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[bookmark: _Toc224810958]Summary
This resource pack provides teachers with a range of curriculum-aligned, mini STEM challenges that can be delivered in a variety of formats.
The challenges are designed to be taught in a sequential order to support the progressive development of knowledge and skills. Teachers are encouraged to adapt pacing, scheduling and implementation in response to local context and student learning needs. Possible approaches for delivering these lessons include:
weekly challenges over 10 weeks, with each session supported by explicit instruction, structured checkpoints and guided analysis of students’ design choices
a single-day, co-curricular or transition Olympiad event with short instructional bursts, demonstrations of key techniques and guided reflection to link hands-on activities with conceptual understanding
a STEM club, incorporating concise modelling, responsive mini lessons, and coaching that fosters student agency and supports interest-driven learning.
[bookmark: _Toc224810959]Duration
Ten challenges of approximately one hour each.


[bookmark: _Toc224810960]Outcomes
iSTEM
A student:
ST5-1 designs and develops creative, innovative and enterprising solutions to a wide range of STEM-based problems
ST5-2 demonstrates critical thinking, creativity, problem-solving, entrepreneurship, engineering design skills and decision-making techniques in a range of STEM contexts
ST5-3 applies engineering design processes to address real-world STEM-based problems
ST5-4 works independently and collaboratively to produce practical solutions to real-world scenarios
ST5-6 selects and safely uses a range of technologies in the development, evaluation and presentation of solutions to STEM-based problems
ST5-9 collects, organises and interprets data sets using appropriate mathematical and statistical methods to inform and evaluate design decisions
iSTEM course document © NSW Department of Education for and on behalf of the crown in the State of New South Wales, 2026.
Science Years 7–8
A student:
SC4-WS-03 uses scientific tools and instruments for observations
SC4-WS-04 follows a planned procedure to undertake safe and valid investigations
SC4-WS-07 identifies problem-solving strategies and proposes solutions
SC4-FOR-01 describes the effects of forces in everyday contexts
SC4-LIV-01 describes the role, structure and function of a range of living systems and their components
Science Years 7–10 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2023.
Mathematics Years 7–8
A student:
MA4-ARE-C-01 applies knowledge of area and composite area involving triangles, quadrilaterals and circles to solve problems
MA4-VOL-C-01 applies knowledge of volume and capacity to solve problems involving right prisms and cylinders
MA4-DAT-C-02 analyses simple datasets using measures of centre, range and shape of the data
MA4-PRO-C-01 solves problems involving the probabilities of simple chance experiments
Mathematics Years K–10 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2022.
Technology Years 7–8
A student:
TE4-MSC-01 explains how materials, systems and components contribute to solutions 
TE4-DES-01 communicates and evaluates design ideas and solutions 
Technology Years 7–8 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2023.


[bookmark: _Toc224810961]Unit Overview
This unit introduces students to a series of short, one-lesson STEM Stage 4 – Olympiad challenges designed to build confidence in creative problem-solving. Each challenge requires students to generate ideas, test solutions and refine their designs within a limited timeframe. It is important to emphasise the cooperative improvement of each design solution, rather than encouraging competition between peers. Early challenges utilise highly structured prompts and explicit vocabulary scaffolds, while later challenges require students to independently evaluate designs and communicate decisions, interpret results and propose refinements.
Early challenges (Olympiads 1 and 2) prioritise engineering iteration and promote productive risk-taking, enabling students to develop resilience and comfort with uncertainty. Olympiad 3 introduces management procedures through costing constraints, requiring students to plan, allocate resources and make reasoned decisions under defined limitations. Olympiads 4 and 5 focus on science investigation processes, including the development of fair testing, control of variables and procedural accuracy.
Olympiads 6 and 7 introduce increased mathematical complexity, requiring students to collect, organise and analyse quantitative data to calculate results and justify design decisions. Olympiads 8 and 9 deliberately reduce scaffolding and integrate experimental practice with student-led data collection, supporting increased learner independence. Olympiad 10 functions as a capstone experience, requiring students to synthesise design, test, analyse data and draw evidence-based conclusions through an extended, applied task.
Embedded literacy strategies include the use of an active glossary of technical and procedural terminology, which is reinforced through the reflection activities to check for conceptual understanding. Numeracy development is embedded through scaffolded data-collection systems, including structured tables that support accurate recording, calculation and interpretation of results.
Explicit teaching: suggested learning intentions and success criteria are available. Learning intentions and success criteria are the most effective when they are contextualised to meet the needs of students in the class. The examples provided in this document are generalised to demonstrate how learning intentions and success criteria could be created.

[bookmark: _Toc224810962]Resources overview
The resources and links listed below are referenced within the program but are not an exhaustive list of resources available. Teachers can add to or substitute these resources as required for remote delivery with their classes. Teachers may ask students to source the required materials at home or supply them in an activity pack.
[bookmark: _Toc224810963]Resources
Olympiad 1 – slender tower
10 sheets of A4 paper
300 mm of sticky tape
Measuring devices, for example, rules, rulers or tape measures
Scissors
Glue sticks
Olympiad 2 – paper bridge
1 sheet of A4 paper
Measuring devices, for example, rules, rulers or tape measures
Scissors
Masses, for example, baking beads, metal washers or coins of the same size
Plastic cup to hold masses
Video: Design a bridge (1:42)
100 mm of masking tape
Measuring scales
Olympiad 3 – straw water tower
Drinking straws
Craft sticks
Pipe-cleaners
A4 paper
Sticky notes
Sticky tape or masking tape
Rulers
Elastic bands
A golf ball or similar
Olympiad 4 – paper parachute
A sandwich-sized paper bag
String
A mass that can be tied to string, for example, a metal washer
A device for timing the fall
Measuring devices, for example, rules, rulers or tape measures
Olympiad 5 – paper gyrocopter
A4 paper
Scissors
Stopwatch
Measuring devices, for example, rules, rulers or tape measures
Sticky tape
Paper clip
Olympiad 6 – build a boat
2 sheets of aluminium foil (30 cm × 30 cm)
Scissors
Sticky tape
Measuring devices, for example, rules, rulers or tape measures
Tub or sink to fill with water
Video: How Do Ships Float? | Things Explained: Buoyancy (2:17)
Coins, washers, nuts or small weights
Olympiad 7 – spoon catapult
Plastic spoon
Craft sticks
Rubber bands
Masking tape
Scissors
Marshmallow, cotton balls or some suitable projectiles
Materials for a target, for example, card, markers, string, tape
Video: Right On Target (1:31)
Olympiad 8 – rubber band-powered vehicle
Corrugated cardboard or craft sticks
2 straws and 2 wooden skewers (used for sleeves and axles)
4 wheels (these can be cardboard, CDs, bottle caps or purpose-made wheels)
An assortment of rubber bands and paper clips
Masking tape
Scissors
Hot glue gun (optional)
Video STEMonstrations: Kinetic and Potential Energy | NASA + (2:38)
Olympiad 9 – mini greenhouse
Empty plastic bottles, plastic containers or egg cartons
Other materials, such as toilet paper rolls, straws, craft sticks, cardboard
Soil
Thermometer
Video: Gardening Australia: How to create a mini greenhouse (4:44)
Olympiad 10 – marble maze
Cardboard
Masking tape
Scissors
A marble
Optional resources
Cardboard box or lid
Straws
Paper plates
Craft sticks
PVC pipe 
Paper rolls
Table 1 – challenges 1 to 10
	Teaching and learning content
	Evidence of learning
	Scaffold and extension

	Challenge 1 – slender tower
Learning intentions
Use a range of communication forms to express ideas
Build and test design solutions
Evaluate design solutions
Apply evaluations to improve design solutions
Directions to students
Step 1: first tower build (20 minutes)
Hand out construction materials to each student, reinforcing the expectations of the lesson. Explicitly highlight the construction rules, for example, defining what ‘freestanding’ means.
In the first build, allow students to be creative with their design. Encourage rapid prototyping and iterative improvement. As the designs are taking shape, pose the following questions to check for understanding. Ask:
Where does your tower keep failing? What could you do to reinforce that?
How else could you use the materials? (Folding techniques, tape, tying paper together.)
Assist students to measure the tower. Tape measures will allow for quick measurements to be taken. These should be recorded on the board or in a spreadsheet for reference later in the challenge.
A quick tidy-up of scrap paper is beneficial before moving on to the reflection stage. This transition activity can help focus students in the next activity.
Step 2: reflect, evaluate and improve (5 minutes)
1. Use the standing tower to facilitate an evaluation of towers through a group discussion. Focus on the notion of collaboration to build improvement, framing designs through positive, strengths-based discussion. Ask:
What went well?
What were some difficulties in building the tower? (Material management, time management, not having a plan.)
What will you do differently in the next ideation?
During this discussion, reinforce the key terms of ‘construct’, ‘tower’, ‘footprint’, ‘evaluate’ and ‘freestanding’.
Split the class into pairs of students. This can be achieved in a variety of ways:
students sitting beside each other – advantageous if time is a concern
student pairs according to existing classroom management procedures
assign pairs of students to promote improved communication and collaboration with different students.
Step 3: iteration (15 minutes)
1. During the second ideation phase, help students manage their time and assist them in successful builds.
It is important to move around the classroom and motivate students to work together in pairs to accomplish the construction in the shorter time frame. Highlight what makes up good communication and ask students how they know if clear communication has taken place.
Allow time to measure towers at the end of the task. Students are often overly negative on their performance. It is important for the teacher to link back to the success criteria in Olympiad 1. Any improved height or creativity in thinking should be provided as feedback to the student.
Through observations, determine if students have implemented changes that were identified in the group evaluation.
If students choose to draw their design, encourage them to fill the response box and add annotations. This will help when viewing and interpreting the drawings.
Step 4: reflection (5 minutes)
1. The reflection is a scaffolded cloze passage to help students use the key terms they have learned. Check for understanding by having students complete the reflection. It allows the teacher to evaluate the following:
Did students achieve the learning intentions of this lesson?
How can the challenge be improved next time?
	Success criteria
Describe what makes a tower tall and stable
Share and explain design ideas
· Limit resources to develop and test a slender tower
· Describe what worked well and what could be done differently next time
Assessment of learning
Students’ reflection demonstrates correct selection of vocabulary words to form structured sentences
Students communicating effectively in a group
Either a digital photo or a sketch of a completed freestanding paper tower
Application of conclusions evident from the evaluation of Tower 1 applied to the second design
	Scaffold
Use different material, such as cardboard or newspaper
Extension
Set a height to be reached with limited materials
Test and improve tower strength by standing a desk fan one metre away

	Challenge 2 – paper bridge
Learning intentions
Evaluate designed solutions
Understand a design brief
Experiment with material properties and structures
Directions to students
Step 1: research (15 minutes)
1. Access the video Design a bridge (1:42) by ABC Education to discover what civil engineers must consider when building bridges. Reinforce engineering design process used by civil engineers and connect with Olympiad 1.
Model how to draw the idea for the paper bridge. Demonstrate good drawing techniques on the board. Consider:
the size of the object in relation to the page
using simple shapes (this can be useful for students that lack confidence in their drawing skills)
using annotations to assist in communication of the design.
Step 2: construction and testing (15 minutes)
1. Students place their desks 200 mm apart. This allows for a simulated gap for the bridge to span. Explicitly demonstrate how to measure the distance accurately and reinforce the technique throughout the task.
Before handing out materials, demonstrate various folding, twisting or rolling methods for constructing bridges. Remind students that the bridge must support the plastic cup as they add the masses.
Hand out materials for construction. If appropriate, place resources around the room in stations and have students source the materials themselves.
When demonstrating how to load the masses, use your own bridge to avoid unnecessarily breaking a student’s bridge. Show how to gently place the mass into the plastic cup to distribute the weight evenly.
Before testing, ask students to predict where and how they think the bridge will fail. For a visual reference, you could mark this with a pen, marker or highlighter.
Build excitement and anticipation for the structure’s failure by having students slowly load the bridge.
Step 3: record (5 minutes)
1. Students should count the number of masses that the bridge held and then use a set of scales to weigh the masses. This provides a measurement in kilograms (kg) that can be compared to other bridge loads. Identify the importance of using the International System of Units (SI) for various STEM careers (engineers, scientist, doctors). It is also an opportunity for students to link to local contexts and industries.
Provide guided practice to reinforce good drawing techniques, allowing students to address any issues they had with their early design sketches.
Step 4: reflection (5 minutes)
The reflection activity assists students in applying appropriate terminology to build their course-specific vocabulary.
The reflection activity introduces students to early prediction methods as a form of evaluation that will be expanded on in later Olympiad challenges.
The reflection activity helps to establish if students connected cause-and-effect principles in the evaluation task.
The reflection activity helps to determine if students achieved the task learning intentions.
	Success criteria
Explain the criteria for a successful design
Identify constraints within a design brief
Describe the strengths and weaknesses of a material
Assessment of learning
Teacher observes students’ sketches and initial bridge concepts, providing feedback on engineering principles
Students’ complete glossary and reflection, allowing teachers to monitor understanding of materials and forces
· Evaluate the bridge’s ability to support weight, assessing the effectiveness of design, construction techniques and application of engineering concepts
Assess students’ final reflections and documentation (sketches or photos) for clarity in explaining design decisions, analysing outcomes and identifying improvements
	Scaffold
Provide instructions for highlighting techniques, like rolling or folding paper, for strength
Extension
Increase the distance between the tables – students use different reinforcement methods, shapes and joining techniques to design a bridge with a greater span 

	Challenge 3 – straw water tower
Learning intentions
Produce a prototype to meet specific criteria
Plan and manage resources
Complete a project budget
Directions to students
Step 1: Research and planning (15 minutes)
1. Revisit the start of the Engineering Design Process by linking previous Olympiad with the straw tower challenge. 
What similarities are there?
What knowledge could we apply to this setting from the previous tasks?
How may we approach this task differently?
During the discussion, the teacher should reinforce the key terms and drawing skills from the previous task.
Step 2: construction and testing (15 minutes)
1. Hand out materials to students according to their drawings. This phase allows the teacher to monitor the use of materials and provide early feedback on design decisions.
Instruct students to construct and test their tower.
Look for similarities between the design drawings and the final product and use effective questioning techniques to help students link ideas to evaluation.
Step 3: costing calculations (10 minutes)
1. In a class discussion, highlight why it is important to cost materials for STEM professions and explicitly demonstrate how to use the costing table.
To evaluate students’ towers, identify connections between the success criteria and the final cost of the tower. Many students will consider the tower that is the tallest to be the most successful.
It is important to help students connect the minimum build standard for the tower (support load at least 200 mm). Links can then be made to a real-world context of a tender process. For example, explain that a construction project with the most cost-effective build would be the winning design.
Step 4: reflection (5 minutes)
Scaffolded reflection helps students to identify a key characteristic and then describe how they addressed it
Links are created from the factor that is identified, the impact that it had and then how it is supported by the data
Students and the teacher can evaluate the lesson against the learning intentions presented at the beginning of the challenge.
	Success criteria
Construct a tower using limited resources
Use a table to calculate material cost
Calculate a running total in a budget
Assessment of learning
Teacher observes students’ annotated sketches and glossary completion, providing guidance on material selection, tower stability and alignment with the design criteria
Teacher monitors the building process, offering feedback on structural techniques and adherence to iterative problem-solving techniques
Accurate use of tables for costing calculations and design development
Assess students’ reflection activity and evidence (sketches or photos) for clear justification of design choices, resource planning and calculation accuracy
	Scaffold
Reduce the required  height of the tower
Give example photos of truss water towers
Extension
Change the size and shape of the ball
Increase the required height of the tower

	Challenge 4 – paper parachute
Learning intentions
Conduct a consistent and valid investigation
Distinguish different forces related to bodies in motion
Accurately record results for processing
Directions to students
Step 1: construction and testing (15 minutes)
1. Students complete the reflection to quickly check for understanding of the key terms. Briefly review answers as a class to ensure misconceptions are addressed before construction begins. This helps to strengthen conceptual understanding and improve the quality of discussion during testing.
Students construct a parachute.
Model how to attach the strings evenly to promote stability, demonstrating the importance of symmetry in design. Circulate to check that suspension lines are of equal length and securely fastened. Uneven lines will compromise validity during testing.
Students test the parachute by dropping it from a fully outstretched arm. Emphasise safe testing procedures and ensure adequate spacing between groups.
Encourage students to carefully observe how the parachute behaves during descent. 
Prompt students with guiding questions such as:
What is happening to the canopy shape?
What happens to the mass?
How quickly is the parachute descending?
Students adjust the design until the parachutes arrest the fall as much as possible.
Step 2: investigation (10 minutes)
1. Explain that consistency is critical for reliable data.
In pairs, students measure exactly 1.5 metres from the ground using a tape measure.
Demonstrate how to mark or visually reference this height to ensure each drop begins from the same point.
Reinforce the importance of controlling variables such as:
drop height 
stopping and starting of the timer
mass attached to the parachute. 
Remind students that repeated trials improve reliability and reduce the effect of anomalies.
After completing all trials, demonstrate how to calculate the mean of fall times. 
Discuss the usefulness of these calculations.
Step 3: recording (10 minutes)
1. Revisit the practice of scientific recording. If sketching, encourage neat, proportionate drawings with labels. Identify the canopy, suspension lines and cargo.
If using photographs, ensure images clearly show the parachute and testing set-up.
Step 4: reflection (5 minutes)
1. Encourage students to consider what design features were most effective, how reliable the data was and what they would modify if repeating the investigation.
This is an opportunity to reinforce links between scientific investigation and engineering design processes.
Guide students to evaluate the lesson against the learning intentions.
	Success criteria
Follow a scientific procedure to conduct an experiment
Identify the forces acting on bodies in motion
Calculate the average fall time of the parachute
Assessment of learning
Teacher observes students as they build and adjust parachutes, providing feedback on design improvements, understanding of forces and adherence to experimental procedure
Teacher monitors timing and recording of each drop, offering guidance on accurate measurement techniques and consistent testing methods
Evaluate students’ ability to follow the scientific procedure and conduct valid trials
Assess calculations of average fall time, quality of data recording and experimental process
	Scaffold
Provide example photos of a cargo parachute
Change the size or shape of the mass used as cargo
Provide a template of a parachute to cut out
Extension
Use a different material for a canopy
Test the parachute indoors and outdoors and compare results
Present test results in a graph

	Challenge 5 – paper gyrocopter
Learning intentions
Conduct a consistent and valid investigation
Distinguish different forces related to bodies in motion
Accurately record results 
Directions to students
Step 1: creating a gyrocopter (15 minutes)
1. Have students complete the reflection to quickly check for understanding of the key terms. Use this time to clarify misconceptions and link terms to the mechanics of flight, providing examples from everyday experiences.
Explicitly model the folding process and emphasise accuracy, particularly in aligning the rotor arms and the fuselage.
Explain that precision directly affects flight performance.
Circulate around the room to offer support, check paper folds and suggest small adjustments where necessary. Encourage students to anticipate how changes to the rotor or fuselage may influence rotation and descent.
Use the images on the first page for guidance and inspiration.
Step 2: testing (10 minutes)
1. Students test their gyrocopter’s ability to glide by dropping it from an outstretched arm as high as they can reach. Highlight that early tests may not result in rotation because the fuselage may be too light, framing this as a learning opportunity rather than a failure.
If the gyrocopter does not rotate, demonstrate how adding small folds or extra weight to the bottom of the fuselage can increase spin.
Guide students to experiment with modifications to optimise flight, including:
adjusting the length of the rotor arm
adjusting the angle of the rotor arm
altering fuselage weight or length.
Step 3: investigation (10 minutes)
1. Explicitly demonstrate how to conduct the investigation. Focus on dropping the gyrocopter from the same height each time and recording the time.
This is the second attempt at calculating the mean for a data set. Observe students’ interaction with data and address any inconsistencies in recording and calculation.
Step 4: reflection (5 minutes)
1. Students complete the reflection activity.
Provide effective questioning to link student observations throughout the investigation with effective evaluation of design.
Use of glossary terms and subject-specific vocabulary should be emphasised throughout the written responses. 
Guide students to evaluate the lesson against the learning intentions.
	Success criteria
Follow a scientific procedure to conduct an investigation
Identify the forces acting on bodies in motion
Calculate the average fall time of the paper gyrocopter
Assessment of learning
Observe students building and adjusting the gyrocopters, provide guidance on folding techniques, rotor design, fuselage weight distribution and understanding of forces affecting motion
Check students’ practice drops, timing and data recording for consistency, offering corrective feedback on measurement accuracy and adherence to the testing procedure
Evaluate students’ ability to follow the scientific procedure, conduct valid and consistent trials and correctly identify the forces acting on the gyrocopter
	Scaffold
Allow the use of a different weight, such as a paperclip, to improve flight
Provide a template of a gyrocopter to cut out
Extension
Change the size of paper used for construction
Test the gyrocopter indoors and outdoors and compare results
Present test results in a graph

	Challenge 6 – build a boat 
Learning intentions
Understand how the shape of an object can affect its buoyancy
Accurately make measurements with appropriate tools
Conduct a scientific investigation
Directions to students
Step 1: research and construction (15 minutes)
1. Access the video How Do Ships Float? | Things Explained: Buoyancy (2:17) by GPB Education. This video introduces students to the concept of buoyancy and the relationship between volume and floating.
Pause at key moments of the video to ask probing questions such as:
Why does a wider hull hold more weight?
What would happen if a boat was very narrow but tall?
What other factors might influence buoyancy?
After the video, students complete the glossary definitions to reinforce their understanding of terms like ‘buoyancy’, ‘volume’, ‘displacement’ and ‘mass’.
Use this time as an opportunity to complete the reflection to check for understanding of the terms and clarify misconceptions before beginning construction.
Provide each student with a 30 cm × 30 cm piece of aluminium foil to construct their boat.
Model folding techniques and demonstrate the importance of an open-top design to load masses. 
Highlight how stability in water depends on both shape and careful construction.
Circulate and offer guidance, checking that vessels are structurally sound and able to support weight without tipping. 
Step 2: investigation (15 minutes)
1. Reinforce measuring skills, including using correct units for recording the length, width and height of the boat.
Model how to calculate the boat’s volume by multiplying the 3 dimensions.
Place a test boat into a container of water to demonstrate proper handling and how to prevent early sinking. Model how to add masses until the boat submerges.
During this process, discuss what is happening in terms of buoyancy and water displacement. Explain how mass overcomes upward buoyant force, particularly at the point of sinking.
Students model the teacher’s demonstration and commence testing.
Observe and correct students where necessary.
Use effective questioning to establish knowledge retention and evaluation procedures.
Step 3: changing boat volume (10 minutes)
1. Students repeat the previous steps by creating a new boat with a different volume. 
Highlight the explicit teaching point that design changes impact performance. Reinforce the relationship between volume, buoyancy and load capacity.
Students record the dimensions of the second boat and repeat the test, recording the masses held up to the point of sinking.
Prompt students to compare results and think critically about how volume has impacted the stability and carrying capacity of their second boat design.
Step 4: reflection (5 minutes)
1. Encourage students to analyse their results, consider how design changes influenced outcomes and relate their findings back to the principles of buoyancy and displacement.
Guide students to evaluate the task against the learning intentions.
	Success criteria
Describe why certain shapes hold more mass
Calculate the volume of the boat
Evaluate and refine designs to improve capacity
Assessment of learning
Teacher observes students as they plan and construct their boats, providing feedback on shape, structure and understanding of how design influences buoyancy
Assess the total weight each boat supports before sinking, evaluating understanding of buoyancy and effectiveness of design
· Evaluate students’ calculation of volume, their explanation of why certain designs held more weight and evidence of refining designs to improve performance, using recorded data and reflections
	Scaffold
Provide a pre-folded boat or template
Provide steps to fold a boat
Extension
Investigate how hull shape (flat, V-shaped, curved) affects stability and load capacity
Graph volume versus load capacity and draw conclusions about optimal boat shapes

	Challenge 7 – spoon catapult
Learning intentions
· Design and improve a spoon catapult to achieve repeatable outcomes
Plan and conduct a valid investigation using a spoon catapult and a target
· Use probability data to evaluate how successful a design is
Directions to students
Step 1: construction of catapult and target (20 minutes)
1. Have students complete the reflection to quickly check for understanding to consolidate key terminology such as ‘fulcrum’, ‘projectile’, ‘precision’ and ‘accuracy’. This connects scientific vocabulary to the practical application of the task and allows modelling of correct sentence structures using scientific language.
Prior to students watching the video Right On Target (1:31), prompt by asking what variables will affect where the projectile lands. 
Pause the video at key moments to explicitly highlight cause-and-effect relationships. For example, how changing the launch angle alters the projectile’s path.
Students construct a catapult using the instructions provided. 
Demonstrate critical assembly steps slowly to emphasise structural stability, alignment of the launching arm and secure joining methods.
As students build, circulate and ask probing questions such as, ‘How will this joint handle repeated force?’ or ‘Is your base wide enough to prevent tipping?’ This reinforces design thinking rather than passive construction.
Students design a scoring target with 6 concentric circles labelled Points 1 to 6. This is a key numeracy integration point. Discuss why concentric circles allow measurable comparison of accuracy. 
Reinforce accurate measurement and neat labelling.
Consider asking what makes a consistent scoring system and why it is essential for valid data collection.
Step 2: investigation (15 minutes)
1. Explicitly discuss safety expectations, including keeping faces clear of the launch direction and never launching without supervision.
Set up a clearly marked launch pad to ensure every group launches from the same distance and orientation.
Explicitly teach the concept of controlled variables by listing them on the board: ‘launch position’, ‘target distance’, ‘projectile type’ and ‘scoring method’.
Discuss how changing multiple variables at once makes conclusions unreliable. Students test their accuracy and make changes to their catapult design where possible. 
Emphasise that although the designs have changed, the controlled variables do not. Ask students how they will determine which change to the design caused the change.
Allow students to complete informal test launches first. Frame this as a design refinement phase. Encourage students to adjust only one variable at a time (for example, launch angle or tension) so they can identify which change influences accuracy.
Once students are satisfied with their set-up, they complete 10 formal launches. Emphasise consistent technique such as pulling the arm back to the same position each time. Students record each score in the data collection table.
Reinforce the engineering design cycle: test, analyse, modify, retest. Students complete the table, applying their data and mathematical conclusions.
Students analyse their results by calculating totals and mean (average) scores where required. 
Model the calculation process on the board and explain how averages provide a clearer measure of overall accuracy than a single result. Explain that this is a deliberate task to improve numeracy.
Extend thinking by asking higher-order questions such as, ‘Was your highest score representative of your overall performance?’ and ‘What does your data suggest about consistency?’
Step 3: reflection
1. Students complete a structured reflection activity. Encourage students to justify claims using their recorded data rather than opinion. This reinforces a core scientific skill of evidence-based reasoning.
Collect reflections for feedback, focusing on correct use of terminology, understanding of force and motion, ability to interpret data and demonstration of effective evaluation.
	Success criteria
· Test the catapult design, analyse the results and make changes to improve accuracy
· Conduct a valid investigation by controlling variables
Calculate and interpret basic probabilities using data
Assessment of learning
Teacher observes students as they construct and adjust their catapults, providing feedback on lever mechanics, stability and iterative improvements to increase accuracy
Teacher checks students’ alignment with the experimental procedure, consistency in aiming and launching and accuracy in recording individual trial results in the table
Assess students’ ability to evaluate catapult performance, make design modifications and improve accuracy based on recorded results
	Scaffold 
Use a fixed launch distance and pre-marked floor positions to simplify the set-up
Provide partial or pre-constructed catapults
Extension
Experiment with different projectile masses and analyse how mass affects range and accuracy
Graph results and draw conclusions about force, angle and consistency

	Challenge 8 – rubber band-powered vehicle 
Learning intentions
· Describe forces in different systems using appropriate scientific language
· Improve design solutions from observed results
Directions to students
Step 1: research (5 minutes)
1. Students watch the NASA video on STEMonstrations: Kinetic and Potential Energy | NASA + (2:38). Before viewing, ask students to consider where the energy is stored in the rubber band vehicle and when does it change form.
Pause at key points of the video to explicitly reinforce that elastic potential energy is stored when an object is stretched or wound and that this energy converts into kinetic energy when released.
Draw a simple energy transfer diagram on the board to visually map the process. This is an explicit teaching opportunity to model correct scientific language and cause-and-effect reasoning.
Step 2: construction (20 minutes)
1. Model how to build the vehicle and demonstrate the critical construction stages, particularly how the rubber band stores energy and how axle alignment affects movement. Model safe handling of materials and reinforce expectations around careful assembly.
Explicitly highlight that friction, wheel alignment and structural stability will directly impact performance.
Students follow the instructions to build their rubber-band powered vehicle. As students build, circulate and ask guiding questions such as, ‘What might fail when you start to test the car?’ and ‘What might increase friction in your design?’ This reinforces conceptual understanding during hands-on learning.
Encourage students to consider how wheel size, axle straightness and vehicle weight may influence distance travelled.
Step 3: testing (10 minutes)
1. Select a long corridor or open space and clearly mark a start line to ensure consistency. Alternatives to a corridor are laying out large pieces of cardboard or connecting desks to create a suitable flat surface.
Use this moment to explicitly teach controlled variables. Have students identify variables and write a list on the board: starting position, surface type and winding method. Discuss why these must remain constant for fair testing.
Before students test their cars, model a consistent winding method (for example, number of turns) to improve reliability. When released, explicitly describe what is occurring – the stored potential energy is converting into kinetic energy, propelling the vehicle forward.
Students measure the total distance travelled using a tape measure to accurately record results. Reinforce correct unit use and careful measurement techniques.
Students repeat the trial multiple times, recording each result. Highlight the importance of repeated trials to identify patterns in data and improve reliability.
Extend learning by prompting students to consider why results may vary between trials, introducing the influence of friction, energy loss and minor inconsistencies in winding.
Step 4: reflection (5 minutes)
1. Students complete a structured reflection activity. Guide them to explain the energy transformation occurring in their vehicle, evaluate how effectively their design minimised friction and interpret patterns within their data.
Explicitly encourage the use of scientific vocabulary such as ‘elastic potential energy’, ‘kinetic energy’, ‘friction’ and ‘energy transfer’. 
Emphasise evidence-based reasoning by requiring students to refer to their measured distances when evaluating performance.
	Success criteria
Describe how forces affect the distance travelled
· Independently conduct a valid investigation
Use observed results to provide predictions for future testing
Assessment of learning
Teacher observes students giving feedback on how design elements affect propulsion, stability and potential-to-kinetic energy conversion.
Teacher checks students’ execution of the experiment, including consistent use of the rubber band, accurate distance measurement and recording of data
Evaluate students’ reflections and use of results to explain how forces influenced performance and their ability to make predictions or suggest improvements for future tests
	Scaffold
Provide a partially assembled vehicle or a pre-built working example for students to examine before building
Extension
Test how the number of rubber band winds affects distance travelled and graph the results
Modify wheel size or axle friction and justify how these changes affect performance

	Challenge 9 – mini greenhouse
Learning intentions
Describe how a greenhouse supports life by trapping heat and allowing light into the structure
· Apply practical skills to test and construct an effective greenhouse
· Measure and apply area formulas of basic shapes
Directions to students
Step 1: research (10 minutes)
1. Begin by having students complete the reflection to quickly check for understanding to consolidate key terms such as ‘greenhouse effect’, ‘microclimate’, ‘radiation’, ‘humidity’, ‘solar energy’ and ‘surface area’. This is an explicit teaching opportunity to clarify scientific language before practical application.
Watch the video Gardening Australia: How to create a mini greenhouse (4:44) by ABC Education.
Ask prompting questions such as ‘How does the structure trap heat?’ and ‘Why is transparency important?’ strategically highlight how sunlight (shortwave radiation) enters easily through transparent materials, but heat (longwave radiation) becomes trapped.
Step 2: design and construct (20 minutes)
1. Before students begin building, briefly discuss the available materials to assess the physical properties such as transparency, rigidity, waterproofing and shape. This is an explicit opportunity to teach material selection in design processes.
Students use materials such as half plastic bottles or egg cartons as the base of their greenhouse and fill them with soil. Model how much soil is appropriate and how to level it to support consistent growth conditions.
When students water the soil, explicitly reinforce controlled variables by ensuring all groups use the same amount of water. Discuss how excess water may affect temperature and humidity readings.
Students construct a three-dimensional transparent cover to trap heat. Circulate and question students about their design choices. Ask how the structure will prevent heat from escaping and how is the cover sealed effectively.
Step 3: investigation and recording data (15 minutes)
1. Before recording data, explicitly model correct thermometer use, including placement consistency and accurate reading of scale markings. Reinforce that thermometers inside and outside the greenhouse must be positioned fairly for reliable comparison.
Students place their mini greenhouse in a sunny location. Record the temperature inside and outside the greenhouse at designated times.
Highlight the importance of consistent timing intervals to improve validity. List the controlled variables on the board, including location, time intervals and water quantity to reinforce scientific method principles.
Encourage students to observe patterns in temperature differences and prompt analytical thinking with questions such as ‘Why is the internal temperature changing more rapidly?’ and ‘What role does trapped air play?’ This is an opportunity to explicitly connect collected data to the concept of heat transfer and insulation.
Step 4: reflection (5 minutes)
1. Students complete a structured reflection explaining how their greenhouse trapped heat, what their data revealed about temperature differences and how design influenced results.
Ask students to reference their recorded temperatures when explaining outcomes and reinforce evidence-based reasoning.
Encourage correct use of scientific terminology, including ‘greenhouse effect’, ‘insulation’ and ‘heat transfer’.
Collect reflections to assess understanding of energy transfer, material properties and experimental design, ensuring students have clearly linked theory, investigation and real-world environmental applications.
	Success criteria
· Describe how each part of the greenhouse helps to trap heat and allows light through to support plant life
· Accurately measure and compare temperatures to draw conclusions on the effectiveness of a greenhouse
Calculate the total surface area of the greenhouse that receives light
Assessment of learning
Student observations as they plan and build mini greenhouses
Assess whether the greenhouse successfully traps heat, based on temperature comparisons
Evaluate students’ recorded temperatures and calculation of surface area of greenhouse components
	Scaffold
Provide pre-cut plastic bottles or containers to reduce the need for complex cutting
Extension
Test and compare different covering materials (for example, clear plastic versus semi-opaque) and analyse temperature differences
Graph inside versus outside temperatures and identify trends over time

	Challenge 10 – marble maze
Learning intentions
· Identify the effect of forces within different systems
Investigate different ways to reduce the kinetic energy of an object in motion
· Communicate design ideas through sketching and annotation
Directions to students
Step 1: designing the maze (10 minutes)
1. Before construction, explicitly teach the importance of planning in the design process. Emphasise that effective engineers sketch, test ideas on paper and anticipate challenges before building.
Students sketch their maze layout directly onto the cardboard, clearly marking the starting point at the top and the finishing point at the bottom. Use this as an opportunity to explicitly teach spatial awareness and pathway planning. Discuss gradient, direction changes and control of movement.
Teacher prompts students to consider how gravity will influence the marble’s motion and how tilting will act as the applied force.
Students then draw a pathway for the marble, carefully planning where 5 obstacles will be placed. Highlight the explicit teaching point that obstacles should not block the path entirely but should challenge control and slow movement.
Encourage strategic thinking by asking ‘Where will the marble gain speed?’ and ‘Where might you need to slow it down?’ Reinforce that thoughtful design will influence testing results later.
Step 2: construction (20 minutes)
1. Students construct raised sides along the edges of the cardboard to ensure the marble remains within the maze. Demonstrate secure attachment methods and emphasise structural stability.
Once enclosed, students build and position obstacles along the pathway. Materials such as cardboard strips, paper rolls, straws, paper plates, craft sticks or PVC pipes may be used.
Explicitly discuss material properties, asking students to consider which materials will create friction, deflection or redirection.
Circulate and ask questions about the design decisions and how they link back to earlier planning. Highlight that construction quality directly impacts the reliability of later testing.
Step 3: testing (10 minutes)
1. Students test their maze by having one student hold it with both hands while a peer drops the marble from the marked starting point. Explicitly teach safe and consistent testing procedures.
Emphasise that the marble should always begin from the same position to maintain fairness.
Students tilt the maze to guide the marble from start to finish. This is a key teaching moment to discuss gravity as the constant force acting on the marble, while tilting changes the direction and speed of motion. Encourage students to observe how obstacle placement affects speed and control.
Students record the time taken for the marble to travel through the maze. Model accurate timing technique and reinforce consistent measurement. If multiple trials are conducted, highlight the importance of repeated testing to improve reliability and identify patterns.
Step 4: reflection (5 minutes)
1. Students complete a structured reflection, analysing how their maze design influenced marble movement. 
Ask students to refer to obstacle placement, gravity and applied force (tilting) in their explanation.
Encourage evidence-based reasoning by connecting the recorded times to design effectiveness. Ask guiding questions such as ‘Which obstacle slowed the marble the most?’ and ‘How would changing the pathway alter the time?’
	Success criteria
· Describe how angle of incline and motion affect the speed of the marble
Describe how friction, angle of incline and collisions affect kinetic energy
· Apply basic sketching skills to communicate their design.
Assessment of learning
Student observations of sketching and constructing the maze
Student observations of handling of the maze, tilting technique and timing method, offering guidance to ensure fair and consistent trials
Assess students’ ability to describe how angle and motion affect the marble’s speed and their identification of strategies used to reduce kinetic energy (for example, friction, collisions, incline adjustments)
	Scaffold
Provide a pre-printed cardboard outline or grid for students to draw a marble path and place obstacle symbols
Give students a list of possible obstacles with diagrams showing how they affect marble motion (ramps slow it down, tunnels guide it, barriers change direction)
Extension
Require students to calculate average travel time after multiple trials
Annotate design with force arrows at certain points to demonstrate understanding of changing kinetic and potential energy




[bookmark: _Toc224810964]Evaluation
Evaluation should be an ongoing process throughout the delivery of this unit. It is important to reflect on how effectively learning intentions are communicated, how concepts and skills are explicitly modelled, and how students are supported through modelled, guided and independent practice. Checks for understanding and other formative assessment tools inform adjustments to teaching strategies, pacing and scaffolding. Teachers should systematically document evidence to effectively support individual student needs and to critically evaluate the effectiveness of the unit.


[bookmark: _Toc148102528][bookmark: _Toc213926380][bookmark: _Toc224810965][bookmark: _Hlk148102399]Support and alignment
Resource evaluation and support: all curriculum resources are prepared through a rigorous process. Resources are periodically reviewed as part of our ongoing evaluation plan to ensure currency, relevance and effectiveness. For additional support or advice, or to provide feedback, contact the STEM Curriculum team by emailing STEM@det.nsw.edu.au.
[bookmark: _Hlk148105154]Differentiation: further advice to support Aboriginal and Torres Strait Islander students, students learning English as an additional language or dialect (EAL/D), students with disability and/or additional needs and high potential and gifted students can be found on the Planning, programming and assessing 7–12 webpage.
Assessment: further advice to support formative assessment is available on the Planning, programming and assessing 7–12 webpage. This includes the Classroom assessment advice 7–10. For summative assessment tasks, the Assessment task advice 7–10 webpage is available.
Explicit teaching: further advice to support explicit teaching is available on the Explicit teaching webpage. This includes the CESE Explicit teaching – Driving learning and engagement webpage.
Alignment to system priorities and/or needs: School excellence policy, Our Plan for NSW Public Education
Alignment to the School Excellence Framework: this resource supports the School Excellence Framework elements of curriculum (curriculum provision) and effective classroom practice (lesson planning, explicit teaching).
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