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[bookmark: _Toc242171600]Glossary
Tier 3 words are those that are relevant for subject-specific content. More information is provided in the ‘Vocabulary in context’ document found on the Stage 5 reading – Vocabulary in context page. The Guide for planning and implementing explicit vocabulary instruction can be used by teachers across all curriculum areas.
Differentiation: to support students learning English as an additional language or dialect (EAL/D) with vocabulary development, refer to EAL/D learners and reading vocabulary. An additional column may be added to the glossary table for EAL/D students to write the definition in their home language. 
Table 1 – glossary of key terms for Data science 2 – Part A – Essential question 1
	Term
	Definition

	Claim
	An assertion that something is true (NESA 2023).

	Data
	Information that is collected, organised and analysed for various purposes. It can be in the form of numbers, text, images or any other format that can be processed. Data can be represented using techniques such as tables, graphs and textual explanations (NESA 2023).

	Data science
	A field of study which involves collecting, analysing and interpreting large amounts of data to gain insights and make decisions (NESA 2023).

	Evidence
	Valid and/or reliable data that can be used to support a particular theory, hypothesis, idea or conclusion (NESA 2023).

	Hypothesis 
	A hypothesis is a proposed explanation or idea based on limited evidence that scientists test through investigation.

	Hypothesis testing
	Hypothesis testing is the process of collecting and analysing evidence to see if your hypothesis is supported or not.

	Investigable
	Able to be investigated (NESA 2023).

	Investigable question
	A scientific question that can be tested by collecting data through observation or experimentation, using variables that can be measured and controlled.

	Investigate
	Plan, inquire into and draw conclusions about (NESA 2023).

	Non-investigable question
	A question that is not scientific or cannot be tested by collecting data through observation or experimentation or within available resources.

	Peer review
	The process of other experts in a field reading, checking and giving their opinion on someone else’s research (NESA 2023).

	Reliability
	The consistency of results when an investigation is repeated under the same conditions.

	Scientific argument
	A reasoned explanation that links a claim to evidence through scientific reasoning and may also consider alternative explanations.

	Validity
	The extent to which an investigation measures what it is intended to measure, with variables controlled so that the conclusion is sound.




[bookmark: _Toc242171601]1.1 Investigable questions
Table 2 – learning intention and success criteria for ‘1.1 Investigable questions’
	We are learning:
	I can:

	· to identify and evaluate scientific questions to determine whether they can be investigated using scientific evidence.
	· recall the qualities and features of a scientific question
· outline the features of investigable and non-investigable questions
· distinguish between investigable and non-investigable questions
· evaluate scientific questions using quality criteria to determine if they are investigable or non-investigable.


[bookmark: _Toc242171602]Is it investigable?
Note: prior knowledge about scientific questions has been assessed in this section as a foundation for the syllabus content on investigable questions. Not all scientific questions are investigable given the availability of resources and related factors. However, this resource book focuses on narrowing scientific questions into investigable ones.
Activate prior knowledge about scientific questions by displaying 1.1 PPT ‘Scientific questions’ to show a partially completed Frayer diagram, unpacking the term ‘scientific question’. Students first learned about scientific questions in the Data science 1 focus area.
Ask students to identify which quadrant of the Frayer diagram each statement belongs to on mini whiteboards. 
Select the statement to reveal the correct positions.
Display 1.1 PPT ‘Frayer diagram – scientific questions’ to show the completed Frayer diagram and clarify information where required.
Check for understanding 1: check for understanding of scientific questions from the Data science 1 focus area using 1.1 PPT ‘Check for understanding 1’. Students identify whether each question is scientific or non-scientific using choral response or mini whiteboards. For each question, use the discussion prompts in Table 3 below to elicit student understanding further.
[bookmark: _Ref240453876]Table 3 – Check for understanding 1 questions, answers and discussion prompts
	Question
	Scientific or non-scientific
	Discussion prompts

	Do plants like sunlight or shade better?
	Non-scientific
	Plants do not have feelings or preferences, so the word ‘like’ makes it unscientific.
If rephrased as ‘Does plant growth differ between sunlight and shade?’, it becomes a scientific question, as growth can be measured.

	Does exercising 3 times a week reduce resting heart rate in teenagers?
	Scientific
	Testable with measurable data. Heart rates can be recorded before and after an exercise program and compared.

	Which sport is the most exciting to play: soccer, cricket or basketball?
	Non-scientific
	‘Most exciting’ is subjective and varies by personal opinion.

	Which diet is healthiest: vegetarian, keto or Mediterranean?
	Non-scientific
	‘Healthiest’ is too broad and depends on how ‘health’ is defined. Specific aspects (for example, cholesterol levels and blood pressure) can be studied scientifically, but the question, as a whole, is value-laden.

	Can magnets attract objects through a layer of cardboard?
	Scientific
	Directly testable by experiment. It is observable and measurable.

	Should everyone recycle more to protect the planet?
	Non-scientific
	The word ‘should’ makes it a moral or ethical question. Science can provide evidence about recycling’s impact, but it cannot decide what people ‘ought’ to do.


Show students 1.1 PPT ‘Investigable question’ to unpack the definition of an ‘investigable question’ and its features. Use the speaker notes on the slide to explain why the provided example is investigable:
An investigable question is a question that can be tested by collecting data through observation or experimentation, using variables that can be measured and controlled. Features of an investigable question include
it is testable
it identifies variables
it generates measurable data
it allows for control of variables
it is feasible, with resources being available to test the question
it is repeatable.
Show students 1.1 PPT ‘Non-investigable question’ to unpack the definition of a ‘non-investigable question’ and its features, and to explain why the provided example is not investigable, using the speaker notes on the slide: 
A non-investigable question cannot be tested by collecting data through observation or experimentation or cannot be addressed within available resources. A question can be scientific but non-investigable due to a lack of resources. Features of a non-investigable question include
it is broad or vague, based on opinion rather than evidence
it does not specify variables
it cannot be tested or measured through observation or experimentation, thus it does not generate measurable data
it may involve uncontrollable or large-scale factors such as weather, space or time periods
it cannot be conducted safely or feasibly with available resources
it is not repeatable.
Display 1.1 PPT ‘Refining our understanding of questions’, to further unpack how scientific questions and non-scientific questions can be both investigable or non-investigable. Expand on the definition of ‘scientific questions’ by telling students that a question can be scientific and non-investigable due to a range of reasons such as:
the question is too complex
the question is impossible to test directly
the question requires historical evidence which cannot be collected
the question would require unethical testing.
Provide students with the Student resource – Investigable or non-investigable? to determine if given scientific questions are investigable or non-investigable using the provided quality criteria.
Present students with 1.1 PPT ‘Quality criteria for a scientific question’ and lead students in a class discussion of these criteria (this is also in Table 1 in the Student resource – Investigable or non-investigable?) Discussion prompts are provided in the slide notes to outline each criterion for students.
Model how to determine if a question is investigable or not using the question ‘Does the amount of fertiliser added to a plant affect the number of leaves it grows?’ in Table 2 in the Student resource – Investigable or non-investigable?
Check for understanding 2: check for understanding of how to classify scientific questions as ‘investigable’ or ‘non-investigable’ using 1.1 PPT ‘Check for understanding 2’. Students provide their answer on mini whiteboards. Cold call students to explain their reasoning with sample responses provided in Table 4
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	Question
	Sample response

	Does temperature affect how fast sugar dissolves?
	Investigable – it meets the checklist: scientific and testable, clear variables, measurable, controllable, feasible in school and repeatable.

	What level of air pollution causes fatal respiratory disease?
	Non-investigable – it is not ethical to test this question. Scientists cannot expose people to air pollution for scientific investigation.


Continue to model, jointly construct or have students independently complete the remaining examples to determine if they are investigable or not against the quality criteria. To evaluate the questions, students use the quality criteria to identify strengths and weaknesses. Students must then make a judgement aligned with their evaluation of the question against the criteria to determine whether the question is investigable.
Facilitate a class discussion to check student understanding of evaluating investigable questions using the sample responses provided in Table 2 in the Student resource – Investigable or non-investigable?.
Differentiation: students can generate their own investigable questions and justify why they are investigable using the quality criteria.
Sample response: Student resource – Investigable or non-investigable?
Note: additional stimulus information has been removed from the sample response.
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	Scientific question
	Investigable or non-investigable?
	Reasons

	Does the amount of fertiliser added to a plant affect the number of leaves it grows?
	Investigable
	This question is scientific because it tests the scientific concept that fertilisers promote plant growth, including leaf formation. The question is testable with clear variables (fertiliser amount and number of leaves). It produces measurable data, allows control of factors, such as light and water, and can be done safely using common classroom or garden resources, such as pot plants and fertiliser. It is repeatable over time.

	What causes lightning to occur during storms?
	Non-investigable
	Although this question is scientific, it cannot be tested directly in a school setting. Students cannot safely or ethically create lightning and the specialised equipment needed to study atmospheric electricity is unavailable. It does not produce measurable or repeatable data in a classroom environment.

	Does the length of a pendulum string affect the time it takes to swing back and forth?
	Investigable
	The question is scientific and examines the relationship between pendulum length and the period of oscillation. The question is clear and testable, identifying the independent variable (string length) and the dependent variable (swing time). It produces measurable, numerical data and can be performed safely with simple classroom materials, such as string, weights and stopwatches, making it feasible and repeatable.

	How does the type of paper (thin, thick, cardboard) affect how far a paper plane flies?
	Investigable
	This is a clear, testable question based on a scientific concept, with measurable variables (paper type and flight distance). It allows control of throwing technique and angle. Materials such as paper, measuring tape and open space are readily available, making the investigation feasible, safe and repeatable.

	What will humans look like in 10,000 years? 
	Non-investigable
	Although this question is based on evolution, a scientific concept, it is not testable through an investigation.


[bookmark: _Student_resource_–][bookmark: _Ref211346578][bookmark: _Ref233626354]

[bookmark: _Toc242171603]Student resource – Investigable or non-investigable?
Instructions: use the quality criteria checklist in Table 1 below to determine if each question in Table 2 is investigable or non-investigable. Provide reasons for your choices using the quality criteria. For this activity, assume the investigation must be conducted in a school setting when evaluating feasibility.
Table 1 – quality criteria checklist for investigable scientific questions
	Criteria
	Guiding question

	☐ It is based on a scientific concept.
	Is the question about a science concept?

	☐ It is testable.
	Is the question testable?

	☐ It identifies variables.
	Does the question make clear what will be changed (the independent variable) and what will be measured (the dependent variable)?

	☐ It generates measurable data.
	Does the question allow the collection of quantitative data (numbers) or clear, observable results that can be accurately recorded and analysed?

	☐ It allows for control of variables. 
	Can other factors be identified and kept the same to ensure a fair test?

	☐ It is feasible.
	Can the investigation be conducted safely, ethically, and within the available time and available resources?

	☐ It is repeatable.
	Can the investigation be repeated to confirm that the results are consistent?


Table 2 – determining if questions are investigable or non-investigable
	Scientific question
	Investigable or non-investigable?
	Reasons

	Does the amount of fertiliser added to a plant affect the number of leaves it grows?
	
	

	What causes lightning to occur during storms?
	
	

	Does the length of a pendulum string affect the time it takes to swing back and forth?
	
	

	How does the type of paper (thin, thick, cardboard) affect how far a paper plane flies?
	
	

	What will humans look like in 10,000 years?
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Table 5 – learning intentions and success criteria for ‘1.2 Hypothesis testing and peer review’
	We are learning:
	I can:

	how scientific knowledge is verified through testing questions and claims
	describe how scientific knowledge is verified and refined using peer review
define ‘hypothesis’ and ‘hypothesis testing’
describe how new evidence can be used to revise hypotheses
generate a scientific hypothesis from an investigable question
identify the independent, dependent and controlled variables in an investigation and determine the data needed to verify a hypothesis
· test a hypothesis in an investigation

	· to analyse data from investigations.
	determine if the data collected in an investigation supports or refutes a hypothesis
draw an appropriate evidence-based conclusion to an investigation.
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1. Present the Peer Review in 3 Minutes (3:15) video to students to introduce the peer review process using 1.2 PPT ‘The peer review process’ (1 of 2). Students extract and summarise information from the video to outline the peer review process and describe how peer review verifies and refines scientific knowledge.
After watching the video, summarise the peer review process using 1.2 PPT ‘The peer review process’ (2 of 2) by saying ‘Now that we have watched the video, remember that:
“peer review” is a quality check for scientific research
a scientist writes a report, which is then reviewed by experts who assess the methods, data and conclusions
based on their feedback, the work may be accepted, revised or rejected
once it passes peer review and is published, the research can be trusted as evidence-based and reliable
this process helps ensure that scientific knowledge is accurate and continually improved.’
Use the discussion prompts in Table 6 to lead a class discussion on the significance of the peer review process in verifying and refining scientific knowledge.
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	Discussion prompt
	Teacher notes

	Why are scientific manuscripts peer-reviewed before they are accepted for publication?
	‘Peer review’ is a quality-control process used before publishing research. Independent experts evaluate whether the methods are appropriate, the data supports the conclusions and the evidence justifies the claims. Reviewers may recommend revisions, request additional evidence or reject studies that do not meet scientific standards.

	How does peer review serve as a safeguard against incorrect or misleading scientific findings?
	Peer reviewers critically examine the study design, data analysis, interpretation of results and conclusions. They can identify errors, unsupported claims, methodological weaknesses or missing information. This process helps reduce the likelihood that flawed or misleading findings enter scientific literature, although it cannot guarantee that all mistakes will be detected.

	Why is it important that peer reviewers are usually experts in the same field as the research in the manuscript?
	Experts have specialised knowledge of the concepts, methods and previous research in the field. This enables them to judge whether the investigation was conducted appropriately, whether the conclusions are reasonable and how the findings fit with existing scientific knowledge. Their expertise allows them to identify issues that non-specialists may overlook.

	How does knowing a study has undergone peer review affect your trust in its results?
	Peer review increases confidence in a study because independent experts have evaluated the work before publication. However, students should recognise that peer review does not prove the findings are correct. Scientific claims gain greater credibility when multiple studies produce similar results and other researchers replicate the findings.

	What might peer review miss or fail to detect? Why is scientific knowledge still provisional?
	Peer review may not identify every error, bias, limitation or instance of misconduct. Reviewers work with the information provided and may interpret evidence differently. As new evidence, technologies and investigations emerge, previously accepted explanations may be refined or replaced. This reflects the provisional nature of scientific knowledge. Scientific understanding is based on the best available evidence at the time but remains open to revision.


Check for understanding 1: display 1.2 PPT ‘Check for understanding 1’ to check students' understanding by identifying if statements about the peer review process are true or false. The statements and the correct response are outlined in Table 7, with reasoning provided to lead a discussion.
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	Statement
	True or false
	Reasoning

	Experts who peer review scientific manuscripts work in the same field as the authors.
	True
	Experts in the same field of research conduct the review. ‘Peer review’ means scientists with expertise in the same topic read and evaluate the work. Because they understand the methods and terminology, they are best placed to assess whether the research is valid and meaningful.

	Peer review ensures the research is free from any mistakes
	False
	Peer review reduces errors but does not guarantee perfection. Reviewers may identify mistakes or weaknesses, yet science is always open to revision. Even peer-reviewed studies can later be shown to be incorrect or incomplete when more data is collected.

	Peer review happens before most research is published in journals.
	True
	It usually occurs before publication. For most scientific journals, peer review is a standard step before acceptance. This ensures the work has been checked for quality and accuracy before it is shared with the wider scientific community.

	Peer review can lead researchers to improve their methods or explanations.
	True
	Feedback often prompts revisions and improvements. Authors usually receive reviewer comments with suggestions to strengthen their work. They may need to revise their explanations, adjust their methods or add more evidence before the research is accepted.

	Peer review means the public can comment on whether the research is useful.
	False
	Peer review is not like a social media post, where anyone can share an opinion. It is a formal process conducted by specialists selected by the journal or editor, ensuring the feedback is informed and constructive.
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1. Provide students with the Student resource – how hypotheses help science grow which looks at what a hypothesis, hypothesis testing and peer review are.
As a class, engage with the text in this student resource and unpack any concepts or language that students may have difficulty with.
Note: the content of the text relates to models of the atom, which students would have learned about in the Stage 4 Periodic table and atomic structure focus area. Drawing a diagram of Rutherford’s gold foil experiment may help students recall how models of the atom changed with new evidence.
Use diagrams on the whiteboard to illustrate the expected result of the gold foil experiment and the actual results, and how this led to the changes in the models of the structure of the atom. Information and diagrams have been provided in Table 8.
[bookmark: _Ref240464257]Table 8 – supporting diagrams to revise the hypothesis testing completed by Rutherford which led to changes in the model of the atom
	Supporting illustration
	Teacher notes

	Thompson’s plum pudding model[image: Diagram of Thomson's plum pudding model of the atom. 

The diagram consists of a positively-charged sphere with negatively charged particles scattered throughout. ]
	A positively-charged sphere with negative particles scattered throughout.

	Expected results from the gold foil experiment
[image: A diagram of the expected results from Rutherford's gold foil experiment. 

It shows the positive charge evenly distributed through the atom, with the alpha particles expected to pass through with minimal or no deflections.]
Gold foil experiment conclusion by Kurzon is in the public domain.
	Rutherford’s hypothesis, based on Thomson’s plum pudding model, was that the positively-charged alpha particles would move through the gold foil with only small deflections. The distributed positive charge in the sphere would not be able to deflect the massive, fast-moving particles at large angles and the embedded negative charges would also cause only small deviations from the alpha particles’ original path.
This diagram shows the expected results, which the data from the investigation did not support.

	Actual results from the gold foil experiment
[image: A diagram of the results from Rutherford's gold foil experiment where the atom has a dense positive nucleus. 

The positive alpha particles that come near the positive nucleus are deflected.]
Gold foil experiment conclusion by Kurzon is in the public domain.
	This diagram shows the actual results from the gold foil experiment. The positively-charged alpha particles mostly passed straight through the atoms of gold foil. However, some were deflected at large angles, including back towards the source of the alpha particles. 
This rejected the hypothesis that positive charge was spread evenly throughout the atom. Both charge and mass had to be densely concentrated in the centre of the atom to produce the large repulsion and change in direction observed in the alpha particles.

	Rutherford’s model of the atom
[image: Diagram showing Rutherford's planetary model of an atom, depicting electrons orbiting the nucleus of the atom.]
	Rutherford revised his hypothesis and developed a new model of the atom which contained a dense positive nucleus surrounded by negative electrons. The gold foil experiment supported this new hypothesis because most of the atom contains empty space, allowing most alpha particles to pass straight through. In contrast, some of the alpha particles were strongly deflected because they came near the positively charged, dense nucleus.


Instruct students to engage with the text in the Student resource – how hypotheses help science grow to extract information to allow them to match each description listed in the matching activity with the correct sentence for question 1. Students work in pairs to match the descriptions, then individual students share their responses with the class.
Model, jointly construct or have students independently extract and summarise information from the text in the Student resource – how hypotheses help science grow to respond to questions 2 to 6. To do this or to provide students' feedback, use the ‘Sample response: Student resource – how hypotheses help science grow’.
Sample response: Student resource – how hypotheses help science grow
Note: additional stimulus information has been removed from the sample response.
Comprehension questions
1. Match each description to the appropriate sentence.
	1. Hypothesis
	C. A tentative explanation that can be tested through observation or experiment.

	2. Hypothesis testing
	A. When scientists collect evidence to see whether their idea is supported or not supported (refuted).

	3. Peer review
	B. A process where other experts check the methods, data and reasoning before research is published.


Summarise information from the text to construct a response to questions 2 to 6.
1. Explain why scientists should repeat experiments after a hypothesis is supported with evidence.
	Scientists repeat experiments because a single investigation does not conclusively support a hypothesis. Repeating experiments allows other scientists to check the results and see whether they obtain similar outcomes. This helps verify that the evidence is consistent and reliable.


Describe what happens to a hypothesis when repeated experiments continue to produce similar results.
	When repeated experiments consistently yield similar outcomes, scientists gain greater confidence in accepting or rejecting the hypothesis. Over time, it may be accepted as scientific knowledge because multiple investigations have tested and verified it.


Describe what happens to a hypothesis when new evidence does not support an existing hypothesis.
	If new evidence appears that does not fit an existing hypothesis, scientists do not leave the idea unchanged. Instead, they refine the hypothesis or replace it with a new explanation that better fits the evidence.


Using an example, explain why scientific knowledge changes over time.
	Scientific knowledge changes because new technologies and experiments generate evidence that challenges established ideas. For example, the plum pudding model of the atom was replaced after Rutherford’s gold foil experiment revealed that most particles passed through the atom. Still, some were deflected, indicating a small, dense nucleus. This discovery prompted the development of a new atomic model, which was further refined with additional testing.


Describe the role that peer review plays in the development of scientific knowledge.
	Peer review allows other experts to examine the methods, data and reasoning used in scientific research before publication. This process helps ensure that scientific ideas are well supported by evidence and have been carefully checked before becoming accepted knowledge.
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In science, a hypothesis is a tentative explanation that can be tested through observation or experiment. Scientists use hypothesis testing to determine whether evidence supports their ideas. ‘Hypothesis testing’ is the process of collecting and analysing evidence to see whether the hypothesis is supported or not supported (refuted).
When an experiment supports a hypothesis, it increases our confidence in that idea, but it does not prove the hypothesis. Other scientists repeat the investigation to verify the results. If repeated testing consistently yields similar results, scientists may accept the hypothesis as part of scientific knowledge. However, if new evidence appears that does not fit, scientists refine or replace the hypothesis. This ongoing process helps scientific knowledge become more accurate over time. Through this cycle of hypothesis testing, verification, and refinement, science continually builds a more accurate understanding of the natural world.
A famous example of hypothesis testing is Ernest Rutherford's investigation of the atom. In the early 1900s, scientists accepted JJ Thomson's 'plum pudding' model, which proposed that atoms were made of positive charge spread throughout the atom with electrons embedded within it. Based on this model, scientists expected that positively-charged alpha particles fired at a thin sheet of gold foil would pass through with only small deflections.
Rutherford and his team tested this prediction by directing alpha particles at a thin sheet of gold foil and observing their paths. Most particles passed straight through the foil, which was expected. However, some particles were deflected at large angles and a few even bounced back towards the source. These unexpected results did not support the plum pudding model.
To explain the evidence, Rutherford proposed a new hypothesis – that most of the atom is empty space, with nearly all of its mass and positive charge concentrated in a tiny, dense nucleus. This hypothesis explained why most alpha particles passed through the atom, while a small number were strongly deflected because of electrostatic repulsion between the positive alpha particles and the positively-charged nucleus.
Other scientists repeated the experiment and obtained similar results, helping to verify the findings. As more evidence was collected, Rutherford's nuclear model became widely accepted and replaced the plum pudding model. Later, scientists, such as Niels Bohr, refined the model further as new evidence became available. This example shows how scientific knowledge develops through hypothesis testing, evidence, verification and refinement.

Comprehension questions
1. Match each description to the appropriate sentence.
	1. Hypothesis
	
	A. When scientists collect evidence to see whether their idea is supported or not supported (refuted).

	2. Hypothesis testing
	
	B. A process where other experts check the methods, data and reasoning before research is published.

	3. Peer review
	
	C. A tentative explanation that can be tested through observation or experiment.


Summarise information from the text to construct a response to questions 2 to 6.
Explain why scientists should repeat experiments after a hypothesis is supported with evidence.
	


5. Describe what happens to a hypothesis when repeated experiments continue to produce similar results.
	


Describe what happens to a hypothesis when new evidence does not support an existing hypothesis.
	


Using an example, explain why scientific knowledge changes over time.
	


Describe the role that peer review plays in the development of scientific knowledge.
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1. Present 1.2 PPT ‘What is a hypothesis?’ and use the teacher notes to activate prior knowledge about what a hypothesis is and that it is tested using a scientific investigation. Unpack the ‘If …then … because …’ scaffold for a hypothesis.
Check for understanding 2: display 1.2 PPT ‘Check for understanding 2’. Students engage with a range of statements to determine which one is a hypothesis. The statements, answers and reasoning to facilitate a discussion are provided in Table 9.
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	Statement
	Is it a hypothesis?
	Reasoning

	Dogs are friendlier than cats.
	No
	This statement is an opinion and has no independent and dependent variables. It is not measurable or testable.

	If plants receive more hours of sunlight each day, then they will grow taller because they can photosynthesise for longer.
	Yes
	This statement is a prediction which is based on a scientific concept and has a clear independent and dependent variable that can be tested through experimentation. 

	Does increasing the temperature of water increase the solubility of salt?
	No
	This statement is not a hypothesis. It is an investigable question.

	People are more excited to travel to space than to explore the deep sea.
	No
	This statement is not based on a scientific concept. The word ‘excited’ is subjective and therefore is not measurable or repeatable.

	To investigate if adding more fertiliser to a plant will produce more leaves.
	No
	This statement is an aim for a scientific investigation, not a hypothesis.


Model how to use an investigable scientific question to construct a scientific hypothesis 1.2 PPT ‘Constructing a scientific hypothesis’.
Check for understanding 3: check students’ ability to construct a scientific hypothesis from a given investigable question in 1.2 PPT ‘Check for understanding 3’.
Construct a scientific hypothesis for this investigable question: Does the type of surface affect how high a ball bounces? 
Hypothesis: if the surface type changes, the ball's bounce height will change because different surfaces absorb and return different amounts of energy.
Provide students with a copy of the Student resource – from investigable questions to scientific hypotheses.
Students identify the independent and dependent variable in the investigable scientific question. Check the independent and dependent variables before students attempt to write a hypothesis for the investigable scientific question.
Note: use the principles of gradual release of responsibility to determine when to transition students from modelled to guided to independent practice.
Students demonstrate their understanding of constructing a scientific hypothesis by constructing a hypothesis using the ‘If … then … because …’ scaffold. 
Facilitate a class discussion using the sample responses in Table 9 to check student understanding of developing appropriate hypotheses from investigable questions.
Introduce the idea of ‘falsifiability’ in science by telling students:
‘falsifiability’ is the idea that a scientific claim or hypothesis must be capable of being tested in a way that could show it to be wrong
for a claim to be scientifically testable, there must be some possible evidence or observation that would contradict it
a claim stating ‘Increasing the amount of light a plant receives increases its growth rate’ is falsifiable because scientists can measure plant growth under different amounts of light – if plants receiving more light do not grow faster, the evidence could contradict the claim
falsifiability does not mean scientists are trying to prove that every idea is false – it means a scientific explanation must be open to challenge by evidence.
Facilitate a short ‘Guess my rule’ game with students. This game is a great way to introduce falsifiability because students naturally tend to look for evidence that confirms their idea rather than deliberately trying to disprove it. The instructions for the game are outlined below:
Tell students:
We are going to play a game called ‘Guess my rule’.
I am going to give you 3 numbers that follow a particular rule, but I will not tell you what that rule is.
One at a time, suggest 3 other numbers you think follow my rule to try to work out what the rule is.
I am going to respond with ‘Yes, that follows my rule’ or ‘No, that does not follow my rule’.
You will then have a chance to guess the rule. In turn, guess 3 numbers that you think follow the same rule.
Choose a hidden rule that determines if a set of 3 numbers is accepted. For example, ‘The numbers are increasing in order’.
Write 3 numbers on the board that follow the rule, for example, 2, 4, 8.
Ask a student to propose a hypothesis for the rule. The student can then test their rule by stating 3 numbers.
Respond with ‘This meets my rule’ or ‘This does not meet my rule’.
Repeat steps ‘d’ and ‘e’ with different students.
Note: the video The Most Common Cognitive Bias (4:43) demonstrates this game and unpacks why falsifiability is important. It may be worth watching to ensure correct understanding of how to facilitate the game.
Before telling students the rule, discuss the types of ways students approached the testing by pointing out the tests that aimed to falsify the hypothesis and those that did not.
Student A may have come up with ‘The rule is even numbers, so I will guess 16, 32, 64.’ The number sequence meets the teacher’s rule and also the student’s rule. This student did not try to falsify their hypothesis and is no closer to determining the actual rule because many other rules also match these 2 number sequences.
Student B may have come up with ‘The rule is even numbers, so I will guess 8, 9, 10.’ The number sequence meets the teacher’s rule but not the student’s rule. However, because they used an odd number, they disproved their hypothesis. This student gained more information and is better placed to come up with a new rule to test.
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[bookmark: _Ref211337032]Sample response: Student resource – from investigable questions to scientific hypotheses
Table 1 – sample student responses for going from an investigable question to a scientific hypothesis
	Investigable question
	Independent variable
	Dependent variable
	Hypothesis

	Does the length of a shadow change with the angle of a light source?
	The angle of the light source
	The length of the shadow
	If the angle of the light source changes, the length of the shadow will change because light rays cast longer or shorter shadows depending on the angle at which they strike the object.

	Does the mass of an object affect the time it takes to fall?
	The mass of the object
	The time taken to fall to the ground
	If an object's mass changes, its time to fall will remain the same because gravity accelerates all objects equally when air resistance is ignored.

	Does the amount of light a plant receives affect its height?
	The amount of light
	The plant height
	If a plant receives more light, its height will increase because plants need light for photosynthesis, which provides energy for growth.

	Does the type of surface affect how far a toy car rolls?
	The type of surface
	The distance travelled
	If the surface type changes, the distance the toy car rolls will change because different surfaces exert different amounts of friction on the car.

	Does the temperature of a ball affect how high it bounces?
	The temperature of the ball
	The height at which the ball bounces
	If the ball's temperature increases, its bounce height will rise because heating makes the material more elastic, allowing it to store and release more energy.


[bookmark: _Ref208482668]
[bookmark: _Student_resource_–_2][bookmark: _Ref224641265][bookmark: _Toc242171609]Student resource – from investigable questions to scientific hypotheses
Instructions: convert the investigable questions in Table 1 below into scientific hypotheses using the format:
‘If the (independent variable) is changed, then the (dependent variable) will change because (reasoning).’
Table 1 – going from an investigable question to a scientific hypothesis
	Investigable question
	Independent variable
	Dependent variable
	Hypothesis

	Does the length of a shadow change with the angle of a light source?
	
	
	

	Does the mass of an object affect the time it takes to fall?
	
	
	

	Does the amount of light a plant receives affect its height?
	
	
	

	Does the type of surface affect how far a toy car rolls?
	
	
	

	Does the temperature of a ball affect how high it bounces?
	
	
	



[bookmark: _Toc242171610]Paper helicopters – hypothesis testing (practical investigation)
In this activity, students will work in groups to first develop a hypothesis and then test their hypothesis that ‘If the length of the rotor blades is decreased, then the time the helicopter takes to fall will also decrease because shorter blades create less air resistance (drag), so the helicopter falls faster.’
1. Make small groups of students to work together on this activity.
Provide students with the helicopter template and present students with the video, Paper Helicopter (Hopkins Engineering At Home) (1:41) on paper helicopters in 1.2 PPT ‘Making a paper helicopter’ and ask them to follow the steps to construct the paper helicopter.
Provide students time to test out their helicopter and observe how it works.
Provide students with a copy of the Student resource – paper helicopters.
Display 1.2 PPT ‘Constructing an investigable question’ to support students to use their observations of the helicopter and the video to construct an investigable question, taking into consideration the independent, dependent and controlled variables. Students may come up with investigable scientific questions such as:
Does the length of the rotor blades affect the time the helicopter takes to fall?
Does the width of the rotor blades affect how fast the helicopter spins?
Does folding the rotor blades at different angles affect the direction of spin?
Does the thickness or type of paper (printer paper versus card versus recycled) affect how quickly the helicopter falls?
Does adding extra mass to the bottom (for example, tape or folded paper) affect how quickly the helicopter falls?
Students evaluate the quality of their question using the quality criteria in 1.2 PPT ‘Constructing an investigable scientific question’ and make improvements based on the feedback. Feedback may be provided by asking students questions such as:
What is the independent variable in your question (what will be changed)?
What is the dependent variable (what will be measured)?
How will you control any variables that might affect the results you collect?
Display 1.2 PPT ‘Constructing a scientific hypothesis (2)’ and guide students to construct a hypothesis for their investigation. Students should record this in the Student resource – paper helicopters.
Students describe how the variables will be changed, kept the same or measured.
Guide students to complete the missing components of their results table. Prompts may include:
the independent variable title should be placed in the first cell of column 1
the dependent variable title should be placed in the spanner above the trials and mean
units should be added in brackets where relevant
the table should be given a descriptive title.
Provide students with stopwatches and time to conduct investigations to test the hypothesis that they have developed. Students record their results in Table 2 of the Student resource – paper helicopters.
Allow students time to complete the discussion questions about their investigation before leading a whole-class discussion to analyse and interpret their results, determine whether the hypothesis is supported or refuted and draw an evidence-based conclusion. Sample responses have been provided below.
Sample response: Student resource – paper helicopters
1. Construct an investigable scientific question related to the paper helicopter.
	Does the length of the rotor blades affect the time the helicopter takes to fall?


9. Construct a hypothesis that you will test in your investigation using the ‘If … then … because …’ format.
	If the rotor blades are shorter on a paper helicopter, then the faster it will fall to the ground because there will be less air resistance due to the reduced rotor blade surface.


Complete Table 1 below to plan how you will change your independent variable, which variables you will keep the same and what data you will collect during your investigation.
Table 1 – types of variables
	Type of variable
	Description and how it will be changed, kept the same or measured

	Independent
	Length of the rotor blades – paper helicopters will be made with different rotor blade lengths using the provided template. I will cut off increasing amounts from the rotors between tests.

	Dependent
	Time taken for the paper helicopter to fall – I will use a stopwatch to measure the time from release to landing.

	Controlled
	Same paper type, same folding method, same drop height, same dropper, same location (no fan or wind).


[bookmark: _Ref223526308]Conduct your investigation and record your findings in Table 2 below.
Table 2– the effect of rotor blade length on time taken by the paper helicopter to fall
	Rotor blade length (cm)
	Time taken to fall (s)

	
	Trial 1
	Trial 2
	Trial 3
	Mean

	10
	2.8
	3.0
	2.9
	2.9

	8
	2.3
	2.4
	2.2
	2.3

	6
	1.8
	1.9
	1.7
	1.8


Complete the discussion questions below.
1. What patterns or trends do you notice in your results?
	The data show that helicopters with longer rotor blades took longer to fall, whereas those with shorter blades fell faster.


Do your results support or refute your hypothesis, and will you accept or reject it?
	The hypothesis predicted that shorter rotor blades would make the helicopter fall faster. The results supported this prediction, so I accept the hypothesis.


What conclusion can you draw about the effect of the independent variable on the dependent variable?
	The length of the rotor blades affects the rate of descent. This is likely because longer blades increase air resistance, so the helicopter descends more slowly, while shorter blades reduce resistance, making it descend faster.


How could you improve this investigation if you were to repeat it?
	I could use more trials per blade length to improve reliability. Repeating the investigation to collect more data reduces variation due to random error, thereby improving reliability. I could also ensure the drop height is the same each time and use a more accurate timing method, such as a slow-motion video, instead of a stopwatch.


[bookmark: _Ref208482883]

[bookmark: _Student_resource_–_3][bookmark: _Ref233986037][bookmark: _Toc242171611]Student resource – paper helicopters
In groups of 3 to 4 students, construct a paper helicopter using the provided template and test the investigable scientific question and hypothesis you developed.
1. Construct an investigable scientific question related to the paper helicopter.
	


Construct a hypothesis that you will test in your investigation using the ‘If … then … because …’ format.
	


Complete Table 1 below to plan how you will change your independent variable, which variables you will keep the same and what data you will collect during your investigation.
Table 1 – types of variables
	Type of variable
	Description and how it will be changed, kept the same or measured

	Independent
	

	Dependent
	

	Controlled
	


Conduct your investigation and record your findings in Table 2 below.
Table 2 – ________________________________________________________________
	
	

	
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Mean

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Complete the discussion questions below.
1. What patterns or trends do you notice in your results?
	


Do your results support or refute your hypothesis, and will you accept or reject it?
	


What conclusion can you draw about the effect of the independent variable on the dependent variable?
	


How could you improve this investigation if you were to repeat it?
	


[bookmark: _Ref224631796]

[bookmark: _Toc242171612]1.3 Evaluating online content
Table 10 – learning intentions and success criteria for ‘1.3 Evaluating online content’
	We are learning:
	I can:

	to assess the use of scientific data and information in verifying information
	define ‘reliability’, ‘accuracy’ and ‘validity’ in the context of secondary sources
develop and apply a set of criteria to evaluate the reliability and validity of a secondary source

	to analyse data from investigations
	identify the components of a valid secondary source of information or data

	to develop criteria to solve problems.
	develop and apply criteria to solve a given problem.


[bookmark: _Toc242171613]Developing criteria to evaluate the reliability and validity of online secondary sources
Note: the syllabus requires students to extract information from reliable resources and analyse the validity of information from secondary sources. For information from a source to be valid, it must also be reliable and accurate, which is why accuracy is addressed.
1. Inform students that the reliability of a secondary source refers to the consistency of information with other reliable sources. Display 1.3 PPT ‘Reliability of secondary sources’ and unpack the questions that can be asked to evaluate a secondary source.
Present 1.3 PPT ‘Reliability of secondary sources – red flags’ to provide students with instructions on the features of websites that can indicate their reliability. Speaker notes are provided on the slide, unpacking the red flags on a given website that may indicate it is unreliable.
Present students with a scenario using 1.3 PPT ‘Solving a problem about secondary sources.’
The research question in the scenario is ‘Is blue light from screens harmful to the retina of your eyes?’
The identified problem for the student is establishing whether the online sources he uses for his research question are reliable, accurate and valid.
Inform students that, when conducting research, not all resources they find are reliable and valid. Students should only use reliable, accurate and valid sources when conducting research to support their conclusions. 
Review definitions of ‘reliability’, ‘accuracy’ and ‘validity’ in relation to secondary sources using 1.3 PPT ‘Defining key terms’.
Provide students with the Student resource – developing evaluation criteria.
Display 1.3 PPT ‘Developing evaluation criteria’ (14 slides) to jointly construct the evaluation criteria for reliability, accuracy and validity of online secondary sources. Use the article Will blue light from electronic devices increase my risk of macular degeneration and blindness? to model what to look for while developing each criterion. Notes on each slide support the construction of the evaluation criteria.
As each slide is unpacked, students complete ‘Table 1– developing evaluation criteria for the reliability, accuracy and validity of online secondary sources’ in the Student resource – developing evaluation criteria. A sample response is provided in Table1– sample responses for developing evaluation criteria.
Check for understanding 1: present students with each of the evaluation criteria using 1.3 PPT ‘Check for understanding 1 (2 slides) and ask them to identify whether it relates to reliability, accuracy or validity of online secondary sources. Sample responses have been provided in Table 11.
[bookmark: _Ref241754180]Table 11 – check for understanding 1 sample responses
	Criteria
	Expected response

	The information is current, considering the topic being investigated and the research currently being conducted in that field.
	Reliability

	The information is relevant to the question or topic being investigated.
	Validity

	The source is written by someone with an appropriate scientific background, and the author’s qualifications or expertise relate to the topic in the text.
	Reliability

	The information is consistent with information found in at least 2 other reliable sources.
	Reliability

	The information in the source is both reliable and accurate.
	Validity

	The source is published on a credible medium, such as a recognised scientific organisation, university, government site or reputable science publication.
	Reliability

	The information presented is similar to accepted scientific explanations, data or referenced values (for example, in peer-reviewed journal articles).
	Accuracy

	The source shows minimal or no evidence of bias, such as strong opinions, selective information, or attempts to promote or sell a product.
	Reliability


[bookmark: _Ref223964707]Sample response: Student resource – developing evaluation criteria
[bookmark: _Ref237256038]Table1– sample responses for developing evaluation criteria for reliability, accuracy and validity of online secondary sources
	Question
	Criteria

	Reliability of online secondary sources
	

	Author: Has someone with an appropriate scientific background written the source? What are their qualifications?
	The source is written by someone with an appropriate scientific background, and the author’s qualifications or expertise are relevant to the topic in the text.

	Credible medium: Is the source published on a credible medium?
	The source is published on a credible medium, such as a recognised scientific organisation, a university, a government site or a reputable science publication.

	Bias: Does the source show any evidence of bias?
	The source shows minimal or no evidence of bias, such as strong opinions, selective information, or attempts to promote or sell a product.

	Date published: When was the source published?
	The information is current, given the topic under investigation and the research currently being conducted in that field.

	Consistency of information: Is the information in this source consistent with information in other reliable sources?
	The information is consistent with information found in at least 2 other reliable sources.

	Accuracy of online secondary sources
	

	Scientific accuracy: Is the information in this source consistent with accepted information or reference values?
	The information presented is consistent with accepted scientific explanations, data or referenced values (for example, in peer-reviewed journal articles).

	Validity of online secondary sources
	

	Relevance to the question: Is the information in this source relevant to the topic or question under investigation?
	The information is relevant to the question or topic being investigated.

	Reliable and valid: Is the source reliable and valid?
	The information in the source is both reliable and accurate.


[bookmark: _Ref216769206][bookmark: _Ref223963409][bookmark: _Ref229143567]

[bookmark: _Student_resource_–_4][bookmark: _Toc242171614]Student resource – developing evaluation criteria
Instructions: as a class, co-construct evaluation criteria for the reliability, accuracy and validity of online secondary sources.
Table 1 – developing evaluation criteria for reliability, accuracy and validity of online secondary sources
	Question
	Criteria

	Reliability of online secondary sources
	

	Author: Has someone with an appropriate scientific background written the source? What are their qualifications?
	

	Credible medium: Is the source published on a credible medium?
	

	Bias: Does the source show any evidence of bias?
	

	Date published: When was the source published?
	

	Consistency of information: Is the information in this source consistent with information in other reliable sources?
	

	Accuracy of online secondary sources
	

	Scientific accuracy: Is the information in this source consistent with accepted information or reference values?
	

	Validity of online secondary sources
	

	Relevance to the question: Is the information in this source relevant to the topic or question under investigation?
	

	Reliable and valid: Is the source reliable and valid?
	




[bookmark: _Toc242171615]Evaluating the reliability and validity of online sources – microwaves and cancer
1. Define the term ‘claim’ using 1.3 PPT ‘Defining claim’.
Inform students that it is important to carefully consider whether the information published on an online source is trustworthy before accepting a claim as true. In science, accept claims only when reliable, accurate and valid evidence supports them. To do this, there are 2 things to consider:
Where the claim is published: some websites are more trustworthy than others because they adhere to strict standards for publishing information. For example, universities, government organisations, and reputable health or scientific organisations usually base their information on scientific research and expert review. These sources are more likely to be reliable, accurate and valid. In contrast, claims on personal blogs, social media posts or websites designed mainly to attract attention may not verify information before publishing. This means the claim could be misleading, exaggerated or unsupported by evidence. Knowing where the claim is published helps determine whether the information is likely trustworthy.
The evidence used to support or refute the claim: even if a claim appears on a reliable website, we still need to examine the evidence supporting it. Scientists rely on reliable, accurate and valid sources when evaluating claims. When investigating a claim, scientists compare information from multiple credible sources to assess whether the evidence supports it. Using reliable, accurate and valid sources is important because scientific knowledge is based on evidence. If we rely on poor-quality sources, we may accept incorrect or misleading claims. Carefully evaluating sources helps ensure that conclusions about whether a claim is true are based on trustworthy evidence rather than opinion or misinformation.
Provide students with Student resource – evaluating the reliability and validity of an online source and present Your MICROWAVE Isn’t Convenient—It’s CARCINOGENIC (1:36) using 1.3 PPT ‘Microwaves and cancer’.
1. Identify the claim made in the video and record it in the student resource under ‘What is the question, problem or idea that you are addressing?’
Note: use the principles of the gradual release of responsibility to determine when to move students through modelled, guided and independent practice when evaluating the source for its reliability, accuracy and validity.
Review students’ understanding of the criteria for a source's reliability, accuracy and validity.
Model how to evaluate the video source for its reliability, accuracy and validity by partially completing Table 1 in the Student resource – evaluating the reliability and validity of an online source.
Continue to model, jointly construct, or have students independently complete the remainder of the table. Check students’ understanding of the completed table using the sample response in Table 1 in ‘Sample response: Student resource – evaluating the reliability and validity of an online source’.
Discuss the implications of the source not being reliable, valid or accurate.
The video claims that microwaves cause cancer. The source and the information in it are not reliable, accurate or valid, therefore we should be wary of accepting the claim.
To further determine whether the claim made should be refuted, we should find evidence from reliable, accurate and valid sources that show that microwaves do not cause cancer.
Distribute Student resource – Do microwaves really cause cancer? and work with students to determine if the claim made in the video is true.
Replay the video Your MICROWAVE Isn’t Convenient—It’s CARCINOGENIC (1:36) and support students to identify 3 claims made in the video that they will investigate further. Students record the claims in Table 1 of the Student resource – Do microwaves really cause cancer?
Instruct students to conduct online research to evaluate the claims in the video and complete Parts A, B and C of the Student resource – Do microwaves really cause cancer? To do this, students will need to find evidence from reliable, accurate and valid sources.
Conduct a think-pair-share 1.3 PPT ‘Think-pair-share’ in which students discuss their findings in pairs and share their conclusions with the class.
Check students’ understanding of how to use reliable, accurate and valid sources to support or refute claims using the sample response in Table 1 in ‘Sample response: Student resource – Do microwaves really cause cancer?’
Check for understanding 2: check students’ understanding of the importance of reliable, accurate and valid sources and evidence when accepting or rejecting claims using the true or false question in 1.3 PPT ‘Check for understanding 2’.
True or False
When determining whether a claim is true, it is important to assess both the credibility of the source where the claim is published and the reliability, accuracy, and validity of the evidence used to accept or reject it. (Answer: True.)
Sample response: Student resource – evaluating the reliability and validity of an online source
Note: additional stimulus information has been removed from the sample response.
Table1 – sample response for evaluating the reliability, validity and accuracy of an online source
	Criteria
	Does the source meet these criteria?
	Evidence to support

	Reliability of an online secondary source

	The source is written by someone with an appropriate scientific background, and the author’s qualifications or expertise are relevant to the topic in the text.
	No
	The author is Alex Clark, who runs a health and wellness podcast. She has no expertise in the topic of microwaves or a suitable scientific background to support the claims she makes in the video.

	The source is published in a credible medium, such as a recognised scientific organisation, a university, a government site or a reputable science publication.
	No
	The video is posted on YouTube Shorts rather than on a recognised scientific or government website.

	The source shows minimal or no evidence of bias, such as strong opinions, selective information, or attempts to promote or sell a product.
	No
	The presenter presents only one side of the issue and offers no scientific evidence, data or references to support the claim that microwaves do not cause cancer. Presenting a single perspective without supporting evidence may indicate bias or incomplete information.

	The information is current, given the topic under investigation and the research currently being conducted in that field.
	No
	Although the video was published in 2025, the claim that microwaves cause cancer does not reflect current scientific understanding. Microwave ovens use non-ionising radiation, which does not cause cancer.

	The information is consistent with information found in at least 2 other reliable sources.
	No
	The video correctly explains that microwaves heat food by vibrating water molecules and that this radiation is non-ionising. Other reliable sources do not support the claim that microwaves cause cancer. Health organisations and scientific sources explain that microwave radiation is non-ionising and does not damage DNA (deoxyribonucleic acid) or cause cancer.

	Judgement
	The source is:
	☐ reliable
☒ not reliable

	Accuracy of an online secondary source

	The information presented is consistent with accepted scientific explanations, data or referenced values (for example, in peer-reviewed journal articles).
	No
	The video explains that microwaves heat food by vibrating water molecules and that this radiation is non-ionising, both of which are true and supported by peer-reviewed articles. The claim in the video that microwaves cause cancer is not accurate. Peer-reviewed research on microwave radiation and health effects includes studies such as ‘Epidemiologic Evidence of Radiofrequency Radiation (Microwave) Effects on Health in Military, Broadcasting, and Occupational Studies’ and ‘Biological Effects of Low Power Non-Ionising Radiation: A Narrative Review’. These studies indicate that microwave radiation primarily causes thermal effects rather than DNA damage linked to cancer.

	Judgement
	The source is:
	☐ accurate
☒ not accurate

	Validity of an online secondary source

	The information is relevant to the question or topic being investigation.
	Yes
	The video directly addresses the claim that microwaves cause cancer.

	The information in the source is both reliable and accurate.
	No
	The source is not accurate or reliable.

	Judgement
	The source is:
	☐ valid
☒ not valid


Sample response: Student resource – Do microwaves really cause cancer?
After viewing the video clip on the apparent dangers of microwave use, conduct online research to determine whether the claims in the video are true. Record your findings in Table 1 below.
Part A – research notes
[bookmark: _Ref224026505]Table1 – sample responses for research findings
	Claim from the video
	What did you find out online?
	Reliable and valid source used (website name or link)

	Microwave ovens emit harmful radiation that causes cancer (Clark 2025).
	Microwaves are a form of non-ionising electromagnetic radiation that lacks the energy to damage DNA. A microwave oven is a kitchen appliance that generates microwaves to heat food by causing water molecules to vibrate and produce heat. The radiation used in a microwave oven does not cause cancer.
	World Health Organisation (WHO), Cancer Council Australia

	Food cooked in the microwave becomes toxic.
	There is no evidence that microwaving food makes it toxic. Nutrient loss is comparable to, or less than, that from boiling or frying.
	Harvard Health, Cancer Council Australia

	Standing near a microwave oven increases your risk of cancer.
	Microwave ovens are designed to prevent radiation leakage. Exposure levels remain well below harmful limits if the oven is in good working order.
	United States Food and Drug Administration (U.S. FDA), World Health Organisation (WHO)


Part B – drawing a conclusion
1. Based on your research, do microwaves cause cancer? (Yes, no, not enough evidence)
	No, microwaves do not cause cancer. Substantial evidence supports this.


Give 2 pieces of evidence from your research that support your answer.
	1. Microwaves use non-ionising radiation, which cannot cause cancer because it does not damage DNA.
Major health organisations (WHO, Cancer Council Australia, U.S. FDA) confirm there is no link between microwave use and cancer.


Part C – reflection on sources
Was there anything in your research that made you doubt a source?
	Some blogs and ‘natural health’ sites used emotional language and offered no scientific references, making them less trustworthy.


[bookmark: _Ref224024159][bookmark: _Ref208483426]

[bookmark: _Student_resource_–_6][bookmark: _Ref229144432][bookmark: _Toc242171616]Student resource – evaluating the reliability and validity of an online source
What is the question, problem or idea that you are addressing?
	


Table 1– evaluating the reliability, validity and accuracy of an online source
	Criteria
	Does the source meet these criteria?
	Evidence to support

	Reliability of an online secondary source

	The source is written by someone with an appropriate scientific background, and the author’s qualifications or expertise are relevant to the topic in the text.
	
	

	The source is published in a credible medium, such as a recognised scientific organisation, university, government site or reputable science publication.
	
	

	The source shows minimal or no evidence of bias, such as strong opinions, selective information, or attempts to promote or sell a product.
	
	

	The information is current, given the topic under investigation and the research currently being conducted in that field.
	
	

	The information is consistent with information found in at least 2 other reliable sources.
	
	

	Judgement
	The source is:
	☐ reliable
☐ not reliable

	Accuracy of an online secondary source

	The information presented is consistent with accepted scientific explanations, data or referenced values (for example, in peer-reviewed journal articles).
	
	

	Judgement
	The source is:
	☐ accurate
☐ not accurate

	Validity of an online secondary source

	The information is relevant to the question or topic being investigated.
	
	

	The information in the source is both reliable and accurate.
	
	

	Judgement
	The source is:
	☐ valid
☐ not valid


[bookmark: _Student_resource_–_5][bookmark: _Ref229144450]

[bookmark: _Student_resource_–_7][bookmark: _Toc242171617]Student resource – Do microwaves really cause cancer?
After viewing the video clip on the apparent dangers of microwave use, conduct online research to determine whether the claims in the video are true. Record your findings in Table 1 below.
Part A – research notes
Table 1 – research findings
	Claim from the video
	What did you find out online?
	Reliable and valid source used (website name or link)

	
	
	

	
	
	

	
	
	


Part B – drawing a conclusion
1. Based on your research, do microwaves cause cancer? (Yes, no, not enough evidence)
	


1. Give 2 pieces of evidence from your research that support your answer.
	


Part C – reflection on sources
1. Was there anything in your research that made you doubt a source?
	




[bookmark: _Toc242171618]1.4 Claims that can be investigated scientifically
Table 12 – learning intentions and success criteria for ‘1.4 Claims that can be investigated scientifically’
	We are learning:
	I can:

	to assess the use of scientific knowledge and data when testing claims
	define a claim that can be tested scientifically
outline the criteria for a claim to be tested scientifically through investigation
identify that a claim can be scientific but not scientifically testable
assess if the given claims can be scientifically tested 

	to use scientific methods to evaluate claims.
	design an investigation to evaluate a claim
collect data to investigate a claim
represent and interpret data in a graph to show how it supports or refutes a claim
draw an evidence-based conclusion from an investigation based on a claim.


[bookmark: _Toc242171619]Claims we can investigate
1. Activate students’ prior knowledge of claims by reviewing the definition of a ‘claim’ as an assertion that something is true.
Check for understanding 1: check students’ understanding of claims by providing them with statements and questions, asking them to identify if it is a claim and to provide reasoning for their response using 1.4 PPT ‘Check for understanding 1’ (2 slides). Table 13 below outlines the answers for the given statements.
[bookmark: _Ref240556563]Table 13 – check for understanding 1 sample response
	Statement
	Is it a claim?
	Why?

	Plants need sunlight to grow.
	Yes
	It asserts something as true.

	Chocolate ice cream tastes better than vanilla.
	Yes
	It asserts that something is true.

	Do plants need water to grow?
	No
	This is a question. It is not a statement asserting something to be true.


Introduce and define a ‘scientifically testable claim’ as a statement about a scientific concept that can be investigated by collecting measurable data through observation or experimentation. Tell students:
Every day, we hear claims in advertising, from friends, online and even in school. 
A ‘claim’ is a statement presented as a truth, but it may be true or false.
Not all claims can be tested scientifically. We will learn how to recognise which ones can be investigated using evidence.
1. Display 1.4 PPT ‘Everyday claims’ to show some examples of claims and unpack them using the slide notes.
1. Outline the key features of a claim that can be scientifically tested by investigation using 1.4 PPT ‘Criteria for claims that can be scientifically tested’. Speaker notes on the slide unpack the criteria and the examples provided.
Check for understanding 2: display 1.4 PPT ‘Check for understanding 2’ and check students' understanding of classifying claims as testable or not. Use the elaboration in Table 14 to model for students how to justify their choice using the criteria on 1.4 PPT ‘Criteria for claims that can be scientifically tested’.
[bookmark: _Ref240618629]Table 14 – check for understanding 2 sample response and elaboration
	Claim
	Can it be scientifically tested
	Elaboration

	Salt water freezes at a lower temperature than fresh water.
	Yes
	This claim is testable because it clearly states a measurable scientific concept – freezing temperature. The independent variable (type of water) and the dependent variable (freezing temperature) are clearly defined and other factors, such as container, volume, and freezer, can be controlled. Observations can be made with a thermometer and anyone can repeat the experiment to collect valid data.

	Listening to music makes you happier.
	No
	This claim cannot be tested scientifically because ‘happier’ is vague and subjective. Although it is presented as a statement, the dependent variable cannot be measured objectively, and the independent variable (listening to music) does not produce a clearly defined, measurable outcome. Without precise variables, you cannot collect valid, repeatable data, so the claim is not testable as written.

	Washing hands reduces the amount of germs.
	Yes
	This claim is testable because it clearly states a measurable scientific concept – the number of germs. The independent variable (hand washing) and the dependent variable (number of germs) are clearly defined and other factors, such as group size, exposure and measurement method, can be controlled. Observations can be made by counting microbes or tracking illness rates and the experiment can be repeated to collect valid data.

	Cats are cuter than dogs.
	No
	This claim is not scientifically testable because ‘cuter’ is based on personal opinion and cannot be objectively measured. Although it is written as a statement, there are no clearly defined independent or dependent variables and results would vary between people. Therefore, you cannot collect valid, repeatable data to support or refute this claim.


1. Provide students with the Student resource – Are these claims scientifically testable through investigation?
1. Jointly construct or have students independently complete Table 1 in Student resource – Are these claims scientifically testable through investigation? using the quality criteria in the student resource and using 1.4 PPT ‘Criteria for claims that can be scientifically tested.’
1. Facilitate a class discussion of the completed student resource to check students’ understanding of what makes a claim able to be scientifically tested by investigation using the sample responses in Table 1 in ‘Sample response: Are these claims scientifically testable through investigation?’
Sample response: Student resource – Are these claims scientifically testable through investigation?
Note: additional stimulus information has been removed from the sample response.
Table1– sample response for ‘are these claims scientifically testable by investigation?’
	[bookmark: _Ref208483783]Claim
	Can it be scientifically tested by investigation?
	Why or why not? (Use the provided criteria to construct your response.)

	Cats are better pets than dogs.
	No
	It is written as a statement, indicating that it is a claim. However, this claim cannot be scientifically tested through an investigation. The claim that cats are better than dogs is not based on a scientifically measurable concept. The word ‘better’ is subjective and based on personal preference. It cannot be measured objectively. Because there are no clearly defined variables, an investigation cannot collect valid scientific data to support or refute the claim objectively.

	Increasing the reaction temperature increases enzyme activity.
	Yes
	This claim is stated as a statement. The scientific concept is ‘enzyme activity’, which can be measured objectively. The variables are clearly defined. The independent variable is ‘temperature’, and the dependent variable is ‘enzyme activity’ (the specific measure varies depending on the enzyme and substrate used). This claim can be investigated through laboratory experiments to collect valid data or through a secondary-source investigation.

	Exercise improves health.
	No
	It is phrased as a statement, indicating that it is a claim. However, this claim cannot be scientifically tested through investigation. It is partially based on a broad scientific concept: health. Some aspects, such as heart rate, are measurable, but others, such as mental wellbeing, are harder to measure.
The claim identifies an independent variable, ‘exercise’, and a dependent variable, ‘health’, but it needs further investigation to test it scientifically. If the ‘health’ measure is defined more clearly, a practical or secondary-source investigation could collect valid data. However, as it is written, it is not possible.




[bookmark: _Student_resource_–_8][bookmark: _Ref224123165][bookmark: _Toc242171620]Student resource – Are these claims scientifically testable through investigation?
Instructions: use the criteria below to determine if the claims in Table 1 below are scientifically testable by investigation.
Criteria for a claim that can be scientifically tested by investigation:
☐ It is a statement asserting that something is true.
☐ It is related to a scientific concept that can be objectively measured and is not based on personal preference or opinion.
☐ The independent and dependent variables have been clearly defined (that is, they are specific and not vague).
☐ Valid data to support or refute the claim can be collected from secondary sources or through practical investigation.
Table 1 – Are these claims scientifically testable by investigation?
	Claim
	Can it be scientifically tested by investigation?
	Why or why not? (Use the provided criteria to construct your response.)

	Cats are better pets than dogs.
	
	

	Increasing the reaction temperature increases enzyme activity.
	
	

	Exercise improves health.
	
	


[bookmark: _Ref235781111]

[bookmark: _Testing_a_claim][bookmark: _Toc242171621]Testing a claim
1. Provide students with the claim ‘Black-coloured items heat up more than white-coloured items in the sun.’ Brainstorm, on the board, examples of where this may be seen in real life. For example: car paint colour, car upholstery colour, clothing colour, dark-coloured versus light-coloured picnic tables, roof colour, house cladding colour, pavement colour.
Use think-pair-share to facilitate a discussion about how the claim could be tested at school. This can be facilitated by providing prompt questions on 1.4 PPT ‘Think-Pair-Share investigating a claim’. Students share their ideas back to the class. Lead a discussion about the validity of each investigation and select 4 to 6 suitable options for students to conduct an investigation.
Place students into groups of 3 to 4 and allocate them an investigation to design and conduct using Student resource – testing a claim. Investigations could include the examples outlined in Table 15 below.
[bookmark: _Ref240622831]Table 15 – example investigations to test the claim that black-coloured items get hotter than white-coloured items
	Investigation aim
	Suggestions for the investigation

	To determine how the colour of a T-shirt (black and white) affects temperature.
	Place a micro:bit v2 or a data logger between 2 pieces of each coloured material, then put them in the sun and take measurements over time.

	To determine how paint colour affects the temperature of an object.
	Paint the bulbs of 2 thermometers, one white and one black. Place them in the sun or under a heat lamp and take measurements over time.

	To determine how paint colour (black and white) affects the temperature inside a car. 
	Place data loggers or micro:bit v2 set to log temperature in a white and a black car, parked so they receive the same level of sunlight.

	To determine how a container's colour affects its internal temperature.
	Paint or cover 2 cans – one with white and one with black. Place a thermometer in each can and measure the temperature over time.

	To determine how the colour of a wooden bench affects the temperature of the surface.
	Paint one end of a piece of wood white and the other black. Place it in the sun or under a heat lamp and use an infrared temperature sensor to record the surface temperature of each colour over time.

	To determine how pavement colour affects the surface temperature.
	Place a light-coloured paper and dark-coloured paper in direct sunlight or under a heat lamp. Use an infrared thermometer to measure the surface temperature over time.


Guide students to develop a valid and reliable investigation to test the claim by completing the aim, hypothesis, variables and method sections of the Student resource – testing a claim.
Support students to develop a suitable table to record their results.
Provide students with access to the required equipment to conduct the practical investigation. Support them in conducting their investigations and collecting data.
Guide students in constructing an appropriate graph to represent their data.
Students draw an evidence-based conclusion for their investigation.
Collect students' graphs and display them on the board for the class to observe. Each group should explain how they conducted their investigation and what they concluded. Lead a discussion on how each investigation provided evidence to support or refute the initial claim.
Students summarise the findings from the various groups' investigations in a table such as the example provided in Table 16 below.
Note: in the next lesson sequence, ‘1.5 Evidence to support conclusions’, students will use the findings from the class's investigations to construct a scientific argument showing how a range of evidence supports a claim.
[bookmark: _Ref240625099][bookmark: _Ref235524660]Table 16 – sample investigation summary table template
	Brief outline of the method
	Investigation outcome

	
	


Sample response: Student resource – testing a claim
Design a scientific investigation to test the claim that ‘Black-coloured items heat up more than white-coloured items in the sun.’
Aim
Write an aim for your investigation.
	To determine whether a black T-shirt will heat up more than a white T-shirt when placed in the sun.


Variables
Identify and outline the variables to be measured, controlled and manipulated to ensure the investigation yields valid and reliable results.
	Independent variable
	The independent variable is the colour of the T-shirt (black or white).

	Dependent variable
	A micro:bit will be programmed to measure the temperature inside the T-shirt every 60 seconds.

	Controlled variables
	Place both T-shirts side by side on the same surface in full sunlight.
Both T-shirts are the same brand and style, except for colour.
Measurements for each shirt will be taken concurrently so they are exposed to the same environmental conditions, such as wind.

	Experiment control
	This investigation has no control. It has no natural baseline because it simply compares 2 colours. Therefore, a control treatment is unnecessary, as long as all other variables are kept constant.


Equipment and materials
List the equipment and materials that are needed for the investigation. Include the size and quantity in your list.
	1 × white T-shirt
	2 × micro:bit v2 set to measure temperature

	1 × black T-shirt
	


Method
Develop a step-by-step method for your investigation.
	1. Code 2 micro:bit v2 devices to log the temperature every minute (see Figure 1).
Locate an area that has full sun and an even flat surface. 
Place the T-shirts side by side and ensure the fabric is smoothed out. 
Place a micro:bit inside each T-shirt and start recording the temperature. 
Leave the micro:bit and T-shirts undisturbed for 40 minutes.
Collect the data from the micro:bit and combine it into one spreadsheet.
Graph the data on a line graph.


[bookmark: _Ref240628407]Figure 1 – micro:bit block code to measure temperature every minute
[image: A screenshot of MakeCode for micro:bit. The block code shown sets the micro:bit up to collect temperature data every minute.]
Microsoft MakeCode screenshots used with permission from Microsoft.
Results
Create a table to collect the results for your investigation in the space below.
Table 1 – the effect of fabric colour on the temperature of a T-shirt
	Time (minutes)
	White shirt temp (C)
	Black shirt temp (C)
	Time (minutes)
	White shirt temp (C)
	Black shirt temp (C)

	0
	26
	26
	21
	29
	40

	1
	24
	25
	22
	29
	40

	2
	25
	25
	23
	29
	40

	3
	26
	28
	24
	29
	40

	4
	26
	30
	25
	29
	40

	5
	27
	32
	26
	29
	40

	6
	27
	33
	27
	29
	40

	7
	28
	35
	28
	29
	41

	8
	28
	36
	29
	29
	41

	9
	28
	37
	30
	29
	41

	10
	28
	37
	31
	29
	41

	11
	28
	37
	32
	29
	41

	12
	28
	37
	33
	29
	41

	13
	28
	37
	34
	29
	41

	14
	28
	37
	35
	29
	41

	15
	28
	38
	36
	29
	41

	16
	29
	39
	37
	29
	41

	17
	28
	39
	38
	29
	41

	18
	29
	39
	39
	29
	41

	19
	29
	39
	40
	29
	41

	20
	29
	40
	
	
	


Analysing the data
Decide if the data should be represented in a column (discrete data) or a line (continuous data) graph. 
Add (an) appropriate:
	title
axis labels
	axis scales
axis titles
	key
data points to the graph.


Figure 2 – the temperature of different coloured shirts over time when in full sunlight

* The first 2 measurements should be discounted as the variation occurred during the set-up of the investigation.
Conclusion
Use the claim–evidence–reasoning scaffold to draw a conclusion for your investigation.
	The claim that black-coloured or dark-coloured items heat up more in the sun than white-coloured or lighter-coloured items was tested using 2 T-shirts. The evidence supports the claim that black-coloured items heat up more than white-coloured items in the sun.
The temperature of the white T-shirt rose from 25C at 2 minutes to 29C at 40 minutes, whereas the temperature of the black T-shirt rose from 25C at 2 minutes to 41C at 40 minutes. This is a difference of 12C. This occurred because black-coloured surfaces absorb a greater proportion of the sun's light energy and convert more of it into thermal energy, causing them to heat up more quickly and reach higher temperatures.
In contrast, white-coloured surfaces reflect more incoming sunlight, absorb less thermal energy and therefore remain cooler. Under the conditions of this investigation, the data provides strong evidence that black-coloured clothing heats up more than white-coloured clothing when exposed to sunlight.




[bookmark: _Student_resource_–_9][bookmark: _Ref235106313][bookmark: _Toc242171622]Student resource – testing a claim
Design a scientific investigation to test the claim that ‘Black-coloured items heat up more than white-coloured items in the sun.’
Aim
Write an aim for your investigation.
	To determine …


Variables
Identify and outline the variables to be measured, controlled and manipulated to ensure the investigation yields valid and reliable results.
	Independent variable
	How will this variable be changed?

	Dependent variable
	How will you measure this variable?

	Controlled variables
	How will each variable be controlled?

	Experiment control
	What is the experiment control? Why is it needed or not needed in this investigation?


Equipment and materials
List the equipment and materials that are needed for the investigation. Include the size and quantity in your list.
	
	

	
	

	
	

	
	[add more rows as required]


Method
Develop a step-by-step method for your investigation.
	


Results
Create a table to collect the results for your investigation in the space below.


Analysing the data
Decide if the data should be represented in a column (discrete data) or a line (continuous data) graph.
Add (an) appropriate:
	title
axis labels
	axis scales
axis titles
	key
data points to the graph.



Conclusion
Use the claim–evidence–reasoning scaffold to draw a conclusion for your investigation.
	




[bookmark: _Toc242171623]1.5 Evidence to support conclusions
Table 17 – learning intentions and success criteria for ‘1.5 Evidence to support conclusions’
	We are learning:
	I can:

	to assess the use of scientific knowledge and data when testing claims
	identify the evidence which supports a claim
construct a written scientific argument about a claim

	to use strategies to solve problems
	evaluate a claim using scientific knowledge
identify how evidence in scientific investigations can be used to support or refute a claim

	to communicate scientific arguments.
	use appropriate terminology to communicate evidence and reasoning
identify the audience and purpose of an argument
explain scientific concepts to support a written argument.


[bookmark: _Toc242171624]What is a scientific argument?
Note: claim–evidence–reasoning is a widely used scaffold for scientific argumentation. Students have been taught to use this framework to draw conclusions throughout Stages 4 and 5. In Data science 2, we extend students' understanding of scientific arguments to include additional evidence sources and more complex reasoning.
Check for understanding: display 1.5 PPT ‘Check for understanding ’ to activate students' prior knowledge of claims from previous lessons by asking them to select the statement that best describes a scientific claim:
a) An opinion that cannot be tested.
b) A statement about the natural world that can be supported or challenged using evidence. 
c) A question that a scientist wants to investigate.
d) A list of observations collected during an experiment.
1. Present students with an outline of what constitutes a scientific argument, in terms of the purpose of the written text and its context, using 1.5 PPT ‘What is a scientific argument?’.
Display 1.5 PPT ‘Claim–Evidence–Reasoning (CER) as a worked example of the simplest form of a scientific argument, the CER scaffold, for drawing a conclusion. That is, a conclusion responding to a claim.
Explicitly highlight the features of a scientific argument, highlighting the main structural components of ‘claim’, ‘evidence’, and ‘reasoning’ using 1.5 PPT ‘Scientific arguments’. Draw students’ attention to the idea that multiple sources of evidence and reasoning are used in a quality scientific argument to support the claim. The scientific arguments poster is available for printing for the classroom.
Provide students with a copy of the Student resource – ceiling insulation scientific argument.
As a class, engage with the text. Provide additional context for the claim by discussing the cost of heating in winter if heat is lost through the floor, walls and ceiling.
Guide students to respond to the questions and extract information from the scientific argument.
Sample response: Student resource – ceiling insulation scientific argument
Scientific argument: houses with ceiling insulation lose heat more slowly than houses without ceiling insulation.
The available evidence strongly supports the claim that houses with ceiling insulation lose heat more slowly than houses without ceiling insulation.
Evidence from 2 investigations showed a consistent pattern. In Investigation 1, students built 2 identical cardboard model houses. One had polyester insulation in the roof cavity, while the other had no insulation. Both houses were heated to 40.0°C before removing the heat source. After 30 minutes, the insulated house had cooled to 31.8°C, while the uninsulated house had cooled to 24.9°C. This meant that the insulated house lost 8.2°C, compared with 15.1°C for the uninsulated house, demonstrating that insulation reduced heat loss.
Investigation 2 compared 4 insulation materials in identical model houses. Houses insulated with polyester batts, fibreglass and wool all cooled more slowly than the uninsulated model. Although each material varied in effectiveness, every insulated house retained more heat than the uninsulated house, further supporting the idea that ceiling insulation slows heat loss.
The Australian Government website, YourHome, supports these findings. They explain that warm air rises, making the ceiling a major pathway for heat loss. Insulation traps pockets of air, which are poor conductors of heat, reducing heat transfer by conduction and limiting convection. This scientific explanation is consistent with the results from both investigations.
The evidence is reasonably reliable because each investigation repeated trials and used mean temperatures to reduce random error. The investigations were also valid because the model houses were identical, heated to the same starting temperature and tested under the same conditions. The only variable intentionally changed was the presence or type of ceiling insulation. 
However, the investigations have limitations. The investigations used small model houses, which do not fully represent real homes where factors such as draughts, windows, wall insulation and ventilation also affect heat loss. Despite this, the consistent results across multiple investigations, along with their agreement with accepted scientific principles, increase confidence in the findings.
Overall, the combined evidence from multiple investigations and secondary sources strongly supports the claim that houses with ceiling insulation lose heat more slowly than houses without ceiling insulation.
1. Highlight the following items in the text using different colours:
1. Claim
Evidence 
Reasoning
Extract information from the text to summarise how the evidence supports the claim.
Table 18 – sample response for summary of how the evidence supports the claim
	Source of evidence
	What does the evidence show?
	Does it support the claim?

	Investigation 1
	The uninsulated model house cooled more than the insulated one after 30 minutes.
	Yes

	Investigation 2
	All house models with insulation performed better than the house model with no insulation. That is, they stayed warmer and cooled less.
	Yes

	YourHome website
	Ceilings are a pathway for losing heat in a house. Insulation traps pockets of air, which are poor conductors of heat, reducing the heat transfer from inside the house through the roof. 
	Yes


What scientific concepts have been used to explain the evidence?
	Warm air rises because it is less dense than cold air.
Heat transfer – a non-conductive material is used for insulation. The trapped air is also a poor conductor of heat. 


Which feature of this argument makes it most convincing? Justify your answer using information from the text.
	Multiple sources conclude the same thing – ceiling insulation reduces heat loss from the house. Drawing on multiple reliable sources strengthens the argument.


Who is the audience and what was the purpose of this argument?
	The audience is homeowners who would benefit from understanding how roof insulation affects the internal temperature of their homes. The purpose is to improve homeowners' understanding of the benefits of insulating their homes.




[bookmark: _Student_resource_–_10][bookmark: _Ref235705947][bookmark: _Toc242171625]Student resource – ceiling insulation scientific argument
Scientific argument: houses with ceiling insulation lose heat more slowly than houses without ceiling insulation.
The available evidence strongly supports the claim that houses with ceiling insulation lose heat more slowly than houses without ceiling insulation.
Evidence from 2 investigations showed a consistent pattern. In Investigation 1, students built 2 identical cardboard model houses. One had polyester insulation in the roof cavity, while the other had no insulation. Both houses were heated to 40.0°C before removing the heat source. After 30 minutes, the insulated house had cooled to 31.8°C, while the uninsulated house had cooled to 24.9°C. This meant that the insulated house lost 8.2°C, compared with 15.1°C for the uninsulated house, demonstrating that insulation reduced heat loss.
Investigation 2 compared 4 insulation materials in identical model houses. Houses insulated with polyester batts, fibreglass and wool all cooled more slowly than the uninsulated model. Although each material varied in effectiveness, every insulated house retained more heat than the uninsulated house, further supporting the idea that ceiling insulation slows heat loss.
The Australian Government website, YourHome, supports these findings. They explain that warm air rises, making the ceiling a major pathway for heat loss. Insulation traps pockets of air, which are poor conductors of heat, reducing heat transfer by conduction and limiting convection. This scientific explanation is consistent with the results from both investigations.
The evidence is reasonably reliable because each investigation repeated trials and used mean temperatures to reduce random error. The investigations were also valid because the model houses were identical, heated to the same starting temperature and tested under the same conditions. The only variable intentionally changed was the presence or type of ceiling insulation. 
However, the investigations have limitations. The investigations used small model houses, which do not fully represent real homes where factors such as draughts, windows, wall insulation and ventilation also affect heat loss. Despite this, the consistent results across multiple investigations, along with their agreement with accepted scientific principles, increase confidence in the findings.
Overall, the combined evidence from multiple investigations and secondary sources strongly supports the claim that houses with ceiling insulation lose heat more slowly than houses without ceiling insulation.
1. Highlight the following items in the text using different colours:
1. Claim
Evidence
Reasoning
Extract information from the text to summarise how the evidence supports the claim.
Table 1 – summary of how the evidence supports the claim
	Source of evidence
	What does the evidence show?
	Does it support the claim?

	
	
	

	
	
	

	
	
	


What scientific concepts have been used to explain the evidence?
	


Which feature of this argument makes it most convincing? Justify your answer using information from the text.
	


Who is the audience and what was the purpose of this argument?
	




[bookmark: _Toc242171626]Writing a scientific argument
1. Tell students that, having learned about scientific arguments, they are going to have a go at constructing one.
Activate students’ prior knowledge of the practical investigation covered in 1.4 Testing a claim. Students will need access to the summary table they created for the investigation, as they will use it to form some of the evidence in their scientific argument.
Provide students with a copy of the Student resource – writing a scientific argument and support them to plan their argument by:
summarising the findings of 3 investigations supporting their argument
summarising information from secondary sources relevant to the claim, which can be used to support the argument with further evidence and scientific reasoning.
Support students in constructing a written scientific argument that draws on the collected evidence and information about the claim.
Students provide each other with feedback on their scientific argument by completing ‘2 stars and a wish’. A ‘star’ is positive feedback and a wish is a suggestion for improvement.
Differentiation: the level of scaffolding for the scientific argument can be varied based on student need:
1. Display 1.5 PPT ‘Scientific arguments’ for all students.
2. Provide paragraph-level prompts as shown in Table 19, column 1
3. Provide sentence starters such as those shown in Table 19, column 2.
[bookmark: _Ref240638079]Table 19 – scientific argument scaffold with sample sentence starters
	Step
	Guiding prompts or sentence starters

	Claim – state the claim
	The current scientific consensus is that …

	Evidence (×3) – identify and briefly summarise at least 3 pieces of evidence from reliable sources (for example, observations, experiments, models and/or secondary sources).
	One piece of evidence comes from … or The data shows …
The investigation showed that …
This supports the claim because …
The relationship between the variables shows that …
Based on the available evidence, it can be argued that …
Evidence from the investigation demonstrates that …

	Reasoning – explain how each piece of evidence supports the claim. Link your evidence to scientific principles.
	This evidence supports the claim because …
This can be explained by …
The evidence is strong because …

	Alternative explanations – Are there other possible explanations? Why is the scientific consensus more convincing?
	On the other hand …
An alternative explanation is that …
Another interpretation of the evidence could be …
However, this explanation is less convincing because …

	Conclusion – draw a conclusion which outlines the extent to which the evidence supports the claim.
	Overall, the range of evidence strongly supports the claim that …
Based on the collected evidence, it can be concluded that …
The findings from both primary and secondary sources indicate that …
Evidence from different sources consistently showed …


Sample response: Student resource – writing a scientific argument
Note: additional stimulus information has been removed from the sample response.
1. Summarise the findings of at least 3 investigations that support the claim.
Table 20 – sample response for summary of investigation findings
	Investigation
	Summary of findings
	Was the investigation valid and reliable?
	Do the findings support the claim?

	To determine how the colour of a T-shirt (black and white) affects temperature.
	The black T-shirt heated up 12C more than the white T-shirt over 40 minutes. 
	Yes. All variables other than T-shirt colour were controlled.
	Yes

	To determine how paint colour affects an object's temperature.
	The white-painted thermometer bulb increased by 19°C, whereas the black-painted thermometer bulb increased by 38°C over 15 minutes.
	Yes, all other variables were controlled. The investigation was repeated several times. 
	Yes

	To determine how the colour of a wooden bench affects the temperature of its surface.
	The painted wood heated at different rates. The white-painted wood heated by 10C and the black-painted wood heated by 21C in full sunlight.
	Yes, multiple measurements were taken on the white and black surfaces using the infrared thermometer. The starting temperature was the same.
	Yes


Conduct secondary source research, using reliable sources, on the effect of colour on heat absorption. Document your findings in the table below.
Table 21 – sample responses for summary of findings on the effect of colour on heat absorption
	Source, URL and reason for selecting the source
	Outline of relevant data or information related to the claim
	Does the information support the claim?

	Anderson’s Painting LLC
https://andersonspaintingllc.com/how-much-does-paint-color-affect-house-temperature/ 
This source provides consumer information on how external paint colour affects house temperature. It is intended to be informative.
	Dark shades of paint used on the external surfaces of a house absorb a high percentage of the sun’s infrared energy. This absorbed energy raises the surface temperature and transfers to the home’s structural components.
In hot areas, use lighter colours on the roof and walls, as this reduces the amount of the sun’s energy absorbed.
	Yes

	Science learning hub https://www.sciencelearn.org.nz/resources/heat-energy
https://www.sciencelearn.org.nz/resources/1747-using-solar-energy 
This is a New Zealand educational website for science. It provides information on thermal energy and light absorption that I can understand. It appears to present factual information.
	‘Radiation’ is a method of heat transfer that does not require particles to carry heat energy. Instead, it transfers heat as infrared waves (part of the electromagnetic spectrum). Heat waves radiate out from hot objects in all directions, travelling at the speed of light, until they hit another object. When this happens, the heat energy carried by the waves can be either absorbed or reflected.
Scientists have found that dark-coloured objects become warmer than light-coloured ones in sunlight. This is because dark colours absorb more light energy. The sun's light energy causes the object's particles to vibrate, converting light energy into heat energy. The heat energy is then radiated as infrared light.
Buildings in cooler countries are often designed to face the sun to capture more solar heat. Painting walls dark colours, including black, makes surfaces very effective at absorbing light and converting it to heat. In hot parts of the world, people paint their houses white or other light colours to reflect solar energy and help keep their houses cool.
	Yes


Identify the audience and purpose of the argument you will construct. The claim is quite open, so this is your opportunity to narrow the argument's purpose.
	I selected the school executive as my audience because my argument aims to persuade them to paint all the lunch tables in lighter colours, so they do not burn our legs as much in summer.


Use the collected evidence to construct a scientific argument that addresses the claim. Use paragraphs to sequence the argument logically. The final paragraph should conclude the argument. 
	What colour should the school paint outdoor lunch tables?
The available evidence strongly supports the claim that ‘Black-coloured surfaces heat up more than white-coloured surfaces when exposed to sunlight or a heat lamp.’ Therefore, the school executive should choose white or another light-coloured paint for outdoor lunch tables to reduce surface temperatures and improve student comfort and safety.
Three investigations produced consistent evidence supporting this claim. In the first investigation, a black T-shirt increased in temperature by 12°C more than a white T-shirt over 40 minutes when both were exposed to the same sunlight. In the second investigation, a black-painted thermometer bulb increased by 38°C, while the white-painted bulb increased by only 19°C over 15 minutes. In the third investigation, a black-painted wooden surface heated up by 21°C, compared with 10°C for the white-painted surface. Across all 3 investigations, only the object's colour changed, while other variables were controlled. The investigations were repeated or included multiple measurements, making the evidence both valid and reliable. Importantly, every investigation showed the same pattern – black surfaces became much hotter than white surfaces.
Two secondary sources also support these findings. The Science Learning Hub explains that dark-coloured objects absorb more light energy from the sun than light-coloured objects. This absorbed light energy is converted into heat, causing dark surfaces to become warmer. The resource also explains that white and other light-coloured surfaces reflect more of the sun's energy, reducing the heat they absorb. Similarly, Anderson’s Painting LLC explains that dark exterior paint absorbs more of the sun's infrared energy, increasing surface temperatures, while lighter colours reduce heat absorption and help keep buildings cooler. These scientific explanations clearly account for the patterns observed in the investigations.
The evidence is particularly convincing because it comes from multiple independent investigations using different materials, including fabric, painted glass and wood, and is supported by independent secondary sources that explain the underlying science. Although the investigations used small-scale models rather than full-sized outdoor tables, the same scientific principle of light absorption and reflection applies to any painted surface exposed to sunlight. This means the findings can reasonably be applied to outdoor school furniture.
An alternative view is that the type of paint, the table material or weather conditions may influence how hot a surface becomes. While these factors can affect the exact temperature reached, they do not explain the consistent pattern o
Tarynbserved across all 3 investigations. In every case, the black surface became substantially hotter than the white surface when all other variables were controlled. This indicates that colour significantly affects surface temperature.
Overall, the evidence strongly supports the claim that black surfaces heat up more than white surfaces in sunlight. The investigations were valid, reliable and consistent, and their findings are supported by established scientific knowledge on the absorption and reflection of light energy. Based on this evidence, the school executive should select white-coloured or another light-coloured paint for outdoor lunch tables to minimise heat absorption, reduce surface temperatures and create a safer, more comfortable environment for students.




[bookmark: _Student_resource_–_11][bookmark: _Ref235782536][bookmark: _Toc242171627]Student resource – writing a scientific argument
You will use a range of evidence from investigations and secondary sources to construct an argument for the claim ‘Black-coloured items heat up more than white-coloured items in the sun.’ When constructing your argument, you should consider the audience and purpose – that is, why is this important?
1. Summarise the findings of at least 3 investigations that support the claim.
Table 22 – summary of investigation findings
	Investigation
	Summary of findings
	Was the investigation valid and reliable?
	Do the findings support the claim?

	
	
	
	

	
	
	
	

	
	
	
	


Conduct secondary source research, using reliable sources, on the effect of colour on heat absorption. Document your findings in the table below.
Table 23 – summary of findings on the effect of colour on heat absorption
	Source, URL and reason for selecting the source
	Outline of relevant data or information related to the claim
	Does the information support the claim?

	
	
	

	
	
	

	
	
	


Identify the audience and purpose of the argument you will construct. The claim is quite open, so this is your opportunity to narrow the argument's purpose.
	


Use the collected evidence to construct a scientific argument that addresses the claim. Use paragraphs to sequence the argument logically. The final paragraph should conclude the argument.
	


Peer feedback: Two stars and a wish (to be completed by your partner)
	[image: Star outline]
	

	[image: Star outline]
	

	[image: Thought bubble outline]
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