
Example teaching and learning unit: 10.6 How do we make sense of the universe?
Science, Levels 9 and 10
Use this teaching and learning unit template to plan a teaching and learning unit for a specific curriculum area or multiple disciplines.
Hint: Use your completed curriculum area map(s) and your completed curriculum area plan to help populate this teaching and learning unit.
Overview 
	Description of the teaching and learning unit
	Cohort considerations (in relation to this teaching and learning unit)

	Unit focus
Our understanding of the universe has developed through the observations, questions and creativity of many people over thousands of years. In this unit, students investigate the origin, structure and evolution of the universe, exploring key features such as galaxies, stars, solar systems, black holes and cosmic background radiation. They use scientific models, observational data and simulations to develop a deep understanding of the big bang theory and the life cycles of stars.
Astronomy as a human endeavour
A core thread running through the unit is astronomy as a human endeavour, highlighting how historical observations, cultural perspectives and technological developments have shaped our understanding of the universe. Students examine how communities have used the night sky for navigation, seasonal timing, and as part of cultural identity through cultural stories, myths and traditional knowledge. They also examine how scientific knowledge is developed and communicated through observation, evidence, modelling, critique, replication and peer review.
Societal and technological considerations
[bookmark: _Hlk214726381]Students consider the social and technological aspects of astronomy, including how telescopes and other observational technologies are used and how scientific data is interpreted. They are guided to critically evaluate information, considering how different applications of scientific knowledge may lead to varied responses from individuals and communities. This approach enables learners to appreciate astronomy not only as a body of scientific knowledge but also as an evolving human endeavour shaped by historical, cultural and technological contexts.
Learning progression and assessment
The unit scaffolds learning from structured guided inquiry to independent, creative tasks, culminating in a ‘Cosmic storyteller comic strip’ assessment task, which integrates scientific concepts, communication skills and model construction. Students then participate in a gallery walk, giving and responding to feedback, reflecting on their understanding and demonstrating their ability to independently communicate complex scientific ideas.
Duration
Weeks: 4
Lessons: 12
Note: Within the ‘Lesson elements’, appendices are referred to. Links to these can be found in the ‘Resources’ column, or alternatively at the end of the teaching and learning unit.
	This Science unit delivers content across the Levels 9 and 10 band and may be delivered in either Year 9 or Year 10. However, it has been specifically structured for Year 10, as outlined in the relevant curriculum area plan.
Entering this unit, students have prior knowledge of forces, energy transfer and atomic structure, providing a solid foundation for studying cosmology and astrophysics. They also bring personal experiences or enthusiasm for space, such as from planetarium visits, science media, cultural stories, family conversations or independent reading. Teachers can build on these interests to deepen engagement and connect abstract concepts to familiar and culturally relevant contexts.
Confidence and background knowledge in astronomy will vary across the cohort, so the level of scaffolding or challenge may need to be adjusted. Some students may require explicit targeted support with abstract or large-scale ideas, such as cosmic time and distance, interpreting spectral data or conceptualising the expansion of space. Others may benefit from extension activities involving cosmological simulations or engagement with current research. Any adjustments to teaching and/or learning should address learning needs, with particular attention to students with Individual Education Plans (IEP).
Common misconceptions include the belief that the universe has an edge or centre, that the big bang was an explosion into empty space, and that astronomical representations depict literal rather than conceptual models. This unit addresses these misconceptions through structured inquiry, guided analysis of visual and mathematical models, and explicit teaching of how scientific representations are constructed and used to explain phenomena.
This unit can be taught in a general classroom setting or specialist science environment and includes opportunities for collaborative discussion, peer feedback and reflection.
Advice about cultural sensitivity considerations
When teaching cultural stories about the night sky, including those connected to the Pleiades in lesson 6, it is important to approach all sense-making systems with respect. Cultural star narratives – whether Aboriginal and Torres Strait Islander Peoples’ stories, other stories from students’ cultural backgrounds or traditional stories from around the world – are often deeply connected to identity, spirituality, ethical teachings and community history. These stories should not be considered as simply alternative explanations to scientific models; they serve different purposes and hold cultural significance that should be acknowledged.
Teachers should avoid comparing cultural stories and scientific explanations in ways that suggest one is more ‘correct’ than another. Instead, learning should be framed around different ways of knowing, with each story or explanation valuable in its own context. When discussing stories that originate from cultures no longer present or in which traditions have shifted over time, highlight the importance of historical respect and avoid trivialising or appropriating cultural knowledge.
If students share stories from their own cultures, ensure this is voluntary and handled sensitively. Emphasise that cultural knowledge belongs to communities, and that some stories are shared publicly while others are not. Encourage students to recognise both the diversity and the significance of sky stories, supporting a classroom culture grounded in curiosity, respect and care.
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Continuum of learning – Victorian Curriculum F–10 links 
Achievement standards
	Levels 7 and 8 (band before focus)
	Levels 9 and 10 (focus band)
	Senior secondary (level after focus)

	By the end of Level 8, students explain how new evidence can lead to changes in scientific knowledge. 
	By the end of Level 10, students analyse the importance of different scientific methods, critique, replication, publication and peer review in the development of scientific knowledge. 
	

	They discuss how people with different understandings, skills, perspectives and worldviews have worked in multidisciplinary teams to develop scientific knowledge.
	They examine the relationship between science, engineering and technologies.
	

	They model the Earth–Sun–Moon system’s cyclic changes to explain the observable phenomena of seasons and tides.
	They distinguish between different features in the universe and sequence key events in the origin and evolution of the universe, including an outline of the supporting evidence for the big bang theory.
	

	Students develop hypotheses and make reasoned predictions to identify patterns, test relationships and analyse and evaluate scientific models when investigating phenomena at various scales.
	Students formulate and refine questions and hypotheses to make reasoned predictions, test relationships and develop explanatory models when investigating scientific questions, problems and claims.
	

	They plan a range of reproducible scientific investigations, document procedures and identify potential ethical issues and intercultural considerations required for fieldwork or use of secondary data.
	They plan a range of valid, reproducible and safe scientific investigations and explain how they have addressed any ethical and cultural considerations when generating or using primary and secondary data.
	

	They select and construct appropriate representations to organise and process data and information. 
	They select and construct a range of appropriate representations to organise, process and summarise data and information. 
	

	They analyse and connect data and information to identify and explain patterns, trends, relationships and anomalies.
	They analyse and compare a variety of data and information to identify and explain qualitative and quantitative patterns, trends, relationships, assumptions and anomalies.
	

	They identify assumptions and sources of error in methods and analyse conclusions and claims with reference to conflicting evidence and unanswered questions.
	They evaluate the validity and reproducibility of investigation methods including ways to improve the quality of data, and the validity of conclusions and claims.
	

	They provide science-based explanations for findings, and use evidence to support conclusions and evaluate claims. 
	They provide evidence-based explanations for findings and construct logical arguments based on the evaluation of multiple sources of evidence to justify conclusions and assess claims. 
	

	They select and use appropriate presentation formats, scientific vocabulary, models and other representations when communicating their ideas, findings and arguments for specific purposes to specific audiences.
	They select and use appropriate presentation formats, scientific content, vocabulary, models, conventions, formulas and other representations to achieve their purpose when communicating and justifying their ideas, findings, arguments and proposals to diverse audiences.
	


Content descriptions
	Levels 7 and 8 (band before focus)
	Levels 9 and 10 (focus band)
	Senior secondary (level after focus)

	Science as a Human Endeavour – Nature and development of science

	scientific knowledge, including models and theories, can change because of new evidence
VC2S8H01
	scientific knowledge is contestable and is validated and refined over time through expanding scientific methods, replication, publication, peer review and consensus 
VC2S10H01 
	

	multidisciplinary endeavours to advance scientific knowledge make use of people’s different perspectives and worldviews
VC2S8H02
	advances in technologies have enabled advances in science, while science has contributed to developments in technologies and engineering 
VC2S10H02 
	

	Science Understanding – Earth and space sciences

	cyclic changes in the relative positions of Earth, the Sun and the Moon can be modelled to show how these cycles cause eclipses and influence predictable phenomena on Earth, including seasons and tides
VC2S8U12
	the universe contains features including galaxies, stars, solar systems and black holes; the big bang theory models the origin and evolution of the universe and is supported by evidence
VC2S10U13
	

	Science Inquiry – Questioning and predicting

	investigable questions, reasoned predictions and hypotheses can be developed in guiding investigations to identify patterns, test relationships and analyse and evaluate scientific models
VC2S8I01
	investigable questions, reasoned predictions and hypotheses can be used in guiding investigations to test and develop explanatory models and relationships 
VC2S10I01
	

	Science Inquiry – Planning and conducting

	reproducible investigations to answer questions and test hypotheses can be planned and conducted, including identifying independent, dependent and controlled variables where applicable, stating assumptions, recognising and managing risks, considering ethical issues and following protocols when accessing cultural sites and artefacts on Country and Place
VC2S8I02
	valid, reproducible investigations to answer questions and test hypotheses can be planned and conducted, including identifying and controlling for possible sources of error and bias in sampling or in making observations; safe, ethical investigations include undertaking risk assessments and following protocols when accessing cultural sites and artefacts on Country and Place
VC2S10I02
	

	Science Inquiry – Processing, modelling and analysing

	data and information can be organised and processed by selecting and constructing representations including tables, graphs, keys, models and mathematical relationships
VC2S8I04
	data and information can be organised, processed and summarised by selecting and constructing representations including tables, graphs, descriptive statistics, models, symbols, formulas and mathematical relationships 
VC2S10I04 
	

	information and processed data can be analysed to show patterns, trends and relationships, and to identify anomalies
VC2S8I05
	information and processed data can be analysed and compared to identify and explain qualitative and quantitative patterns, trends, relationships and anomalies 
VC2S10I05
	

	Science Inquiry – Evaluating 

	scientific methods, conclusions and claims can be analysed to identify assumptions, possible sources of error, conflicting evidence and unanswered questions
VC2S8I06
	the validity and reproducibility of investigation methods and the validity of conclusions and claims can be evaluated, including by identifying assumptions, conflicting evidence, biases that may influence observations and conclusions, sources of error and areas of uncertainty
VC2S10I06
	

	evidence-based arguments can be constructed to support conclusions or evaluate claims, including consideration of ethical issues and protocols associated with using or citing secondary data or information
VC2S8I07
	arguments based on a variety of evidence can be constructed to support conclusions or evaluate claims, including consideration of any ethical issues and cultural protocols associated with accessing, using or citing secondary data or information 
VC2S10I07 
	

	Science Inquiry – Communicating 

	communicating ideas, findings and arguments for specific purposes and audiences involves the selection and use of appropriate presentation formats, scientific vocabulary, models and other representations, and may include the use of digital tools
VC2S8I08
	communicating and justifying scientific ideas, findings and arguments for diverse audiences involves the selection of appropriate presentation formats, content, scientific vocabulary, conventions, models and other representations, and may include the use of digital tools 
VC2S10I08 
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Other curriculum content
	Capability
	Achievement standard link(s) and assessment notes
	Content description link(s) and teaching and learning notes

	Critical and Creative Thinking (Levels 9 and 10) 
	Students construct, use and adapt questions to support thinking in different contexts. 
Assessment note:
Evidence is seen through student question logs, inquiry prompts, comic-strip planning notes, and reflections that show how students evolve from simple factual questions to more analytical, comparative or evaluative questioning.
	Content description: 
the construction and adaptation of questions to suit different contexts 
VC2CC10Q01
Teaching and learning note:
Throughout the unit, students generate and refine questions during scientific inquiry tasks, discussions of astronomical evidence and analysis of human perspectives on the universe. Opportunities to question models, challenge assumptions and examine cultural stories scaffold deeper thinking.

	
	Students analyse and critically reflect on the structure, clarity, consistency and coherence of a conclusion and its justification in different contexts.
Assessment note:
The gallery walk feedback, reflections and written explanation components of the assessment task show students’ ability to judge and justify the strength of scientific conclusions, as well as revise their own thinking for clarity and coherence.
	Content description: 
ways to analyse and improve the structure, clarity, consistency and coherence of a conclusion and its justification in different contexts
VC2CC10R01
Teaching and learning note:
Students analyse scientific explanations (e.g. evidence for the big bang, stellar evolution), consider both cultural and scientific accounts, and practise forming coherent conclusions in class discussions and written tasks. Explicit modelling highlights what makes a conclusion well structured and well supported.

	
	They develop, use and adapt criteria in different contexts to evaluate the viability and sustainability of proposed solutions to a problem and to justify a suitable solution.
Assessment note:
Lessons discussing technology in astronomy (e.g. telescopes, space missions, resource use) encourage students to build evaluative criteria, such as feasibility, environmental impact and cultural implications. Class debates and evidence analysis help them refine and apply these criteria in different scenarios.
	Content description: 
the development and adaptation of criteria for evaluating the viability and sustainability of proposed solutions in different contexts
VC2CC10M03
Teaching and learning note:
Students demonstrate their use of criteria in peer-feedback activities where they evaluate other students’ representations using agreed criteria.

	Personal and Social Capability
(Levels 9 and 10)
	Students analyse different perspectives on social issues and the benefits and challenges involved in engaging with different perspectives. 
Assessment note:
Lessons exploring cultural stories of the sky and ethical considerations of telescope sites show students how beliefs, values and worldviews contribute to differing interpretations. Structured discussion helps students appreciate benefits (cultural insight, inclusivity) and challenges (conflicting needs, contested spaces).
	Content description: 
how divergent values and beliefs contribute to different perspectives on social issues; the benefits and challenges arising from different perspectives
VC2CP10O01
Teaching and learning note:
Students’ reflections, diagrams (e.g. Venn diagram of cultural and scientific perspectives) and comments in the gallery walk provide evidence of their ability to identify perspectives, evaluate their implications and articulate challenges in navigating them.

	Intercultural Capability
(Levels 9 and 10)
	Students evaluate worldview community inclusion in addressing social and environmental challenges, analysing the contribution of diverse worldviews.
Assessment note:
Students examine how astronomers, Aboriginal and Torres Strait Islander communities and cultural groups bring different knowledge systems to sky observation and land use decisions. Teaching emphasises respectful inclusion of diverse perspectives when considering scientific questions with societal implications.
	Content description: 
how diverse worldviews can contribute to addressing social and environmental challenges
VC2CI10D02
Teaching and learning note:
Evidence appears in students’ justifications of how worldview diversity enriches scientific understanding and decision-making. Their reflections on human endeavour, telescope-siting debates or knowledge-sharing systems show their ability to evaluate the contributions of different worldviews.





Cross-curriculum priorities
	Cross-curriculum priority
	Teaching and learning notes

	Aboriginal and Torres Strait Islander Histories and Cultures
	Country and Place
Aboriginal and Torres Strait Islander communities of Australia maintain a deep connection to, and responsibility for, Country and Place and have holistic values and belief systems that are connected to the land, sea, sky and waterways.
VC2CCPACP1
Teaching note throughout the unit: 
This is incorporated primarily in lessons exploring cultural stories of the night sky (e.g. lesson 6 Pleiades stories), recognising that astronomical knowledge is embedded in Country and forms part of seasonal calendars, navigation and relationships with place. References to sky knowledge throughout the unit reinforce that Aboriginal and Torres Strait Islander observations are part of an interconnected worldview linking Earth and sky.

	
	Culture
Aboriginal and Torres Strait Islander Peoples’ ways of life reflect unique ways of being, knowing, thinking and doing.
VC2CCPAC2
Teaching note for lesson 6: 
This is highlighted through discussions of Aboriginal and Torres Strait Islander Peoples’ knowledge systems as valid, longstanding forms of scientific inquiry, particularly when considering scientific and cultural interpretations of celestial objects (e.g. lesson 6 Venn diagram activity). Students learn that observation, pattern recognition and storytelling are knowledge practices used for thousands of years and continue today.

	
	People
The significant and ongoing contributions of Aboriginal and Torres Strait Islander Peoples and their histories and cultures are acknowledged locally, nationally and globally.
VC2CCPAP3
Teaching note throughout the unit: 
This is acknowledged when exploring how different cultures have contributed to human understanding of the sky, emphasising that Aboriginal and Torres Strait Islander astronomy comprises some of the oldest continuous knowledge systems (e.g. lesson 1 overview, lesson 6 consideration of cultural perspectives). It is reinforced in later lessons when considering historical and modern models of the universe, recognising that Aboriginal and Torres Strait Islander Peoples’ bodies of knowledge continue to inform scientific and cultural knowledge-sharing.





Essential questions
	Essential questions to foster inquiry, understanding and transfer of learning
	[image: Venn diagram with three overlapping circles representing the strand of Science as a Human Endeavour (Why? Who?) and its sub-strands (Nature and development of science; Use and influence of science) as being interconnected with the strand of Science Inquiry (How?) and its sub-strands (Questioning and predicting; Planning and conducting; Processing, modelling and analysing; Evaluating; Communicating) and the strand of Science Understanding (What?) and its sub-strands (Biological Sciences; Chemical sciences, Earth and space sciences; Physical sciences).]
This Venn diagram shows how teachers might use the interconnected strands to design a teaching and learning unit. For more information about how the Science strands meaningfully intersect, see VCAA Planning for teaching and learning across the Science strands in the Science Resources section of the Victorian Curriculum F–10 Version 2.0 website.

	· Is the universe what we think it is?
· How do we observe the universe?
· How far is ‘far’ in space?
· What is a solar system?
· What is a star?
· How have humans made sense of star patterns?
· How are stars categorised and what do their patterns show?
· How do stars form, live and die – and what evidence tells us this story?
· What do galaxies look like and how do they change?
· How do we know the universe is expanding and what does it tell us about the big bang theory?
· How can we tell the story of the universe?
· How effectively can we communicate cosmic ideas?
	


Assessment and learning sequence details
	Assessment task(s) and type(s)
	Linked achievement standard(s)
	Moderation 

	‘True or false’ quiz – What do I already know about the universe? (lesson 1)
Type: Diagnostic
Students complete a ‘true or false’ quiz about the universe.
	They distinguish between different features in the universe and sequence key events in the origin and evolution of the universe, including an outline of the supporting evidence for the big bang theory.
	Teachers can use this data to discuss how they will address common misconceptions, inform scaffolding and/or extension opportunities and track student growth throughout the unit.

	Telescope match-up (lesson 2)
Type: Formative
Students complete a ‘mix and match’ activity linking telescope type to function.
	They examine the relationship between science, engineering and technologies.
	Not applicable.

	Calculations using scientific notation and unit conversion (lesson 3)
Type: Diagnostic
Students perform calculations.
	They plan a range of valid, reproducible and safe scientific investigations … when generating or using primary and secondary data.
They select and construct a range of appropriate representations to organise, process and summarise data and information. 
	Teachers can use this data to provide relevant support (including enabling/extending) in developing the mathematical skills associated with scientific inquiry.

	Hands-on nebula simulation (lesson 4)
Type: Formative
Students model solar system formation.
	Students … develop explanatory models when investigating scientific questions, problems and claims.
They analyse and compare a variety of data and information to identify and explain qualitative and quantitative patterns, trends, relationships, assumptions and anomalies.
They evaluate the validity and reproducibility of investigation methods including ways to improve the quality of data, and the validity of conclusions and claims.
They select and use appropriate presentation formats, scientific vocabulary, models, conventions, formulas and other representations to achieve their purpose when communicating and justifying their ideas, findings, arguments and proposals to diverse audiences.
	Student models could be compared and ranked using methods such as a SWOT (strengths, weaknesses, opportunities, threats) analysis. 

	Different ways of understanding the Pleiades (lesson 6)
Type: Formative
Students construct a Venn diagram to consider similarities and differences of cultural stories and scientific understanding about the Pleiades.
	By the end of Level 10, students analyse the importance of different scientific methods, critique, replication, publication and peer review in the development of scientific knowledge. 
They distinguish between different features in the universe and sequence key events in the origin and evolution of the universe, including an outline of the supporting evidence for the big bang theory.
They … explain how they have addressed any ethical and cultural considerations when generating or using primary and secondary data. 
They select and construct a range of appropriate representations to organise, process and summarise data and information.
They select and use appropriate presentation formats, scientific vocabulary, models, conventions, formulas and other representations to achieve their purpose when communicating and justifying their ideas, findings, arguments and proposals to diverse audiences. 
	Not applicable.

	How do stars form, live and die? (lesson 8)
Type: Formative
Stellar snap sort: Students arrange star facts and images into the zones of a Hertzsprung–Russell (H–R) diagram template.
Exit ticket: Students respond to 3 reflection prompts and consider one question.
	They distinguish between different features in the universe and sequence key events in the origin and evolution of the universe, including an outline of the supporting evidence for the big bang theory.
Students … develop explanatory models when investigating scientific questions, problems and claims.
They analyse and compare a variety of data and information to identify and explain qualitative and quantitative patterns, trends, relationships, assumptions and anomalies.
They select and use appropriate presentation formats, scientific vocabulary, models, conventions, formulas and other representations to achieve their purpose when communicating and justifying their ideas, findings, arguments and proposals to diverse audiences.
	Three formative assessment opportunities are provided to monitor student understanding and to clarify emerging misconceptions.

	Modelling our Milky Way galaxy and its neighbours (lesson 9)
Type: Formative
Students build a model that shows Earth’s place in the Milky Way and nearby galaxies in the Local Group.
	They distinguish between different features in the universe and sequence key events in the origin and evolution of the universe, including an outline of the supporting evidence for the big bang theory.
Students … develop explanatory models when investigating scientific questions, problems and claims.
They select and construct a range of appropriate representations to organise, process and summarise data and information.
They analyse and compare a variety of data and information to identify and explain qualitative and quantitative patterns, trends, relationships, assumptions and anomalies.
	Student models could be compared and ranked using methods such as a SWOT (strengths, weaknesses, opportunities, threats) analysis. This could be assessed as a summative task through a moderation process such as pairwise comparison for the actual model-building, while responses to the discussion questions could be assessed using a teacher-generated rubric.

	Teacher observation: Big bang evidence checkpoints (lesson 10)
Type: Formative
Students demonstrate their understanding of the big bang theory by explaining the expansion of the universe, interpreting evidence, applying analogies and sequencing key events at various points in the lesson.
	They distinguish between different features in the universe and sequence key events in the origin and evolution of the universe, including an outline of the supporting evidence for the big bang theory.
They provide evidence-based explanations for findings and construct logical arguments based on scientific evidence to justify conclusions and assess claims.
	Since this assessment is largely observational, it may not be readily suitable for moderation unless supporting evidence is collected, such as a common observation checklist, recorded anecdotal notes or brief written responses from activities completed throughout the lesson.

	Cosmic storyteller comic strip (lessons 11 and 12)
Type: Summative 
Comic strip (lesson 11): Students create a comic strip depicting the story of the formation of the universe, from the big bang theory to the present day.
Type: Formative 
Gallery walk (lesson 12): Students share their comic strip from the summative assessment for peer discussion and feedback.
	By the end of Level 10, students analyse the importance of different scientific methods, critique, replication, publication and peer review in the development of scientific knowledge.
They examine the relationship between science, engineering and technologies.
They distinguish between different features in the universe and sequence key events in the origin and evolution of the universe, including an outline of the supporting evidence for the big bang theory.
Students … develop explanatory models when investigating scientific questions, problems and claims.
They select and construct a range of appropriate representations to organise, process and summarise data and information. 
They analyse and compare a variety of data and information to identify and explain qualitative and quantitative patterns, trends, relationships, assumptions and anomalies.
They evaluate the validity and reproducibility of investigation methods including ways to improve the quality of data, and the validity of conclusions and claims.
They provide evidence-based explanations for findings and construct logical arguments based on the evaluation of multiple sources of evidence to justify conclusions and assess claims. 
They select and use appropriate presentation formats, scientific content, vocabulary, models, conventions, formulas and other representations to achieve their purpose when communicating and justifying their ideas, findings, arguments and proposals to diverse audiences.
	The task can be moderated by the professional learning community by using a range of student assessment samples and by using a teacher-generated rubric to identify the level of student understanding and skills, either working towards, at or beyond Levels 9 and 10.



	Week
	Lesson
	Learning goal (e.g. learning intentions and success criteria)
	Lesson elements
	Scaffold towards and/or extend
	Assessment
	Resources

	1
	1
	Learning intention
We are learning:
to reflect on what we already know about the universe
to understand how scientific knowledge develops with evidence.
Success criteria
I can identify and discuss common misconceptions about the universe.
I can compare my personal ideas about the universe with scientific explanations using evidence.
I can understand that scientific knowledge is contestable and develops over time.
	Lesson title: Is the universe what we think it is?
Students explore common ideas and misconceptions about the universe to discover which are supported by scientific evidence. At hands-on stations, they investigate stars, galaxies and the big bang, comparing their own ideas with current scientific understanding and seeing how evidence shapes models of the cosmos. This lesson provides an overview of the 12-lesson sequence in this unit.
Warm-up activity: ‘True or false’ quiz – what I already know about the universe
Students complete a quiz response sheet (see ‘Appendix 1’; see ‘Appendix 2’ for solutions), which they will also use to reflect on misconceptions and scientific understanding.
Explicit teaching
Activity 1: Universe discovery stations
The teacher explains that humans have used observation and creativity for thousands of years to understand the night sky. Scientific knowledge is contestable and may change as new evidence and technologies (e.g. telescopes) become available.
Students participate at 4 ‘astro’ stations (A–D) around the classroom, labelled as per the list in ‘Appendix 3’. They change stations every 7 minutes, writing in the ‘Notes’ column of their quiz sheet at each station. At the end of the station rotations, the class debrief is based on the following key ideas:
Station A: Stars shine by nuclear fusion and have limited fuel, unlike fire. This key idea challenges the misconception that stars are ‘burning’ like fire and shows that stars have a limited life span. 
Station B: The solar system is tiny compared to galaxies and the universe. This key idea helps students understand the enormous differences in scale of the solar system, a galaxy and the universe, and challenges the idea that galaxies are small or ‘close together’.
Station C: The big bang was the expansion of space; there is no centre or edge. This key idea addresses the misconception that the big bang was an explosion of ‘stuff’ into space and shows that the universe has no centre or edge.
Station D: Space expands and more distant galaxies move further (Hubble’s Law). (Note: The elastic band represents space itself.) This key idea shows that more distant galaxies move faster as space expands, addressing the misconception that all galaxies move apart at the same rate.
Reflection: Has your understanding of the universe changed?
Students reflect on their answers to the ‘true or false’ quiz:
Which answers on your quiz would you change?
Which misconception surprised you the most?
How does the idea that scientific knowledge is contestable, and is refined over time with new evidence, apply to the misconceptions we uncovered today?’
Exit ticket: Students write one idea about space they thought was true at the start of the lesson that they now know is a misconception.
	Enable (station A)
Provide sentence starters for discussion, e.g. ‘Stars are different from fire because …’.
Enable (station B)
Pair students for discussion to support reasoning about scale.
Enable (station D)
Pre-label galaxies on the elastic band for students who struggle with abstract reasoning.
Provide a measurement table to help students record distances before and after band stretching.
Extend (station C)
Challenge students to explain why every galaxy ‘sees’ others moving away, using their sketches to justify reasoning.
Extend (station D)
Students consider limitations of the model (e.g. 1D elastic band vs. 3D universe).
	‘True or false’ quiz – what I already know about the universe (diagnostic) 
See ‘Appendix 1’ and ‘Assessment and learning sequence details’.
Teacher observation (Activity 1)
Listen to students’ discussions during the activity and note during Activity 1 whether each student can:
identify common misconceptions about stars, galaxies or the big bang
use evidence from the station activities to revise their initial ideas
discuss ideas clearly with peers and contribute to group reasoning
reflect on how scientific knowledge evolves and why it is contestable.
	For warm-up activity
‘Appendix 1’: ‘True or false’ quiz – what I already know about the universe
‘Appendix 2’: ‘True or false’ quiz – worksheet solutions
For Activity 1
‘Appendix 3’: ‘Astro’ stations
Sheet of key statements about the universe for each ‘astro’ station (created by teacher from ‘Appendix 2’)
 

	1
	2
	Learning intentions 
We are learning:
to understand how astronomers use different types of light to study the universe
to describe the purposes and discoveries of different telescopes and explain why telescopes are placed in space or on Earth
to explain how scientists choose suitable locations for observatories and consider their impacts on people and the environment.
Success criteria
I can explain how different wavelengths of light show different cosmic phenomena.
I can match telescopes to their wavelength, location and discovery/purpose.
I can demonstrate how telescopes collect light, using a simple model.
I can describe scientific, environmental and cultural factors that scientists consider when building observatories.
	Lesson title: How do we observe the universe?
Overview
In this lesson, students explore how theoretical developments and advances in technologies such as telescopes, probes and observatories enable scientists to better understand the universe, while considering ethical responsibilities and Aboriginal and Torres Strait Islander Peoples’ perspectives.
Warm-up activity: Different types of light
Students learn that different ‘lights’ reveal different things by shining a torch through one different coloured transparent sheet at a time, onto sky images. They discuss which images are most visible with each ‘light’.
Students learn that some cosmic objects are only visible at certain wavelengths.
Explicit teaching
Activity 1: Constructing a telescope 
Students use tape to secure a large magnifying glass at one end of a tube (objective lens) and a small magnifying glass at the other end (eyepiece). They look at some distant objects through the eyepiece and consider the following questions:
Which objects appear brighter or clearer?
How does the size of the objective lens affect how much light is collected?
Why do bigger telescopes enable astronomers to see fainter or more distant objects?
How is this model similar to real telescopes used in space and on Earth?
Activity 2: Telescope match-up
Students list tools for observing the sky and order them from simplest to most advanced, to assess prior knowledge. Students use the diagram of an electromagnetic spectrum (see ‘Resources’ column) to consider the following key points:
Light is not just the visible light that our eyes can detect.
The electromagnetic spectrum shows the full range of different types of light, arranged by their wavelengths and energies.
The teacher presents ‘Appendix 4’ and selected video clips (see links in ‘Appendix 6’) to show the link between the electromagnetic spectrum and telescopes.
Working in pairs, students each complete the worksheet ‘Mix and match – observing the universe’ (see ‘Appendix 5’) and share a copy of ‘Space telescopes’ (see ‘Appendix 6’) for hints about locations, wavelengths and discoveries. 
After reading the clues in the student worksheet, students match each telescope name to its description by writing the correct number in the middle column. They should focus on what the telescope is known for or has discovered. (Solutions, in order of mission highlights: 6, 5, 9, 8, 10, 2, 3, 4, 1, 7.)
Discussion: Which telescopes ‘observe’ light our eyes can’t see? Why do some telescopes need to be in space instead of on Earth? How does the electromagnetic spectrum help astronomers decide which telescope to use? Why might small telescopes in space enable better observations than large ones on the ground? Why do some telescopes need to be in space?
Students choose one telescope and explain how its design or technology helped scientists make discoveries that would not otherwise have been possible.
Activity 3: The Square Kilometre Array (SKA) project in Australia
Students view an image of the Australian site for the Square Kilometre Array (SKA) Observatory (see ‘Resources’ column). They consider what features make this a good telescope site and what questions scientists should ask before building here.
Teacher explains that the SKA project involves scientists working with Wajarri Yamaji Traditional Owners to help protect culturally significant areas, recognise Aboriginal astronomical knowledge and support community partnerships.
Students consider both scientific and ethical questions, such as protecting radio signals from interference, reducing environmental impacts and respecting Aboriginal cultural connections to Country/Place.
Reflection: Mystery discoveries
Display or read out 3 short ‘mystery discoveries’. Students write down which type of telescope would be best to study each discovery, and briefly explain why.
Mystery 1: A huge cloud of cold gas where new planets are forming. 
Mystery 2: An explosion releasing enormous amounts of energy in deep space. 
Mystery 3: A faint radio signal from a very distant galaxy. 
Discussion: Which would be most difficult to observe using only visible-light telescopes?
Exit ticket: Students copy and complete the following on a piece of paper:
‘Today I learned that telescopes are different because …’.
‘Different types of light help astronomers to learn about …’.
	Enable (warm-up activity)
Highlight visible compared to non-visible light in the electromagnetic spectrum.
Enable (Activity 2)
Group clues by wavelength or provide a ‘starter’ match to model reasoning; use think–pair–share for one telescope before independent work.
Extend (Activity 2)
Students propose a hypothetical telescope, choosing wavelength, location and object to study.
Students research and present a discovery for one telescope, explaining why the wavelength or location mattered.
	Telescope match-up (formative)
Activity 2 assesses understanding of telescope purposes, types of light and discoveries.
See also ‘Assessment and learning sequence details’.
Reflection and exit ticket
The reflection and exit ticket assess knowledge, synthesis and awareness of electromagnetic spectrum relevance.
	For warm-up activity (per group)
Torch 
Coloured transparent sheets (red, blue, green)
Colour images of stars, nebulas, supernovas
For Activity 1 (per group)
Large magnifying glass (objective lens)
Small magnifying glass (eyepiece)
Cardboard tube (from paper towel roll)
Tape
For Activity 2
The Electromagnetic Spectrum [diagram] – NASA 
‘Appendix 4’: The electromagnetic spectrum and telescopes (per student) 
‘Appendix 5’: Mix and match – observing the universe (per student)
‘Appendix 6’: Space telescopes (per student pair). This resource includes a list of video clips of different observatories and their instruments, and different types of telescopes
For Activity 3
The SKA [Square Kilometre Array] Project in Australia
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	Learning intentions
We are learning:
to compare the distances between planets, stars and galaxies
to convert units and express large distances using scientific notation, and to explain how astronomers use astronomical units (AU) and light-years (ly) to measure space.
Success criteria
I can explain why different units are useful for different cosmic scales.
I can convert between kilometres (km), astronomical units (AU) and light-years (ly).
I can use AU and ly to express distances between celestial objects.
	Lesson title: How far is ‘far’ in space?
Overview
In this lesson, students explore how astronomers measure distances in the universe, why different units are used at different scales and how these units relate to each other. They practise scientific notation, convert between units and learn why measuring cosmic distances is challenging.
Warm-up activity: Cosmic estimates
Students guess the distances between Earth and the Moon, Mars, the Sun and Neptune, in kilometres, then write down answers and share with a partner. 
(Solutions: 384 000 km; 225 000 000 km; 149 600 000 km; 4 500 000 000 km. These are average distances because planets have elliptical orbits.)
Explicit teaching 
Activity 1: Scientific notation and prefixes
Revise/model how to express numbers using scientific notation. Scientific notation expresses very large or very small numbers as a × 10n, where 1 ≤ a < 10 and n is an integer. Some examples are Earth to Sun: 149 600 000 km = 1.496 × 108 km; speed of light: 300 000 000 m s–1 = 3.0 × 108 m s–1.
Students write the distances from Earth to the Moon (3.84 × 105 km) and from Earth to Neptune (4.5 × 109 km) in scientific notation. Further examples are in ‘Appendix 7’.
Revise the prefixes ‘kilo’ (k, 103), ‘mega’ (M, 106), ‘giga’ (G, 109) and ‘tera’ (T, 1012). Example: 9.46 × 1012 km ≈ 9.46 Tm (terametres). Provide further examples for students to convert between metric units, for example from metres to kilometres, metres to centimetres, metres to gigametres. 
Activity 2: Handspan solar system
In this activity, students will model the relative distances between planets and stars to explore how spread out the solar system is.
Students hold up one hand and imagine that their handspan represents the distance from the Sun to Neptune. They estimate how many handspans they are from the next nearest star, Proxima Centauri. Students write down a guess, compare with a partner and briefly justify their reasoning.
Answer: if one handspan equals the radius of Neptune’s orbit, we are about 8900–9000 handspans away from Proxima Centauri.
Activity 3: Exploring astronomical units and light-years
The teacher explains that astronomers use larger units because they are working across cosmic scales, where a kilometre is too small to be useful (see ‘Appendix 7’ for examples).
1. Which units make sense? 
As a starter discussion, students consider which units make sense for measuring the following distances:
in a classroom
from school to home
from Melbourne to Sydney
from Earth to the Moon
from Earth to the Sun
to other stars.
Students estimate distances and discuss with a partner, justifying their choices.
Discussion: Why do smaller units work for nearby distances but not for interplanetary or interstellar distances?
2. ‘Tiny-to-cosmic comparisons’ table
After discussion, students use the ‘Tiny-to-cosmic comparisons’ table (see ‘Appendix 7’) to compare their estimated distances with the actual ranges and observe the order-of-magnitude differences.
Students note the distances from Earth to the Moon and to the Sun in kilometres and metres using scientific notation. 
Discussion: Do we need to change the size of the units? Which units are appropriate at different scales?
3. Astronomical units (AU)
1 astronomical unit (AU) ≈ 149 600 000 km (Earth–Sun distance). 
Students convert the Earth–Mars distance (from earlier in the lesson) to AU. The teacher models this for students using another planet, for example, Venus:
Scientific notation for Venus–Sun distance: 108 200 000 km = 1.082 × 108 km
Because 1 AU ≈ 149 600 000 km = 1.496 × 108 km, dividing Venus’ distance from the Sun (in km) by the distance of 1 AU (in km) gives Venus’ distance from the Sun in AU: 1.082 × 108 ÷ 1.496 × 108 = 0.723 AU.
Therefore, Venus is approximately 1.082 × 108 km, or 0.723 AU, from the Sun.
Discussion: Why is AU a practical unit for solar system distances but not for stars?
4. Light-years (ly)
Recap: a light-year is the distance light travels in one year (~9.46 × 1012 km). 
Students complete the tables in ‘Appendix 8’ by considering units of measurement for distances in metres and larger units.
Students convert the Earth–Proxima Centauri distance from km to AU to ly, and then the distances of other nearby stars. (Earth–Andromeda distance = 2.4 × 1019 km)
Given the distances between 2 cosmic bodies and knowing that the speed of light is 3.0 × 108 m s–1 and that time = distance ÷ speed of light, students can determine the time light takes to travel between the 2 bodies. For example, light takes 1.3 seconds to travel from Earth to the Moon. Therefore, astronomers say that the Moon is 1.3 light-seconds from Earth.

Activity 4: Exploring parallax 
Students each hold a thumb at arm’s length. They first close their left eye, then open it and close their right eye. Students observe how their thumb appears to shift against the background.
Discussion: What happens if you move your thumb closer to your face? (shift looks bigger), What happens if you move your thumb further away? (shift looks smaller).
As Earth moves around the Sun, a nearby star appears to shift slightly compared to the background of very distant stars. This tiny apparent movement is called the parallax angle.
Reflection: Tweeting about space
Students imagine they are a space scientist sending a tweet to the public about why distances in space are so huge.
Using a maximum of 280 characters (including spaces), they should include:
one example of a cosmic distance unit (AU or light-year)
why ordinary units (such as kilometres or miles) aren’t practical for astronomical distances.
	Enable (Activity 1)
To help students practise scientific notation, give them examples with deliberate errors, such as 45 × 106, 0.38 × 108 and 3.84 × 8, and ask them to identify and correct the mistakes. Focus their attention on whether the coefficient is between 1 and 10 and whether the exponent correctly represents the magnitude.
Have students place objects from the ‘Tiny-to-cosmic comparisons’ table (see ‘Appendix 7’) on a visual powers-of-10 scale (10⁻10 to 1012) to connect unit conversions with scientific notation and develop an intuition for scale.
Extend (Activity 2)
Discussion: If 1 cm represents 1000 km, how far away would the Moon be on this scale? Would it fit in the classroom?
Extend (Activity 3)
Students invent a new unit for measuring distances in space and explain why it is more useful than metres or kilometres.
Extend (Activity 4)
Students measure the apparent shift of their thumb against a ruler or background markers and calculate a simple parallax angle.
Provide parallax angles (in arcseconds) for stars and have students calculate distances in parsecs, then convert to light-years.
Compare parallax angles for stars at different distances and discuss why parallax is only effective for nearby stars.
Plot parallax angles versus distance so students can visualise the inverse relationship between distance and parallax angle.
To help visualise parallax, students can sketch a simple diagram showing the Sun at the centre of Earth’s orbit, 2 positions of Earth with a time difference of 6 months and a nearby star above the orbit. Lines from each Earth position to the star form a skinny triangle, and the angle at the star represents the parallax.
Extension activity (optional)
Introduce that a parsec (pc) is the distance to a star that shows a parallax of 1 arcsecond and that light-years are also a measure of distance. However, while light-years are the distance light travels in one year (more intuitive), parsecs are derived directly from observed parallax angles, with 1 pc ≈ 3.26 light-years.
Think–pair–share: Why is parallax only useful for nearby stars?
Discussion: Using the first table in ‘Appendix 8’, why do astronomers and scientists use different units (e.g. μm, m, km, AU, ly) for measuring atoms, planets, stars and galaxies?
	Teacher observation (warm-up activity)
Ask for thumbs up (true) or thumbs down (false) for statements such as ‘It’s easier to express the diameter of the Milky Way in kilometres than in light-years’ (false); ‘Converting from kilometres to metres always makes the number larger’ (true).
Teacher observation (explicit teaching)
Note student use of scientific notation, unit conversion accuracy and reasoning about scale.
Students respond to ‘Why do astronomers need different units for atoms, planets, stars and galaxies?’
Calculations using scientific notation and unit conversion (diagnostic)
Ask students to estimate sizes/distances of familiar objects (cell, human, car, Moon, Sun).
Identify who can already work with large and small numbers and who struggles with orders of magnitude.
Observe students during Activity 4 and check if they notice apparent shift and understand that closer objects shift more.
Check for confusion between units (m, km, AU, ly).
See also ‘Assessment and learning sequence details’.
Activity 3 discussion (optional)
Discuss why AU works for planets but not stars and why ly is better for interstellar distances.
Sample student responses (reflection) 
‘The Moon is just 1.3 light-seconds away, but Proxima Centauri is 4.24 light-years away. That is why AU and light-years are used to make sense of huge cosmic distances.’
‘Even if Neptune’s orbit is one handspan, Proxima Centauri is 89 000 handspans away. That is why astronomers use AU, light-years and parsecs to understand cosmic distances.’
	For warm-up activity and Activity 2
Carey Huang, Scale of the Universe – Scale of Universe 
For Activity 3
Scale model of Earth–Moon system using a basketball and tennis ball
Scaled solar system models around the world
Melbourne solar system model from St Kilda to Port Melbourne
For activities 1 and 3
‘Appendix 7’: Tiny-to-cosmic comparisons 
For Activity 3
‘Appendix 8’: Cosmic scale challenge

	2
	4
	Learning intention
We are learning how solar systems form, how to identify patterns in planet types and locations, and how scientists detect planets around other stars.
Success criteria
I can group planets by composition and distance, and explain patterns.
I can explain the nebular hypothesis for solar system formation using a hands-on model.
I can describe a method scientists use to detect planets around other stars.
	Lesson title: What is a solar system?
Overview
In this lesson, students explore the definition and structure of a solar system and examine how our solar system formed. They investigate the currently accepted explanation for its formation – the nebular hypothesis – and consider how this model explains the positions and structure of the planets and other features of the solar system. Students are also introduced to exoplanets, demonstrating that many stars in the universe have their own planetary systems.
Warm-up activity: Identifying planets
Provide groups of 3 or 4 students with a set of 8 ‘mystery planet’ cards each (see ‘Appendix 9’) that contain information about the size, density, number of moons, distance and atmosphere of the 8 planets in our solar system.
Students cut out the planet cards, sort these into 2 categories and explain the sorting pattern before finding out the answers. 
(Solutions: A – Saturn; B – Mars; C – Mercury; D – Jupiter; E – Neptune; F – Venus; G – Earth; H – Uranus.)
Discussion: Inner planets are rocky, small, dense and have few moons; they are close to their star. Outer planets are large, gaseous, and have low density and many moons; they are far from their star. Why is our solar system structured in this way?
Explicit teaching 
Teacher explains the nebular hypothesis and how this describes the formation of a protostar, which became the Sun.
Activity 1: Hands-on nebula simulation
Spread some sand evenly in a tray and explain that it represents a nebula – a cloud of gas and dust like those seen in the Orion Nebula.
Students gently swirl the tray to model how gravity causes a collapsing nebula to spin and flatten into a disc. As rotation continues, add beads and slightly mist with water (optional) to help particles stick. This demonstrates accretion, where small particles collide and clump together to form larger bodies called planetesimals. 
Introduce larger balls to show how growing protoplanets attract more material, modelling early planet formation. This simplified model connects to real observations from telescopes such as the James Webb Space Telescope. Real processes occur over hundreds of millions of years and are driven by gravity, not by hand motion, but the model helps visualise spinning discs, accretion and planetary growth.
Discussion: Why do larger objects grow faster than smaller ones? Why does the disc flatten instead of remaining spherical (like a lump of pizza dough being spun in the air)? What might represent the Sun in this model? Why are inner planets rocky and outer planets gas giants?

Activity 2: Catch the exoplanet (transit method simulation)
Since the 1990s, strong indirect evidence exists for planets around other stars outside our solar system. These are known as exoplanets. Further information is available at the Exoplanet Archive (see ‘Resources’ column). Some citizen science projects include searching for exoplanets, such as Exoplanet Watch (see ‘Resources’ column). 
One method for detecting exoplanets is the transit method:
Students act out a simple exoplanet transit. One student stands as the star, another as the planet, and the rest of the class are astronomers observing. 
The planet moves slowly across the room, between the star and observers, to simulate a transit, showing a ‘dip’ in brightness. This is how astronomers detect thousands of exoplanets without seeing them directly.
Next, the planet moves so it does not pass between the star and observers, to demonstrate that tilted orbits may not produce a detectable dip and showing why not all planets are detectable. 
Finally, students can vary the planet’s size (holding up a hand or book) or speed to explore how a larger planet blocks more light, creating a bigger brightness dip, and how faster or slower orbits change the transit duration. 
Discussion: What does the dip in brightness represent? Why do some planets never cause a detectable dip? Why might we detect multiple dips for one star? Why is it easier to detect large planets close to their stars? What is a limitation of the transit method?
Reflection: Solar system detective 
Students work in pairs to investigate the planetary system case of ‘a gas giant very close to its star, with 2 rocky planets further out’. 
Students:
identify anything unusual about the system
use the nebular hypothesis to explain how it could have formed
think about planet migration – this means a planet might have moved from where it originally formed (e.g. a gas giant forming far out but shifting closer to the star).
	Enable (overview)
Provide a simple diagram of the solar system for reference during discussions.
Enable (warm-up activity)
Use sentence starters for explanations: ‘I grouped these planets together because …’, ‘The nebular hypothesis shows that …’
Explain the concept of objects going around (orbiting) other objects. Give examples of planets orbiting a star, moons orbiting a planet.
Provide a planet sorting template with hints about size, composition or distance.
Extend (Activity 1)
Students predict how changes in the nebula (size, density, rotation) would affect planet formation.
Students design their own planetary system and justify where each planet forms based on temperature, composition and migration.
Extend (Activity 2)
Students investigate the different types of exoplanets that have been discovered. What percentage are Earth-like in size? Are their conditions also Earth-like?
	Hands-on nebula simulation and transit method simulation (formative)
Note during activities 1 and 2 whether each student can:
sort planets by composition and distance, and explain the reasoning behind their grouping
describe how a spinning cloud of gas and dust forms a solar system, using a hands-on model
explain why inner planets are rocky and outer planets are gas/ice giants
identify leftover solar system material, like the Kuiper Belt or Oort Cloud, and explain its origin
demonstrate how a planet passing in front of a star causes a dip in brightness (transit method).
See also ‘Assessment and learning sequence details’.
	For warm-up activity
‘Mystery planet’ cards (‘Appendix 9’: Mystery planet challenge) 
Scissors
For explicit teaching and Activity 1
Diagrams of the solar system showing inner/outer planets
Visuals or video clips of the Orion Nebula and protoplanetary discs
Diagrams or animations explaining the nebular hypothesis
Images from the James Webb Space Telescope showing star-forming regions
For Activity 1
Shallow trays or large plates (to model a protoplanetary disc)
Sand, glitter or fine particles (to represent gas/dust)
Small beads, balls or other items (to represent rocky material and planetesimals)
Larger balls (to represent growing protoplanets)
Spray bottle with water (optional)
For Activity 2
Exoplanet Archive – NASA
Exoplanet Watch [citizen science project] – NASA 
Exoplanets – Crash Course Astronomy #27 – NASA
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	Learning intentions
We are learning:
about stars by observing what can be measured directly
to explain the difference between apparent and absolute brightness
to explore how colour relates to temperature and classifying stars using the OBAFGKM system.
Success criteria
I can explain why stars appear as points of light.
I can distinguish between apparent and absolute brightness.
I can identify hotter and cooler stars based on colour.
I can place stars in the correct spectral order.
	Lesson title: What is a star?
Overview
In this lesson, students explore what can and cannot be directly observed about stars, including brightness, colour, position, motion and distance. They learn the difference between apparent and absolute brightness, understand how star colour relates to temperature and classify stars using the OBAFGKM system.
Warm-up activity: What do stars actually look like?
The teacher displays a real image of the night sky with stars.
Think–pair–share: If all stars look like dots, what differences can we actually observe? How bright are stars in reality?
Explicit teaching
The only star features that can be measured directly are position, motion, brightness, colour and, for nearby stars, distance (by parallax).
Introduction to new concepts:
Apparent magnitude (symbol m) is the brightness of a star as it appears from Earth.
Absolute magnitude (symbol M) is the intrinsic brightness of a star. Absolute magnitude is the brightness measured if the star was mathematically placed at a particular distance from Earth (1.0 pc is approximately 3.26 ly).
An intrinsically faint star that is close to Earth may appear much brighter than an intrinsically bright star that is very far away.
Space scientists use a magnitude scale to measure the brightness of stars – from 1 (brightest star visible to naked eye) to 6 (faintest visible star). 
The magnitude scale is a reverse scale – the higher the number, the fainter the star.
The magnitude scale is not linear. For example, a magnitude 2.0 star is 2.512 times brighter than a magnitude 3.0 star, and a magnitude 1.0 star is exactly 100 times brighter than a magnitude 6.0 star (because a 5-magnitude difference is defined as a 100-fold change in brightness). 
Teacher demonstration: The ‘star’ magnitude comparison
1. Apparent magnitude (m) 
The teacher darkens the room and places a high-powered torch (the ‘supergiant’) at the very back of the classroom. They secure a birthday candle (the ‘standard candle’) to a stable, flat surface that is 10 cm away (no closer) from students’ eyes. (Safety note: Make sure students’ hair is tied back, there is no loose clothing, flammable materials are kept away and the candle is supervised at all times).
Discussion: Which light source appears brighter from where you are sitting?
2. Absolute magnitude (M) 
The teacher moves both light sources from their positions in part 1 so they are exactly the same distance from the students (e.g. both 2 metres away on a front desk). 
Discussion: Which source appears brighter now?
Supported application: Spectral classes
Students learn the main spectral classes by the letters O, B, A, F, G, K, M. O stars are the bluest and hottest; M stars are the reddest and coolest. Each letter has 10 sub-classes from 0 to 9. The Sun is a G2 star.
Students complete a table by matching examples of stars to their spectral classes, and recording the corresponding colour and approximate surface temperature.
Reflection: Star brightness
Students imagine they are astronomers looking at a star that appears very bright in the night sky but is red in colour. Using what they know about brightness, distance and temperature, they consider why this star might look so bright, even though it is red. 
Think–pair–share: What does this tells us about the star’s true properties?
	Enable (warm-up activity)
Provide sentence starters for explanations (e.g. ‘This star appears bright because …’).
Use visual aids like colour temperature charts.
Enable (reflection)
Highlight keywords in the reflection scenario to guide reasoning.
Extend (demonstration)
Encourage students to research the maximum sizes and temperatures of stars. Is there a relationship with their age? What are the biggest and hottest stars? How old are the smallest stars?
Encourage reasoning about why apparent brightness can be misleading for very distant stars.
Introduce the concept of black-body radiation as an extension. Students will learn that stars can be modelled as ‘black bodies’. Students can use this idea to explain why some stars appear red and others appear blue. 
Discussion: How does temperature affect the colour and energy of light emitted? What colour is a cooler object compared to a hotter object? What colour of light has more energy? How could this help astronomers estimate a star’s temperature?
	Teacher observation (explicit teaching)
Note whether each student can:
identify the properties of stars that can be observed directly (brightness, colour, position, motion, distance)
explain the difference between apparent and absolute brightness using the ‘star’ brightness demonstration
use the magnitude scale correctly to compare star brightnesses
participate in discussions and justify their answers using evidence from observations
correctly interpret visual star data during sorting or group tasks.
	For warm-up activity 
Real night sky or star images (high-quality photos)
For demonstration
Birthday candle
Blu Tack (to secure candle)
Torch (high-powered LED or equivalent ‘supergiant’ light)
Matches or lighter
Darkened classroom or blackout curtains
For supported application
Real night sky or star images (high-quality photos)
Reference table of representative stars from each spectral class – O, B, A, F, G, K, M – including their colours and approximate surface temperatures
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	Learning intention
We are learning to examine how cultural stories and scientific models represent different ways of interpreting observations of the sky and to appreciate the diversity of human perspectives about the universe.
Success criteria
I can explain the Pleiades star cluster from both cultural and scientific perspectives.
I can identify similarities and differences between cultural stories and scientific explanations.
I can construct a Venn diagram to organise and compare information clearly.
I can reflect respectfully on different cultural interpretations of astronomical phenomena.
	Lesson title: How have humans made sense of star patterns?
Overview
In this lesson, students explore the idea that people across time and across cultures have looked at the night sky and created stories, explanations and scientific models to make sense of what they observed. Students consider similarities and differences in cultural narratives about the Pleiades star cluster and scientific knowledge, identifying similarities and differences. The lesson emphasises astronomy as a human endeavour shaped by observation, culture, creativity and evidence-based reasoning.
Warm-up activity: Night sky knowledge systems
Students receive an unlabelled image of the Pleiades star cluster (see Figure 1 in ‘Appendix 10’) and individually make brief notes as a 3-minute response to these questions: What do you notice? What might people long ago have thought when they saw this?
Discussion: Why do you think humans have always told stories about the night sky?
Explicit teaching 
Students examine an image of the Pleiades star cluster (see Figure 2 in ‘Appendix 10’), and identify its brightest stars. They then compare how the Pleiades is represented in different cultural stories (see Tables 1 and 2 in ‘Appendix 10’).
When presenting cultural stories, students should be mindful that:
science seeks evidence-based explanations
cultural stories and science both begin with careful observation
cultural stories are not myths to be ‘replaced’ by science. They are knowledge systems with purposes, often linked to seasonal patterns, land management, cultural identity and/or moral teachings.
Key scientific ideas about the Pleiades should be presented in accessible language. The Pleiades star cluster is:
an open cluster of stars located approximately 440 light-years away
made up of hot, young, blue stars
formed from the same nebula
seen as a small ‘cluster’ because the stars are gravitationally related
faint and blue, appearing fuzzy due to dust.
Supported application: Pleiades Venn diagram
Students draw or are provided with a blank Venn diagram (see Figure 1 in ‘Appendix 11’). They will use this to look at similarities and differences in cultural stories and scientific understanding about the Pleiades (see Figure 2 in ‘Appendix 11’). 
The teacher provides guiding prompts for respectful comparison, for example:
What is the purpose of each explanation?
How are observations interpreted?
What tools or methods are used?
What do both perspectives value or emphasise?
Reflection: Different knowledge systems
Students answer one of these reflective prompts in their workbooks:
What surprised you about the similarities or differences between cultural stories and scientific explanations of the Pleiades?
How does considering different knowledge systems change the way you think about astronomy?
Why do you think humans continue to create stories or scientific models about what they see in the sky?
	Enable (supported application)
Provide a partially completed Venn diagram with headings and a few example points already filled in.
Enable (reflection)
Provide sentence starters for considering cultural and scientific perspectives, e.g. ‘Both the cultural story and the scientific explanation show …’ or ‘One difference between the cultural story and the scientific explanation is …’ 
Provide a glossary of scientific and cultural terms.
Extend (reflection)
Encourage students to research an additional cultural story about the Pleiades or another star cluster and add it to the Venn diagram.
Students justify why certain cultural interpretations were developed and to link these to societal needs or environmental observations.
	Different ways of understanding the Pleiades (formative)
See ‘Appendix 11’ and ‘Assessment and learning sequence details’.
	For warm-up activity and explicit teaching
‘Appendix 10’: The Pleiades star cluster –astronomy and cultural meaning
For supported application
‘Appendix 11’: Different ways of understanding the Pleiades – Venn diagrams
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	Learning intention
We are learning to classify stars by their spectral type, use the Hertzsprung–Russell (H–R) diagram to explore their properties and explain how stars generate energy and produce chemical elements.
Success criteria
I can list the spectral classes of stars in order of their colour and temperature.
I can construct and label a H–R diagram and indicate the main regions on the diagram.
I can explain the energy source in stars and how different elements are produced.
	Lesson title: How are stars categorised and what do their patterns show? 
Overview
In this lesson, students focus on constructing a way to study the properties and characteristics of stars. By using the H–R diagram, they will learn how astronomers visualise and interpret stellar properties, track the life cycles of stars and understand how a star’s mass influences its age, energy production and the elements it makes. This will help students make sense of how stars are classified and how their evolution (life cycle) can be predicted.
Revisit and review
Students write the main spectral classes in order, indicating the colours and temperatures of each spectral class. Check student understanding.
Explicit teaching 
In the study of stars, standard metric units (m, kg) are impractical due to the extremely large distances involved. Instead, astronomers use solar units, using our Sun as a baseline for comparison.
Key stellar symbols and units:
The standard symbol for the Sun is the solar symbol ().
Solar mass (M☉) is a measure of a star’s mass relative to the Sun. For example, a star 8.5 times heavier than the Sun is represented as 8.5 M☉.
Solar radius (R☉) is a measure of physical size/radius.
Solar luminosity (L☉) is a measure of total energy output (intrinsic brightness).
Supported application: The ‘periodic table’ of stars
Introduce the ‘periodic table’ of stars. Plotting absolute magnitude (or luminosity) against temperature (or spectral class) gives the H–R diagram (see ‘Resources’ column).
Students draw the H–R diagram in their workbooks, clearly labelling the axes and depicting the 5 main regions of stars on the diagram. Students also indicate the position of the Sun on the H–R diagram. They will become familiar with the appearance of the H–R diagram and will be able to explain the significance of each region.
Explicit teaching (continued)
Stars are ‘element factories’ that produce heavier atoms through nuclear fusion, or stellar nucleosynthesis:
hydrogen to helium: Stars spend about 90% of their lives fusing hydrogen into helium
heavier elements: When hydrogen supply is exhausted, stars begin fusing helium into even heavier elements
the iron limit: Stars can only produce elements up to iron (atomic number 26).
Reflection: Detecting the science in a star story
Students read the following example star story, highlighting or noting key scientific concepts such as fusion processes, life cycle stage(s), mass, luminosity, spectral type and elements being produced.
Example star story: I am a massive star, 10 times heavier than the Sun. I burn hydrogen in my core very quickly and shine bright blue–white. After a few million years, I start fusing helium and heavier elements, making elements like carbon, oxygen and iron. One day, I will explode as a supernova and leave behind a neutron star, scattering my heavy elements into space to form new stars and planets.
Discussion: What type of star is being described in the story (low-, medium- or high mass)? Which fusion process powers the star? What will happen at the end of its life? Which elements are being produced?
	Enable (explicit teaching)
Provide labelled axes to show how to represent the properties of stars on a chart.
Use a simple table of spectral classes with colours and temperatures to fill in.
Use visual aids like images of stars to link colour to temperature and spectral class.
Offer a step-by-step guide for identifying life cycle stages from star properties.
Extend (supported application)
Students access online digital star catalogues and attempt to create a H–R diagram using software such as Excel.
Students predict elemental production beyond iron and explain why this requires a supernova.
Students research a real star (e.g. Sirius, Rigel, Betelgeuse) and summarise its mass, spectral type, life cycle stage and nucleosynthesis.
	Teacher observation (explicit teaching)
Note whether each student can:
correctly recall the main spectral classes in order and identify their associated colours and temperatures
explain the meaning of solar mass (M☉), solar radius (R☉) and solar luminosity (L☉)
describe the fusion process powering a star at different stages of its life (hydrogen to helium, then helium to heavier elements)
explain the relationship between the mass and life span of a star, and predict which stars have longer or shorter lives
identify which elements a star produces at related life cycle stages.
	For revisit and review
Student-friendly charts of spectral classes (O, B, A, F, G, K, M) with colour, temperature and examples
For explicit teaching (stellar symbols and units)
Reference sheets on solar units (M☉, R☉, L☉) with example calculations
Life Cycle of a Low Mass Star – Dynamic Planet 
Life Cycle of a High Mass Star – Dynamic Planet
Stellar Nucleosynthesis Explained in 4 Minutes – Greg Salazar
For supported application
‘Appendix 12’: The Hertzsprung–Russell (H–R) diagram 
H–R diagram practice sheets (blank or partially labelled diagrams for scaffolding)
For supported application and explicit teaching (stellar nucleosynthesis)
Star cards with mass, luminosity and spectral type 
For reflection
‘Star story’ (see ‘Lesson elements’ column), presented to students on a slide or provided as a handout 

	[bookmark: _Hlk214951179]3
	8
	Learning intention 
We are exploring how the mass of a star shapes its life cycle, final remnant and the elements it produces.
Success criteria
I can sequence the life stages of both low-mass and high-mass stars.
I can identify which final remnant (white dwarf, neutron star, black hole) a star will become, based on its initial mass.
I can explain that stars produce elements up to iron through fusion, while heavier elements require a supernova.
	Lesson title: How do stars form, live and die?
Overview
In this lesson, students learn that the starting mass of a star determines its fate. Throughout its life cycle, a star evolves through stages of formation, main-sequence activity and eventual death, ending as a white dwarf, neutron star or black hole, depending on its initial mass. 
(Note: Gravity influences the behaviour of space and time near these objects.)
Warm-up activity: Stellar snap sort 
The teacher provides an unlabelled template of the H–R diagram (see ‘Resources’ column).
In pairs, students receive 6 cards featuring star facts or images (e.g. ‘blue and hot’, ‘cool and dim’, ‘white dwarf’, ‘expanding old red star’).
Students have 2 minutes to sort these into H–R diagram zones (hot/cold vs. bright/dim). 
Explicit teaching
Recap: Stars undergo a life cycle, beginning with their formation in nebulas (gas cloud) and ending in their death. 
nebula → protostar → main sequence → red giant/blue supergiant → final remnant
The teacher uses slides or animations to show the stages of a star’s life, including protostar, main sequence, red giant or supergiant, and the final stages as white dwarfs, neutron stars or black holes, depending on the star’s mass. Students complete the ‘Life cycle of stars’ flowchart (see Appendix 13; see Appendix 14 for solutions). The atoms in more massive stars are ‘squeezed’ together under great pressure, therefore these stars fuse the hydrogen fuel faster and, as a result, are shorter-lived.
Introduce the stellar fates:
< 8 M☉ → white dwarf
8–25 M☉ → neutron star
> 25 M☉ → black hole.
Teacher demonstration: Interactive simulation of stellar evolution
Students view the use of ‘Star in a box’ interactive animation (see ‘Resources’ column) to understand that the mass of a star determines its life cycle and ultimate fate.
The teacher demonstrates the evolution of stars of different masses from 0.2 solar masses to 40 solar masses, and students record the lifetime, colour change and endpoint. Students then observe and learn how stars evolve from their beginning on the main sequence to their final fate.
Discussion: What changed when we changed the mass?
Explicit teaching (continued)
Students learn that stars generate energy by fusing (combining under intense pressure and heat) hydrogen atoms into helium atoms. These extremely high temperatures and pressures are found only in the cores of stars.
Supported application: The fusion traffic light
Students learn that stars keep on fusing atoms into successively heavier elements. Stars are only able to fuse elements up to element 26 (iron). Heavier elements are formed in supernova explosions.
Students annotate a ‘fusion traffic light’ diagram showing fusion up to iron.
green: fusion – hydrogen → helium (main sequence). Star is in the ‘green traffic light’ for 90% of its life
yellow: fusion – helium → carbon/oxygen (red giant). Star is in old age
red: iron (the ‘stop’ sign) – fusion of elements ends, leading to a planetary nebula for a small star or a supernova for a large star. Star has died.
Explicit teaching (continued)
Students learn that the 2 defining features of black holes are the event horizon and the singularity. Black holes have such a strong gravitational field that not even light can escape from them. Space and time become more distorted with decreasing distance to a black hole. At the event horizon, time ‘stands still’.
event horizon: no return boundary
singularity: region of extreme density.
The teacher uses a rubber sheet gravity demonstration or quick animation (see ‘Resources’ column). The key concept is that near the event horizon, time slows and light cannot escape.
Exit ticket
Sticky note 1: Students respond to a question such as ‘What is one pattern you learned about how stars are arranged on the H–R diagram?’ or ‘What does a star’s position tell us about the star?’
Sticky note 2: Students write their responses to the following prompts:
one thing you now understand about stellar life cycles
something about fusion or element formation you want to remember
a surprising fact about black holes
a question that still ‘pulls’ you in (‘black hole’ question).
	Enable (demonstration)
The H–R diagram can be used to show the life cycles of stars.
Encourage students to use the simulation to explore the life cycles of stars of different sizes.
Students complete a partially filled life cycle flowchart (2 paths: low-mass star and high-mass star).
Extension activity (optional)
Students research how the radius of a black hole’s event horizon can be calculated. Ask, ‘What size would the Sun need to be to become a black hole? Why do astronomers believe that many galaxies have black holes at their centre?’
Students annotate diagrams of stellar evolution, explaining how a star’s mass determines its life cycle, the elements it produces at each stage and the type of remnant it leaves behind.

	Stellar snap sort (formative)
Short prompts during the warm-up activity such as ‘How do you know this card belongs there?’ help reveal student thinking and guide immediate clarification.
See also ‘Assessment and learning sequence details’.
[bookmark: _Hlk214954636]Exit ticket (formative)

Sticky note responses allow teachers to gauge student understanding of 4 key stellar concepts:
mass as the primary factor in a star’s life cycle
temperature and luminosity as indicators of a star’s classification
supernovas as the source of the heaviest elements
black holes as high-gravity objects that distort space and time (space-time), affecting the path of light and trapping matter.
	For warm-up activity
Unlabelled version of ‘Appendix 12’: The Hertzsprung–Russell (H–R) diagram 
For explicit teaching (life cycles of stars)
‘Appendix 13’: Life cycles of stars
‘Appendix 14’: Life cycles of stars – worksheet solutions
For demonstration
Star in a Box [interactive animation] – Las Cumbres Observatory
For explicit teaching (black holes)
Black Holes Vertical Video – NASA Goddard
NASA Animation Sizes up the Biggest Black Holes – NASA Goddard
Rubber sheet (optional)

For exit ticket
Sticky notes
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	Learning intention
We are learning to define galaxies, classify them by size and shape, and explore how they are distributed and studied in the universe.
Success criteria
I can describe the main features of a galaxy.
I can identify that the galaxy that contains our solar system is the Milky Way.
I can classify galaxies using the Hubble tuning fork.
I can explain how galaxy interactions can change galaxy shapes.
	Lesson title: What do galaxies look like and how do they change?
Overview
In this lesson, students explore galaxies, their main types and how these change over time. They examine the Milky Way, nearby galaxies and basic galaxy interactions, building an understanding of cosmic scale. Activities include observation, classification and modelling to visualise galaxies in the universe.
Warm-up activity: What I already know about galaxies
Think–write–share: Students write a brief definition of a galaxy, list a few of its features, and identify our solar system’s galaxy and any others they can name.
Note the following possible misconceptions: 
Galaxies are not scaled-up versions of solar systems.
Stars within galaxies are separated by extremely long distances.
Our solar system is not at the galaxy’s centre.
Explicit teaching 
Activity 1: Modelling our Milky Way galaxy and its neighbours
The teacher explains that galaxies are enormous collections of stars, gas, dust and dark matter held together by their mutual gravitation.
Students learn that the Milky Way is Earth’s home galaxy. It is a barred spiral galaxy with a disc, spiral arms, central bulge and halo, with the solar system located in one of the shorter spiral arms (see ‘Resources’ column).
The teacher introduces the Local Group, which includes the Milky Way, Andromeda Galaxy, Large Magellanic Cloud, Small Magellanic Cloud and many smaller companion galaxies. 
In groups, students build a streamer model (see ‘Appendix 15’) to help them visualise our place in the Milky Way and its nearby galaxies within the Local Group. Highlight to students that the model will not be to scale, emphasising that distances in space are incredibly large.
Discussion: Students discuss the questions at the end of ‘Appendix 15’.
Activity 2: The Hubble tuning fork
Students learn that astronomer Edwin Hubble studied hundreds of galaxies and developed a method of classification known as the Hubble tuning fork (see ‘Appendix 16’ for a reference diagram). This classification system is based on appearance, not evolutionary sequence. Sorting images in this activity mirrors the work of astronomers.
Students view images of spiral, barred spiral, lenticular, elliptical and irregular galaxies (see ‘Resources’ column).
The teacher explains the Hubble tuning fork system (see ‘Appendix 16’), noting the characteristic features of the different types of galaxies.
Students view and classify 8–10 galaxy images (see ‘Resources’ column) on a blank Hubble tuning fork diagram, justifying their choices. Examples of images for student sorting are Messier 87, Andromeda Galaxy, Whirlpool Galaxy (Messier 51), Pinwheel Galaxy (M101), Triangulum Galaxy (M33), NGC 1300, NGC 2787, NGC 4881, Sombrero Galaxy, Centaurus A (NGC 5128), NGC 5866 (Spindle Galaxy), Large Magellanic Cloud, Small Magellanic Cloud, IC 1613.
Discussion: Students review tricky examples, especially lenticular and irregular galaxies, noting that the tuning fork classifies galaxies by shape, not evolution. Students discuss where our Milky Way fits in the classification system.
Activity 3: Galaxy collisions
Think–pair–share: What do you think happens when galaxies collide? 
Students view a short simulation of the predicted collision between the Andromeda Galaxy and the Milky Way (see ‘Resources’ column).
Students learn that galaxies stretch and distort due to gravity and they eventually merge into one larger galaxy. Most stars do not collide because the distances between them are enormous. Collisions can trigger new star formation.
This activity helps students understand that stars rarely collide during galaxy interactions. Gravity, not collisions, drives most of the changes. In about 4–5 billion years, the Milky Way and Andromeda will merge into a single, larger galaxy. 
Activity 4: Modelling galaxies in the universe – the cosmic web
Students view an image of the cosmic web (see ‘Resources’ column) and describe it. (Common responses include ‘brain neurons’, ‘lightning’, ‘plant roots’, ‘slime mould’.) They learn that the image is actually a map of galaxies across the universe. Galaxies form clusters and superclusters, which make up the cosmic web. 
Students use the soap-bubble analogy to sketch a cosmic web. The bubble walls represent the filaments where galaxies, galaxy groups, clusters and superclusters are concentrated, while spaces inside the bubbles represent the large cosmic voids. Students should use this analogy to sketch a cosmic web, using dots for galaxies, groups of dots for clusters, and interconnected filaments to show the large-scale structure of the universe.
The teacher reminds students that the Milky Way is part of one of these strands, so it is inside the cosmic web.
Discussion: Why do some regions have more galaxies than others?
Reflection: Draw your own galaxy
Students draw their own galaxy and label its key features, for example overall shape, spiral arms, central bars, bulges, clumps of bright regions, and uneven star or gas distribution. They swap their galaxy drawing with a partner and attempt to place their partner’s galaxy on the Hubble tuning fork diagram, justifying their classification using observable features.
	Enable (Activity 2)
[bookmark: _Hlk224631256]Students examine multiple pictures of galaxies and to describe the features in their own words.
Provide a feature checklist for each galaxy type (shape, spiral arms, bulge, bar, gas content).
Provide a partially completed Hubble tuning fork diagram (with some categories labelled).
Provide guiding questions for lenticular or faint spirals (‘Does it have spiral arms?’, ‘Is there a central bulge?’).
Extend (Activity 2)
Students explore Hubble’s spiral galaxy sub-classes (Sa, Sb, Sc) and describe differences in bulge size and spiral arm tightness.
Extend (Activity 3)
Students research how galaxy collisions or gravitational interactions can change a galaxy’s shape over time.
Students investigate several Local Group galaxies, identify which is closest to the Milky Way and record each galaxy’s type and one key feature.
Extension activity (alternative reflection)
Students compare their galaxy sketches with NASA telescope images, identifying similarities, differences and areas where galaxies appear more concentrated.
Extension activity (optional)
Students explain why some regions of the universe contain many galaxies while others contain very few, linking this to gravity-forming clusters in a large-scale lattice structure with large voids (empty regions of space) between them.
	Modelling our Milky Way galaxy and its neighbours (formative) 
Note during Activity 1 whether each student can: 
locate the solar system within the Milky Way
identify nearby galaxies in the Local Group
use the model to explain relative positions of galaxies
describe what the model helps them understand about our place in the universe
identify the limitations of the model
reason about why the solar system is located in a spiral arm rather than near the centre.
See also ‘Assessment and learning sequence details’.
	For Activity 1
Materials for ‘Appendix 15’: Modelling our Milky Way galaxy and its neighbours
The Milky Way Galaxy – NASA
For Activity 2
‘Appendix 16’: Classifying galaxies – the Hubble tuning fork
Images to illustrate different types of galaxies:
spiral galaxy: Messier 51 [Whirlpool Galaxy] – NASA 
lenticular galaxy: NGC 4886 – NASA 
elliptical galaxy: NGC 1316 – NASA 
irregular galaxy: Large Magellanic Cloud – NASA
For Activity 3
Frank Summers, Crash of the Titans: Milky Way & Andromeda Collision – YouTube
Colliding Galaxies [e.g. the star-forming spiral galaxy NGC 2936 and its elliptical companion, NGC 2937] – NASA 
For Activity 4
Mapping the Cosmic Web – NASA 
Simulation of the Cosmic Web – European Space Agency
Further galaxy image resources
Types of Galaxies – Space Facts
Image Archive: Galaxies – European Space Agency 
Galaxies Images – NASA 
Chandra X-Ray Observatory, Chandra Images by Category: Normal Galaxies & Starburst Galaxies – NASA 
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	Learning intention
We are learning to understand why the big bang theory is currently the best scientific model we have to explain the origin and evolution of the universe based on observable evidence.
Success criteria
I can explain why the big bang was the expansion of space rather than an explosion in space.
I can demonstrate cosmological redshift using an elastic band model.
I can identify redshift and cosmic microwave background radiation (CMBR) as key evidence supporting the big bang theory.
	Lesson title: How do we know the universe is expanding and what does it tell us about the big bang theory?
Overview
The big bang theory is the leading explanation for how the universe began and has evolved. In this lesson, students explore what the big bang theory is, examine the evidence that supports it, and follow a timeline of the universe’s evolution from its earliest moments to the formation of stars, galaxies and planets.
Warm-up activity: The balloon universe 
In pairs, students draw 3 or 4 dots (galaxies) on a deflated balloon using a marker. They partially inflate the balloon and measure distances, then fully inflate and measure again. 
Discussion: Why do the ‘galaxies’ move apart? What does this tell us about space stretching?
Students learn that the dots move apart not because these are ‘travelling’ across the balloon, but because the surface (space) between them is stretching. If the universe is stretching now, it must have been smaller, hotter and denser in the past.
Explicit teaching
Activity 1: Explosion versus expansion 
The teacher uses the ‘magic room’ analogy that an explosion is fragments flying through space; expansion is space itself stretching.
explosion in a room: like a firecracker. Fragments fly through existing space
expansion of a room: the big bang was the rapid stretching of space itself. The ‘walls’ and ‘floor’ (the ‘fabric’ of the universe) are what moved.
Students learn that the best scientific model is the one that accounts for the most evidence and makes accurate predictions. They learn that the big bang expansion model is currently the best explanation for the origin of the universe because it accounts for redshift, cosmic background microwave radiation, element abundances and galaxy evolution, even though it may be refined as new evidence emerges.
Discussion: What makes one scientific model more useful than another when explaining the same evidence?
Activity 2: Looking at evidence for the big bang
1. Cosmological redshift – stretching of light waves
Key idea: Redshift shows that space itself is expanding.
The teacher demonstrates redshift with a piece of elastic or an elastic band (see ‘Resources’ column). They use a marker to draw evenly spaced dots representing the peaks of a high-frequency (i.e. short wavelength) ‘blue wave’ and stretch the band slowly – the wavelength increases (redshift), representing lower frequency and longer wavelength as space expands.
Discussion: How does redshift show that galaxies are moving apart?
2. Cosmic microwave background radiation (CMBR) – the afterglow
Key idea: If the universe started out hot, there should be ‘leftover’ heat.
The teacher explains that cosmic microwave background radiation (CMBR) is the faint afterglow of the hot early universe coming from every direction in space.
3. Other supporting observations
abundances of lightest elements: hydrogen and helium abundances match predictions 
large-scale structure: cosmic web matches early density fluctuations
galaxy evolution: distant galaxies appear younger and less developed
time dilation in supernovas: light curves of distant supernovas appear stretched.
Discussion: How do these independent observations reinforce the big bang model?
Supported application: Sequencing the cosmos 
Students receive pre-written timeline cards with brief evidence clues and arrange them into the 5 stages of the formation of the modern universe, in chronological order:
big bang: the ‘room’ (space) begins stretching rapidly (redshift evidence)
formation of atoms: the universe cools enough for hydrogen and helium to form (light element evidence)
release of CMBR: light travels freely through space, releasing the ‘afterglow’ (CMBR evidence)
first stars and galaxies form: gravity pulls gas together to ignite the first stars (galaxy evolution evidence)
modern universe: galaxies continue moving apart – we observe redshift, confirming space is still stretching today (ongoing redshift).
Discussion: Why does this sequence support the big bang theory? Which evidence fits each stage?
Reflection: The headline challenge
Students imagine they are science journalists in 1965. They have just interviewed the team that discovered CMBR. They need to write a ‘breaking news’ headline that explains how this discovery changed our understanding of the universe and a sub-heading that summarises why expansion is a better model than explosion.
	Enable (warm-up activity)
With assistance, students use a pre-drawn balloon or an elastic band diagram showing galaxies moving apart.
Enable (Activity 1)
Explain the difference between an explosion into space and the expansion of space itself; as a scaffold, draw diagrams of balloon expansion versus explosion.
Show a short animation of cosmological expansion (see ‘Resources’ column).
Enable (Activity 2)
Show a short animation of redshift or CMBR (see ‘Resources’ column) and ask students to explain in their own words what it shows about the early universe.
Extend (warm-up activity)
Students use the balloon model to predict what would happen if the universe expanded twice as fast or slowed down, and justify their reasoning.
Extend (Activity 2)
Students research how scientists measured redshift or discovered CMBR and explain how observations led to refining the big bang model.
Students find a recent astronomy study (e.g. cosmic expansion measurements or early galaxy formation) and explain how it confirms or refines the big bang model.
	Teacher observation (formative)
Note whether each student can:
explain why galaxies move apart due to space expansion, not motion through space
apply analogies (balloon, elastic) to explain abstract concepts
describe redshift, CMBR, light element abundances and galaxy evolution as evidence for the big bang theory
sequence the key stages of the formation of the universe in chronological order.
See also ‘Assessment and learning sequence details’.
	For warm-up activity
Balloon, marker, and ruler or measuring tape (per student pair) 
For Activity 1
Expansion of the Universe Explained –  Perimeter Institute for Theoretical Physics 
For Activity 2
Math of the Expanding Universe – Jet Propulsion Laboratory, California Institute of Technology (scroll down to ‘Model redshift’)
Elastic (or wide elastic bands) and markers for redshift activity
Visuals of redshift and CMBR: 
Redshift – FuseSchool
The Cosmic Afterglow [CMBR] – Be Smart
Visuals of ‘other evidence’ (optional): light element abundances table; early galaxies versus modern galaxies; large-scale structure of the universe
For supported application
Timeline cards for sequencing the universe (big bang to modern universe)
For reflection 
Example newspaper template or slide showing ‘breaking news’ format
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	Learning intention
We are learning to explain the origin of the universe using accurate science, clear explanations and creative ideas.
Success criteria
I can identify and sequence the major events in the history of the universe.
I can select scientific ideas, evidence or models that help explain these events clearly.
I can explain the choices I made in my comic strip (e.g. models, sequence, imagery) and how they show my understanding.
	Lesson title: How can we tell the story of the universe?
This lesson will be dedicated to a summative assessment task. While students may complete some parts of the task at home, all planning and preparatory work must be carried out in class, with teachers reviewing and verifying all work to ensure authenticity.
Warm-up activity: Decoding a cosmic message
Show students a fictional ‘cosmic message’ from the early universe that uses only a row of emojis representing key events, and with one or two incorrect or missing, for example 🔭[image: ]🔥💫🌱✨☀️🌍🧬.
Students need to work out what each symbol represents, identify the errors and write the correct cosmic timeline.
Explicit teaching
Introduce the ‘Cosmic storyteller comic strip’ summative assessment task. 
Students use the rest of the lesson to create their digital or hard-copy comic strips, as well as completing the reflection panel. They will present their work to their peers for feedback in the following lesson.
Provide opportunities and resources for scaffolding and extension resources to students where relevant, such as storyboarding templates, diagrams of cosmic timelines or star life cycles, graphic organisers for key concepts and vocabulary lists or sentence starters. 
Students write their names on the back (not the front) of their comic strips.
	Enable (warm-up activity)
Students could be provided with simple prompts to guide their spoken explanations (e.g. ‘This emoji represents … because …’, ‘After …, the next big step in the universe was …’, ‘This event is important because …’).
Extend (warm-up activity)
Students add further detail by creating their own emojis.
	Cosmic storyteller comic strip (summative)
See ‘Example assessment task, Science, Years 9 and 10: Cosmic storyteller comic strip’ (including peer-feedback assessment sheet) and ‘Assessment and learning sequence details’.
	For explicit teaching
Models and simulation tools, including teacher-selected videos or interactive simulations 
Scientific references (e.g. textbooks, curated articles, fact sheets, materials produced or published by NASA or the European Space Agency and teacher-approved websites to support accurate scientific content)
Art and design materials
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	Learning intention
We are learning to improve scientific storytelling by using peer feedback to communicate key ideas about the universe effectively.
Success criteria
I can review my peers’ work respectfully and give clear, helpful feedback linked to the rubric.
I can identify scientific strengths and areas for improvement in my own comic strip.
I can explain how my representation could be improved to better communicate scientific ideas.
I can reflect on how evidence, models and scientific conventions are used to tell the story of the universe.
	Lesson title: How effectively can we communicate cosmic ideas?
Overview
In this lesson, students participate in a gallery walk to give and receive peer feedback on their comic strips created in lesson 11. Students use de-identified codes to avoid bias, and complete structured feedback sheets. They reflect on their peers’ work to consolidate their own understanding of the universe. They then consider the feedback received and write a short improvement plan. The lesson emphasises scientific communication, evidence-based justification and responding to feedback.
Warm-up activity: Cosmic quick-share
Each student writes on a sticky note one thing they found most interesting or surprising about the universe, such as a fact about a star, galaxy or the big bang. Students then place their notes on a designated wall or board under broad headings such as ‘Stars’, ‘Galaxies’ and ‘Origins’. The teacher reads out a selection of notes, highlighting the diversity of ideas and emphasising particularly clear or interesting points. This activity helps students recall key concepts, stimulates curiosity and sets the tone for giving and receiving feedback during the gallery walk.
Explicit teaching 
The teacher introduces the example assessment task feedback sheet and explains its purpose. They model examples of constructive comments.
Activity 1: Gallery walk
The teacher displays the comic strips, ensuring each strip has a unique code and that no student names are visible.
Privacy protocol: Students are asked to refer only to ‘this comic strip’ and its assigned code; and not mention or compare named peers.
Activity 2: Completing feedback
Students move around the room, observing comic strips and completing feedback sheets.
Each student provides feedback on 2 comic strips that are not their own.
Students focus on feedback that is about scientific accuracy, clarity, creativity and effectiveness of communication.
Support discussion and prompt clarification as needed.
Reflection: Reviewing feedback
Students review feedback they received on their own comic strips.
Students each complete a feedback response slip, noting what feedback was most helpful and how they might improve their own comic strip.
Whole-class debrief: The teacher shares strategies for responding to feedback effectively, and emphasises that responding to feedback is part of scientific practice.
	Enable (Activity 2)
Provide sentence starters or guiding questions for students to use during the gallery walk (e.g. ‘I like how this panel shows …’, ‘I am curious about …’, ‘I wonder why …’).
Extend (Activity 2)
Students justify why certain panels communicate ideas more clearly than others, linking to evidence, clarity and creativity.
	Comic strip (summative) and gallery walk (formative)
See ‘Example assessment task, Science, Years 9 and 10: Cosmic storyteller comic strip’ (including peer-feedback assessment sheet) and ‘Assessment and learning sequence details’.
	For warm-up activity
Sticky notes
For explicit teaching
Student comic strips (hard copy or digital)
Space in classroom for displays
Student code labels (for de-identification)
Gallery walk student feedback sheet (see ‘Example assessment task, Science, Years 9 and 10: Cosmic storyteller comic strip’)




Unit reflection
	The unit provides multiple forms of evidence of student learning and progress. Formative opportunities include classroom discussions, modelling, the ‘Cosmic quick-share’, lesson reflections and the Venn diagram showing both cultural and scientific perspectives, which allow teachers to observe understanding in real time. Summative evidence is provided through the ‘Cosmic storyteller comic strip’ task, where students integrate scientific concepts, sequencing of universe events and model construction. The gallery walk and peer-feedback activities further demonstrate students’ ability to evaluate, communicate and respond to scientific ideas. Reflection questions at the end of lessons prompt students to consolidate their learning and articulate progress.
· Each lesson clearly links to the relevant Levels 9 and 10 achievement standard for Science, including understanding of the universe, the relationships between science, technology and society, and evidence-based reasoning.
· The unit identifies content descriptions such as origins and evolution of the universe, star and galaxy formation, and scientific modelling.
· Resources include observational data; simulations; cultural narratives; NASA, European Southern Observatory and European Space Agency resources; art materials for comic strips; and feedback rubrics. Learning activities range from guided inquiry and modelling to independent creative tasks and peer assessment.
· Varied practice is embedded through scaffolding strategies, prompts and optional extension activities such as cosmological simulations and additional research. Teachers are provided with suggestions for supporting students with diverse cognitive and emotional needs.
· Diagnostic assessments (universe quiz, mathematical calculations), formative assessments (class discussion, model construction, Venn diagram, ‘Cosmic quick-share’, lesson reflections) and the summative ‘Cosmic storyteller comic strip’ task, including peer feedback, provide clear mechanisms to monitor progress.
· Other opportunities for formative assessment arise in each lesson, particularly as teachers monitor student conversations during class activities, including discussions and modelling.
· Each lesson is allocated an approximate duration, with lessons 11 and 12 spanning assessment tasks over 2 sessions of 60 minutes each.
· The unit could be enhanced by including additional examples of contemporary scientific research or astronomical discoveries to further connect learning to current practice. Templates could be provided for students needing extra support or extension. Some lessons contain a high volume of content, which may be challenging for students to fully process in a single session, suggesting a need to consider ways to reduce content load or spread complex topics across multiple lessons. In future Science teaching planning for the year, it may be necessary to focus on retrieval practice to consolidate prior learning.
· Evidence from formative and summative assessments will inform teachers about students’ understanding of scientific concepts, scientific inquiry skills and communication skills. This insight can guide planning for subsequent units in Biological sciences, Physical sciences, Chemical sciences or Earth and space sciences, particularly in selecting appropriate scaffolds, addressing misconceptions and integrating cross-curricular links to Science as a Human Endeavour. Peer feedback and reflection data will also inform strategies for collaborative learning and assessment design in future units. 
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[bookmark: Appendix1]Appendix 1 (lesson 1): ‘True or false’ quiz – what I already know about the universe
This table lists key statements about the universe. Some are true and some reflect common misconceptions. Read each carefully and mark whether you think it is true or false. 
Don’t worry if you’re unsure – the upcoming activities and reflections will give you the information and experiences you need to check your answers. You will fill out the rest of the table later.
	Statement
	What do you think?
	Station
	Notes

	
	True
	False
	Not sure
	
	

	The Sun is burning like a normal fire.
	
	
	
	A: ‘Stars – fire or fusion?’
	

	Stars produce energy by joining hydrogen atoms together.
	
	
	
	
	

	Fire needs oxygen to keep burning, but stars can shine in space without oxygen.
	
	
	
	
	

	Stars will shine forever because they have unlimited fuel.
	
	
	
	
	

	A typical galaxy contains hundreds of billions of stars.
	
	
	
	B: ‘How small are we?’
	

	Galaxies are very far apart compared to the size of each galaxy.
	
	
	
	
	

	Our solar system makes up a large part of the Milky Way galaxy.
	
	
	
	
	

	The universe is much, much larger than our local cosmic neighbourhood.
	
	
	
	
	

	All galaxies move apart at the same speed.
	
	
	
	C: ‘The big bang – explosion or expansion?’
	

	There is a central point in the universe from which galaxies are moving away.
	
	
	
	
	

	Space itself is expanding, carrying galaxies apart.
	
	
	
	
	

	The universe has an edge from which galaxies are moving away.
	
	
	
	
	

	The big bang was an explosion of matter into empty space.
	
	
	
	D: ‘Modelling the expanding universe’
	

	Space itself has been expanding since the big bang.
	
	
	
	
	

	The universe has a central point from which everything expands.
	
	
	
	
	

	The universe is expanding in every direction at once.
	
	
	
	
	


[bookmark: Appendix2]Appendix 2 (lesson 1): ‘True or false’ quiz – worksheet solutions
This table lists common statements about the universe with their true/false solutions and concise scientific explanations. It helps teachers guide the lesson 1 warm-up activity by clarifying misconceptions and reinforcing key concepts.
	Statement
	True/false
	Station
	Scientific understanding

	The Sun is burning like a normal fire.
	False
	A: ‘Stars – fire or fusion?’
	The Sun is not on fire like wood or petrol. Fire is a chemical reaction that needs oxygen, which space does not have.

	Stars produce energy by joining hydrogen atoms together.
	True
	
	Stars shine because hydrogen nuclei combine to form helium in a process called nuclear fusion, releasing huge amounts of energy.

	Fire needs oxygen to keep burning, but stars can shine in space without oxygen.
	True
	
	Fire cannot burn without oxygen, but stars produce energy through fusion, which does not require oxygen.

	Stars will shine forever because they have unlimited fuel.
	False
	
	Stars use up their hydrogen fuel over billions of years, so they cannot shine forever.

	A typical galaxy contains hundreds of billions of stars.
	True
	B: ‘How small are we?’
	Galaxies are enormous groups of stars. Even one galaxy has hundreds of billions of stars, each with its own solar system.

	Galaxies are very far apart compared to the size of each galaxy.
	True
	
	Even though galaxies contain billions of stars, the distances between them are enormous.

	Our solar system makes up a large part of the Milky Way galaxy.
	False
	
	Our solar system is tiny compared to the Milky Way, which contains hundreds of billions of stars and spans about 100 000 light-years.

	The universe is much, much larger than our local cosmic neighbourhood.
	True
	
	Even a galaxy like the Milky Way is just a tiny part of the universe. The universe contains billions of galaxies, stretching across enormous distances.

	All galaxies move apart at the same speed.
	False
	C: ‘The big bang – explosion or expansion?’
	Galaxies that are further apart move away faster because space itself stretches everywhere. Closer galaxies move more slowly relative to each other.

	There is a central point in the universe from which galaxies are moving away.
	False
	
	Each galaxy ‘sees’ the others moving away. There is no centre – the expansion happens everywhere at once.

	Space itself is expanding, carrying galaxies apart.
	True
	
	Galaxies move away because space stretches, not because they’re moving through space.

	The universe has an edge from which galaxies are moving away.
	False
	
	The universe does not have an edge. Space itself is expanding everywhere, so all galaxies move apart without a central point.

	The big bang was an explosion of matter into empty space.
	False
	D: ‘Modelling the expanding universe’
	The big bang was the expansion of space itself, not an explosion from a point.

	Space itself has been expanding since the big bang.
	True
	
	Galaxies move apart because the fabric of space stretches everywhere.

	The universe has a central point from which everything expands.
	False
	
	All locations ‘see’ galaxies moving away; no location is the centre.

	The universe is expanding in every direction at once.
	True
	
	Observations show that space stretches uniformly in all directions, so the expansion is happening everywhere, not towards a single point.





[bookmark: Appendix3]Appendix 3 (lesson 1): ‘Astro’ stations 
Use the ‘Notes’ column of your ‘true or false’ quiz sheet (Appendix 1) to record your responses to the discussion questions and prompts at each of the 4 stations (A–D).
Station A: Stars – fire or fusion?
Aim
To understand why stars are not ‘burning’ like fire.
Materials
3 cards of ‘fire facts’ (e.g. fire needs oxygen; fire is a chemical reaction; fire eventually runs out of fuel) and 3 cards of ‘star facts’ (e.g. stars do not need oxygen to shine: they produce energy by nuclear fusion (joining hydrogen to form helium); stars have a life cycle: they are born, live and eventually die; the most massive stars can end their lives as black holes; all stars only shine as long as they have fuel) – laminated if possible
sorting mat with headings ‘Same as fire’ and ‘Different from fire’
sheet of key statements about the universe (‘Appendix 1’) – information face-downwards.
What to do
Read all 6 fact cards.
Place each star fact on the sorting mat under the heading ‘Same as fire’ or ‘Different from fire’.
Discuss: 
Are stars burning like fire?
What powers stars? 
Why don’t stars last forever?
Turn over the sheet of key statements and read the information. Make notes as necessary.
Write one sentence: Why are stars not giant fireballs?
Station B: How small are we?
Aim
To understand how small the solar system is in the universe.
Materials
A3 sheet
cup containing approximately 100 small dots (e.g. confetti) 
larger dot labelled ‘our solar system’
sheet of key statements about the universe (‘Appendix 1’) – information face-downwards.
What to do
Place the ‘our solar system’ dot on the page.
Randomly scatter the small dots (stars) across the page.
Discuss: 
Does the solar system look important? 
How big would a whole galaxy be? 
What does this model suggest about the size of our solar system compared with the entire universe?
Turn over the sheet of key statements and read the information. Make notes as necessary.
Station C: The big bang – explosion or expansion?
Aim
To understand that the universe expanded rather than exploded.
Materials
2 sheets of A3 paper
5–10 stickers or paper dots representing galaxies
marker or pencil
sheet of key statements about the universe (‘Appendix 1’) – information face-downwards.
What to do
Place and label 5–10 dots (galaxies) on the sheet of paper.
Draw an explosion model (from one point).
Draw an expansion model (all galaxies moving apart).
Discuss: 
How are the explosion and expansion models different? 
Which model explains why all galaxies move away? 
Why is there no centre?
Turn over the sheet of key statements and read the information. Make notes as necessary.
Station D: Modelling the expanding universe
Aim 
To show that distant galaxies move further as space expands.
Materials
elastic band
stickers or small paper dots representing galaxies
marker 
ruler
sheet of key statements about the universe (‘Appendix 1’) – information face-downwards.
What to do
Mark one point as a ‘galaxy’ and add 3–5 more points along the elastic.
Predict what will happen when the elastic is stretched. Measure and record the distances along the unstretched elastic.
Stretch the elastic and observe the changes. Measure and record the distances along the stretched elastic.
Discuss: 
What does the expanding universe model show about space? 
Which ‘galaxies’ moved the most? Why?
Turn over the sheet of key statements and read the information. Make notes as necessary.


[bookmark: Appendix4]Appendix 4 (lesson 2): The electromagnetic spectrum 
and telescopes
The electromagnetic spectrum encompasses all types of light, from the longest radio waves to the shortest gamma rays – as shown in the diagram. Human eyes can only detect a tiny fraction of this spectrum – visible light – but the universe emits radiation across all wavelengths. Different telescopes – some are shown in the table – are designed to capture these unseen signals, acting as ‘super eyes’ that allow astronomers to explore phenomena invisible to our natural vision. By observing the full electromagnetic spectrum, scientists can uncover hidden details about stars, galaxies, black holes and other cosmic wonders.
[image: A diagram of the electromagnetic spectrum, showing (from left to right):
Gamma rays (< 0.01 nm)
X-rays (0.01–10 nm)
Ultraviolet light (10–380 nm)
Visible light (380–780 nm)
Infrared light (780 nm – 0.3 mm)
Microwaves (0.3 mm – 10 cm)
Radio waves (> 10 cm)






]
The electromagnetic spectrum, which includes gamma rays, X-rays, ultraviolet rays, visible light, infrared waves, microwaves and radio waves. The wavelengths are shown in the table. (Credit: NASA, ESA, CSA, Leah Hustak (STScI))
Note: 1 nanometre (nm) = 10–9 m. 
	Type of light
	Telescope purpose
	Telescope examples

	Gamma rays (< 0.01 nm)
	Studying high-energy events like supernovas and gamma-ray bursts, and radiation from black holes.
	Fermi Gamma-ray Space Telescope

	X-rays (0.01–10 nm)
	Studying high-energy events like supernovas, hot gas and matter around black holes.
	Chandra X-ray Observatory

	Ultraviolet light (10–380 nm)
	Studying hot stars, star-forming regions and hot gas in space; ultraviolet (UV) light is mostly blocked by Earth’s atmosphere, so UV telescopes are usually placed in space.
	Hubble Space Telescope

	Visible light (380–780 nm)
	Observing stars, galaxies, planets and other objects that emit or reflect visible light.
	Hubble Space Telescope, Kepler Space Telescope, Very Large Telescope

	Infrared light (780 nm – 0.3 mm)
	‘Seeing’ through dust clouds to observe cool objects and early galaxies.
	James Webb Space Telescope, Spitzer Space Telescope

	Microwaves (0.3 mm – 10 cm)
	Studying cosmic microwave background (the oldest light in the universe) and detecting cold gas and dust clouds.
	ALMA (Atacama Large Millimeter/submillimeter Array)

	Radio waves (> 10 cm)
	Detecting signals from cold gas, stars, galaxies, pulsars and black holes, and mapping large-scale cosmic structures.
	Parkes Radio Telescope, Event Horizon Telescope, Arecibo Observatory (no longer exists) 




[bookmark: Appendix5]Appendix 5 (lesson 2): Mix and match – observing the universe
Read each telescope description in the third column of the table carefully.
Decide which telescope the description is referring to and write its number in the second column. Use Appendix 6 (‘Space telescopes’) to help you.
Focus on what each telescope does and what it has enabled scientists to discover.
	Telescope name
	Telescope match 
	 Mission highlights and technology

	1. James Webb Space Telescope 
	
	A massive 305 m radio dish built into a natural bowl in Puerto Rico. Famous for sending the Arecibo message in 1974 (as evidence of technological advancement) and searching for asteroids.

	2. Hubble Space Telescope 
	
	A space-based observatory detecting the shortest-wavelength light in the universe: gamma rays. It studies massive explosions and pulsars.

	3. Chandra X-ray Observatory
	
	Known as the ‘Planet Hunter’, this space telescope has enabled scientists to discover thousands of exoplanets by watching for ‘transits’ (planets crossing stars).

	4. ALMA 
	
	A ground-based optical telescope using ‘adaptive optics’ (moving mirrors) to cancel out the blurring effect of Earth’s atmosphere.

	5. Fermi Gamma-ray Space Telescope
	
	Not a single telescope, but a global network of radio dishes working together to make a telescope the size of Earth to generate images of black holes.

	6. Arecibo Observatory (no longer in use)
	
	The most famous visible-light telescope, orbiting above the atmosphere to provide iconic images like the Pillars of Creation.

	7. Spitzer Space Telescope (no longer in use)
	
	An X-ray space telescope specialising in high-energy regions like black holes and supernova remnants.

	8. Very Large Telescope 
	
	A ground-based ‘array’ of 66 radio dishes in Chile. It detects and monitors cool gas and dust to see how planets form around young stars.

	9. Kepler Space Telescope (no longer in use)
	
	Located in space, and using a massive gold-plated mirror to see infrared light, ‘seeing’ through dust to show the very first galaxies.

	10. Event Horizon Telescope
	
	A space telescope using liquid helium to stay cold – mapping the infrared universe and discovering a huge new ring around Saturn.





[bookmark: Appendix6]Appendix 6 (lesson 2): Space telescopes
Telescopes help astronomers explore the universe by detecting different types of light. This table shows some important telescopes, the type of light they detect, their locations and the discoveries they have enabled. 
	Telescope name
	Description

	James Webb Space Telescope 
	Uses infrared light.
Located in space.
Can ‘see’ through dust clouds where new stars are forming.
Observes some of the earliest galaxies in the universe.

	Hubble Space Telescope 
	Uses mostly visible light (the same light our eyes see).
Orbits in space above Earth’s atmosphere.
Takes detailed images of galaxies, nebulas and distant stars.
Helped show that the universe contains billions of galaxies.

	Chandra X-ray Observatory
	Uses X-rays.
Located in space (Earth’s atmosphere blocks X-rays).
Enables study of black holes, supernova remnants and very hot gas.
Detects extremely high-energy regions in space.

	ALMA (Atacama Large Millimeter/submillimeter Array)
	Uses radio waves (millimetre wavelengths).
Located on the ground in Chile.
Enables study of cold gas clouds and planet-forming discs.
Helps astronomers understand how stars and planets form.

	Fermi Gamma-ray Space Telescope
	Uses gamma rays.
Located in space (gamma rays do not reach Earth’s surface).
Enables study of gamma-ray bursts, pulsars and extreme cosmic explosions.
Detects the most energetic events in the universe.

	Arecibo Observatory (no longer in use)
	Used radio waves.
Located on the ground in Puerto Rico.
Studied pulsars and planets, and mapped asteroids.
Helped search for signals from distant objects and to study the structure of our galaxy.

	Spitzer Space Telescope (no longer in use)
	Used infrared light.
Located in space.
Observed dust clouds, planet-forming discs and distant galaxies.
Could ‘see’ objects hidden by dust that visible-light telescopes cannot detect.

	Very Large Telescope 
	Used visible and near-infrared light.
Located on the ground in Chile.
Studies stars, exoplanets and distant galaxies.
Uses very large mirrors to collect faint light.

	Kepler Space Telescope (no longer in use)
	Used visible light.
Located in space.
Monitored hundreds of thousands of stars for tiny brightness changes.
Discovered thousands of exoplanets (planets orbiting other stars).

	Event Horizon Telescope
	Uses radio waves.
Links radio telescopes across Earth to act like one giant telescope.
Captured the first-ever image of a black hole at the centre of the M87 galaxy.
Produces extremely detailed images of distant objects in space. 



Video clips of different observatories and their instruments
European Southern Observatory (ESO), La Silla Observatory [Atacama Desert, Chile] – YouTube
European Southern Observatory (ESO), Very Large Telescope (VLT) [Paranal, Chile] – YouTube 
European Southern Observatory (ESO), ALMA Radio Observatory [Chajnantor plateau, Chile] – YouTube 
National Radio Astronomy Observatory (NRAO), Very Large Array (VLA) Radio Telescopes [New Mexico, USA] – YouTube
NASA Goddard, Hubble Space Telescope – YouTube 
NASA Goddard, James Webb Space Telescope – YouTube
Video clips introducing different types of telescopes
Launch Pad Astronomy, Telescopes in Astronomy – YouTube
Launch Pad Astronomy, Radio and Space Telescopes – YouTube
Launch Pad Astronomy, Telescopes Today – YouTube

[bookmark: Appendix7]
Appendix 7 (lesson 3): Tiny-to-cosmic comparisons 
Scientific notation is essential for describing both the very small and the incredibly large, and different units must be used in different contexts. This table shows a range of approximate measurements – from a tiny atom to cosmic distances to the size of the observable universe. 
Most astronomical distances are average values, because objects in space are constantly moving in orbits. 
Note: 1 nanometre (nm) = 10–9 m. 1 micrometre (µm) = 10–6 m.
	Measurement
	Size/distance 
(typical units) 
	Size/distance (metres)
	Scientific notation 
(metres)

	Diameter of a hydrogen atom
	0.1 nm
	0.0 000 000 001 
	1.0 × 10–10 

	Typical diameter of a human cell
	20 μm 
	0.000 02 
	2.0 × 10–5 

	Diameter of a human hair
	70 μm
	0.000 07 
	7.0 × 10–5 

	Length of a rice grain
	5 mm
	0.005 
	5.0 × 10–3 

	Width of a jellybean
	0.8 cm
	0.008 
	8.0 × 10–3

	Length of a jellybean
	1.5 cm
	0.015
	1.5 × 10–2

	Length of a suitcase
	92 cm
	0.92 
	9.2 × 10–1 

	Human height
	1.7 m
	1.7 
	1.7 × 100 

	Classroom length
	10 m 
	10 
	1.0 × 101 

	Melbourne–Sydney distance
	880 km 
	880 000 
	8.80 × 105 

	Diameter of Earth
	12 742 km
	12 742 000
	1.274 × 107

	Earth–Moon distance
	384 000 km
	384 000 000 
	3.84 × 108 

	Diameter of Sun
	1 391 000 km
	1 391 000 000
	1.391 × 109 

	Earth–Sun distance
	149 600 000 km (1 AU)
	149 600 000 000 
	1.496 × 1011 

	Earth–Mars distance
	225 000 000 km (~1.5 AU)
	225 000 000 000
	2.25 × 1011 

	Neptune orbit radius
	4 500 000 000 km (30 AU)
	4 500 000 000 000
	4.5 × 1012 

	Earth–Orion Nebula (M42) distance 
	1344 ly
	1.272 × 1016
	1.272 × 1016

	[bookmark: Appendix8]Earth–Proxima Centauri distance 
	4.01 × 1013 km
(= 4.24 ly = 1.3 pc)
	40 100 000 000 000 000 
	4.01 × 1016 

	Earth–Sirius distance 
	8.6 ly (2.49 pc)
	81 300 000 000 000 000
	8.13 × 1016

	Diameter of Milky Way 
	100 000 ly (30 700 pc)
	9.46 × 1020 
	9.46 × 1020 

	Earth–Andromeda galaxy (M31) distance 
	2.537 million ly (778 000 pc)
	2.399 × 1022
	2.399 × 1022

	Observable universe
	93 billion ly 
(2.85 × 1010 pc)
	8.8 × 1026 
	8.8 × 1026 




Appendix 8 (lesson 3): Cosmic scale challenge 
Aim
To determine the most efficient and suitable unit for measuring various astronomical distances based on readability, precision and historical context.
What to do
1. Unit conversion and comparison
Complete the table to observe how numerical values change as distances increase.
	Unit
	Value in metres (m)
	Common use 

	Kilometre (km)
	
	Earth distances, rocket altitudes

	Earth diameter (km)
	
	Comparing the sizes of planets and understanding planetary scale

	Lunar distance (LD)
	
	Distance between Earth and the Moon

	Astronomical unit (AU)
	
	Distances within the solar system

	Light-year (ly)
	
	Distances between nearby stars


2. Suitability sort
Identify the most appropriate unit for each of the following distances and justify why others are unsuitable for calculation or communication.
	Distance
	Most appropriate unit
	Why other units are unsuitable

	Earth to Moon 
	
	

	Jupiter to Sun
	
	

	Earth to Proxima Centauri 
	
	

	Thickness of Milky Way disc
	
	

	Distance to Andromeda Galaxy
	
	


Calculate the distance from Earth to Andromeda in kilometres, using the space below for your working. 



distance = ____________________ km
Explain why this unit might be less ‘suitable’ for an astronomy textbook than (2.5 million) light-years.

[bookmark: Appendix9]Appendix 9 (lesson 4): Mystery planet challenge
In this activity, you will investigate 8 ‘mystery planets’ using the information provided on the following cards. Cut out the 8 cards and read about the planet features. 
Group the planets into 2 categories based on their characteristics, and explain the reasons for your grouping using scientific evidence.
	Mystery planet A 
Average distance from star: 1.4 billion km
Diameter: 120 000 km
Low density 
Made mostly of gas
Spectacular ring system
Moons: ≥ 80
	Mystery planet B 
Average distance from star: 228 million km
Diameter: 6800 km
Thin atmosphere
Cold desert surface
Rocky surface 
Moons: 2

	Mystery planet C 
Average distance from star: 58 million km
Diameter: 4880 km
Almost no atmosphere
Very high density
Extremely hot during day
Moons: 0
	Mystery planet D 
Average distance from star: 778 million km
Diameter: 143 000 km
Very low density
Made mostly of hydrogen and helium
No solid surface
Moons: ≥ 90

	Mystery planet E 
Average distance from star: 4.5 billion km
Diameter: 49 000 km
Thick atmosphere
Extremely cold
Strong winds
Moons: ≥ 10
	Mystery planet F 
Average distance from star: 108 million km
Diameter: 12 100 km
Thick atmosphere made mostly of carbon dioxide
Extremely hot
Rocky surface 
Moons: 0

	Mystery planet G 
Average distance from star: 150 million km
Diameter: 12 700 km
Nitrogen–oxygen atmosphere
Liquid water on surface
Rocky surface 
Moons: 1
	Mystery planet H 
Average distance from star: 2.9 billion km
Diameter: 51 000 km
Thick atmosphere
Very cold
Contains icy materials
Moons: ≥ 25




[bookmark: Appendix10]Appendix 10 (lesson 6): The Pleiades star cluster – astronomy and cultural meaning
The Pleiades star cluster is a prominent group of closely packed young, hot stars located about 440 light-years from Earth. Although the cluster contains hundreds of stars, the brightest few have been known of and named in many cultures throughout history. 
[image: Photograph of a star cluster known as the Pleiades, featuring numerous bright blue stars surrounded by a faint blue nebulous glow against a dark star-filled background. The image highlights the cluster's distinctive grouping and the reflective dust clouds that create a fuzzy appearance around the stars.
]
Figure 1: The Pleiades star cluster. (Image source: iStock.com/Manfred_Konrad)

The 7 brightest stars of the Pleiades star cluster, traditionally known in Greek mythology as the Seven Sisters, are the ones most easily seen with the naked eye. 
[image: Photograph of a star cluster known as the Pleiades, showing numerous bright blue stars surrounded by a faint blue nebulous glow against a dark star-filled background. The brightest stars in the image are labelled: Atlas, Pleione, Maia, Alcyone, Asterope, Celaeno, Taygeta, Electra and Merope.]Asterope
Taygeta
Calaeno
Electra
Merope
Atlas
Pleione
Alcyone
Maia

Figure 2: A labelled image of the brightest stars in the Pleiades cluster. The Seven Sisters of Greek mythology, whose parents are sometimes said to be Atlas and Pleione, were Maia, Alcyone, Asterope, Celaeno, Taygeta, Electra and Merope.


Table 1 presents the commonly recognised stars with their mythological associations and their astronomical characteristics. Table 2 shows how different cultures have explained and understood the Pleiades, highlighting the shared human curiosity about the night sky.
Refer back to Figures 1 and 2 as you read the tables.

Table 1: Key stars of the Pleiades – mythological and astronomical characteristics
	Star name
	Astronomical features
	Mythological associations

	Alcyone
	A blue–white B-type giant; brightest star in the cluster; about 440 light-years from Earth.
	The brightest and most prominent of the Seven Sisters in Greek mythology; considered the leader.

	Merope
	One of the faintest of the traditional Seven Sisters; a B-type star with surrounding reflection nebula.
	The ‘lost’ or ‘shy’ sister, often described as faint.

	Electra
	A blue–white B-type star; high temperature and luminosity is typical of young cluster members.
	One of the Seven Sisters; associated with grief in some Greek myths.

	Maia
	A B-type giant star; among the hottest and most massive stars in the cluster.
	The eldest sister in Greek stories.

	Taygeta
	A blue–white B-type main-sequence star; part of the visually brightest group; high rotation.
	One of the Seven Sisters; sometimes linked to the god Zeus.

	Asterope (sometimes called Sterope)
	Appears as a faint visual double; actually 2 stars: Asterope I and II; one star fainter than the other.
	Represents a sister often seen as ‘two together’.

	Celaeno
	A relatively faint B-type star; partly obscured by interstellar dust; one of the hardest to see with the naked eye.
	Sometimes portrayed as the dimmest sister.

	Other notable Pleiades members

	Pleione
	A hot, rapidly rotating B-type star with an equatorial gas disc; forms a close binary with Atlas; variable brightness.
	Sometimes described as the Seven Sisters’ mother.

	Atlas
	A B-type giant; one of the brightest members; part of a binary system.
	Father of the Seven Sisters in Greek stories.


Note: The Pleiades cluster contains hundreds of additional stars, including low-mass red dwarfs and pre-main-sequence stars. Only the brightest are visible to the naked eye.


The Pleiades star cluster has inspired stories across many cultures, reflecting different beliefs, values and ways of understanding the sky. Table 2 summarises some of these interpretations and shows how humans have sought to make sense of the universe.

Table 2: How different cultures explain the Pleiades
	Culture/region
	Traditional name
	Story or meaning
	Cultural significance

	Pitjantjatjara (Central Desert, Australia)
	Kungkarangkalpa (Seven Sisters)
	A story of 7 sisters pursued across the sky by a male figure, embedded in the Tjukurpa (Dreaming).
	Highlights the use of sky stories in teaching ethics, relationships and cultural responsibilities.

	Yolngu/Yolnŋu (Arnhem Land, Australia)
	Djulpan (Seven Sisters)
	The Seven Sisters are a group of ancestral women who travelled across the land, creating features of the landscape. They were chased by a man (often linked to Orion). When the sisters ascended into the sky, their campfire, canoe and possessions became stars.
	Seasonal calendar, law, kinship lessons, and star knowledge about hunting and food availability.

	Torres Strait Islands (Australia and Papua New Guinea)
	Part of the Tagai constellation
	The Pleiades form part of the Tagai story, which is a major constellation in Torres Strait Islander astronomy. Tagai is a large figure of a fisherman with 12 crew members (including the Pleiades as the ‘Zugubals’ or Seven Sisters) who were placed in the sky.
	The constellation and Pleiades signal seasonal changes, guide navigation and indicate when certain foods (like turtle, dugong or specific fish) are abundant. These stories embed practical knowledge of the environment, helping communities plan for food and travel.

	Māori (New Zealand)
	Matariki
	Represents a mother and her daughters who help bring the seasons and new life each year.
	Signals the Māori New Year and time for remembrance, reflection and planting.

	Polynesian (e.g. Hawai'i, Tahiti)
	Makali'i 
	The Pleiades are known as Makali'i, meaning ‘The Little Eyes’. In Polynesian mythology, the stars are often regarded as watchful ancestors or guides.
	Used for deep-ocean navigation and timing of seasonal events.

	Ancient China
	Mao (‘Hairy Head’) 
	The Pleiades are known as Mao, meaning ‘hairy head’, and are part of the White Tiger of the West in Chinese astronomy. The stars are imagined as a cluster of hair-like tufts representing the White Tiger’s mane or head.
	The rising and position of Mao were used as seasonal markers for agriculture, helping to determine planting and harvesting times.

	Japan
	Subaru 
	Means ‘to unite’ or ‘cluster together’. The stars symbolise unity and connection.
	Appears in art, company logos (Subaru car brand) and cultural festivals.

	Hindu (e.g. India)
	Krittika
	Six mothers of Kartikeya, the god of war.
	Used in lunar calendars and religious ceremonies.

	Native American (e.g. Lakota, Cherokee)
	The Seven Sisters
	Common stories include sisters pursued by a bear or hunter who are lifted into the sky for safety, 7 girls who were lost and children dancing among the stars.
	The stories are used to mark seasonal events for hunting and agriculture. They also carry lessons about courage, cooperation and community values, teaching important cultural ethics while connecting people to the natural world.

	Ancient Greece
	The Pleiades
	The 7 daughters of Atlas and Pleione were pursued by Orion and placed in the sky by Zeus to protect them. One of the daughters, Merope, dimmed her light in shame after marrying a mortal man.
	Influenced mythology, literature and early astronomy; used for agricultural calendars.




[bookmark: Appendix11]Appendix 11 (lesson 6): Different ways of understanding the Pleiades – Venn diagrams
Figure 1 is a blank template to complete during class discussion or research activities, as a way to consider both cultural narratives and scientific understandings of the Pleiades. 
Figure 2 illustrates how diverse knowledge systems offer meaningful insights into the same celestial object. They help students recognise both the distinct ways of knowing and the shared emphasis on observation, interpretation and the enduring fascination of humans with the night sky.


Similarities

Figure 1: Venn diagram template for considering both cultural narratives and scientific understandings of the Pleiades.


Example teaching and learning unit: 10.6 How do we make sense of the universe?

	
© VCAA[image: ]
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Cultural stories about the Pleiades
· Stories are passed down orally through generations as part of cultural identity.
· The star cluster can explain relationships, responsibilities and moral lessons.
· Stories use narrative elements such as characters, journeys or events (e.g. Seven Sisters, hunters, transformations).
· The stories often connect to seasonal knowledge such as navigation, food availability or ceremony timings.
· They emphasise human, spiritual or ancestral connections to the night sky.
· The stories have multiple versions existing across different cultures. 
· They are not intended to be testable or measured through scientific methods.
Scientific understandings of the Pleiades
· It is a star cluster located about 440 light-years away in the constellation Taurus.
· It was formed about 100 million years ago and is still gravitationally bound.
· Stars are hot, blue main-sequence stars belonging to an open cluster.
· It is studied using telescopes, spectroscopy and photometry.
· The fuzziness visible around the cluster is caused by dust that reflects starlight.
Similarities
· Humans across time and cultures have been inspired to ask questions about the sky.
· Observations are used to interpret patterns and cycles in the natural world.
· The cultural stories and scientific understandings are ways of explaining patterns in nature, although with different purposes and methods.
· Pleiades is recognised as a distinct group of stars that rise and set at predictable times.
· Pleiades is used to support decision-making (e.g. seasonal calendars, agriculture) in different ways.
· Pleiades is used to mark or understand seasonal changes.
· The cultural stories and scientific understandings demonstrate that knowledge can be built from careful observation and passed on through storytelling, teaching or recorded methods.

Figure 2: Cultural narratives and scientific understandings of the Pleiades – similarities and differences.
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[bookmark: Appendix12]Appendix 12 (lesson 7): The Hertzsprung–Russell (H–R) diagram
Plotting the absolute magnitude (luminosity) of stars against their surface temperatures produces a Hertzsprung–Russell (H–R) diagram.
[image: Hertzsprung–Russell diagram showing star luminosity versus temperature with stellar classifications and key stars labelled. Colour-coded circles represent star types, with size indicating relative luminosity (from spectral class O (blue) to spectral class M (red)) and temperature decreasing from left to right. Hottest stars are blue, decreasing in temperature through pale blue, white, yellow, orange to red (coolest). Labelled stars are Rigel (blue supergiant), the Pole star (yellow supergiant), the Sun (yellow dwarf), Arcturus (orange giant), Antares (red supergiant) and Betelgeuse (red supergiant).]
The Hertzsprung–Russell diagram. (Image source: iStock.com/gstraub)
The main features to note are as follows:
The horizontal axis shows temperature from warmest (blue) to coolest (red). This also represents the sequence of spectral classes, from class O (blue) to class M (red).
The vertical axis shows the luminosity of stars relative to the Sun (Sun = 1.0). The scale is in powers of 10 – brightness is not linear but logarithmic.
The horizontal axis shows temperature with the unit of kelvin (K). This scale has the same interval size as degrees Celsius (ºC). 1 K = –273 ºC.
A clear trend is evident. 90% of all stars are located on the large diagonal strip from upper left to lower right. This is known as the main sequence.
The Sun is located on the main sequence.
To the upper right are the larger, cooler red giants.
To the upper centre are the blue supergiants.
To the lower left are the white dwarfs.
The H–R diagram enables us to determine the evolutionary path or life cycle of stars. Stars begin their lives on the main sequence. Their initial mass determines their starting position. A high-mass star will be bluer and at the left-hand end of the main sequence. A low-mass star will be redder, cooler and at the lower right-hand end of the main sequence. All main-sequence stars spend 90% of their lives converting their hydrogen fuel into helium by nuclear fusion, releasing large amounts of energy. When their hydrogen is exhausted, stars move into the giant phase where they convert helium to heavier elements, releasing even larger amounts of energy. The giant phase is much briefer because the helium is consumed faster. 

[bookmark: Appendix13]Appendix 13 (lesson 8): Life cycles of stars
Write the following 10 terms in their correct positions in the flowchart, representing the life cycle of stars.
	neutron star
	red giant
	protostar
	planetary nebula
	black hole

	blue supergiant
	white dwarf
	medium-sized star
	large star
	supernova





stellar nebula (gas cloud)






mass < 8.0 M☉
mass > 8.0 M☉
mass < 25 M☉
mass > 25 M☉
majority of the life of a star
old age
star death
end state of star
end state of star
end state of star





[bookmark: Appendix14]Appendix 14 (lesson 8): Life cycles of stars – worksheet solutions

white dwarf
neutron star
black hole
stellar nebula (gas cloud)
medium-sized star
large star
planetary nebula
supernova
red giant
blue supergiant
mass < 8.0 M☉
mass > 8.0 M☉
mass < 25 M☉
mass > 25 M☉
majority of the life of a star
old age
star death
end state of star
end state of star
end state of star
protostar

[bookmark: Appendix15]Appendix 15 (lesson 9): Modelling our Milky Way galaxy and its neighbours
Aim
To use a simple model to explore our place in the Milky Way and nearby galaxies in the Local Group. The model helps show the main structure of our galaxy and the location of our solar system.
Note: This model is not to scale. It is a conceptual model used to show the structure of the Milky Way and the relative positions of nearby galaxies.
What you need (per group)
4 long streamers (for the Milky Way’s major spiral arms)
1 shorter streamer (for the Orion Spur)
small objects for companion galaxies: Large Magellanic Cloud (2–3 cm), Small Magellanic Cloud (1–2 cm)
medium object for the Andromeda Galaxy (8–10 cm)
sticky notes or dots (for labels)
chalk, tape or string (to mark boundary)
What to do
1. Build the Milky Way 
The solar system is located in the Orion Spur, a shorter spiral arm segment between 2 major arms of the Milky Way.
Place a small ball or paper circle in the centre (represents the central bulge).
Attach 4 long streamers spreading outwards in gentle curves to represent the Milky Way’s 4 major spiral arms.
Add a short streamer between 2 arms (represents Orion Spur) and place a sticker or dot halfway along it (represents our solar system).

2. Add companion galaxies 
The Large and Small Magellanic Clouds are small companion galaxies that are gravitationally linked to the Milky Way, but they do not orbit neatly.
Place the objects representing the Large and Small Magellanic Clouds near the Milky Way’s edge.

3. Add Andromeda and the Local Group 
The Milky Way, Andromeda Galaxy and companion galaxies form a gravitationally linked family called the Local Group.
Place the object representing Andromeda much further away than the Magellanic Clouds (across the table or on the floor if space allows) to show that it is another large galaxy in the Local Group.
Using chalk, tape or string, make a boundary around the Milky Way, Andromeda and companions, to show the Local Group.


4. Observation and discussion 
Observe your model and discuss the following questions with the class:
Where is our solar system located within the Milky Way?
Which nearby galaxies are part of the Local Group?
What does this model help you understand about our place in the universe?
What are the limitations of this model?
Why do you think the solar system is located in a spiral arm rather than near the centre of the galaxy?

[bookmark: Appendix16]Appendix 16 (lesson 9): Classifying galaxies – the Hubble tuning fork 
Edwin Hubble classified galaxies into 4 groups based on their shape. This classification is commonly represented as a tuning fork, as shown in the diagram below. The 4 original galaxy classes are elliptical, spiral, barred spiral and irregular. 
elliptical galaxies (handle of tuning fork): yellowish oval shape with no spiral arms or other structures. No new star formation in these galaxies. The oval shape ranges from almost spherical (E0) to highly elliptical (E7)
spiral galaxies (upper fork): flat discs with a yellowish central bulge; bluish spiral arms where stars are being formed. The spiral arms range from most twisted (Sa) to least twisted (Sc)
barred spirals (lower fork): similar to spirals, except an elongated bar extends from either side of the central bulge. The spiral arms start at the end of the bar. Again, the spiral arms range from most twisted (SBa) to least twisted (SBc)
irregular galaxies (not pictured below): no defined shape or structure, and often small and distorted. Hubble located these galaxies in the middle of the fork. The best-known examples are the Large Magellanic Cloud and Small Magellanic Cloud.
[image: Diagram illustrating Edwin Hubble's galaxy classification scheme, categorising galaxies into ellipticals and spirals. The shape resembles a tuning fork (or a Y lying on its side). Subtypes on the ‘fork handle’ are labelled E0 to E7 (medium blue to pale blue) for ellipticals. Along the upper ‘fork prongs’ are Sa to Sc (light pink to dark pink) for spirals. Along the lower ‘fork prongs’ are barred spirals SBa to SBc (light yellow to medium yellow). Representative galaxy images show the different structures, from smooth elliptical shapes to spiral arms and long bars.]At the junction of the tuning fork is a special class of galaxies called lenticular galaxies (S0). Lenticular galaxies were added to Hubble’s original classification as a transitional class between elliptical and spiral galaxies. Like elliptical galaxies, they have no spiral arms – but, like spiral galaxies, they have a flat disc.
A Hubble tuning fork diagram – Edwin Hubble’s galaxy classification scheme including the main classes of elliptical, spiral, barred spiral and irregular galaxies. (Credit: NASA, ESA)
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