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 Chemistry in the kitchen • Lesson 1 • Ingredients for changeLESSON 1
LAUNCH

	To read the most recent version of this lesson, download associated resources, and view embedded professional learning including classroom videos and work samples, visit: https://primaryconnections.org.au/teaching-sequences/year-6/chemistry-kitchen/lesson-1-ingredients-change 



Lesson overview
Students are introduced to the sequence content—classifying and comparing reversible and irreversible changes to substances—and the context: making observations about the food that is prepared in their kitchen, in preparation for sharing/explaining the changes food undergoes.
Key learning goals
Students will: 
· examine food items and identify their components and any changes that occurred during the preparation of the food.
· consider if these changes can be reversed.
· identify what they think they know about changes.
Students will represent their understanding as they: 
· share and discuss their observations of the food items and the changes they may have undergone.
· ask questions about changes.
· record prior learning about changes.
Assessment advice
In the Launch phase, assessment is diagnostic.
Take note of:
· students’ ideas about changes, particularly what types of changes are made to food ingredients and if these changes can be reversed.
· the embedded professional learning Students’ conceptions and alternative conceptions in the Elicit step of this lesson.
List of materials
Whole class
· Class science journal (digital or hard-copy) 
· Audio-visual equipment to view images and or videos
· Videos that show food being prepared, for example:
· Zucchini and cheese (0:20)
· Soft cake base (0:10)
· Fruit salad (0:22)
· Sticky notes or slips of paper
· Demonstration copy of the My kitchen observations Resource sheet
Each group 
· A food, or images of a food, to examine. Each group should have a different food item. These might include:
· foods in as unchanged a state as possible, such as:
· whole fruits and vegetables, or fruits and vegetables that have been cut.
· rice, grains and legumes.
· items that can be combined to make other foods, such as:
· flour, water and salt (to make pasta).
· soluble solids in liquids, such as:
· salt + water. Note that observations of a salt water solution are used in Lesson 2 so one should be included in this lesson.
· Liquids that can be combined, such as:
· milk and vinegar/lemon juice.
· Food that are a combination of ingredients, such as:
· breads, cakes or other baked goods.
· salads.
· Foods that have been cooked, such as:
· cooked meats and vegetables.
Note: Be aware of any potential allergies before introducing food items to students. Images of food/food components can be used for this task if more appropriate for your students and context.
Each student
· Individual science journal (digital or hard-copy)
· My kitchen observations Resource sheet

	Lesson routine
	Estimated time
	Task type

	Experience and empathise
	10 minutes
	Whole class/Small group

	Elicit 
	30 minutes
	Whole class

	Anchor and Connect
	15 minutes
	Whole class

	Question
	15 minutes
	Whole class/Individual
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Launch
Experience and empathise • Examining food
In collaborative teams, students will observe and explore foods or food components, determining what they are/contain, if and how any components have been changed, and if these changes can be reversed.
Provide each team with a different food or food component to examine. See the List of materials above for suggestions. 
Note: Be aware of any potential allergies before introducing food items to students. Images of food/food components can be used for this task if more appropriate for you students and context.
Challenge each team to make initial observations about their food/food components in their science journal, including:
· What is the food you are examining?
· What ingredients do you think it contains?
· Have the ingredients been changed in any way already? For example, have they been cut, peeled, mixed, cooked?
· Can the ingredients be further changed in any way? If so, how?
· Are you able to separate the ingredients easily? 
· How might you separate the ingredients?
· If/when the ingredients are separated, will they be in their original form, or will something about them still be changed from the original form?
Teams record their ideas on a mind-map.

Elicit • What’s in food?
Undertake a gallery walk so that teams may observe other teams’ food items and ideas recorded on their mind-maps. Huddle at each group and discuss each food and the team's ideas about them—allowing each team to present their thinking and giving other teams an opportunity to ask questions and give ideas. 
Potential discussion prompts
· What food item did you examine? 
· Was it changed, and if so, how?
· Can the change be reversed? Why/why not? How?
· What other food items could be made with similar ingredients?
Revise/introduce the terms ‘physical changes’, ‘reversible’ and ‘irreversible’.
With students, create a data table recording each food item and the changes it has undergone. Note if students think these changes were simply physical changes (the ingredient/material stayed the same, but the shape was changed), and if they think this change can be reversed.
Highlight the difference between everyday language and scientific language by discussing instances where physical changes can be considered hard to undo in an everyday sense. For example, a tomato is physically changed when it is sliced, however, this change can only be partially reversed if you put the slices next to each other, so they resemble the original tomato. The tomato cannot be unsliced.
[image: ] 
Begin building a class TWLH chart by recording what students THINK they know about the changes in general, as well as the changes food undergoes as it is prepared, stored etc. in the T section of the chart. Demonstrate the affinity between students’ ideas and understandings in the following way:
1. Students list any learnings they remember from previous years about changes in general. They write one idea per slip of paper or sticky note.
· Consider limiting the number of ideas students can contribute at the present time. They can always add more ideas later.
· Provide the following prompts as a reminder as needed:
· Year 2—learning about how materials can be changed by bending, folding, twisting, scrunching, tearing, cutting, etc., but they are still the same material.
· Year 3—learning that heating and cooling solids and liquids can make them change.
· Year 4—learning about the water cycle and how water becomes clouds, which then become water again as rain.
· Year 5—learning about how gases change with heating and cooling.
2. Ask a student to share something they think they know about changes.
3. Other students who wrote down the same/similar ideas share their thoughts.
4. Add these slips of paper/sticky notes collectively to the T column of the TWLH chart.
5. Ask other members of the class (who did not share this idea) if they would agree with it. Record this information in an appropriate way. For example, as a number, a percentage, or a sentence: “Most students who didn’t share this idea said they agreed with it”.
6. Repeat this process, focusing on the changes that food undergoes as it is prepared, stored etc.
7. If an idea is shared that should be grouped with one that has already been added to the chart, ask students if they think this is a new idea or if it is similar to one already shared.

Anchor and Connect • Can we go back?
Watch a video or short clip that shows food being prepared. Some examples are provided below or you might like to find your own.
· Zucchini and cheese (0:20)
· Soft cake base (0:10)
· Fruit salad (0:22)
After watching each clip, list the ingredients shown and any changes they underwent. For example, fruits and vegetables may have been sliced, cheese melted, flour mixed with eggs and sugar and baked.
Next, ask students if they think any of the ingredients have become something new after undergoing these changes. Record students’ ideas in the class science journal.
Potential discussion prompts
Some of the below questions are based on the ingredients visible in the clips above. Make any changes or additions required due to the clips you choose to view.
· What change can we see occurring to the ingredients in the video?
· Is the tomato still a tomato, the cheese still cheese, or the flour still flour? 
· Can you still ‘pick out’ each ingredient in the final product?
· Have the ingredients been combined to create something else? Or something new?
· How does adding sugar/salt change food? 
· Can you tell if it has/hasn't been added to food?

Explain to students that during this sequence they will:
· make detailed observational notes about the food storage and preparation methods that occur in their home kitchens, including ingredients/foods and utensils used as well as the cooking methods.
· work like scientists to investigate changes so that they are able to understand why certain ingredients and items are used in the kitchen.
· create a Chemistry in my kitchen experience at the end of the sequence, to share with a selected audience. 
· This task can be modified to suit your students’ specific needs and context. See the ‘Selecting a focus for the Act phase’ section in the Preparing for this sequence tab.
· Optional: If known, explain the specific requirements of the Chemistry in my kitchen experience for students. Otherwise, discuss options with students and allow them to select what they would like to do to demonstrate their learning.
Introduce the My kitchen observations Resource sheet. Discuss, and demonstrate if required, how students might complete the table over the course of the sequence. Include any parameters that you feel will be useful and achievable for students, for example:
· observing the preparation of a variety of meals (breakfast, lunch. dinner, snacks) and recording at least 3 observations per week.
· assisting in the preparation of meals.
· attending and/or observing community or family festivals and events involving food.
· interviewing family members about specific cultural food traditions.
Students might record their observations in situ at home, or you might provide time during the school day for students to record what they have observed at home or elsewhere.
[image: ] 

Question • What do we want to know?
Use the Question Formulation Technique to brainstorm questions to add further questions to the ‘What we want to know’ column of the class TWLH chart. Prompt students to ask a broad range of questions about substances changing by referring to ideas from this lesson, including: 
· the foods they observed and the changes the foods underwent.
· learnings about changes in previous years.
· changes to food.
· other changing substances students have an interest in.

Reflect on the lesson
You might: 
· begin a class word wall or glossary of relevant terms and images that students will likely use through the sequence.
· review the class TWLH chart.



			Chemistry in the kitchen • Lesson 1 • Ingredients for change
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 Chemistry in the kitchen • Lesson 2 • That’s saltyLESSON 2
INQUIRE

	To read the most recent version of this lesson, download associated resources, and view embedded professional learning including classroom videos and work samples, visit: https://primaryconnections.org.au/teaching-sequences/year-6/chemistry-kitchen/lesson-2-thats-salty 



Lesson overview
Students investigate reversible change and the process of dissolving by creating a saturated salt solution then evaporating the water to retrieve the salt.
Key learning goals
Students will: 
· investigate the amount of salt required to create a saturated solution.
· consider whether creating the salt solution is a physical or chemical change and whether it is reversible or irreversible.
Students will represent their understanding as they: 
· make and discuss claims about dissolving and retrieving the salt.
· (optional) record the mass of salt and water before and after combining.
Assessment advice
In this lesson, assessment is formative.
Feedback might focus on:
· students’ explanation of dissolving results and evaporation results.
· the conclusions that students draw about conditions affecting evaporation rates.
List of materials
Whole class
· Class science journal (digital or hard-copy) 
· Jar/glass of salty water
· Glass/cup
· Salt
· Water
· Optional: Digital scales
· Optional: Demonstration copy of the Dissolving salt Resource sheet
· Optional: Videos on how salt is made and its importance in making and preserving food, for example:
· Separate a saltwater mixture by distillation (4:09)
· Timelapse salt crystal formation (0:39)
· How salt is made – in a greenhouse in New Jersey USA (3:20)
· How sea salt is made – by boiling and heated tanks in Oregon USA (5:13)
· How salt is reclaimed from the sea – 1950 footage in South Australia (2:13)
· Australia’s mega salt mine – started operating 2025 (2:54)
· Why salt is the most important ingredient in history (7:16)
Each group 
· 1 x transparent jar or cup
· Salt (approx. 300 g)
· Approximately 100 ml of warm water
· Dry ½ teaspoon measurement for adding salt
· Stirrer such as spoon or pop stick
· Optional: Access to digital scales
· Marker such as whiteboard or permanent marker
· Piece of rough string/wool or pipe cleaner
· Pop stick or pencil to tie string to
· Paperclip to help the string stay submerged in the water
Each student
· Individual science journal (digital or hard-copy)
· Dissolving salt Resource sheet
· My kitchen observations Resource sheet (ongoing)

	Lesson routine
	Estimated time
	Task type

	Re-orient
	5 minutes
	Whole class

	Question
	10 minutes
	Whole class

	Investigate
	15 minutes
	Whole class/Small groups

	Integrate 
	20 minutes
	Whole class

	Investigate 
	15 minutes
	Whole class/Small group

	Integrate
	15 minutes
	Whole class 
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Inquire 
Re-orient 
Recall the previous lesson, focusing on the observations of the salt and water solution.

Question • Dissolving
Show students a jar of water with some salt dissolved in it. Before telling them what it is, record students’ observations about what is in the jar. 
Identify that the jar contains salty water and explain how you made it salty by dissolving salt into the water. Do not state how much salt has been dissolved into the water.
Discuss the meaning of the word dissolve, defining it for students as required: when a substance breaks down and spreads evenly throughout a liquid. 
Ask students how they might identify if water is salty (e.g. it sometimes looks whitish, it might taste salty) and where they might find/use salty water (e.g. the ocean, some inland rivers/lakes, we add salt to water when cooking, sometimes we might gargle with it). 
Pose the questions: How much salt can be dissolved in water? and Is there a way to separate the salt from the water again?
Explain to students that they will first undertake an investigation to answer the question How much salt can be dissolved in water?

Investigate • How salty?
Working in teams, students investigate how much salt can be dissolved in 100 ml of water. 
Discuss how students will measure how much salt they are putting into the water, for example:
· by counting how many half teaspoon measures of salt they put into the water before it no longer dissolves.
· by weighing the water before and after adding salt (optional).
Ask students how they will know if the salt is no longer dissolving and discuss the importance of proceeding slowly in stirring and waiting for the salt to dissolve. 
Model the process for students:
1. Pour 100 ml of water (room temp) into a jar/cup.
2. Mark the side of the jar/cup to show the water level.
3. Optional: Weigh the jar/cup and record the weight for comparison later.
4. Add half a teaspoon of salt at a time, stirring and recording observations on a demonstration copy of the Dissolving salt Resource sheet.
Ask students to give reasoned predictions about how much salt can be dissolved in 100 ml of water and record their predictions and reasons on their Dissolving salt Resource sheet or in their science journals. 
Remind students:
· to stir carefully, and it might take time for the salt to dissolve.
· to stop adding salt when they can see it has stopped dissolving.
Allow time for teams to dissolve the salt and complete their observations. 
Once students can no longer dissolve any more salt, they can mark the new water level on their jar. If the students also weighed their jar before commencing, they should now weigh their jar again. 
Remind students that they should only taste things that you indicate are safe. 

Integrate • Comparing results
	In this Integrate step, guide students to link their experiences in the investigation to the science concept being explored—in this instance, that solid substances can be changed and dissolved by liquids.
Through questioning and discussion, students should come to a consensus that:
· salt can be changed by water, with the water causing it to dissolve.
· once dissolved the salt is still present in the water.
· there is evidence that the salt is still present, namely that:
· the water level/weight will have increased.
· the water will now taste salty.
· when saturation has been reached the water may look cloudy. 


Ask teams to share their results. In the class science journal, record the number of half teaspoons dissolved by each group.
Model how to calculate the average values for each volume of water and discuss the reason for doing so.
[image: ] 
Potential discussion prompts
· What advantage is there in analysing the results from all groups? 
· Comparing groups allows us to know if the result is consistent.
· Why might the results differ across groups? 
· Some sources of error might be:
· sampling error, such as a small difference in the amount of salt per half teaspoon or slightly different water quality.
· observation error, for example, one group didn’t notice that the salt had stopped dissolving.
· Why would we want to work out the average result across all the groups? How is that helpful?
· It should provide us with a value that is closer to the real value, because it ‘evens out’ some of the errors that may have been made. 
Discuss the process of dissolving salt in water, prompting students to explain what they think was happening. Record their ideas in the class science journal.
Potential discussion prompts
· What has happened to the salt? Where has it gone?
· Optional: Ask a student/s to taste a glass of water and confirm it is just water. Dissolve a small amount of salt in the water and ask the student to taste it again, describing the difference, and confirming that the salt is still present in the water, even though it can no longer be seen.
· What changes have occurred to the salt in the water?
· What did you observe to know that the water had reached saturation (i.e. that no more salt would dissolve in the water)?
· No more salt will mix into the water, the salt falls to the bottom of the container and stays there. 
· Why do you think the salt stops dissolving?
· The water cannot hold any more salt particles.
· Is the salt still in the water? How do you know? 
· You can taste it, the water level has risen, the water looks cloudy.
· Why do you think the water now looks ‘cloudy’?
· Because there are solid particles of salt being swirled around.
· Where do the salt crystals go? 
· The salt is mixed into the water, and the salt and water particles mix together. 
· How do you know when the salt is no longer dissolving in the water and the water is saturated? 
· How do your results differ from the predictions you made before the investigation? 
· What changes did you observe with the volume/weight? What does this tell us? 
· The salt is now ‘in’ the water and hasn’t just ‘disappeared’. 
· Note that the final volume of the salty water will be more than the initial volume of the water, but less than the separate starting volumes of salt and water.
Students return to the Dissolving salt Resource sheet, writing an explanation of what they think happened, including a labelled diagram and an evaluation the investigation.

Investigate • Separating salt from water
Explain to students that in their teams they will now undertake an ongoing investigation to answer the question Is there a way to separate the salt from the water again?
Ask students to suggest actions that might reverse the change they have created and get the salt (and/or water) back. 
Explain that teams are going to evaporate the water to see if the salt gets left behind, thus separating the salt and water again. If required, review what evaporation is (students will have learned about this in Year 4, when learning about the water cycle).
Demonstrate how to set up the investigation:
1. Ensure teams have clearly marked their names/initials on the cup/jar containing their salt water solution.
2. Students attach string to a pop stick, and place their pop stick across the rim/lip of their cup/jar.
· Alternatively, students can pour an amount of their solution onto a lid/plate/shallow container and place a pop stick with string attached over the top. Students might need to raise the pop stick slightly so the string does not coil in the water, or place the pop stick to one side.
3. Ensure the string is sitting in the salty water. A paperclip may be used to weigh the string down.
4. Place this set-up in a warm sunny spot, such as a windowsill. You might also use lamps to direct light and heat onto the water if required.
[image: ]Allow time for teams to:
· set up and name their evaporation trials,
· draw their investigation set up on ‘Part 2 - Reversing the change’ of Dissolving Salt Resource sheet. 
Discuss how long students think it will take for the water to evaporate, and what will happen as a result. 
Allows students time to observe and record the changes to their salt solutions over the next few days (and potentially weeks).
Ask students to ensure they are making observations about how salt is used in their kitchens at home for their My kitchen observations activity. Discuss and identify ingredients that aren’t ‘salt’ specifically, but often either contain added salt, or have salt involved as part of the process of making it. For example:
· sauces and marinades such as soy, tamari, fish sauce, miso paste, shrimp paste, Worcestershire sauce, and stock.
· cured meats and seafood such as bacon, salami, or anchovies.
· cheeses such as feta, parmesan.
· pickled vegetables such as pickled cucumbers, kimchi, sauerkraut, capers or olives.
· other products such as seaweed/kelp or nutritional yeast. 
Optional: Research and discuss why some of these foods can be used in a similar way to salt and how they differ.

Integrate • Crystal clear
Conduct this Integrate step once enough time has passed for the water to evaporate and clear salt crystals to have formed on the string.
	In this Integrate step, guide students to link their experiences in the investigation to the science concept being explored—in this instance, that the salt water solution can be changed, and the salt and water separated again.
Through questioning and discussion, students should come to a consensus that:
· salty water mixtures can be changed because the salt and water can be separated again.
conditions such as the amount of light, heat and humidity can affect how quickly water evaporates and thus how quickly salt can be separated from the water.


	· 


As a class, observe and consider the salt crystals students are ‘growing’ (or have ‘grown’), as well as how the conditions of your location, such as temperature, humidity or direct sunlight, may have affected how quickly the crystals have grown.
Potential discussion prompts
· How has the salt solution changed?
· Where is the salt now? 
· Where is the water? 
· It has evaporated into the surrounding air over time. It is also possible that it then condensed on a cold surface nearby and became water again.
· Do you agree that this change is reversible? Can you explain what happened to the salt over time?
· This change is reversible because we can separate the salt and water again. The salt dissolved and became part of the water/liquid, but when the water evaporated, it formed crystals again.
· What do the terms reversible and irreversible mean?
· How do you think the temperature/amount of sunlight etc. has impacted how quickly we were able to separate the salt and water? 
Discuss how salt is made and the importance of salt in the history of the world, including how its uses in making and preserving food affected the development of human civilisation. Videos that can support and prompt this discussion include:
· Separate a saltwater mixture by distillation (4:09)
· Timelapse salt crystal formation (0:39)
· How salt is made – in a greenhouse in New Jersey USA (3:20)
· How sea salt is made – by boiling and heated tanks in Oregon USA (5:13)
· How Salt is Reclaimed from the Sea – 1950 footage in South Australia (2:13)
· Australia’s mega salt mine – started operating 2025 (2:54)
· Why salt is the most important ingredient in history (7:16)

Reflect on the lesson
You might:
· consider the original questions posed before the investigation: How much salt can be dissolved in water? and Is there a way to separate the salt from the water again? Jointly construct a sentence or two to answer the questions, and record them in the class science journal.
· add to the class word wall of vocabulary.
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 Chemistry in the kitchen • Lesson 3 • From plastic to cheeseLESSON 3
INQUIRE


	To read the most recent version of this lesson, download associated resources, and view embedded professional learning including classroom videos and work samples, visit: https://primaryconnections.org.au/teaching-sequences/year-6/chemistry-kitchen/lesson-3-plastic-cheese 



Lesson overview
Students explore the irreversible chemical changes that occur by combining warm milk and vinegar to create casein, a protein found in fresh cheeses and that can also be used to make bioplastic.
Key learning goals
Students will: 
· work in teams to investigate the irreversible chemical changes that occur when warm milk and vinegar are combined.
Students will represent their understanding as they: 
· draw labelled diagrams to record their observations.
· discuss and compare the properties of the original substances (milk and vinegar) and the new substance (casein plastic).
Assessment advice
In this lesson, assessment is formative.
Feedback might focus on:
· students’ explanation of the irreversible changes creating casein plastic. Do they recognise that milk and vinegar chemically changed to a new substance (casein plastic) and that the changes are irreversible? 
List of materials
Whole class
· Class science journal (digital or hard-copy) 
· Demonstration copy of the What’s in milk? What’s in vinegar? Resource sheet
· Optional: Demonstration copy of the Mixing milk and vinegar Resource Sheet
· The video Plastic milk (0:28)
Each group 
· 250 ml warm milk (not boiling)—can be prewarmed and stored in thermos
· 1 tablespoon of vinegar (alternatively, lemon juice can also be used)
· Clear jar or glass
· Spoon for mixing
· Paper towel 
· Optional: strainer
· Lids, paper plates or tray to dry casein plastic on (each group’s plastic is approximately the size of a fifty-cent coin)
Each student
· Individual science journal (digital or hard-copy)
· Mixing milk and vinegar Resource Sheet
· Dissolving salt Resource sheet (ongoing)
· My kitchen observations Resource sheet (ongoing)

	Lesson routine
	Estimated time
	Task type

	Re-orient
	Variable
	Whole class/Individual

	Question
	10 minutes
	Whole class

	Investigate
	20 minutes
	Whole class/Small groups

	Integrate 
	20 minutes 
	Whole class
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Inquire
Re-orient 
Ask students to share any observations they have made since the previous lesson about how salt is used in their home kitchens, including any salt alternatives.
If required, provide time for students to make observations on their salt evaporation experiments using Dissolving salt Resource sheet. If concluding the salt evaporation observations today, return to Lesson 2 and complete the final Integrate step.

Question • Producing products
Discuss what students know about milk, including where it comes from, the food products it is used to create, and how it is used in those food products. Provide an opportunity for students to share any ways that milk may be used in their own homes.
Repeat this discussion for vinegar or lemons/lemon juice (depending on which you are using for the following investigation).
Pose the question: What kinds of products can we use create using milk and vinegar/lemon juice?

Investigate • Casein
Students explore irreversible changes that are created when milk is mixed with vinegar or lemon juice.
Examine the composition of milk and vinegar using the What’s in milk? What’s in vinegar? Resource sheet. At this stage do not look at the final section, titled “What does vinegar do to milk?”.
Provide teams with the required quantities of warm milk (above 49 °C) and vinegar. On the Mixing milk and vinegar Resource sheet, students describe each sample (including colour, smell, texture/thickness and temperature) and predict what they think will happen when the two liquids are mixed, giving a reason for this prediction.
Allow time for teams to mix, stir, strain, and shape their liquids, with students making observations during each stage of the process on their Mixing milk and vinegar Resource sheet.
Teams place their shaped ‘milk’ in a suitable spot to dry. Drying time will vary depending on atmospheric conditions, and may take anywhere from a few days to two weeks. The shapes are considered dry when they are firm and no longer pliable.
Discuss and compare what students observed during and after mixing the milk and vinegar and what think will happen to the shapes over the next few days/weeks. 
Potential discussion prompts
· What did you observe as you mixed the vinegar into the milk? What did it look like? What did it create?
· When you strained the mixture, what were you left with?
· How would you describe the two substances? Were they solid or liquid?
· Was there more solid, or more liquid? Why do you think that was?
· What do you think the solids and the liquids were? 
· There should have been more liquid left behind than solids formed, due to the much higher percentage of water in milk as compared to anything else. 
· Refer back to the composition of milk infographic on the What’s in Milk, What’s in Vinegar? Resource sheet.
Encourage students to make informal observations of the shapes as they dry.
Complete the following Integrate step when the shapes are dry.

Integrate • Comparing properties
	In this Integrate step, guide students to link their experiences in the investigation to the science concept being explored—in this instance, that vinegar and milk combine to make new substances, and that these changes cannot be reversed.
Through questioning and discussion, students should come to a consensus that:
· the vinegar causes the casein protein in milk to clump together into curds, leaving behind the liquid, or whey.
· these curds can be used to make casein plastic. 
· this process is also used to make some simple fresh cheeses.
· this is an irreversible chemical change, as new substances are formed in the process. 


After the shapes have dried discuss what students what they observed during the drying process, and what the shapes look and feel like now.
Explain to students that what they have just made is called casein plastic, a type of bioplastic that was very common from around 1900-1945. It could be dyed and polished and was used for small things such as buttons, buckles, combs, jewellery, toothbrush handles, hairbrushes and knitting needles.
View the video Plastic milk (0:28) for a brief explanation of how this works.
Next, read the final section of the What’s in Milk, What’s in Vinegar? Resource sheet, "What does vinegar do to milk?".
Discuss why it wouldn’t be possible to make cheese in a school environment:
· There is not adequate supervision to allow students to work with milk that has been heated to the required temperatures.
· Making foods such as cheese carries potential risks if ingredients are not stored correctly and utensils are not sanitised adequately and handled properly.
· Students may have allergies or intolerances to milk and its products.
· Specific dietary restrictions/preferences can mean milk and vinegar are unable to be consumed.
Discuss the different types of cheeses that can be made using milk and vinegar, and whether students have eaten any of these products before.
Optional: Watch some short videos or read recipes about making different types of cheeses that use vinegar as a means of separating the casein proteins.
Optional: Read about and discuss the pH scale. Students may have already learned about the pH scale when learning about weathering, specifically chemical weathering, in Year 5. See Lesson 4 Chemical weathering in the Year 5 sequence Wear on Earth for embedded professional learning about the pH scale and a resource sheet that can be used with students displaying a pH scale.
Ask students to ensure they are making observations about how milk, its products, and vinegar are used in their kitchens at home for their My kitchen observations activity.
Discuss whether students think that the changes that occurred to make casein plastic (or that occur to make cheese) are reversible or irreversible, and why. 
Potential discussion prompts
· Can the changes that changed milk and vinegar to casein plastic be reversed? Why do you think that?
· Can we get the milk and vinegar back again?


· How could we test this assumption? 
· We might try mixing it back together, re-heating it, etc. 
· If time permits, you might try some of the students’ suggestions.
Introduce the term ‘chemical change’ and its definition: during a chemical change, a new substance is produced as the original substances are ‘consumed’. 
Explain that when milk is mixed with vinegar, the bonds between the proteins are changed, meaning they no longer disperse evenly among the liquid, but form new bonds and clump together, forming the whey. This is called curdling or coagulation. The curds and whey are now chemically different from what they were originally and the change cannot be reversed. 

Reflect on the lesson
You might:
· add to the L and H columns of the TWLH chart.
· add to the class word wall/glossary of vocabulary related to milk and vinegar or chemical changes, such as protein, casein, lactose, acid, acidic, curds, whey, chemical change etc.



			Chemistry in the kitchen • Lesson 3 • From plastic to cheese




	
[image: A black background with a black square

Description automatically generated with medium confidence]


Y6


 Chemistry in the kitchen • Lesson 4 • Bubble, bubbleLESSON 4
INQUIRE


	To read the most recent version of this lesson, download associated resources, and view embedded professional learning including classroom videos and work samples, visit: https://primaryconnections.org.au/teaching-sequences/year-6/chemistry-kitchen/lesson-4-bubble-bubble 



Lesson overview
Students investigate how combining two solutions, a sodium bicarbonate solution and a tartaric/citric acid solution, creates a change that produces gas. 
Key learning goals
Students will: 
· observe and record what happens when a sodium bicarbonate solution mixes with a tartaric/citric acid solution.
Students will represent their understanding as they: 
· contribute to discussions about chemical reactions that create gas.
· summarise what they have learned as a short paragraph or labelled diagram.
Assessment advice
In this lesson, assessment is formative.
Feedback might focus on:
· students’ recognition that the balloon inflates because it fills with gas.
· students’ understanding that the carbon dioxide gas is produced as a result of combining tartaric/citric acid and sodium bicarbonate with water (product of the reaction).
· students’ understanding that the chemical change that created carbon dioxide gas is irreversible (evidence of a chemical reaction).
List of materials
Whole class
· Class science journal (digital or hard-copy) 
· Demonstration copy of the Focus on Fizz Resource sheet
· Pieces/loaves of leavened (risen) and unleavened (flat) bread, or images of the same
· Optional: Digital device to record students’ findings
· Optional: Digital scales
· A recipe for a yeast-free bread, for example Sandwich bread without yeast from RecipeTin Eats (note that this recipe will be shown to the class and be aware that the webpage contains many affiliate links and advertisements)


· Optional videos:
· All about leavening (6:41)
· How to make your own bath bombs (0:59)
Each group 
· Focus on fizz Resource sheet 
· 6 teaspoons of sodium bicarbonate (bicarb soda)
· 6 teaspoons of tartaric (or citric) acid
· 3 cups of water 
· 1 cup measure
· 1 teaspoon
· 4 transparent bottles of the same size (350–400 ml approximately)
· 4 balloons
· 1 labelling pen
· 1 funnel
· Masking/adhesive tape
· 4 pieces of paper towel
Each student
· Individual science journal (digital or hard-copy)
· Optional: Dissolving salt Resource sheet to complete observations from Lesson 2 if required.
· Optional: Mixing milk and vinegar Resource sheet to complete observations from Lesson 3 if required.
· My kitchen observations Resource sheet (ongoing)

	Lesson routine
	Estimated time
	Task type

	Re-orient
	Variable
	Whole class/Small group

	Question
	10 minutes
	Whole class

	Investigate
	25 minutes
	Whole class/Small group

	Integrate
	20 minutes
	Whole class
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Inquire
Re-orient 
If required, provide time for students to make observations on their salt evaporation experiments using Dissolving salt Resource sheet. If concluding the salt evaporation observations today, return to Lesson 2 and complete the final Integrate step.
If required, provide time for students to observe their drying/dried casein plastic shapes. If concluding the task this session, return to Lesson 3 and complete the final Integrate step.
Students can also share any recent observations about the use of milk and vinegar in their home kitchens.

Question • What makes it bubble?
Focus students’ attention on the leavened (risen) and unleavened (flat) bread. Discuss the differences between the two and record students’ ideas in the class science journal. Also discuss/record students’ experiences with eating/making different types of bread. 
Pose the question: Why did one loaf of bread stay flat and the other rise upwards as they cooked?

Investigate • Evidence of a chemical reaction
Explain that students are going to investigate the reactions between three common ingredients found in simple leavened bread recipes, to see what causes the bread to rise and not remain flat:
· sodium bicarbonate, also known as baking soda or bicarb soda
· tartaric acid, found naturally in grapes, bananas, avocados and tamarinds. 
· Alternatively you can use citric acid, found naturally in citrus fruits such as lemons, limes, oranges and mandarins.
· water
Discuss/explain the investigation using a demonstration copy of the Focus on fizz Resource sheet, referring to the equipment students will use.
Further discuss fair-testing principles in reference to the investigation procedure.
Potential discussion prompts
· Why are we testing different combinations of the three ingredients?
· What things do we need to keep the same to ensure that it is a fair test?
· For example, using the same size bottles and amounts of ingredients in each bottle.
· Why do you label the bottles? 
· To keep track of each since the solutions are all clear and colourless.
· Why do you label the balloons? 
· To keep track of each since the powders are both white.
· Why do you put the powder in the balloons? 
· To make sure that the powders are added at the same time, after the balloon is upended.
· Why do you wipe the funnel each time? 
· So you don’t accidentally add some powder into the wrong bottle.


· Why do you discard the paper towel? 
· To make sure you don’t accidentally wipe powder onto the funnel.
· Why is it important to make sure the balloon is secure? 
· To prevent chemical spills and possible splashes in eyes.
Review how acid was used to separate the protein in milk in the previous lesson and ask students to consider what an acid might do when mixed with the other substances used in this investigation.
Allow students time to make predictions about what they think will occur when the different combinations of ingredients are added together.
Optional: Discuss predictions as a class.
As necessary, discuss safety protocols for students to follow:
· Keep their hands on the outside of the bottle at all times.
· Be careful when handling the powders and not inhale any. 
· Wear safety glasses.
Allow teams time to complete their investigation and record their observations.
While students complete the investigation, remind them to use three of their senses (touch, hearing and sight) when making observations for each bottle, using prompts such as:
· Can you hear any changes occurring?
· How does the bottle feel before you tip the balloon ingredients in? How does it feel after? 
· Is there a change in temperature? How do you know?
· You can feel a change in temperature with your hands.
· What do you think the temperature change indicates?
· The temperature of the bottle should decrease when the acid and sodium bicarbonate are mixed. This is an indication of a chemical change.

Integrate • Why did the balloon inflate?
	In this Integrate step, guide students to link their experiences in the investigation to the science concept being explored—in this instance, the reaction between the sodium bicarbonate, tartaric acid and water that created gas.
Through questioning and discussion, students should come to a consensus that:
· combining specific substances, in this case sodium bicarbonate, tartaric acid and water, creates gas.
· this is a chemical reaction that is irreversible, because the original substances are consumed to create a new one.
· these types of chemical reactions often occur in the kitchen, especially when baking.


Share and discuss the teams’ results and conclusions.
Potential discussion prompts
· What did you observe in the different bottles? Were they all the same, or were some different?
· When all three substances were mixed together in bottle 4, bubbles appeared in the water and the balloon inflated.
· Do you think the sodium bicarbonate created the bubbles by itself? Why do you think that? 
· No, because the powder just appears to mix into the water. Nothing else happens, no bubbles or balloon inflation.
· Do you think the tartaric acid created the bubbles by itself? Why do you think that? 
· No, because the powder just appears to mix into the water. Nothing else happens, no bubbles or balloon inflation.
· What was different about bottle 4?
· All three substances are mixed together, and that is when the bubbles are formed and the balloon is inflated.
· What do you think was created in bottle 4 when all of the ingredients were mixed together? Why do you think that?
· Gas was created. We know this because the balloon inflated, and we could see bubbles in the water that we’d seen before.
· If required, revise what students learned about the properties of gas in Year 5. Refer to the teaching sequence Communicating matters, specifically Lesson 4 and Lesson 5. 
· What does this tell you about what substances you need to create the gas?
· You need all three substances to cause the chemical reaction that creates the gas.
· Did you observe/notice anything else you thought was interesting? 
· Students may have noticed that bottle 4 felt cooler to the touch. This is because the chemical reaction absorbs heat from the surroundings, making hands feel cooler. This concept appears in the Year 9 curriculum. It is appropriate to acknowledge it here in simple terms if students make the observation, however, a detailed explanation is not required at this stage of conceptual development.
· Do you think that this is a reversible or irreversible change? Could we separate the substances back into their original form? Why do you think that? 
· This is an irreversible chemical change. The substances have mixed together and created something new: gas. The original substances get consumed in the process.
Explain that the type of gas students have created is carbon dioxide (CO2) gas. Discuss what else students might know about CO2. For example:
· the bubbles in fizzy drinks are made of CO2.
· animals produce CO2 and breathe it out.
· plants absorb CO2 during the daylight.
Reference the properties of gas that students learned about in Year 5, discuss how gas takes up space, and that, for example, an empty cup is not really empty because it is full of air (a combination of gases). Discuss what caused the balloon to inflate.
Students draw a representation of what they think was happening in bottle 4. 
Optional: Going further, repeat the balloon 4 reaction (sodium bicarbonate, acid, water):
· on digital scales to demonstrate the total mass of the substances remains constant before and after the chemical reaction, and gases have mass (ensure the balloon is well sealed to prevent gas molecules escaping). 
· using different amounts of the reactants (sodium bicarbonate and tartaric/citric acid) to compare the length of the reaction and the amount of carbon dioxide produced
Refer back to the bread students looked at in the beginning of the lesson, and again pose the question: Why did one loaf of bread stay flat, and the other rose upwards as it cooked?
Look at a recipe for simple bread made using baking powder. Searching for ‘bread made with baking powder’ or ‘yeast-free bread’ using your preferred search engine will yield many results where you can select one suitable for your students. Alternatively, use Sandwich bread without yeast from RecipeTin Eats, but be aware that the webpage contains many affiliate links and advertisements.
Support students to make the connection between the presence of baking powder and the cakes or bread rising, and that these types of ingredients are excluded from unleavened bread recipes, which is why they don’t rise.
Discuss the use of baking powder in other forms of cooking, such as baking cakes, biscuits, and even pancakes.
Optional: Look at a recipe that uses yeast as a leavening agent for bread. Watch the video All about leavening (6:41) to learn about the difference between using different leavening agents, including baking powder and yeast, to make bread rise.

Reflect on the lesson
You might:
· show the video How to make your own bath bombs (0:59) to see other products that utilise this chemical reaction
· add to the class word wall or glossary.
· add to the L and H sections of the TWLH chart.
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 Chemistry in the kitchen • Lesson 5 • Nicely toastedLESSON 5
INQUIRE


	To read the most recent version of this lesson, download associated resources, and view embedded professional learning including classroom videos and work samples, visit: https://primaryconnections.org.au/teaching-sequences/year-6/chemistry-kitchen/lesson-5-nicely-toasted 



Lesson overview
Students explore how heat irreversibly changes food by exploring the Maillard reaction and its effect on sliced bread, creating toast.
Key learning goals
Students will: 
· explore how heat changes food.
· create a scale to determine the level of Maillard reaction that has occurred when making toast.
Students will represent their understanding as they: 
· predict with reasoning how bread will change as it is toasted, and contribute to discussions about the changes that occurred. 
Assessment advice
In this lesson, assessment is formative.
Feedback might focus on:
· the scale students create to rate the ‘toasted-ness’ of their bread. Do they recognise that time impacts the severity of the chemical change when it comes to cooking?
List of materials
Whole class
· Class science journal (digital or hard-copy) 
· Demonstration copy of the Variable grid Resource sheet
· Video: The Maillard reaction: the science of the sizzle (3:11)
· Article: The science of a fluffy pancake
Each group 
· At least 3 slices of bread for toasting
· A means of toasting the bread, preferably a toaster
· Optional: Digital device for taking photos
· Note: If conducting this investigation as an observation, only 1 set of this equipment is required for the class
Each student
· Individual science journal
· Investigation planner Resource sheet
· My kitchen observations Resource sheet (ongoing)


	Lesson routine
	Estimated time
	Task type

	Re-orient
	5 minutes
	Whole class

	Question 
	10 minutes
	Whole class

	Investigate
	Variable
	Whole class/Small group 

	Integrate
	15 minutes
	Whole class 
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Inquire
Re-orient
Discuss what students learned the previous lesson about bread and the chemical reactions that occur in the dough to leaven the bread. Discuss how the dough is mixed and then cooked.

Question • Changing food
Discuss how heat changes food, including what it does to bread dough.
Use prompting questions that supports students to distinguish between ‘heating/reheating’ and ‘cooking’ food: heating/reheating food brings it to a temperature that is more palatable, while cooking food involves using heat to cause chemical reactions that change the food. Students do not need to use this specific science terminology at this stage, but it is worth making the distinction between the two.
Cater your questions to suit your students’ context and relate them to food experiences students are likely to have had. This will be influenced by their family, social and cultural background, and their geographic location. 
You might also watch videos or view images to prompt student thinking on how heat changes food. Again, select videos and images that reflect food experiences students are likely to have had.
Identify ways that bread specifically is consumed, with a focus on drawing out how it can be further cooked, or toasted, how this is done, and what it does to the bread.
Potential discussion prompts
· How can bread be cooked again?
· What are some different ways of cooking the bread?
· In the toaster, under a grill, in a sandwich press or jaffle maker, or even in a fire.
· What is the difference between toast and bread?
· What does toasting do to the bread?
· Does it matter how long you leave the bread in/next to the heat source?
Pose the questions: How does toasting change bread? What is the best level of 'toasted-ness'?

Investigate • Making toast
Students observe how bread changes when it is toasted.
This investigation can be carried out as a demonstration, in supervised groups, or independently in groups. Conduct the investigation in a manner that suits your students and context.
If you choose to allow your students to taste and eat the toast that is produced as a result, ensure you:
· identify and cater for any food allergies or intolerances.
· discuss food safety and hygiene practices.
Pose the question: What things might affect how toasted bread gets?
Optional: Introduce the term ‘variables’ as things that can be changed, measured or kept the same in an investigation.
Record variables using the Variables grid Resource sheet, marking the variable to measured (the toasted-ness of the bread) in the centre of the grid with a M, and other variables around it, for example the type of bread used, the method of toasting, any toppings put on it, how long it is toasted for etc. Add or remove columns/row as required.
Identify the variable to be changed (how long the bread is toasted for) and use this to write a clear question for investigation: “What happens to the toasted-ness of bread when we change how long it is in the toaster?”
Determine how you might measure toasted-ness, and any other data you can collect as a result of the investigation. For example, you might create a ‘toast scale’, showing the different levels of toasted-ness from bread toasted for 1 minute, 2 minutes, 3 minutes and so on. You might also then survey the class to find out students’ preferred level of toasted-ness when eating toast. If students are eating the toast they might rank each level of ‘toasted-ness’ in order of taste preference. 
Allow teams time to plan, carry out and record the results of their investigation. A generic Investigation planner Resource sheet has been provided. This can be used as is or modified to suit your specific investigation.

Integrate • Our observations
	In this Integrate step, guide students to link their experiences in the investigation to the science concept being explored—in this instance, the chemical reaction called the Maillard reaction.
Through questioning and discussion, students should come to a consensus that:
· heat changes food.
· when an outside ‘crust’ is formed by dry heat, it is considered a chemical reaction that is irreversible, because the original substances are consumed to create a new one.
· This is called the Maillard reaction.
· more heat (either due to a higher temperature or longer exposure) leads to a stronger reaction.
· people use the principles of scientific testing to help them make everyday life decisions. 


Teams share their results with the class. 
Discuss the changes that happened to the bread as it was toasted and what caused those changes.
Potential discussion prompts
· What happened to the bread as it toasted?
· Did toasting it for a longer period of time make a difference? How?
· What do you think would happen to a piece of toast if we left it in for 5 minutes, or 10 minutes?
· What does that tell you about the amount of heat applied, and the reaction that occurs?
· More heat means a stronger reaction. This could relate to time exposed, as in the case of toast, or in terms of the temperature food exposed to. Roasting vegetables in the oven at a higher temperature will mean the reaction occurs more quickly.
· Do you think the bread was being re-heated or cooked? Why do you think that?
· Is there a way you can re-heat bread without cooking it? 
· What are the different methods of toasting bread? What do they have in common? How are they different?
· A toaster or a grill contains heating elements that heat up and turn red. The bread sits quite close to the elements and is toasted that way. The elements can be similar to the flames of a fire. 
· A sandwich press, jaffle maker, or fry pan has a flat surface that gets hot. The bread sits directly on this surface to toast. Often, oil or butter is used to help speed up the chemical reaction of bread turning brown.
· How was the bread changed?
· What do you think has happened that has caused this change?
· Do you think this change can be reversed? Why? Why not?

Introduce students to the Maillard (pronounced my-yar or may-yard) reaction. You might:
· watch the video The Maillard reaction: the science of the sizzle (3:11).
· read the article The science of a fluffy pancake.
Ask students to share their experiences with the Maillard reaction, including favourite foods that rely on it to improve flavour, or things they cook that require a Maillard reaction.
Discuss why heat is essential to creating the Maillard reaction.

Optional: Using scientific methods to make decisions
If teams have collected data about students’ preferred levels of toasted-ness, discuss the validity of this as scientific data. Ask students why they think the differences may have occurred and if they think the results could be considered strictly scientific. Establish that these findings are not scientific because science seeks to be as objective as possible, making sure that data is based on quantifiable measurements and that investigations can be replicated and results verified. 
Discuss whether students think using scientific methods and ideas to approach daily decision-making is something people should do, and why they think that. 
Discuss different ways people might use scientific methods to make decisions in their everyday life. For example, people might try out (test) different brands of paper towel before they decide which one they like the best and decide to keep buying. As they use (test) different brands they might think about its cost, absorbency, durability etc., comparing each quality to other brands before deciding which is their preference. Whilst this type of testing isn’t considered ‘fair’, repeatable, objective etc., it does help people make decisions, and it can be helpful.
Ask students what kind of daily decisions they make that they might apply scientific testing principles to.

Reflect on the lesson
You might:
· as a class, make assumptions and create a list of other foods that rely on the Maillard reaction.
· find out more about Louis Camille Maillard, the French physicist and chemist who first described the reaction and after whom it is named. 
· add to the class word wall any vocabulary related to heat irreversibly changing food.
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 Chemistry in the kitchen • Lesson 6 • Fire for foodLESSON 6
INQUIRE


	To read the most recent version of this lesson, download associated resources, and view embedded professional learning including classroom videos and work samples, visit: https://www.primaryconnections.org.au/teaching-sequences/year-6/chemistry-kitchen/lesson-6-fire-food 



Lesson overview
Students conduct a fair test to investigate the requirements that make or keep a fire burning. 
Key learning goals
Students will: 
· observe candles and their separate parts.
· investigate how candles need oxygen to keep burning.
Students will represent their understanding as they: 
· discuss whether each candle component burns separately.
· predict, with reasoning, which bottle size will allow the candle to burn longer.
· collect data and record observations.
· conduct replication trials and calculate the average (optional).
· create a line graph to show how bottle size effects how long a candle stays lit (due to the amount of oxygen available).
Assessment advice
In this lesson, assessment is formative.
Feedback might focus on:
· students’ use of experience for their predictions. Did they predict that the candle would burn longer inside the larger bottle?
· students’ explanation of results. Did students recognise that the bottle size affected the amount of oxygen available to keep the candle lit?
· students’ predictions for an additional bottle size. Do students use the line graph effectively to predict how long a candle will stay lit under a certain-sized bottle?
List of materials
Whole class
· Class science journal (digital or hard-copy) 
· Demonstration copy of Melt or burn Resource sheet
· Demonstration copy of A3 line graph template Resource sheet 
· 8 or 9 x identical candles (tealight candles recommended) which will be used during the lesson in the following sets:
· 3 x candles
· 1 intact
· 1 burnt until only a stub is left
· 1 melted, by putting it in an oven in a foil tray for example
· 2 x candles
· 1 intact (can be same as above)
· 1 separated into its components—wick separated and wax on a metal skewer or fondue fork, as shown below
[image: ]
· 3 or 4 x candles, all intact, to be used for the main investigation
· 1 x birthday candle, or other thin candle that will burn quickly, and its decreasing length will be obvious 
· Optional: Blu-tack, to keep candles stable on tabletop if required 
· Matches 
· Demonstration copy of the Variables grid Resource sheet
· Timing device(s) such as stopwatches/tablets. Multiple timing devices can assist to engage students and compare data.
· 3 or 4 x clear glass jars of varying size, such as 120 ml baby food jar, 250 ml tartare sauce jar, 330 ml salsa jar, 500 ml pasta sauce jar
· Measuring tool to find the capacity of each jar, such as digital scales or measuring jug and water
· Paper towel
· Demonstration copy of the Fire triangle Resource sheet
· Resources on the impact that cooking food, enabled by humans’ use and control over fire, has had on human survival. Some resources to support this are listed below. Select resources that are appropriate for your students and context or add your own.
· Video: The origins of cooking: how food shaped human history (13:35) 
· Note: Please be advised that this video intended for instructional use contains a brief image of a female breast (blurred at approximately 1:30 and in side profile at approximately 6:35 minutes), and we recommend previewing the material in advance to determine its appropriateness for your students and to follow any necessary school policies regarding parental notification or alternative assignments.
· Article: Fire and the brain: how cooking shaped humans by American Museum of Natural History
· Article: Cooking by Britannica Kids
· Article: Every human culture includes cooking – this is how it began in New Scientist
Each student
· Individual science journal 
· Optional: PROE Resource sheet
· Optional: A4 line graph template Resource sheet

	Lesson routine
	Estimated time
	Task type

	Re-orient
	10 minutes
	Whole class

	Question
	10 minutes
	Whole class

	Investigate and Integrate
	20 minutes
	Small groups

	Question and Investigate
	20 minutes
	Whole class/Small groups

	Integrate 
	Variable
	Whole class/Small groups
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Inquire
Re-orient
Display the Melt or burn Resource sheet and ask students what they think about the two substances being displayed. Specifically discuss the burnt toast, and if it would be palatable to eat for most people and why they think that. Refer to any data from the previous lessons investigation that supports this.
Potential discussion prompts
· What foods are being displayed?
· What state are they in?
· How do we know if something has melted? What state is it in before it melts?
· Which item is burnt? How can you tell? 
· Can the melting be reversed? How?
· Can the burning be reversed? Why not?
· What would happen to the toast if we put it back in the toaster again? 
· Is it possible to make the melted chocolate burn? 
· Yes, if the temperature were high enough, it would start to burn and form a new substance.

Question • Observable change
Review ways of cooking food as previously discussed in Lesson 5. 
Explain that today students are going to be investigating fire by observing burning candles. List different ways that fire is directly used to cook food, and the types of food cooked by fire.

Show students the intact candle, the melted candle and the candle stub. Discuss how all three candles were originally identical and record students’ ideas about how they got to their current state in the class science journal. 
Potential discussion prompts
· What has happened to these candles? Why do you think that?
· Has it melted or burned?
· Why is there only a stub left? Where has the wax gone?
· What do I need to light the intact candle?
Pose the question: How does a candle burn?

Investigate and Integrate • How does a candle burn?
Students investigate how candles burn through observation. 
Discuss why this investigation is being done as an observation and the safety factors that need to be considered to ensure safety when investigating fire, focusing specifically on the danger of serious burn injuries and fire getting out of control. 
Create a list of questions in the class science journal for students to consider as they observe the candle burning, such as:
· What do you need for a candle to burn?
· What happens to the size of the candle when it burns? 
· What happens to the wax when the candle is burning?
Light an intact candle and ask students to carefully observe the candle burning and discuss possible answers to the questions.
Show students the separate components of an intact candle and its components, the wick and the wax, and ask them to predict what they expect will happen if they were lit separately. 
Demonstrate what happens to each component when you attempt to light it and compare it to students' predictions.
Next, show the students a jar or bowl and ask them if they identify it as empty, and why they think that. Based on their learning in Year 5, students should be able to identify that the jar/bowl is 'full' of air.
Ask students to predict what they think will happen if the jar/bowl was inverted and it was placed over a lit candle.
Demonstrate what happens when the jar is placed over the lit intact candle, and compare it to students’ predictions.
Safety note: Non-tempered glass can potentially crack from the heat generated by the candle. The glass will also be hot afterwards. Take care to ensure students stand well back from the demonstration area or wear protective eyewear. Do not touch the glass or allow students to touch it directly after the candle extinguishes.
Discuss what happened in these demonstrations and the scientific claims that might be made as a result.
Potential discussion prompts
· Did the wick light, and did it continue to burn? What does this tell us?
· Did the wax light, and did it continue to burn? What does this tell us?
· Did the lit candle continue to burn under the jar? How long did it burn for?
· Why do you think the candle went out when we covered it with the jar? 
· What claim might we make about what a fire needs to burn?
· Students may not be able to answer this question yet. It will be returned to in the Integrate step following further investigation.

Question and Investigate • Staying lit
Pose the question: What things will affect the time a candle stays alight under a jar/bowl?
Record variables using the Variables grid Resource sheet, marking the variable to be measured (the time the candle stays alight) in the centre of the grid with a M and other variables around it, for example the size of the jar, the size of the candle, the wax of the candle, the air around the candle etc. Add or remove columns/row as required.
Identify the variable to be changed (the size of the jar or bowl) and use this to write a clear question for investigation: “What happens to the time a candle is able to stay alight when we change the size of the jar/bowl it’s underneath?”
If students are experienced using a variables grid, you could allow them to attempt this part of the investigation on their own.
Optional: Discuss how to:
· make it a fair test by only changing one variable and keeping all others the same.
· measure how much air is contained in each jar, for example, by measuring the amount of water each jar holds with a measuring jug or with digital scales (1 cm3 of water = 1 mg). 
· assist students to measure the volume of each jar, then ensure the jars are wiped clean and dry.
Students complete the P and R sections of a Predict, Reason, Observe, Explain (PROE) chart to record their predictions about how long they think the candles will stay alight underneath the different-sized jars and why they think that. This can be done directly into their individual science journals or you can use the template provided on the PROE Resource sheet.
Students observe a teacher-led investigation, using a timer/s to collect data on how long it takes a candle to extinguish underneath each different sized jar. Time and record data as a class, before allowing students an opportunity to note their own observations on their PROE chart. Conduct each candle-burning test separately, and try to ensure the timer is started at the exact moment the jar creates a seal with the tabletop. 
Allow students to observe the jars without touching them, after each test, noting any observations of the glass, such as water droplets—this will be discussed later.
Optional: Conduct replication trials and calculate the average time it takes for the candle to go out. Discuss why conducting replication trials helps provide more reliable results. Note for teachers: The jars need to be flushed by scooping/swooshing them through the air after each trial, to remove the carbon dioxide. This will be discussed with students during the Integrate routine, so there is no need to discuss it now beyond making sure students notice that you are doing so.
As a class, represent the data collected using a line graph using the A3 line graph template Resource sheet.
Discuss the purpose and features of a line graph.
Optional: Student can make their own graph using the A4 line graph template Resource sheet.
[image: ] 
Ask students to use the graph to predict how long a candle will burn under a jar larger than the ones used.
Note: In order to use the graph to make this prediction, the intervals on the axes need to be equal (see the sample graph). It is best to have at least three experimental data points to make a more accurate prediction. This allows the scientist to check that all three data points form a straight line. 

Integrate • Jar size impact
Ask students to discuss the findings with a partner then share their thoughts with the class. 
In reference to the earlier discussion about what is inside the jar, support students to recognise that the jar isn’t ‘empty’ but is full of air: containing a variety of gases, including nitrogen, oxygen, carbon dioxide, and hydrogen, among others.
Discuss why the candle goes out under the jar, and why the candle stays lit for longer when the jar is bigger. 
Potential discussion prompts
· Why do you think the candle stayed lit for longer under the larger jar?
· Tell me more about the word ‘air’. What is air made up of?
· Scientists say that fires use oxygen in the air as fuel. How does that fit with your idea?
· What is oxygen?
· Where is oxygen found? 
· Why did the candle under the jar eventually burn out?
· Most of the oxygen in the jar had been used up, so the fire couldn't burn anymore.
· What do you think the oxygen had turned into? 
· The oxygen turns into carbon dioxide as it ‘burns’.
· (If you ran replication trials) Why did I ‘swish’ the jars through the air earlier to clean them out in between each use?
· So that the carbon dioxide could come out of the jar, and be replaced by air with more oxygen in it.
· Note that air also contains small amounts of carbon dioxide.
· Do you think that fire is a reversible or irreversible change? 
Pose the question: Where does the wax go when a candle burns?
Discuss how the candle becomes smaller when lit. If students seem unsure, demonstrate by lighting another candle before discussing further. Birthday candles are a good choice for this demonstration as they burn quickly and will noticeably reduce in height.
Discuss how the initial heat melts and evaporates the wax into a gas (reversible/physical change). This wax gas combines with oxygen in the air and becomes carbon dioxide and water (irreversible/chemical change).
Potential discussion prompts
· When we observed the actual jars, what did we see? 
· Why did the water droplets form on the inside of the jar?
· I wonder what would happen if the wax did not melt and flow up the wick?
Introduce students to the ‘fire triangle’ using the Fire triangle Resource sheet. Discuss the different types of cooking fires that students may have identified at the beginning of the lesson. Identify the elements required to start these types of fires and keep them burning. 
Discuss how these fires can be extinguished by waiting until all the fuel has been burned, or smothered to prevent oxygen/air from reaching the fuel. 
Finally, discuss the impact that cooking food, enabled by humans’ use and control over fire, has had on human survival. Some resources to support this are listed below. Select resources that are appropriate for your students and context, or add your own.
· The Origins of Cooking: How Food Shaped Human History (13:35)
· Note: Please be advised that this video intended for instructional use contains a brief image of a female breast (blurred at approximately 1:30 and in side profile at approximately 6:35 minutes), and we recommend previewing the material in advance to determine its appropriateness for your students and to follow any necessary school policies regarding parental notification or alternative assignments.
· Fire and the Brain: How Cooking Shaped Humans, Article by American Museum of Natural History
· Cooking by Britannica Kids
· Every human culture includes cooking – this is how it began, Article in New Scientist

Reflect on the lesson
You might:
· add to the class word wall any vocabulary related to burning (combustion) as an irreversible change, such as carbon dioxide and energy (as heat and light).
· add to the class TWLH chart.
· discuss students’ own culturally important food and cooking experiences.
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	To read the most recent version of this lesson, download associated resources, and view embedded professional learning including classroom videos and work samples, visit: https://primaryconnections.org.au/teaching-sequences/year-6/chemistry-kitchen/lesson-7-really-rusty 



Lesson overview
Students make reasoned predictions about rust, then plan and conduct an investigation into the factors that affect how quickly steel rusts.
Key learning goals
Students will: 
· work in teams to plan and conduct an investigation to explore factors affecting how quickly steel rusts.
Students will represent their understanding as they: 
· make reasoned predictions about factors affecting rusting.
· describe factors affecting rusting and make a claim that responds to the prediction(s) they made with supporting evidence and reasoning.
· contribute to discussions about painting and galvanising to protect steel from rusting.
· update the TWLH chart.
Assessment advice
In this lesson, assessment is formative.
Feedback might focus on:
· students’ claims (with supporting evidence and reasoning) about factors affecting rust.
· the conclusions that students draw about how painting or galvanising steel reduces rusting rates.
· the representations students generated.

In this lesson, assessment can be summative.
Students working at the achievement standard for Science inquiry should have:
· posed an investigable question.
· planned safe, repeatable investigations to identify patterns, test relationships, and make reasoned predictions.
· identified variables to be changed, measured, and controlled.
· used equipment to generate and record data with appropriate precision.
· used equipment to observe, measure and record data with reasonable precision.
· constructed appropriate representations of this data.
· analysed the data to identify patterns.
· made a claim based on the data/evidence to answer their question.
· communicated their claim/s and evidence clearly.
· compared their methods and findings with others, determining sources of possible error, and where their claims correlate with those of others.
Refer to the Australian Curriculum content links on the Our design decisions tab for further information.
List of materials
Whole class
· Class science journal (digital or hard-copy) 
· 1 x galvanised nail
· 1 x steel nail that will rust (these are commonly called ‘bright’ nails). 
· Note: Galvanised nails have been coated in zinc to protect them from rusting, whereas bright nails have not. The look of a galvanised nail is dependent on the process used (hot dipped, electro-galvanised etc.). See the embedded professional learning What causes things to rust? on the lesson webpage for more guidance on equipment for this experiment.
Each group 
· Variety of liquids to represent conditions steel may be exposed to, such as water (rain/humidity), salty water (waves/sea spray), vinegar (acid rain), and oil (protective layer such as paint)
· 4-5 matching small jars (clean and dry)—one for each liquid, lids optional
· 4-5 pieces of steel wool. Alternatively, steel (bright) nails can be used.
Note: Steel wool will have visible signs of rust in approximately 2 days, compared to the nails, which may take 2 weeks to show obvious signs of rust.
· Marker to label jars
· Magnifying glass (optional)
Each student
· Individual science journal 
· Rust investigation planner Resource sheet

	Lesson routine
	Estimated time
	Task type

	Re-orient
	10 minutes
	Whole class

	Question
	10 minutes
	Whole class

	Investigate 
	20 minutes 
	Whole class/Small group 

	Integrate 
	20 minutes
	Whole class
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Inquire
Re-orient
Review the irreversible chemical reactions that students have investigated so far in this sequence, including splitting curds from whey in milk using acid, generating gas by combining ingredients, the Maillard reaction, and how fire consumes substances.

Question • What is rust?
Students recount their observations of the use of metal utensils and equipment while completing the My kitchen observations table. List the names of any metal items that get used in the kitchen and how they are cleaned and stored. 
Note: Students may give varying responses based on the practices of their home. All responses should be acknowledged and (within reason) validated.
Ask students if they know what rust is, and if they have observed any rust on metal utensils during their observations. If necessary, provide a simple explanation of what rust looks like, including any images if appropriate.
Pose the questions: What is rust? Why does it appear on metal utensils? What causes metal to change and go rusty?

Investigate • Rusty nails
Explain that students will plan and conduct an investigation to explore factors affecting how quickly metal rusts, by using steel wool (or alternatively steel nails) as a representative for the metal utensils that are used in the kitchen, which are often made of stainless steel. The observations will be ongoing over several days/weeks. 
Outlined below is a detailed guide for supporting students to plan and conduct this investigation. Make modifications to this guide based on how experienced your students are with fair testing and the assessment data required. 
· Students experienced with planning and conducting their own investigations can do so independently in collaborative teams, using the materials available. This will allow you to gather summative assessment data on all aspects of science inquiry. In that case, teams can fill in their own variables grid, write an investigable question, and plan and conduct an investigation with the materials provided.
· If students are less experienced, they may require more guidance in questioning and planning an investigation. The collection of assessment data can then focus on specific aspects of science inquiry, such as how they analyse and draw conclusions from the data, or how they represent and communicate their findings. You might support students to identify variables, and then ask them to write the investigable question independently. Alternatively you might support the entire planning process and provide a scaffold to analyse the data that students can complete independently.
Use the approach that is appropriate for your students.

Brainstorm what things (variables) might affect how quickly steel rusts, recording students’ answers using a demonstration copy of the Variables grid Resource sheet. 
[image: ] 
Model how to use the variables grid to plan a fair test by only changing one variable and keeping all others the same. For example, if they investigate the effect of different substances on the rate of rusting, students might: 
· Change: what substance the steel is in contact with
· Measure/Observe: amount of rust produced
· Keep the same: air temperature, thickness of steel, moisture in the air etc.
Display this information in the classroom for easy student reference.
Use the scaffold ‘What happens to _____________ when we change _____________?’ to help students develop specific questions for their investigation. For example, What happens to the amount of rust created when we change the substance it contacts/touches? 
Allow students adequate time to:
· record their investigation question, predictions, variables, setup and equipment list on Rust investigation planner Resource sheet.
· set up their investigation—this is an ongoing investigation, and students will record observations for several days/weeks.
· make initial observations and discuss the importance of using detailed vocabulary in diagrams/notes, such as ‘small amount of rust on nail’ and ‘clear water/no discoloration’.
Potential discussion prompts
· Why do we need to include details in our observations?
· To show small differences between samples
· What words can we use to describe each liquid today?
· What colour is the steel wool (or nail) today? 
· Are there any lumps/pieces/foreign objects other than the steel wool (or nail) in the jar? How might this affect results?
Over the next few days/weeks, provide opportunities for students to make ongoing observations.
[image: ] 

Integrate • Irreversible rust
Conduct this Integrate step once enough time has passed for signs of rust to have formed on the steel wool/nails. This should happen in a few days to two weeks.
	In this Integrate step, guide students to link their experiences in the investigation to the science concept being explored—in this instance, that some metals can change in water and become rusty.
Through questioning and discussion, students should come to a consensus that:
· metals can be changed by other substances.
· rusting is one change metals can undergo.
· these changes are irreversible.


Students complete final rust observations on Rust investigation planner Resource sheet.
Ask teams to report back to the rest of the class on their findings, including a claim that responds to the prediction(s) they made with supporting evidence and reasoning. 
Encourage students to probe deeply into groups’ results and claims using the science question starters.
Potential discussion prompts
· What did you predict would happen?
· What did you observe?
· Was your prediction different to what you observed?
· Why do you think that happened?
· What claim might you make to answer your question “What happens to the amount of rust created when we change the substance it contacts/touches?”
· What evidence do you have to support your claim?
Discuss what sort of change students think has occurred and if they think that the metal and rust can be separated again, like the salt and water could.
Potential discussion prompts
· How has the nail changed?
· Do you think the change can be reversed, and the rust and nail separated again?
· How might you do that?
· If we scraped the rust off the nail, would the nail be the same size underneath? Would what we scraped off turn back into steel/metal?
Explain that:
· like with the creation of CO2 gas and the Maillard effect, the rust created on the nails is a completely new substance; the metal itself has changed and become something new.
· this means that the change is irreversible—even if you filed or blasted the rust away, the bits you remove would still be rust, and what’s left behind would be smaller. 
· a chemical reaction between the steel wool/nail, water, and oxygen has occurred, generating the rust (also known as iron oxide).
Show students a galvanised nail and a steel (bright) nail noting that they are both made out of the same type of metal as the steel wool, and to compare the difference between the two nails. The galvanised coating helps to stop oxygen and water reaching the steel, preventing rust. Discuss the importance of painting and other protective coatings (such as galvanising) to reduce rust on kitchen implements and utensils, especially those that are in frequent contact with water for cleaning etc.
Potential discussion prompts
· Do you think the metal utensils in your kitchen have a protective layer on them, as the galvanised nail did? Why do you think that? 
· What do you think would happen if they didn’t have a protective layer? 
· Do you know of any other techniques people use to protect metal cooking implements? What are they?
· Some pans, particularly those made of cast iron and carbon steel, need to be ‘seasoned’. This involves coating the pan with a thin film of cooking oil and heating it to high temperatures. The oil itself then undergoes a chemical change called polymerisation, which bonds the oil to the surface. This protects the pan from rust. After use and cleaning, these utensils should be dried very thoroughly, and need to have a thin layer of oil applied to protect them from rusting between uses.

Reflect on the lesson
You might:
· invite students to summarise their understanding by drawing an annotated representation to explain how painting or galvanising steel reduces the rate of rusting (last section of the Rust investigation planner Resource sheet).
· add to the class word wall any vocabulary related to rust, including irreversible, chemical change, iron oxide, oxidation.
· add to the L and H columns of the TWLH chart.
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	To read the most recent version of this lesson, download associated resources, and view embedded professional learning including classroom videos and work samples, visit: https://primaryconnections.org.au/teaching-sequences/year-6/chemistry-kitchen/lesson-8-chemistry-my-kitchen 



Lesson overview
Students apply their understanding of reversible and irreversible change by designing (and potentially producing) a food experience involving irreversible change for a specific event/purpose.
Key learning goals
Students will:
· design (and potentially produce) a food experience involving irreversible change, for a specific event/purpose, such as a bake stall, food for a celebration or a snack to share with a buddy class. 
Students will represent their understanding as they: 
· discuss and group the changes observed during the sequence as physical or chemical changes, and reversible or irreversible.
· share and explain their design, how it involves irreversible change, and its suitability for the specific event/purpose.
Assessment advice
In the Act phase, assessment is summative.
Students working at the achievement standard should have:
· recognised physical and chemical changes to substances.
· Refer to students’ contributions to discussions.
· Refer to the food experience design and how they describe changes that occur on Kitchen chemistry Resource sheet and when communicating their design with the class (or other audience).
· compared and classified changes as reversible and irreversible.
· Refer to students’ ideas on the changes observed during the sequence, and which were reversible or irreversible.
· Refer to students’ contributions during the ‘Sorting Changes’ (Connect) phase of this lesson.
Refer to the Australian Curriculum content links on the Our design decisions tab for further information.

List of materials
Whole class
· Class science journal (digital or hard-copy) 
· Video: Reversible and irreversible changes to matter (2:15)
· Optional: Ingredients and equipment to produce a food experience
Each student
· Individual science journals and resource sheets from this sequence
· Kitchen chemistry Resource sheet

	Lesson routine
	Estimated time
	Task type

	Anchor
	10 minutes
	Whole class

	Connect
	15 minutes
	Whole class

	Design
	Variable
	Whole class/Individuals

	Sharing
	Variable
	Whole class/Small group
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Act
Anchor • What have we learned so far
Discuss the different changes that students have investigated, such as:
· dissolving/retrieving salt.
· how chemical reactions contribute to the production of different foods, including cheese, bread and toast.
· the chemical reactions involved in fire, and how fire impacted the cooking of food.
· creating new substances such as casein plastic and rust.
View Reversible and irreversible changes to matter (2:15) to consolidate the difference between reversible and irreversible change.

Connect • Sorting changes
Discuss why categorisation is important in science. 
Potential discussion prompts
· Why classify things? 
· To help us make sense of the world and recognise the similarities and differences between things.
· What if we didn’t classify things? 
· We would have difficulty communicating, since simple words like ‘tree’ are a classification.
Optional: Using think, pair, share, invite students to consider how the changes investigated in this sequence could be grouped. For example, changes could be grouped as ‘gas-producing’ & ‘non-gas producing’.
Encourage scientific thinking and reasoning by asking questions such as Could you tell me more about that? and Well, if that’s right, what about….
As a class, classify the changes regarding food/cooking students have observed and learned about as physical or chemical changes, and determine whether they are reversible or irreversible.

Design • Food design
Students design, and potentially produce, a food experience involving irreversible change, for a specific event/purpose. See the Selecting a Chemistry in my kitchen experience section in the Preparing for this sequence tab for further guidance.
Define
Outline the task in a simple manner such as:
How can we use/highlight irreversible changes that occur in the kitchen through our food experience?
Discuss who the students will be creating the food chemistry experience for. Will they be producing the experience for parents, peers, or a younger class? How will they plan for food allergies? How will they explain the chemistry they have learned? What language will they use to explain it?
Ideate
Brainstorm and record relevant ideas that can be created using irreversible changes, and discuss how these changes can be highlighted.
At this stage, to support creative thinking, every idea offered by students should be recorded in the class science journal. No idea is discounted, as the practicality of each idea will be considered later.
As students offer ideas, ask probing questions (What do you already know about heat changing food? What foods have you seen prepared in the past for similar situations/events?) to draw out where students may start their thinking, in order to design the food experience.
Optional: It may be appropriate here to allow students some time to research and take a deep dive into food preparation or foods associated with particular celebrations.
Determine the criteria for how students’ designs might demonstrate the scientific concepts explored during the sequence. For example, the design could include:
· a description of reversible and/or irreversible changes occurring.
· an audience-appropriate explanation of how the changes will create a food experience suitable for the audience.
· a list of the required equipment and materials.
Discuss the criteria for assessment with students, guiding them to consider all elements of the design that are required for assessment. Collate this into a set of agreed assessment criteria.
Prototype
Allow students time to create their food experience. They may work individually or in teams.
They may use Kitchen chemistry Resource sheet to plan the food experiences and related irreversible changes.
Optional: Students/teams are provided opportunities to share their ideas and receive peer feedback (download AITSL’s guide for more on peer feedback). 

Communicate • Sharing
Students share their designs with the class (or other audiences). They might share:
· the reversible and or irreversible changes that will occur during the food making process.
· illustrations or plans for their design.
· how it is a suitable food for the specific event/purpose.
Optional: Make the food
Select a design(s), source ingredients, and make the food for the specific event/purpose.
Consider the risks associated with heat and food preparation and adapt the food-making experience accordingly. This might include:
· ensure fire safety equipment and procedures are followed.
· have the teacher leading (and students observing) when there is a risk of burns.
· ensure a food-safe environment.
· consider food allergies of those preparing and consuming the food.

Reflect on the sequence
You might:
· refer to the list of student questions from the TWLH chart begun in Lesson 1. Determine which questions have been answered over the course of the learning sequence, what the ‘answers’ to the questions are, and the evidence that supports these claims. Address questions that have not been answered during the learning sequence, discuss why they might not have been addressed, and consider potential investigations that might support students to answer them.
· ask students to represent their learning in words, symbols, and pictures (multimodal representations). This could involve filming/commentary on videos etc.
· discuss why it’s important to have a good understanding of reversible and irreversible change.
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