
PERMISSION TO REPRODUCE AND
PERMISSION TO REPRODUCE AND DISSEMINATE THIS MATERIAL IN PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL HAS MICROFICHE, AND IN ELECTRONIC MEDIA DISSEMINATE THIS MATERIAL IN
BEEN GRANTED BY FOR ERIC COLLECTION SUBSCRIBERS ONLY, MICROFICHE ONLY HAS BEEN GRANTED B8Y
ﬂ i: ! . HAS BEEN GRANTED BY
. ,
TO THE EDUCATIONAL RESOURCES TO THE EDUCATIONAL RESOURCES TO THE EDUCATIONAL RESOURCES
. INFORMATION CENTER (ERIC) INFORMATION CENTER (ERIC) INFORMATION CENTER (ERIC)
1 2A 2B
Level t Level 2A Level 2B
X X X
Chack here for Level 1 release, permiing reproducnon Chack here for Level 24 rele3ase. penmulling reproduction Check here for Level 2B relesse, penmilting reproduction
and disserminalion in miaofiche or olher ERIC archival and dissermination in microliche and in dleciranic media for ang disserrinaton in microfiche anly
media (e.g.. elecuronic) and paper copy. ERIC archival collection subscribers only

Documenis will be pre d s ir ded

ity penm
If permission to reproduce is granied, bul no box is checked. dowmenu will be ofocessed ‘Bl Level 1

information neads of educators in response fo discrete inquiries.

1 hareby grant to the Educationsal Resourcas Information Conter (ERIC) nonexclusive permission to repraduce and disseminate this document
as indicated above. Reproduction from the ERIC microfiche or electronic media by persons othar than ERIC employses and its systerm contractors
requires permission from the copyright holder. Exception Is made for non-profit reproduction by fibraries and etfier service agencles to satisfy

P ‘/I(Mw-\ Voocals Profpma~ Mask Hodde

please & W Sty 2 9370 6339 | 161 #9370 6
% Lrondonr EJ,ZE )/ o = 20flfor




