[bookmark: _GoBack]STEM Inquiry Based Unit of Work – ES1 to S6 
Mechanical pollinators 
Duration – eight weeks, one and a half to two hours each week or equivalent
Driving question: 
Early Stage 1 and Stage 1: Can we make a machine insect to pollinate farmers’ plants?
Stage 2 and Stage 3: Can we create an artificial pollinator to pollinate plants in the event of insects disappearing?
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Project Description
In this project, students are introduced to the environmental problem of the global decline in insects. Students explore the question: what role do insects play in food production and how do we continue to pollinate plants when the insects are dying out? They apply science, technology, engineering and mathematics principles through a series of learning experiences where they will explore the important role of pollinators in agriculture and then design and build a mechanical pollinator. Students use innovative thinking to brainstorm possible solutions to the challenges of creating a pollinator for food production. They incorporate their understanding of the role of pollinators and the different pollination requirements of plants into the solutions they develop.
Students K-6:
develop teamwork and collaboration skills
are introduced to the design thinking process
are encouraged to solve real-world problems
engage with critical and creative thinking
provide and receive constructive feedback
explore the properties of different materials and their uses
develop a basic understanding of the importance of insects and the relationship of insects with plants.
In addition, students in Stages 2 and Stage 3:
develop a deeper understanding of the reproduction requirements of plants 
define causes and problems faced by scientists with the decline in insect populations
develop a design solution to meet the challenge of artificially pollinating plants.

Key inquiry questions
How does pollination work?
What are the challenges presented by the decline of insects on the planet and, more specifically, to the pollination of plants and the agriculture industry?
How do we effectively use materials to crate solutions to problems?

Syllabus outcomes
[image: ]Science and technology 
Outcomes
ST3-2DP-T plans and uses materials, tools and equipment to develop solutions for a need or opportunity
ST3-3DP-T defines problems, and designs, modifies and follows algorithms to develop solutions
ST3-7MW-T explains how the properties of materials determines their use for a range of purposes
ST3-4LW-S examines how the environment affects the growth, survival and adaptation of living things
ST3-5LW-T explains how food and fibre are produced sustainably in managed environments for health and nutrition
 Mathematics [image: ]
MA3-2WM selects and applies appropriate problem-solving strategies, including the use of digital technologies, in undertaking investigations
MA3-4NA orders, reads and represents integers of any size and describes properties of whole numbers
MA3-5NA selects and applies appropriate strategies for addition and subtraction with counting numbers of any size
[image: ]English 
EN3-1A communicates effectively for a variety of audiences and purposes using increasingly challenging topics, ideas, issues and language forms and features
EN3-3A uses an integrated range of skills, strategies and knowledge to read, view and comprehend a wide range of texts in different media and technologies
EN3-7C thinks imaginatively, creatively, interpretively and critically about information and ideas and identifies connections between texts when responding to and composing texts
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Mini-engineering challenges
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Learning intention
These mini-engineering challenges support guided and independent learning. They are designed for students to have fun while practising the iSTEM+ design and production process and to develop students’ skills in teamwork, communication, collaboration and problem-solving. If students have previously undertaken any of these challenges, alternative group engineering challenges can be found in books and online. Some groups may need support, such as targeted prompting and questioning (especially younger students or those with additional needs).
The aim of these challenges is to: 
· support students to understand the iSTEM process
· explore properties of materials and their suitability for a range of purposes
· support students to develop skills, including teamwork, collaboration, communication and critical and creative thinking.
Assessment
Assessment for these mini-engineering challenges is primarily through observation and feedback, and may include:
· observation of students as they participate in and engage during learning activities (particularly observing students’ application of skills to new contexts and their use of language)
· teacher/student discussions or conferences
· student participation in practical activities
· strategic questioning to determine individual level of understanding
· student manipulation of materials to demonstrate conceptual understanding of key concepts.
Supporting Students
Some students will find this type of learning very challenging. For Students with additional needs, be very explicit in the instructions, have images of examples ready so that they can see what ‘might’ be expected. For example, with the newspaper shoe, have a picture of the actual shoe and then a picture of a newspaper version of the shoe available.

	Mini-engineering challenges
	Resources

	Teacher Instruction
· Introduce/re-introduce students to the iSTEM+ process

· For each challenge, students are encouraged to identify what is being asked of them, brainstorm solutions, carry out the solution, present the solution and then reflect on their team’s processes

· Whilst students are carrying out tasks, use questioning techniques to elicit students’ thoughts and ideas on the characteristics of the materials they are using – strength, elasticity, waterproofness, flexibility, size etc. 

· Encourage student voice and choice in the activities. For example, do they want to change the materials to make the task more challenging?


	iSTEM+ posters 
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	Learning experience: newspaper Shoes 
Define the problem (2 mins): In pairs or small groups of 3 or 4, design and make a shoe for someone (high heel, footy boot, gum boot). Students must be able to identify the function of the shoe and who would wear it

Identify constraints (8 mins): Provide students with the constraints, such as amount of masking tape, newspaper and time frames for each group. Write this up on the board and/or provide verbal reminders throughout the challenge

Brainstorm and design (10 mins): Provide students with blank paper and markers to brainstorm ideas and sketch a design. Encourage turn-taking and thinking ‘outside the box’. Students need to consider the function of the shoe and who the intended audience is (the wearer)

Make and test (20 mins): Provide groups their making materials (e.g. 10 cm masking tape and 10 sheets of newspaper) 

Communicate/present (20 mins): Use this time to encourage whole-class positive critical feedback for each group as they present their product. Ask students to reflect on their group’s team work and communication skills
[image: ]
Extension:
· Challenge students to make other items of clothing 
· Modify the materials available

	Materials - Newspaper, masking tape (pre-determined length depending on Stage group), pencil, paper (for brainstorm and design)

iSTEM + poster



	Learning experience: floaty challenge

Define the problem (2 mins): Your action figure is nervous about going swimming. With a partner, design a floatation device to make them feel better

Identify constraints (8 mins): Give each group different materials to work with and the time frame they have to work within

Brainstorm and design (10 mins): Ask students about the properties of their group’s materials. What are the advantages and disadvantages of their material?

Make, test and improve (20 mins): This is the ‘trial and error’ phase. Encourage students to give feedback to each other and suggest improvements. If something is not working, why do they think it does not work? What else could they try?
 
Communicate/ Present (20 mins): Use this time to encourage whole-class positive critical feedback for each group as they present their product. Get students to analyse the effectiveness of each material for this task (material suitability for purpose). Were some materials more suited to this challenge than others? What if we could combine materials? Encourage creative thinking. Write ideas up on a class ‘wonder wall’ to either visit at a later date or lead into extension tasks. [image: ]
	Materials: Newspapers, paddlepop sticks, masking tape, corks, small sticks from outside, sticky tape, action figures, 

iSTEM+ poster
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	Learning experience: bridge challenge 
Define the problem and identify constraints (5 mins): In small groups of 3 to 4, use the materials provided to build a bridge that can hold a specific object (this may be the action figure used in the previous challenge, or something else that the students come up with). Try to incorporate student voice and choice when defining challenges.
Brainstorm and design (10 mins): Encourage students to think about the properties of the materials and how they could be used 
Make, test and improve (25 mins): Encourage students to trial different materials and shapes within the design to improve the bridge’s strength
Communicate/ Present (30 mins): Whole-class feedback. Which design worked best? Why? Think about the materials and the design (shapes). Ask each group to reflect on their work as a team   
	Materials: Pasta, paddlepop sticks, straws, newspaper, masking tape

iSTEM+ poster
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Learning intention
This learning sequence is designed as a project launch and aims to engage students with the inquiry. Students are introduced to the environmental problem of how do we continue to pollinate plants when the insects are dying out? As such, providing a real-life scenario for students will enable them to envisage their final product solving a problem within their community. This can be done by visiting a local farm, botanical garden, market garden, or even the school’s garden or a family's back yard produce garden or orchard. A virtual tour may also be used.
The aim of this learning sequence is to: 
· support students to identify and define the problem through stimulus material, excursion and research
· brainstorm ideas and potential solution
· make links to real-world scenarios
· support students to develop skills, including teamwork, collaboration, communication and critical and creative thinking.
Assessment
Assessment for the launch is primarily through observation and feedback, and may include:
· observation of students as they participate in and engage during learning activities 
· student participation in practical activities
· strategic questioning to determine individual level of understanding of key concepts – for example, are students able to explain how pollination works
· student ability to describe the problem
· student research skills and labelled drawings
· presentation of information using multi-modal texts.
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Identify and define the problem 
Introduce provocations (the ‘hook’) to engage students with the inquiry
	



Resources

	Learning Experiences: setting the scene
Provide classroom-based teaching and learning materials to engage students with the topic. 

Tune in
As a whole class, establish student knowledge of pollination and bees as pollinators
· Record on a chart for future reference (such as a KWL chart – what I know, what I want to know and what I learned)
· Engage students in the suggested texts or similar
· Discuss the noticeable reduction in flying insects and record students’ thoughts on why insects may be declining
· Discuss with students how bees are pollinators for about one-third of the plants we eat
· Watch video of a bee collecting pollen
· Provide students with a variety of online and offline resources about insects, gardening, farming and pollination

Guided/independent research
If bees pollinate one third of our plants, what pollinates the rest?

· Students choose 1 pollinator and research how the pollination process works (younger students can be guided through drawing bee pollination)

· Students draw and label the pollination process of the pollinator they have researched

Wrap up
· Have students present their research findings in a list of animals that pollinate plants

Supporting Students
· Assist with research for students with additional needs

Extend Students
· Not all pollination occurs through animals pollinating. What other methods are there to pollination?


	Gather a variety of Stage-appropriate resources about insects, gardening, farming and pollination. Examples:

Videos:
Slow motion of a bumblebee pollinating flowers.
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The pollination process
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Dirtgirlworld – Pollination (Early Stage 1 – Stage 2) 
This episode of dirtgirlworld highlights the essential role of bees in gardens.
[image: Dirtgirlworld (2009)]

Why do we need bees? This short video looks at why we need bees and why they are disappearing. 

Dirtgirlworld – Costa and the bee boys
This video shows where honey comes from and introduces the role of bees in pollination.

BTN: Bee issues (Stage 2 and 3)
This video explores the role of bees in agriculture.
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	Learning experiences: Introducing students to the inquiry

Introduce students to the environmental problem of how do we continue to pollinate plants when the insects are dying out?

Work with students to co-develop an inquiry question OR provide them with an inquiry question to follow, for example;

· Early Stage 1 and Stage 1: Can we make a machine insect to pollinate the farmer’s/gardener’s plants?

· Stage 2 and Stage 3: Can we create an artificial pollinator to pollinate plants in the event of insects disappearing?
	White board for brainstorming and co-developing inquiry questions.

Poster paper or butchers paper to record and display questions throughout the inquiry.

Written texts:
Early Stage 1 and Stage 1: ‘When the Bees Buzzed Off!’ by Lula Bell and Stephen Bennett. This fact-filled text explores what would happen without bees to pollinate the flowers and vegetables and fruits. It encourages students to think about important environmental issues and explore the natural world.  
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Stage 2 and 3: ABC News article about the reduction in the number of bee colonies worldwide. https://www.abc.net.au/news/2017-05-08/colony-collapse-ten-years-after-crisis-what-is-happening-to-bees/8507408
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Stage 3: ‘Mechanica, a beginner’s field guide’ by Lance Balchin.
‘Mechanica, a beginner’s field guide’ is a dystopian book about a future where human-created mechanical creatures are designed to replace extinct species on an Earth that can no longer support wildlife. The book presents important messages about protecting the planet, climate change and the need for creative problem-solving.
[image: ]

Videos:
Stage 2 and 3: What happens if all the bees die? The first 2minutes 40 seconds of this video outline the importance of bees in agriculture.

Stage 3: Why are the bees dying? This video outlines bee decline and discusses solutions. 

	Learning Experiences: linking to real-world contexts
Provide a real-life scenario for students will enable them to envisage their final product, solving a problem contextualised to their community.

Organise a visit to a local farm, botanical garden, market garden, or even the school’s garden or a family's back yard produce garden or orchard.

	Local community resources – organise an excursion to local farm or similar. A virtual tour may also be used.

An incursion may also be arranged by bringing local experts into the classroom (this could also be conducted over video link)



	Fostering wonder and curiosity
Create a ‘wonder wall’ collating all the questions students wonder about the inquiry. This will be used to support students answer their own questions as they seek to answer the overarching inquiry question.


	Butcher’s paper/flip chart paper or similar[image: C:\Users\hlaverick\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\5A5652C8.tmp]

	Establishing success criteria

To ensure students have a structure to work to and that quality work is presented, a marking rubric may be used. This can be given to all students to scaffold them through the inquiry process and give them an understanding of what is expected of them. 

Students could be assessed on:
· Design and drawings
· Prototype created
· An information report demonstrating knowledge of materials, pollination and the issue of insect decline
· Presentation to an audience outlining the features of the mechanical pollinator and choice of materials
· Teamwork and collaboration skills
· Critical and creative thinking
You may, however, wish to guide students through the process of co-creating the success criteria to ensure greater student input and ownership of the inquiry. An example of a student-designed marking rubric is attached to the end of this document.
	Whiteboard
Marking rubric scaffold
Contact local experts in the field to be an audience for the students’ final products (this could be local farmers, garderners, Landcare volunteers etc.)



[image: ]Brainstorm
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Learning intention
Using the inquiry question to drive learning, students ideate solutions to the reduction in pollinators. They will design and build a mechanical pollinator and pitch it to an audience (this could be to parents, other students, local farmers etc. as determined in previous phase of learning; identify and define the problem).
The aim of this learning sequence is to: 
· brainstorm ideas and potential solutions
· choose one solution and 
· support students to develop skills, including teamwork, collaboration, communication and critical and creative thinking.
Assessment
Assessment for the launch is primarily through observation and feedback, and may include:
· observation of students as they participate in and engage during learning activities 
· student participation in practical activities
· strategic questioning to determine individual level of understanding of key concepts – for example, are students able to explain how pollination works
· student ability to describe the problem
· student research skills and labelled drawings
· presentation of information using multi-modal texts.
When teacher observation is used for assessment purposes, evidence can be gathered about students’ ability to:
· explain ‘how or why’
· demonstrate their understanding of key concepts
· use appropriate language for discussing their learning experiences
· apply their understanding to new contexts and situations
· communicate effectively. (NESA: K-6 Assessment Strategies)

	[image: ] Brainstorm
	
Resources

	Learning Experiences: ideation
Tune in
· Elicit student’s ideas for solving the problem of the reduction of bees and other pollinators
· Extend students understanding of short term, medium term and long term solutions
· Now link their ideas with the incursion/excursion undertaken at the beginning of the inquiry (for example involving a visit to the local farm, botanic garden, school garden) and/or experts who came to visit the classroom
Teacher instruction
· Instruct students that they are to design and make a prototype a mechanical pollinator so that the plants can still be pollinated 
· Identify the plants the pollinator needs to pollinate e.g. macadamia trees
· Brainstorm what the pollinator will need to do its job (the features of the pollinator that enable it to pollinate a particular plant, such as leg hairs to make the pollen grains ‘stick’ to their bodies) 
· Show students the collected building materials (students will add to this resource collection as the inquiry progresses and they identify additional resource needs for their builds)
· Discuss properties of collected materials and their potential uses
	Butcher’s paper/flip chart paper or similar

Students: start collecting old broken toys, electrical equipment, used screws, and used wire, reflectors, recycled plastics, containers.

Teachers: scour recycling shops for interesting looking metal pieces, old reflectors, and any old materials that can be used or pulled apart to create interesting shapes. 

· Please review types of electrical equipment that could be dangerous or hold a current. Additionally, no equipment with a screen should be dismantled





[image: ]Design (plan) a solution
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Learning intention
Students apply their learning from their investigations of materials and their research into pollination to create a design solution that addresses the challenge of creating a mechanical pollinator. Depending on the broader learning goals for the class, students at this stage of the project could be introduced to the incorporation of a technology, such as a Micro:bit, to program lights, sound or movement for the mechanical insect. 
Assessment
Students may be assessed through:
observation
targeted questioning
creativity and innovation of their solutions
teamwork and collaboration
evaluation of the effectiveness of the design solution against criteria (for example as outlined in an assessment rubric)
labelled scientific drawings
appropriate choice of materials for intended purpose.
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Resources

	Learning experience: design
· Stress the importance of design before building – students must have a conference with the teacher to discuss their design and work through the process of ensuring that all necessary elements are included in the design
· Show the collected materials and ask students to bring in any additional resources that they can collect
· Reiterate that the pollinator needs to be made of recycled materials as it is important not to add to landfill once we have finished the project
Guided/independent Learning
· Students begin the design process
· Conference with teacher. Guide the students through the design process. Ask questions about the purpose of different aspects of the design and what materials they will use to make different parts of the pollinator
· Research additional issues that arose with the teacher conference
· Redesign
· Conference
· Repeat until draft is complete
· Identify student ‘experts’ within each class who may be able to help others with design or build aspect
	Video: How to draw an insect machine with Mr Lawrence [image: ]

This video supports Stage 2 and 3 students with some drawing ideas and techniques. It also introduces language of engineering.



 
[image: ]Prototype (make) your solution
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Learning intention
Students apply and continue to develop their knowledge of materials to build their mechanical pollinator. They use collaboration and problem-solving skills to address any design and build problems that arise during the building of their solution.

Assessment
Students may be assessed through:
observation
targeted questioning
creativity in solving problems
teamwork and collaboration
on-going evaluation of the effectiveness of materials used.

	[image: ] Make your solution
	
Resources

	Learning experience: Begin building
Refer to success criteria as the build continues

	Variety of materials, including adhesives


	Check in: keeping students on track
Students in all stages are asked to recognise when something is done within their project.
Stage 2 and Stage 3: ask students to identify to what extent they have achieved this portion of the task.
· Ask students to verbalise the project intentions
· Ask students to identify the components of the project that they will present (S2 & S3 -Design, Prototype, Knowledge of their subject)
· Ask students if they could verbalise what each level of achievement would look like (eg, beginner, good, great, top notch)
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Learning intention
Students test and evaluate their prototype and provide peer feedback on the effectiveness of each other’s designs to meet the criteria of being able to pollinate plants. They apply problem-solving skills and knowledge of materials to make improvements to their prototype. 
Assessment
Students may be assessed through:
observation
targeted questioning
creativity in solving problems
teamwork and collaboration
the design meeting the purpose of the task
on-going evaluation of the effectiveness of materials used
peer feedback.

	
	
Resources

	Learning experience: test and evaluate the design

Using the success criteria as a guide, the teacher supports groups to evaluate their design. Questions for students could include:
· Do moving parts work after repeated use? 
· Do the materials used in the design fit the purpose? Is there a better material we could use? 
· Does the prototype match the design drawing?
· Can we automate some of the parts?
	

	Learning experience: gallery walk

A gallery walk is a student-centred technique used for students to share their work with each other and give peer-to-peer feedback. Classmates peruse each other’s work, providing feedback or praising each other, or both. The role of the teacher is to facilitate the process and ensure feedback is constructive. 
Each team puts their prototype and design drawing on a table. Students move around the tables in a single direction. At each table, students either write on a postit note or verbalise their feedback. You may like to structure feedback by asking each student to provide two pieces of feedback, starting with ‘I like…’ and ‘I wonder…’. 

The ‘I wonder…’ feedback gives opportunities for students to ask the design team questions such as “I wonder if you have considered making some wings out of lighter materials”.

Protocols
Before the gallery walk, guide students through some agreed protocols such as how to give and receive critical and constructive feedback.
	Set up space to showcase prototypes
Postit notes or similar and textas to provide feedback 

	Learning experience: improve the design

Using the feedback from the gallery walk, students discuss and agree to any changes they could make to their prototype and implement any changes.
Teacher facilitates the improvement of the design through conferencing and questioning with each group.
	


[image: ]Communicate your solution
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Learning intention
Students should have the opportunity to present their work to experts (Landcare volunteers, farmers etc.). This helps legitimise the project in the students' eyes by having feedback about their prototype in terms of how it would fit to a real-life situation (farm, market garden etc.). Presentations provide students with opportunities to demonstrate their understanding to an audience. The format may be spoken or written, multimedia or a combination of these. Presentations may be prepared or impromptu, depending on the activity requirements. Peer and self-assessment may be used in conjunction with this assessment strategy. 
Assessment
Assessment activities may include:
· Formal assessment task: presentation of prototype and accompanying design drawing and explanation of prototype in action to a panel of experts
· prepared and impromptu presentations (eg role-plays, debates, dramatic presentations)
· presentations using ICT tools (eg preparation of a 20-second radio news bulletin, podcast, vodcast, documentary filmed on location using green-screen technology)
· web publication of learning (eg learning blogs, student-created websites) and the use of social technologies as a platform for presenting assessment activities and/or capturing evidence of student performance
· poster presentation explaining what worked and what did not
· drawings, symbols and words to connect the ideas and relationships between concepts
· student self-assessment against success criteria
· panel feedback.
When presentations are used for assessment purposes, students may be assessed on their ability to:
· identify, comprehend and evaluate sources
· use appropriate terms and concepts
· use appropriate forms to communicate their understandings
· present their findings using a variety of media
· combine visual and digital elements for a variety of audiences and purposes. (NESA: K-6 Assessment Strategies)
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Resources

	Learning experiences: develop a pitch and business plan for a panel of experts.

Students create a pitch using a variety of formats (video presentation, play, speech, song) to present to the panel of experts. Included in the pitch:
· demonstration of understanding of pollination and the impacts of insect decline on the environment and our way of life
· the design drawings and the prototype
· features of their mechanical pollinator and the role it would play as a solution to pollinate plants (an explanation of why their design would work)
· materials used to make the pollinator and why they were chosen (properties of materials)
Extend students
· students can present a business plan and costing for their designs and persuade the experts why their prototype should be chosen and produced on a larger scale
Student self-assessment
· students should self-assess their work using the same marking criteria as the panel of experts
· students also produce a reflection of their learning process, including how well they worked on the team, their strengths and what they could improve on
Wrap Up
· compare self-assessment to judges' feedback
· discuss any discrepancies between feedback and self-assessment
	Resources
The panel of experts could include the farmer or gardener who is linked to the environment that the students are designing for (the macadamia farmer, the head market gardener) and a member of the public (possibly a parent or a Landcare volunteer) who has environmental links. 

Marking rubric for each student or group


Evaluation and reflection
Use this space to evaluate and reflect on the unit. Identify what worked well, what adjustments needed to be made to the learning sequence, future changes to the unit or professional development.
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