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Example teaching and learning unit: 4.1 Forces at play – the great marble run challenge	
[bookmark: bookmark=id.u1diy0y5etjc]Example teaching and learning unit: 4.1 Forces at play – the great marble run challenge
Design and Technologies, Levels 3 and 4
Use this teaching and learning unit template to plan a teaching and learning unit for a specific curriculum area or multiple disciplines. 
Hint: Use your completed curriculum area map(s) and your completed curriculum area plan to help populate this teaching and learning unit.
Overview 
	Description of the teaching and learning unit
	Cohort considerations (in relation to this teaching and learning unit)

	In this unit, students will work in teams to build and test marble runs to explore forces. Through hands-on learning and problem-solving, they will investigate key engineering principles such as gravity and friction, and their relationship to momentum. Students will complete regular reflections, individually, in groups and as a class, to improve their approach over time. Students will also investigate systems thinking by learning how different parts work together within a system and how to plan and manage a project by contributing through various team roles. Using measurement tools, timers and recording observations, students build an understanding of how input, process and output apply to marble runs. By the end of the unit, students will have developed their design and technologies skills, deepened their understanding of how systems and forces work, and built confidence in working as a team to solve real-world problems through creative thinking and collaboration.
Duration:
The unit is planned as 6 lessons of 60 minutes duration over 6 weeks.
	Relevant student data may include teacher judgements, prior teaching and learning units and any pre-assessments undertaken. 
When making adjustments for learners, cognitive and affective considerations will be relevant, including for students who have an individual education plan and associated goals. 
Based on knowledge of the cohort, consider the continuum of learning below and subsequently adjust content, learning environment, resources and learning experiences. 
Through informal peer discussion and regular planning meetings, moderation can occur as an ongoing assessment. 
Student self-reflection and moderation of work, using critical thinking activities, can be a supportive peer-feedback approach.
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Continuum of learning – Victorian Curriculum F–10 links 
Achievement standards
	Foundation to Level 2 (band before focus)
	Levels 3 and 4 (focus band)
	Levels 5 and 6 (band after focus)

	For … the [Engineering principles and systems] Technologies Contexts sub-strand, they identify the features and uses of technologies, and create designed solutions.
	For … the [Engineering principles and systems] Technologies Contexts sub-strand, they describe the features and uses of technologies, and create designed solutions.
	For … the [Engineering principles and systems] Technologies Contexts sub-strand, they explain how the features of technologies impact on design decisions, and work collaboratively and in teams to create designed solutions to address identified needs or opportunities.

	Students follow sequenced steps to use tools and materials to safely produce designed solutions.
	Students plan and sequence steps, and use technologies and techniques to safely produce designed solutions.
	Students develop project plans, including production processes, and follow the project plans to select technologies and techniques to safely produce designed solutions.


Content descriptions
	Foundation to Level 2 (band before focus)
	Levels 3 and 4 (focus band)
	Levels 5 and 6 (band after focus)

	Technologies Contexts – Engineering principles and systems

	explore how technologies affect movement in products and systems
VC2TDE2C01
	describe how forces affect function in a product or system
VC2TDE4C01
	explain how electrical energy can be transformed into movement, sound or light in a product or system 
VC2TDE6C01

	Creating Designed Solutions – Planning and managing

	sequence steps for making designed solutions cooperatively
VC2TDE2D05
	sequence steps to individually and collaboratively make designed solutions 
VC2TDE4D05
	develop project plans that include consideration of resources to individually and collaboratively make designed solutions
VC2TDE6D05




Other curriculum content
	Capability
	Achievement standard link(s) and assessment notes
	Content description link(s) and teaching and learning notes

	Creative and Critical Thinking
(Levels 3 and 4)
	Students identify, construct and use open and closed questions for different purposes. 

	Content description:
the construction and use of open and closed questions for different purposes 
VC2CC4Q01
Teaching and learning notes throughout the unit:
Explicitly model the difference between open and closed questions using the context of marble run investigations (e.g. ‘Does the marble fall off?’ compared to ‘Why do you think the marble falls off here?’).
During group work and testing, encourage students to ask open-ended questions to explore design decisions and outcomes (e.g. ‘What would happen if we made the ramp steeper?’).
Include a question wall where students can post questions they have during the building and testing process, and categorise these as open or closed (digital, like a Miro board, or a section on the board in the classroom).
Use class discussions, group debriefs and the testing phase as opportunities for students to generate and refine questions that guide improvement.

	
	Students identify a conclusion justified by a range of reasons, and structure and communicate a conclusion justified by a range of reasons.
	Content description:
ways to identify, structure and communicate a conclusion justified by a range of reasons
VC2CC4R01
Teaching and learning notes throughout the unit:
Teach students how to make simple claims based on evidence from their marble run trials (e.g. ‘Our marble was slower on the carpet because there was more friction.’).
Use a graphic organiser (e.g. Claim–Reason–Evidence) to help students to structure reflections and presentations.
Provide sentence starters like:
‘We decided to change our ramp because ...’
‘One reason our marble didn’t reach the end was ...’
‘We tested our changes and saw that ...’
During the construction and presentation of the marble runs, encourage groups to clearly justify design decisions and modifications based on results, and to reflect on teamwork.

	Personal and Social Capability
(Levels 3 and 4)


	They explain a range of ways to support themselves and others in personal and social contexts, including consideration of the outcomes of behaviour and actions. 

	Content description: 
strategies for developing and using personal strengths to support themselves and others; strategies for developing personal interests to support personal growth 
VC2CP4S03
Teaching and learning notes throughout the unit:
When placing students in groups, have students identify their personal strengths (and weaknesses) to each other (e.g. creativity, organisation, persistence, communication) and discuss how they can use these in their team roles.
Use team roles to help students apply and grow their strengths (e.g. marble roller, ramp installer, recorder and timekeeper).
Incorporate reflection questions such as:
What personal strength did you use most in this project?
How did your role help your team succeed?
Provide time for students to share how they supported others or took on new challenges that helped them grow.

	
	Students explain the importance of inclusion, collaboration and different perspectives in different contexts.
	Content description: 
strategies that support persistence and adaptability when faced with challenging situations and change 
VC2CP4S04
Teaching and learning notes throughout the unit:
Model a positive attitude to problem-solving (e.g. ‘Let’s try something else’ when a design fails).
Teach and use a class strategy for persistence such as Try–Reflect–Adjust or Pause–Plan–Persist.
After setbacks (e.g. a marble not completing the run), encourage students to:
reflect: What didn’t work?
adapt: What can we change?
try again: Let’s test our new idea!
Build a visible problem–solution wall where teams can post common challenges and how they overcame them.
Ask for and celebrate small wins and perseverance during group check-ins or at the end of each lesson.


Cross-curriculum priorities
	Cross-curriculum priority
	Content description links and teaching and learning notes

	Sustainability
	Focus organising idea:
Responsibly designed products and services aim to minimise the human impact on the environment and restore the quality, ecological integrity and diversity of economic, social, environmental and cultural systems.
VC2CCPSRD1
Teaching and learning notes throughout the unit:
This priority can be easily integrated into Design and Technologies lessons when discussing raw materials, material manufacture, material uses and life cycles of materials when used to create products and services – including systems. 
Try using only recycled materials during construction of marble runs and ask students to bring recycled materials from home.


Essential questions
	Essential questions to foster inquiry, understanding and transfer of learning

	How do forces such as gravity and friction affect the movement of marbles in a marble run?
How are forces like gravity and friction related to momentum?
How can we manage our time and steps effectively as a team to complete the marble run on time?
What strategies can we use to work effectively as a team to solve complex design challenges?




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

	Reflection (lesson 1, Exit ticket)
Type: Formative
Reflect on questions about friction.
	For … the [Engineering principles and systems] Technologies Contexts sub-strand, they describe the features and uses of technologies, and create designed solutions.
	This task may be moderated by other teachers of the cohort or a professional learning community in conjunction with the Levels 3 and 4 achievement standard, using a selection of student work samples that demonstrate differing levels of understanding: developing, proficient, excelling or not applicable.

	Graffiti wall and gallery walk (lesson 2)
Type: Formative
Respond to questions about gravity and create a gallery walk.
	For … the [Engineering principles and systems] Technologies Contexts sub-strand, they describe the features and uses of technologies, and create designed solutions.
Students plan and sequence steps, and use technologies and techniques to safely produce designed solutions.
	Not applicable

	Class reflection (lesson 3)
Type: Formative
Reflect using Think–Ink–Pair–Share and a gallery walk.
	For … the [Engineering principles and systems] Technologies Contexts sub-strand, they describe the features and uses of technologies, and create designed solutions.
	This task may be moderated by other teachers of the cohort or a professional learning community in conjunction with the Levels 3 and 4 achievement standard, using a selection of student work samples that demonstrate differing levels of understanding: developing, proficient, excelling or not applicable.

	Reflection and gallery walk (lesson 4)
Type: Formative
Respond to questions about momentum and create a gallery walk.
	For … the [Engineering principles and systems] Technologies Contexts sub-strand, they describe the features and uses of technologies, and create designed solutions.
	Not applicable

	Forces at play – the great marble run challenge (lessons 5 and 6)
Type: Summative
Participate in ‘the great marble run challenge’ and reflection.
	For … the [Engineering principles and systems] Technologies Contexts sub-strand, they describe the features and uses of technologies, and create designed solutions.
Students plan and sequence steps, and use technologies and techniques to safely produce designed solutions.
	This task may be moderated by other teachers of the cohort or a professional learning community in conjunction with the Levels 3 and 4 achievement standard, using a selection of student work samples that demonstrate differing levels of understanding: developing, proficient, excelling.





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

	1
	1
	Learning intention: 
We are learning to describe how friction affects the way objects such as marbles move on different surfaces.
Success criteria:
I can describe friction.
I can describe how friction affects the way objects such as marbles move on different surfaces.
	Lesson title: Marbles on the move – understanding friction
What is friction?:
Explain to students that friction is a force that happens when 2 things rub against each other (see ‘Resources’ column). It can slow things down. If a marble rolls on something rough like carpet, grass or sandpaper, it will slow down. If it rolls on something smooth like tiles, timber floorboards, plastic or metal, it can go faster because it slows down less.
Small group activity:
Students test how marbles roll on a flat surface:
first on smooth surfaces, such as tiles, timber floorboards, cardboard
then on rough surfaces, such as carpet, grass, sandpaper.
As a class, discuss: 
On which surfaces did the marble roll best? 
How do you think that happened?
Have students work in small groups to test how far a marble rolls on the following surfaces: carpet, timber floorboards, tiles and grass. Measure the distance, trying to keep the rolls the same each time.
Record results on a worksheet with the following headings: 
‘Surface material’	
‘Smooth or rough’
‘Distance rolled (cm)’
‘What we noticed’.
Bring the class together to share their results. Sum up that smooth surfaces resulted in less friction, so objects roll farther and faster. Rough surfaces resulted in more friction, which slows things down. Remind students that there will often be friction between 2 moving surfaces, so all materials slow marbles down, but some slow them more than others.
Ask students the following questions: 
Which of the surfaces resulted in the most friction? 
What could explain this?
Why do you think that is?
Exit ticket (formative assessment): Reflection
Ask students to reflect on the following: 
On which surface did your marble travel the longest distance? What do you think made it go this far?
On which surface did your marble travel the shortest distance? What do you think made it stop more quickly?
What did you learn about how friction affects movement?
	Enabling and extending prompts:
Enabling prompts offer advice for supporting students to work towards the focus band of this unit.
Extending prompts provide opportunities to deepen understanding and challenge students to progress above the focus band of this unit. 
Enable:
Provide sentence starters for reflection (e.g. ‘When the surface was rough, the marble rolled at a faster/slower rate.’)
Extend: 
Before rolling the marbles, predict how changing the surface material affects the marble’s change in speed, or arrange different materials on a continuum from smooth to rough and explain how each affects a marble’s speed.
	Exit ticket (formative)
See ‘Assessment and learning sequence details’.
	For What is friction?:
Friction and Gravity | MightyOwl Science | 3rd Grade – YouTube (until 2:25)
For Small group activity:
Marbles of the same size 
Smooth surfaces (e.g. table, tiles, timber floorboards)
Rough and textured surfaces (e.g. grass outside, carpet, piece of clothing)

	2

	2
	Learning intentions: 
We are learning to describe how gravity affects the movement of objects, such as marbles.
We are learning how to work together in a group by having specific roles.
Success criteria:
I can describe gravity and how it affects objects such as marbles.
I can explain that gravity pulls objects such as marbles towards the ground.
I can work in a group and take responsibility for a role.

	Lesson title: Let’s roll! Exploring gravity with marbles
Review of friction:
Review the discussion about friction. Remind students what friction did in Lesson 1 (i.e. how surfaces slowed the marble down differently). Friction is the force that was acting against the marble’s movement. 
What is gravity?
Discuss the concept of gravity with students (see ‘Resources’ column). Explain that gravity is the force that pulls things towards the ground, and that it pulls a marble down a ramp.
Tell students that when constructing a marble run, they need to make sure that the ramp is steep enough so that the force of gravity acting down the ramp is more than the force of friction, which means the marble can roll.
Guided example:
Show students a simple marble run or watch the video clip Build a Marble Run (see ‘Resources’ column). Start by placing the marble on a flat surface and observe how it moves. Then, try a version with a ramp. For example, you could tape a cardboard tube (e.g. from a paper towel roll or wrapping paper roll) at an angle to a table so the marble rolls down into a box or across the table or onto the floor. 
As a class, discuss:
Why do you need to include a ramp in a marble run? 
How does gravity help the marble move down the ramp?
Group activity:
Complete the following group activity as a class. Tell students what they will do and as a class discuss what roles and tasks need to be done. Write their ideas on the whiteboard and ask students to say what strengths or skills are needed for these tasks.
Allocate students to roles for the marble run experiments and tasks:
marble roller – rolls the marble; has steady hands to start the marble roll carefully
ramp installer – sets up the ramp; is good at building and likes setting up things
scribe/recorder – writes down what happens; likes writing and can listen and write at the same time
timekeeper – records how long the marble takes to roll; is good at using a timer and paying close attention
observers (rest of the class) – observe and alert others to changes; are good at watching closely to notice small changes.
As a class, discuss what tools and materials each student needs.
After the experiment, ask students:
What do you notice?
What causes the speed of the marble to change?
How did having different roles help with the activity? 
Why were some students able to provide more information about what they noticed?
Repeat the activity by changing the height or angle of the ramp, changing student roles if desired. Students can observe that the steeper the ramp, the more quickly the marble moves. Explain that this happens because gravity acting down the ramp has more effect on the marble when the ramp is steeper. The higher the start of the ramp, the more energy the marble has, and this type of energy changes to kinetic (movement) energy as it rolls down the ramp, pulled by gravity. 
Graffiti wall and gallery walk (formative assessment):
Write each of the following questions on a separate sheet of poster paper and then place these all around the classroom or on the wall.
What is gravity?
How do ramps change how fast a marble rolls?
What materials/tools did you need for the experiment?
How does having different jobs/roles help you do the experiment?
Ask students to use a sticky note to respond to each question and then stick it on the appropriate poster paper on the wall. After all students have added their responses, give them time to walk around the room and read other students’ responses. This gives them a chance to reflect on what others have said.

After the walk, bring the class together to discuss the responses. Ask follow-up questions such as:
Did you notice any similar answers about gravity?
What ideas did you learn about using ramps in marble runs?
What did you learn about working in a group?
Did you find any answers surprising?
	Enable: 
For the guided example, give students some prompts to assist with understanding gravity, such as: 
How does the ramp affect the marble’s roll? 
Does the marble roll faster or slower when there is no ramp?
Extend: 
Ask students to speculate how the steepness of the ramp affects the marble’s speed. Use prompts such as:
Can you make a prediction about what might happen if the ramp is too steep?
Can you hypothesise what might happen if the angle of the ramp increases?
You could provide the following statement to assist students: 
‘I hypothesise that if the angle of the ramp increases, then the marble will travel comparatively faster/slower and a longer/shorter distance, because …’
After the group activity, give students some prompts to assist with understanding gravity, such as:
Does the marble roll faster or slower when the ramp is steeper? 
Does the marble roll faster or slower when the ramp is flatter?
When discussing gravity, ask students to consider how the forces of gravity and friction cause changes in the speed of the marble.
After the group activity, ask students to consider how they could change the design to test how the forces of gravity and friction change the marble’s speed.
	Graffiti wall and gallery walk (formative)
See ‘Assessment and learning sequence details’.

	For What is gravity?:
Friction and Gravity | MightyOwl Science | 3rd Grade – YouTube (from 2:25)
For Guided example and group activity:
Build a Marble Run | STEM & STEAM Activity for Kids | Lakeshore® Learning – YouTube
Ramp construction materials such as:
cardboard tubes (from paper towels or wrapping paper)
boxes
recycled cups
different kinds of paper and card
masking tape
glue
scissors.
Marbles
Timer 
For Graffiti wall and gallery walk:
Poster paper 
Sticky notes


	3
	3
	Learning intentions:
We are learning how the mass of an object affects its momentum and how far it moves.
We are learning how to work together in a group by undertaking a specific role.
Success criteria:
· I can explain about momentum.
· I can describe how the mass of a marble affects how far it rolls.
· I can work in a group and take responsibility for a role.
	Lesson title: Rolling with momentum
What is momentum?:
Introduce the concept of momentum by explaining that momentum is a way to describe an object that is moving, by using its mass and speed.
Ask students:
Have you ever ridden a bike or scooter down a hill?
Was it easy or hard to stop or slow down when you were going downhill?
Does it feel different riding downhill compared to riding on flat ground? 
Do you have to press the brakes harder to stop when riding downhill compared to riding on flat ground?
Show students the video Momentum – Science for Kids (see ‘Resources’ column) and discuss momentum. Explain that this lesson will focus on exploring mass and momentum and the following lesson we will be exploring speed and momentum. Explain that the heavier or faster something is, the more momentum it has.
As a class, discuss, ‘What’s easier to stop: a bicycle or a bus? Why do you think that is?’
Show students big and small marbles and ask them to predict which ones they think will roll the fastest down the run.
Group activity:
Explain that the class needs to test the idea and ask students to identify what roles they think would be required. Roles could include:
marble roller: rolls the marble
ramp installer: sets up the ramp
scribe/recorder: writes down the size of the marble and what happens 
measurer: records how far the marble rolls after it leaves the ramp
observers (rest of the class): watch closely and help notice changes.
Remind students of the strengths required for each role and identify that there is a new role (measurer) compared to those in the previous lesson. The person in this role needs to be good at using rulers or measuring tools carefully to measure the numbers correctly. Ask students to volunteer for this role, along with the other roles. As a class, make sure everyone has the tools and materials they need to do their jobs. Remind students that team members are expected to collaborate, share ideas, solve problems and support one another to complete the task.
As a class, set up a marble run with a ramp and place it at a gentle slope. 
Roll a small marble down the ramp. Measure how far it travels after it leaves the ramp. Use a ruler to measure the distance it rolls.
Repeat the test with a large marble. Roll the large marble down the ramp. Measure how far it travels after leaving the ramp.


Compare the results and discuss the following questions as a class:
Which marble travelled further?
Why do you think one marble rolled further than the other?
As a class, discuss:
What made the large marble roll furthest? 
What made the small marble stop sooner?
Students should discuss that the large marble had more momentum because it was heavier, so it kept going for longer. The small marble had less momentum because it was lighter, so it did not travel as far.
Discuss the importance of the different roles to complete the experiment. Then ask students which role they think was the most important, or if they think all the roles were equally important.
Class reflection (formative assessment):
Undertake this activity as a Think–Ink–Pair–Share. Have students individually think about their responses to the following questions:
What is momentum?
How did the mass of the marble affect how far it travelled?
What do you think would happen if you made the ramp steeper?
Why is it important to have different roles when completing the task?
Ask students to write their answers on the worksheet (see ‘Resources’ column). Then, have each student discuss their answers with another student. After the discussion, ask students to share their answers with the class and add any new ideas to their worksheet based on the conversation.
	Enable:
Ask:
When something is heavy, does it have more or less momentum?
Is it harder or easier to stop something heavy?
Extend:
Ask, ‘Can you explain how momentum and gravity work together when you ride a bicycle or scooter downhill?’
	Class reflection (formative)
See ‘Assessment and learning sequence details’.

	For What is momentum?:
Little School, Momentum | Science for Kids – YouTube
For Group activity:
Ramp construction materials (see Lesson 2)
Marbles of various sizes
Smooth and rough surfaces
Timer (one for each group)
Rulers and/or measuring tape
For Class reflection:
Think–Pair–Share template – Reading Rockets




	4
	4
	Learning intention: 
We are learning how the slope (steepness) of a ramp affects how fast a marble moves and how this changes its momentum.
Success criteria:
I can explain how the steepness of a ramp affects the speed of a marble.
I can describe how speed and mass affect a marble’s momentum.
I can make predictions and test them using ramps of different slopes.
I can work in a group and take responsibility for my role.
	Lesson title: Ramping it up – how slope affects speed
Review of momentum:
Recap what momentum means – it is a way to describe an object that is moving, by using its mass and speed. Remind students that in the previous lesson the bigger (heavier) marbles had more momentum and kept moving for longer.
Explain to students that momentum depends on how fast something moves. The faster something goes, or the heavier it is, the more momentum it has.
Show the rollercoaster video AWESOME Twister Roller Coaster Front Seat POV Knoebels Amusement Park (see ‘Resources’ column) and explain that a rollercoaster moves fast and is heavy, so it has a lot of momentum. Then discuss the following questions:
Do you think the rollercoaster needs to be pushed after it starts going downhill?
Why do you think the rollercoaster went faster as it went downhill?
What do you notice about things when they go down slopes? 
Is it easier or harder to move when you are going downhill?
Why is it harder to stop a fast-moving object than a slow one?
Explicit teaching:
Tell the class that we are going to explore how to make a marble move faster.
Ask students, ‘What are some ways we could make a marble roll faster?’ (Guide students towards the idea of using ramps.)
Discuss with students that they need to conduct an experiment with 2 different ramps: one with a gentle slope and one with a steeper slope. They will roll the same-sized marble down both ramps.
Group activity:
Ask students what roles they think are needed for the experiment, then have them work in groups of five, with each person taking responsibility for one role. Discuss how teams can be decided by assigning roles based on each member’s strengths, deciding who will do what, and making sure everyone has the tools and materials they need to do their part. (If there are extra students, you can assign multiple observers to each group.)
marble roller: rolls the marble
ramp installer: sets up the slope of the ramp
scribe/recorder: writes down the size of the marble and what happens 
measurer: records how far the marble rolls after it leaves the ramp
observer: watches closely and helps notice changes.
In their groups, have students discuss the following questions for each ramp:
Did the marble go faster or slower?
Did it roll further or not as far?
As a class, discuss:
Why do you think the marble rolled furthest when it went faster?
How did speed affect the marble’s momentum?
What force helped it move?
What happens when a heavier marble rolls down a steep ramp?
Does it stop quickly or keep going?
Why do you think that happens?
Reflection and gallery walk (formative assessment):
Allow students a few minutes to individually write their responses to the following questions.
In your own words, what is momentum? 
What helps an object have more momentum?
Why is it important for everyone in a group to have a clear role and the right tools to do their job well?
After students have written their answers, have them walk around the room to view other students’ responses. You can display their answers on poster paper, A3 or A4 paper, or sticky notes around the classroom. Encourage students to read and reflect on what other students have written.
After the gallery walk, gather students together to discuss what they observed. Ask:
What new ideas did you learn from other students?
Did you agree or disagree with any responses? Why or why not?
	Enable:
Ask, ‘When something is fast, it has more or less momentum. Is it harder or easier to stop something that is fast?’
Ask, ‘When something heavy rolls downhill fast, does it keeps going because it has more/less momentum?’
Extend:
How do you think momentum helps a rollercoaster get up the next hill?
Can you explain how both speed and mass affect momentum using an example?
If 2 objects have the same momentum, but one is heavier, what can you predict about its speed?
What would happen if the rollercoaster was half empty? Would its momentum change?
When a heavy object moves quickly downhill, what helps it gain speed, so it builds up more momentum and travels further?
	Reflection and gallery walk (formative)
See ‘Assessment and learning sequence details’.
	For Review of momentum:
AWESOME Twister Roller Coaster Front Seat POV Knoebels Amusement Park – YouTube
For Group activity:
Ramp construction materials (see Lesson 2)
Marbles of various sizes
Smooth and rough surfaces
Timer (one for each group)
Rulers and/or measuring tape
Poster paper
Felt markers, pens
Sticky notes
For Reflection and gallery walk:
Poster paper/A3, A4 paper or sticky notes

	5, 6 
	5, 6 
	Learning intention:
We are learning how the forces of gravity and friction affect the movement of objects, and how to apply this knowledge to design and test a marble run.
Success criteria:
I can explain how gravity, momentum and friction affect how a marble moves.
I can describe how different surfaces, slopes and marble sizes impact the speed and distance a marble travels.
I can predict how changes to the marble run design will affect the marble’s movement.
I can work with my team to design, build and test a marble run.
I can participate in a group discussion about the best design and how forces affected the results.
I can reflect on what I learned and share ideas with the class.
	Lesson title: Resist, run, roll – the marble run adventure in friction, gravity and momentum (summative assessment)
Review of friction, gravity and momentum
Recap the marble run’s key forces (friction and gravity) with students and their relationship with momentum.
Begin by reviewing what students have explored:
Friction slows objects down when they rub against a surface (‘resist’).
Gravity pulls objects towards the ground (‘run’).
Momentum is a way to describe an object that is moving, by using its mass and speed (‘roll’).
Ask students:
What makes a marble roll slowly and stop quickly? (rough surfaces, low ramps, small size)
What helps a marble roll fast and far? (smooth surfaces, steeper ramps, heavier marbles)
Write student responses on the whiteboard for reference during the activity.
As a class, discuss:
Why do some marbles roll slowly and stop quickly?
What things help a marble roll fast and go the furthest?
Group task:
Remind students about the roles they can take in their group to help build a successful marble run (e.g. builder, roller, tester, measurer, recorder, observer). In their groups, students can select their own roles and decide which tools and materials they need for this marble run experiment.
Provide students with the task: ‘Your group will design and build a marble run that helps your marble go as far or as fast as possible. Use what you know about gravity, friction and momentum to make it work well’.
Provide a variety of materials (e.g. tubes, cardboard, tape, ramps) for students to use in building their marble runs.
Instruct students to work in teams to design, build and test their marble runs. Ask them to predict and observe how different features (slope, surface, mass) affect their marble’s speed and distance. Encourage students to adjust their ramps, surfaces or marble size to improve their design.
Marble run competition:
Finish with a class competition to see which marble run makes a marble roll the fastest or go the furthest.
When all groups are ready, hold a friendly class competition, choosing one of the following options:
furthest distance rolled
fastest time from start to finish.
As a class, discuss:
What design worked best for a marble to roll the furthest? Why?
What design worked best for a marble to roll the fastest? Why?
How did gravity, friction or momentum affect the marble’s movement?
Did your team work well together?
What would you do differently next time?
Reflection circle:
Have students sit in a circle and tell them that this is a time to think about what they have learned and share their thoughts with the class. Write the following prompts on the whiteboard:
‘One thing I learned about how things move is …’
‘The best part of our marble run was …’
‘One thing I would try differently is …’
‘The best part about working in a group to construct a marble run was …’
Tell students it is important that everyone has an opportunity to speak, but sharing is optional. However, they are expected to respond to at least one question. Depending on time and class size, the teacher can invite students to share, or allow volunteers. Guide the discussion to ensure all students have a chance to contribute.
Marble run reflection:
Ask students individually to answer the following question and complete the statement (either in written format or as an audio file):
What worked well when creating a marble run?
‘Our marble run would have been even better if …’
	Enable: 
Provide a checklist for testing different aspects of the run such as speed and distance.
Extend: 
Design a way to measure and compare how well (efficiently) different marble runs work by looking at how fast and how far the marble goes.
In the marble run competition, students can also compete for the slowest time or shortest distance.
	Forces at play – the great marble run challenge (summative)
See VCAA Example assessment task: Forces at play – the great marble run challenge and ‘Assessment and learning sequence details’.


	For Group task:
Ramp construction materials (see Lesson 2)
Marbles of various sizes
Smooth and rough surfaces
Timer (one for each group)
Rulers and/or measuring tape


Unit reflection
	Throughout and at the end of the unit, evaluate the teaching and learning unit and refine and adjust as necessary.
Reflection questions:
How does the teaching and learning unit provide evidence of student learning and progress?
Does the teaching and learning unit:
specify the achievement standard sentences addressed in the unit 
specify the content descriptions addressed in the unit 
include the resources and learning activities used to develop knowledge and skills 
provide for a range of student abilities
specify the assessments used to monitor and progress student learning 
provide the approximate time required for the unit? 
Considering your responses to the questions above and other relevant reflections, how can the teaching and learning unit be improved? 
How will the evidence of student learning from this teaching and learning unit influence subsequent teaching and learning units?

Responses:
The unit incorporates a variety of formative (e.g. discussions, gallery walks, reflections, worksheets) and summative (e.g. class competition, reflections) assessments. Student progress is demonstrated through their ability to apply forces and engineering principles in their designs and explain how these relate to forces. Observations and feedback during group work and testing phases provide insights into student collaboration, teamwork and problem-solving skills. Student reflections further illustrate their developing understanding of key engineering concepts. 
The unit aligns with the achievement standard by addressing concepts like forces, motion, energy transfer and problem-solving while also fostering teamwork thought the construction and testing of a marble run. There are enabling and extending activities for each lesson.
The unit could be improved by exploring forces in greater depth, particularly through targeted investigations and real-world applications.
Observations of teamwork and problem-solving skills may inform future group project structures, such as ensuring balanced groupings and clearly defined roles. If students experience difficulties with certain science concepts (e.g. friction, momentum), these can be revisited and reinforced through additional experiments and scaffolding.
Student reflections on teamwork and collaboration can help shape future scaffolding.
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