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ASTA is a federation of the eight Australian state and territory Science Teacher Associations, and is the peak professional body representing the science education community of Australia.

This submission is submitted by ASTA following comprehensive consultation with all eight of our member Science Teacher Associations.  These member STAs have also held extensive local consultation forums and processes within their own memberships that have contributed to this response.  Many of them will also respond independently.

Therefore we note that this response should be considered as a comprehensive collective view of a very large sample of Science educators across Australia.

ASTA strongly endorses the development and implementation of an Australian Curriculum: Science. Australia has a relatively small population of 21 million people and cannot justify spending large amounts of money to duplicate the development of curriculum in 8 state and territories. ASTA strongly supports the centralisation of curriculum development and the collaborative nature of the curriculum development process. ASTA has been pleased with the level of engagement afforded to it throughout this process as the peak body representing science educators across Australia.

ASTA strongly endorses the structure of the curriculum with the development of three strands – Science Inquiry Skills, Science as a Human Endeavour and Science Understandings. The integration of these strands will enable teachers to develop science programs that are relevant and engaging for their students. 

GENERAL COMMENTS ACROSS THE FOUR SENIOR SECONDARY SCIENCE COURSES:
Rationale

The rationale should clearly indicate why the course exists. Hence, it should be written specifically for each course. At present, the rationale for each course is very similar. If this is the case, then it would suggest that there should only be one senior science course. This is not the case, there are significant reasons why each of the courses should be offered to students and these should be clearly articulated in the rationale. At present, all four senior science courses commence with a statement of structure. This is not part of the rationale and hence it should be removed. The key concepts and skills of the three strands (Science Inquiry Skills, Science as a Human Endeavour and Science Understanding) should be explicitly stated in the rationale. There should also be clear statements about the course’s proposed clientele – are they courses for all students or students who have achieved to a high standard in the Year 10 Science course.

Aims
The aims for each of the Senior Years courses are generally appropriate, however, an extra statement should be added to each of the courses that specifically indicates that the students should be able to “build a body of knowledge specifically related to <<Name of Senior Science Course>>”. There should also be a statement that the general capabilities will be further developed through studying <<Name of Senior Science Course>>.
Pathways
The senior secondary courses indicate that the “curriculum provides pathways for students wishing to pursue further studies or those wishing to enter the workforce.”  At present, the Senior Years courses are pitched at a level that is far too high for the typical student. Hence, the courses would currently exclude many students from them. The courses seem to be developed for students who are looking to move to a university pathway with significant further study in science. There is significant concern in government regarding the declining numbers of students who undertake study in senior secondary science courses and then further post-school study in science. These courses will not address this issue, since they are pitched at a level too high for the typical student. The cognitive development of the students must be taken into account during the development of these courses.

Links to K-10

At present there appears to be a large gap in the cognitive demand of the Year 10 course and the senior secondary courses. However, it is very difficult to determine whether the courses link appropriately to the K-10 curriculum since the K-10 documents are still being finalised and are not currently available for the education community to analyse to determine these links. In some instances, the “assumed knowledge” from K-10 curriculum was present in the elaborations. The elaborations are not mandatory, hence, “assumed knowledge” should only be from the content descriptions in the K-10 curriculum.

Connections between strands

The curriculum must be presented so that the three strands are visible at the same time so that teachers are able to clearly see the links between the strands. It was very cumbersome “flicking pages” to try to see where the Science as a Human Endeavour content links with the Science Understanding content.

General capabilities

The senior secondary courses indicate that “The Australian Curriculum, Assessment and Reporting Authority (ACARA) has identified 10 general capabilities that will be specifically covered in the curriculum. In the senior secondary <<Name of Course>> curriculum, eight of these are considered inherent to science and so are explicitly included in the content descriptions and achievement standards.” This is not the case. Generally, they need to be explicitly stated in the Science Inquiry Skills content. Ethical behaviour could also be included in the Science as a Human Endeavour strand.

Content – General 
There were strong representations that each of the senior secondary courses had too much content in them – Science Understanding, Science as a Human Endeavour and Science Inquiry Skills. Simply deleting content will not solve the issues with the curriculum. Deleting content from one strand will have implications for the other strands. The courses, at present, are disjointed with a lack of cohesion between the strands. The main concepts in each course need to be clearly identified and then a conceptual continuum must be developed. The Science Understanding and Science as a Human Endeavour strands in particular need to be developed from these. This should provide a more developmentally appropriate and cohesive course of study. 
It is generally understood, though not explicitly stated, that Units 1 and 2 will be taught in Year 11 and Units 3 and 4 will be taught in Year 12. Can content be drawn from Units 1 and 2 to develop a unit of work or is it to be taught sequentially, namely Unit 1 first then Unit 2?

It is difficult to determine the depth of treatment required from the content statements as they are currently written. In some cases, examples are given to assist with understanding. This suggests that the statements are not clear and need to be re-written to ensure that the intent is clear.

There is confusion about the use of “for example”. It would seem that the content description is mandatory but the information included in the brackets is not mandatory. However, since many states and territories currently have external exams for credentialing purposes, teachers are unsure about what could be assessed via these external exams. If each state and territory makes there own judgement about this and produces new documents to clarify this, then this detracts from the purpose of an Australian Curriculum.

Content – Science as a Human Endeavour
This is a significant part of the course, since it articulates the relevance of the courses to the students’ lives by looking at the historical development of ideas, the applications of the science to their lives and the nature and practice of science. However, there are too many examples of each in this strand. It would be better to decrease the breadth of coverage in this area, identify a lesser number and increase the depth of treatment. It almost becomes a case study development where significant areas of Science Understanding content are applied in the Science as a Human Endeavour strand. At present, there is too much stipulated and it will lead to tokenistic treatment.

Content – Science Inquiry Skills 
The depth of treatment is clearly evident in this strand. Many of the content descriptions in this strand are repeated in different units. It would be better to present the Science Inquiry Skills per year or even as one “list” which students would develop across the course. First-hand investigations are a significant focus of this strand. However, there are times when this is not practicable or where this should be cross referenced with previous experimental data in this area and hence the development of skills in collecting and processing information from secondary sources is also important and should be developed. 

Extended Experimental Investigation 

The various States and Territories have very different interpretations of the requirements of an extended experimental investigation. Hence, this must be clearly defined so that there is a clear common understanding of the requirements of this task. For this task to be a meaningful part of the curriculum, there will need to be a reasonable amount of class time devoted to develop the skills required and to provide meaningful feedback to the students as they complete this extended experimental investigation. Hence, there should only be one extended experimental investigation per year and the amount of content in the curriculum must be significantly reduced.
BIOLOGY:
Content

There is not a clear continuum of development within units or across the four units. The key ideas for biology must be identified then an appropriate conceptual continuum must be developed. There needs to be a closer relationship between the Science as a Human Endeavour and Science Understanding strands. This may also assist with the reduction in content if there was a greater overlap between these strands.

Unit structure
There is far too much content in all of the units and they need to be reorganised and reduced to allow for greater depth of understanding to be developed. The diversity of concepts in some units will make it difficult to develop a contextual based course which will diminish the ability to integrate the Science as a Human Endeavour and Science Understanding strands.

Organisation

The equal importance of the three strands must be clear and also there needs to be guidance to show more clearly the interrelatedness of these strands. The coherence of the strands needs significant attention. There are mismatches between and within the three strands, For example in Unit 1, Cells and the functioning organism –there are tentative links for the content in the Science Understanding strand which are large conceptual ideas (i.e. Cell structure and function; adaptations of organisms to different environments; bioltechnologies and reproductive processes). There are other units where this content links well in context. There are very tentative links to the Science Inquiry Skills strands and the Science as a Human Endeavour in this unit.

The unitisation of the course reduces flexibility. This also has major implications for composite Year 11 and 12 classes where there needs to be flexibility to allow for the development of the same concepts at different depths.

Science Inquiry Skills

This list is not always a set of skills. At times it is a list of experiments that at times seems to be restrictive. It would be better to allow the teacher flexibility and create possible lists and allow the teacher to determine the experiments that are most relevant for their students and context. The wording in this strand uses: “Examples of possible investigations and experiments include:” as well as “Develop skills in performing investigations and experiments including:” The structure of this area requires serious clarification and review.

Science as a Human Endeavour

It is important that content descriptions indicate the positive impact that biology has on the students’ world. The “including” statements in the Science as a Human Endeavour strand need to be removed or changed to “suggested” or “possible” to allow for more flexibility and teacher discretion.

Science Understanding

The main concepts of biology need to be used to determine essential content. It is the concepts that are important and these can be applied in a wide range of contexts that should be determined by the teacher.

Clarity of content
The specificity of the dot points is quite variable with some being quite specific while others are more general. There is inconsistency of expression across strands and units. This needs to be addressed.
A Biology course should include content that deals with all groups of living organisms and their interdependence and inter-relationships. It should therefore cover the structure and function of plants and animals including humans. This can include genetics, evolution, disease, populations etc. Hence, the course should have an appropriate balance of these, whereas it seems to have too great an emphasis on human biology and biochemistry. Much of the biochemistry is too conceptually difficult for the cognitive development of students aged 16-17 years old. 

Some of the experimental investigations require equipment not commonly available (due to cost) in schools, e.g. electrophoresis. Field work is an important part of Biology – clarification is required as it appears to be in all units. 

It is suggested that the following areas could be removed:

· Regulation and control by the nervous system (Unit 3)

· Regulation and control by the endocrine system (Unit 3)

· Significant portions of – the energy economy of cells (Unit 3)

CHEMISTRY:
Organisation

The equal importance of the three strands must be clear and also there needs to be guidance to show more clearly the interrelatedness of these strands. The coherence of the strands needs significant attention. There are mismatches between the three strands, e.g. In Unit 1, mixtures and methods of separation are mentioned in the Science as a Human Endeavour and Science Inquiry Skills strands but not in the Science Understanding strand.
The unitisation of the course reduces flexibility and will lead to competition for resources as everyone will be trying to access similar resources at the same time. This also has major implications for composite Year 11 and 12 classes where there needs to be flexibility to allow for the development of the same concepts at different depths.

Science Inquiry Skills

The SIS strand is very narrow and tends to focus on first-hand investigations only while there are other methodologies by which ideas can be investigated including modeling using appropriate technology. This strand could be written with bigger ideas and less prescription. It is difficult to see how students understanding of this strand develops between Year 11 and 12.
The list of experiments seems to be very narrow and restrictive. It would be better to suggest a prescribed number and leave it up to the teacher to determine which experiments are most relevant for their students and context. The importance of chemistry as an experimental science needs to be emphasised.
Science as a Human Endeavour

It is important that content descriptions indicate the positive impact that chemistry has on the students’ world, including how chemistry is used to address issues. This is not to brush over the concerns related to use of chemicals but there needs to be a balance in the content descriptions. 

The “including” statements in the Science as a Human Endeavour strand need to be removed or changed to “suggested” or “possible” to allow for more flexibility and teacher discretion.

Science Understanding

The main concepts of chemistry need to be used to determine essential content. It is the concepts that are important and these can be applied in a wide range of contexts that should be determined by the teacher. For example REDOX can be taught in a mining context or a shipwrecks context depending on the relevance to the students.

Replace physical science with chemical and physical science. The organisation of the content does not flow well and there needs to be a clear development of concepts across units. Five areas where a reduction in content were suggested were: 

· removal of optical isomerism (Unit 4)

· quantitative equilibrium, especially response of systems at equilibrium to change (Unit 3)

· analytical techniques, especially where the equipment is not available in schools and hence students are just required to “remember” huge amounts of information (Unit 4).

· removal of Faraday’s Laws (Unit 3)

· organic chemistry – at present, students are required to “do”: hydrocarbons, alcohols (primary, secondary and tertiary), haloalkanes, carboxylic acids, esters, aldehydes, ketones, amines, amino acids, amides, dipeptides, polymers (including polyesters, polyamides) – and the reactions of each of these. As with all content, the key ideas need to be identified and then covered in the course. At present, it appears that the course is trying to cover all parts of chemistry from all perspectives. This is not possible in the time available.
Units structure
Units contain quite diverse concepts and have not been organized to show a logical or developmental progression of ideas. There is far too much content in all of the units and they need to be reorganised and reduced to allow for greater depth of understanding to be developed. The diversity of concepts in some units will make it difficult to develop a contextual based course which will diminish the ability to integrate the Science as a Human Endeavour and Science Understanding strands.

The depth of understanding required for many of the concepts is unclear. The use of “examples” and “including” removes flexibility for teachers to include relevant aspects for their local communities.

Clarity of content
The specificity of the dot points is quite variable with some being quite specific while others are more general. There is inconsistency of expression across strands and units. This needs to be addressed.
EARTH AND ENVIRONMENTAL SCIENCE:
Organisation

The content strand descriptors need to be better worded to capture the nature of this subject rather than appear to be generic descriptors as they are at the moment. Earth and Environmental Science has features which are different to the other sciences and these need to be accentuated in any introduction to a curriculum on this subject. For example, the importance of fieldwork needs to be highlighted in this course. 
Unit structure

The units need to be reworked to present genuine interdisciplinary contexts that model the complex interrelations and interactions between the earth and its biota. The Australian scene is a wonderful context in which to demonstrate how the earth and environmental sciences must work together for sustainable use of all resources. The Earth and Environmental Science course needs to be completely reconceptualised so that there are clear and obvious links between units 1 and 2 and units 3 and 4. 

Units 1 and 2 need to be carefully redesigned to build on and refresh students’ conceptual and skills development from Year 10. They need to demonstrate a clear interweaving of geoscience and environmental science to demonstrate the inter-relationship between the knowledge areas. 

The units, at present, indicate a significant emphasis on Environmental science with a much less emphasis on the Earth sciences. The geology of Australian continent influences the environments on the continent. This is not immediately apparent in this course. The unit on the dynamic earth deals solely with tectonics, which is only one aspect of the rock forming processes. 
In many instances, the Science as a Human Endeavour strand represents entirely different concepts to the Science Understanding strand. This will lead to each strand being taught as a series of unrelated dot points.

Unit 3 – needs to have a more geoscience focus; it could include some work on fossils and how fossils are indicators of past environments but, given the nature of Australian resources, a greater emphasis on resources such as mineral and other resources, should be included. 

Unit 4 – There is an over-emphasis on managing environmental change. The focus should be shifted to understanding the full range of and managing the Australian environments in terms of their geology and available resources such as water. As part of this unit, a segment could be included on predicting impacts of environmental change but it should not be the focus of the whole unit.
Some of the State and Territory responses have given significant detail on how this course could be re-conceptualised
A comment made by teachers was that the current units are too long and too thematically focussed. They need to be redesigned to provide for smaller chunks of study that better suit students of this age group. 

Cross-curricula dimensions
All three cross-curricula dimensions have a good fit with the Earth and Environmental science curriculum. Currently, this has not been demonstrated, either in the initial statements or in the unit statements.

Comments on the units

It is agreed that there is too much content in the course. Most of this overload is caused by the lack of synchronicity between the three strands. Much additional content could be removed if there was a more careful examination of the Science as a Human Endeavour strand to choose content that related more closely to the Science Understanding strand.

Units 1 and 2

· The course does not build adequately from the year 10 draft. Some statements will not have been experienced since Year 8 in the SU strand.
· Teachers believe that the content (in all three strands) is pitched beyond the grasp of the typical Year 11 students

· Teachers stated that the content is not suitable for Year 11 students because 

· There are too many concepts and skills to be learned; the course is overloaded 

· The conceptual level of some of the content is beyond the grasp of the typical Year 11 student

· There is too much in the Science as a Human Endeavour and Science Understanding strands to allow the implementation of the Science Inquiry Skills strand as indicated.

Units 3 and 4

· The general view is that units 3 and 4 are conceptually easier than units 1 and 2 and do not build on or require the prior knowledge of units 1 and 2. 

·  Most teachers agree that the current content is accessible to year 12 but that there is still too much because the Science Inquiry Skills, Science as a Human Endeavour and Science Understanding strands do not intersect sufficiently.

· There is not an appropriate balance between the Environmental Science and Earth Science.
Experimental Investigations

· It was of concern to teachers and academics that the term “experimental” was not an appropriate term to use in an Earth and Environmental Science course; “research” could be substituted or, better still, just require an extended investigation (such as a field trip)

· The inquiry skills need to be more explicit; it is also of concern that, although lists of practical activities are provided, none are mandated. Some of the suggested practicals have very tenuous links to the course content, e.g. fermentation experiment in Unit 1.
PHYSICS:
Organisation and Structure

· Overall the curriculum statement is confusing because of the use of partial sentences and phrases identifying topics rather than core ideas. For example (p6) “The interaction of forces with cause motion, including the difference between mass and weight”, is not a properly constructed sentence, and hence cannot get across the declarative knowledge involved. 

· Needs some indication about which of the three strands is most important, or alternatively if the aim is that all three strands are equally important, then this should be clearly identified in the document.

Content or Contexts??

· There is major concern about the mix of contexts and concepts as the topic headings. Certainly the four chosen Units are not well supported. To some extent this is a problem that is bound to occur when trying squeeze any senior curriculum into 4 even-sized boxes, but in the Physics course there is a lack of coherence in how these are put together.

· Context is important but should not be the topic headings. If units are based around an idea (e.g. motion and energy) then multiple contexts can be used. If space is used, teachers feel limited to one context (hard to use other applications). If motion and energy is used, then forces can be examined in space/car accidents/human motion/sport etc.

· Units 1 (Motion and Energy) and 2 (Radiation and Nuclear Physics) are clearly aspects of physics knowledge structure, focussed on fundamental ideas in physics. Unit 3 (space science) is more contextual with a broad mix of quite unrelated physical ideas, including orbital mechanics, relativity, and astrophysics. Unit 4 (Physical Models and Relationships) received the broadest criticism, and seems to relate to aspects of both SIS and SHE. A significant point is that models and relationships relate equally to all areas of physics and not just the ones listed in Unit 4 (e.g. see p6: The use of a field model to represent and predict interactions between charged objects …). 

Unit organisation

· Unit 4 should be renamed “Electromagnetism and Quantum Theory”. 

· There was concern that electromagnetism is spread over a number of different units at present. It was felt that it should be part of a single unit.

· Very strong feeling that the units are a mixture of many different concepts where there does not appear to be a clear rationale for how these concepts are grouped. 

Content (SHE/SIS/SU)

Science Understandings:

· No indication of the depth required. Examples of de Broglie, Schrodinger, Heisenburg are given with no indication of whether students should learn the maths or just rote learn the concepts involved with these experiments/theories.

· Maths concepts should be stipulated (proportionality etc).

· Language needs to be more specific, with each dot point stating what students should know/be able to do/understand. Include verbs.

· Too much theoretical physics presented, especially in Unit 4. No opportunity for practical application. Very few students will go onto theoretical physics.

· It is widely felt that formulas need to be included in the Science Understanding strand. Formulas give a sense of the depth to which the course should be covered. Any number of equations could be used to teach an area of physics, but including the formulas that should be taught will help teachers to create a teaching program that adequately covers all material that should be covered.

Science Inquiry Skills: The broad scope of this strand is coherent and appropriate, but the details within each unit do not live up to the initial statement.  

· By Unit 4 there is some treatment of inquiry typical of physics with reference to the use of graphical analysis, mathematical relationships and how they relate to models, although even here the specific investigations suggested are mostly descriptive demonstrations of principles rather than investigations of relationships. 

· In terms of inquiry overall one of the hallmarks of a physics course is that there is a real capacity for students to experience first hand the reasons that many of the fundamental ideas to held to be true.

Science as Human Endeavour: 
· It is not clear what is the intent of this strand.  The initial statement would imply that it is concerned with ‘science and society’ and ‘cross-cultural perspectives’. However the detail suggests that there was some difficulty in coming up with specifics. 

· Some specific examples just relate to new experimental results leading to new ideas which fit better in the inquiry strand (eg p13: increased understanding of the nature of matter informed by experiments related to the changes undergone by unstable nuclei to produce different types of emissions.)

· Cross-curriculum perspectives are either unclear (eg p 5: the cross-curriculum dimension Asia and Australia’s engagement with Asia provides engaging and rich contexts for science learning, or will need considerable elaboration to make sense.

· Again p5: The science as a human endeavour strand explicitly refers to the range of explanations for the origin of the universe, solar system and Sun by different cultural groups, sounds like it is suggesting that a range of different explanations are accepted as possible scientific explanations. In reality the demise of the culturally embedded Earth-centric model of the universe is one of the key examples of scientific explanations (based on critical inquiry) overturning culturally-based explanations. 

Amount of content (SHE/SIS/SU)

· It is widely agreed that there is too much content at present and that a significant amount must be removed. There was a feeling that the course is too theoretical where the emphasis should be on concepts where practical investigations can be undertaken in the school. Some areas which could be removed included:

· Development of the laser (Unit 4)

· Particle accelerators (Unit 4)

· The Standard Model (Unit 4)

· The relationship between the Big Bang model of the universe and the Standard Model (Unit 4)

· Schrodinger, Pauli and Heisenberg (Unit 4)
· Space science could be covered as a contextual example for applying ideas learnt in other sections.

· There is potential for a good progression of knowledge and skills in the course, particularly with the progression from basic electricity in Year 11 to electromagnetism in Year 12, and from basic mechanics to examples of circular, and rotational mechanics in Year 12, but this relates to the overall concerns with the organisation of the curriculum.

· The course includes a lot of historical physics. There is a strong feeling historical examples and situations should be included, however there is a feeling that there should be more emphasis on current theories, ideas, machines and phenomenon. This may be a way to cut down the amount of material.
Missing content

· There was concern regarding the omission of heat, temperature and thermodynamics, given the critical issues of global climate change and El Niño, both almost totally related with this key area. 
Some final comments:
ASTA is concerned by the short timeline for consultation for these senior secondary courses. Teacher engagement with all facets of this process is necessary for its development and successful implementation. 

Timelines for implementation must be cognisant of the degree of change required and the time required for this to occur effectively when teachers are expected to fulfil their responsibility to their current students while trying to develop learning sequences for the new curriculum for their future students.

It is imperative that teachers are given appropriate professional learning opportunities so that they can fully engage with the Australian Curriculum: Science, especially the integration of the content descriptions from the three strands. Teachers will also need support to ensure that the pedagogy underpinning the curriculum becomes a reality. There is a particular need for professional learning around the Science as a Human Endeavour strand to ensure that there is an appropriate emphasis on it rather than it being treated as a “tokenistic add-on”. There is also the need to ensure that there are resources available that support the Science as a Human Endeavour strand, rather than all resources being focussed on the content descriptions for the Science Understanding strand. There is also the need for significant professional learning opportunities to ensure that teachers keep abreast with the latest scientific developments relevant to these senior secondary courses.

Finally, it is imperative that ACARA work with MCEEDEYA to ensure that appropriate resources are made available to schools to allow for the successful implementation of the Australian Curriculum: Science. This includes both time for the development of programs and money to ensure that appropriate equipment and facilities are available for all parts of the curriculum to be covered. 

