STELR  PROGRAM  PEDAGOGY 2010
The philosophy behind the STELR approach

A recent and much quoted review of Australian Science education (Goodrum, Hacking & Rennie, 2001) listed, as their first theme for an ideal science curriculum, that : ‘The science curriculum is relevant to the needs, concerns and personal experiences of students.’ They have argued more recently (Goodrum & Rennie, 2006) that: ‘Many students find the school science curriculum on offer to be unimportant, disengaging, and irrelevant to their life interests and priorities.’ Glen Aikenhead (2004) has argued that: ‘A recurring evidence-based criticism of traditional school science has been its lack of relevance for the everyday world’, and that we need to emphasise humanistic aspects of science in our curriculum and teaching.

For this reason, the main theme of the STELR program is renewable energy.
STELR has adopted a number of principles designed to engage students through evidence-based teaching approaches and strategies. These include scientific literacy as an overall aim, inquiry-based learning, a socio-scientific focus, the representation of science as a human endeavour, and embedded assessment.
Inquiry-based learning

Inquiry-based learning helps students actively pursue and use science knowledge rather than experience it as pre-packaged and complete – to be accepted and practised. Thus, in the STELR program there are many points at which students raise questions and explore ideas. In the introductory activities the principle used is ‘guided inquiry’ where the problems are largely set, but students are later encouraged to shape their own inquiry around questions that interest them. This involves being able to design investigative approaches. These include experimental as well as web-based research approaches. A core principle that has been used to describe inquiry is ‘explore before explain’, meaning that students are introduced to science ideas only after they have explored phenomena and raised questions implying a need for these. 

Inquiry-based pedagogies:

•   Involve students in initial exploration before ideas are introduced and explanations developed
•   Incorporate and value students' own questions
•   Involve open-ended investigation as part of the teaching sequence

•   Use activities to explore and develop ideas rather than simply demonstrate previously presented ideas;
•   Support students to create new knowledge 

See the outline of the principles of inquiry-based learning later in this outline.

The jigsaw approach

The first lessons of the STELR program introduce the context of climate change and the ‘big idea’ of energy, including energy transformation and energy efficiency. The on-line diagnostic test forms part of this sequence. After an overview of renewable energy technologies, solar energy and wind energy are investigated in turn. The students then work in groups on a project on one renewable energy resource.  Each group in the class investigates a different energy resource. Different members of each group research different aspects of their selected energy resource, such as its current use and future potential, human and environmental aspects, and technical and scientific aspects.  In addition, group members design and perform two practical investigations. Between all the group members, four student-designed practical investigations and one investigation using second-hand data are performed. The final phase of the program is a design challenge that calls on the expertise developed in the groups to scope and explore a broad-based energy problem. 

This is the jigsaw approach to learning in which each student or student pair becomes expert in particular aspects of renewable energy, which they then communicate to the other members of their group. The entire group then creates a presentation of its key findings for the class. These activities involve students taking responsibility for the direction of their inquiry. 

The ‘interview about instances’ teaching strategy

Many of the activities through which key concepts are introduced are based on the teaching strategy ‘interview about instances’. In this approach, some stimulus material, in such forms as a series of images, a DVD or demonstrations, is presented to the students and questions about the stimulus material are posed.

The role of the teacher is one of the questioner rather than the transmitter of answers. The teacher may find there is considerable variation in student thinking about the issues or concepts presented, or that alternative conceptions are presented.

Principles of inquiry-based learning

Engagement of students

An inquiry based approach starts with engagement of the students prior to explaining. This serves several purposes:

•    provide a conflict between prior learning and the new more scientific understanding - such conflict will lead students to ask questions 

•    get students' attention and focus

•    elicit and assess prior knowledge [students may have constructed alternative conceptions]

During this stage, students:

•    ask questions

•    show curiosity

•    show interest

During this stage, teachers:
•    create interest
•    generate curiosity

•    raise questions

•    elicit responses

Exploration without teacher explanation

During this stage, students:

•    ask questions

•    hypothesise

•    work without direct teacher input [but are guided]

•    gather evidence

•    record and organise information

•    share observations

•    make evidence based claims

•    draw conclusions

•    work cooperatively and / or collaboratively

During this stage, teachers:

•    encourage students to work cooperatively and / or collaboratively

•    observe and listen as students interact

•    ask thought provoking questions

•    allow students time to puzzle through and to explore

•    act as a facilitator and / or a consultant

•    create a climate where students “want to know and “want to learn”

Explanation 

During this stage, students:

•     draw on experiences to offer ideas and explanations in his / her own words

•     uses evidence to support ideas

•     critically appraise explanations

•     listen critically and respectfully to others

•     reflect on and assess their own understanding

•     produce multiple representations of concepts to improve understanding.

During this stage, teachers:

•    elicit the students' explanations of concepts, definitions of words

•    ask for evidence and clarification

•    formally provide definitions, explanations and new labels

•    use students’ experiences to build new concepts

•    assess students’ developing understanding of concepts

•    provide opportunities for students or represent their ideas in a variety of formats.

Elaboration 

During this stage, students:

•    apply scientific terms, definitions

•    apply understandings to new contexts

•    use previous information to ask questions, propose solutions, to make decisions and design investigations

•    draw reasoned conclusions from the evidence

•    check for understanding with their peers.

During this stage, teachers:
•    expect students to use appropriate scientific terms, labels and definitions
•    expect students to use their understandings from explanations

•    remind students of alternatives

•    ask question such as “What do you think?” ‘Why do you think that?”

Assessment

During this stage, students:

•    demonstrate their understanding of the ideas and concepts

•    answer open-ended questions

•    evaluate his / her own progress

•    ask questions

•    participate in peer assessment.

During this stage, teachers:

•    elicit or diagnostically assess students’ prior knowledge and understanding

•    explicitly develop the language of science and mediate where students have conflict in their understanding

•    use formative assessment or assessment of learning throughout a unit of work to evaluate student understanding, to provide feedback to students and to direct the learning program

•    use summative assessment to identify the students’ congruence with the new understandings.

•    use conceptual mediation to overcome and reconcile alternative conceptions

•   use a variety of assessment strategies.

If teachers wish to find more information about Inquiry-based Teaching they could examine the Science by Doing module Inquiry-based Teaching at
http://www.science.org.au/sciencebydoing/professional-learning.html


