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Rock, paper, scissors AI! 
Please refer to the online lesson plan on the DT Hub to access all website links and additional resources. 
Summary: In this lesson we use the game rock, paper scissors to investigate how an AI can recognise your hand gestures. Firstly students create, train and test their own AI model. They import their AI model into a pre-made JavaScript program to modify the computer program to incorporate game play. The level of game play will depend on the student's level of programming skills. 
AI applications using computer vision help us identify objects around us using a process called image recognition. This lesson can also be used to introduce image classification – a key application of AI as well as introducing the idea of bias. 

Year level: 7-8
Preparation
Key terms
	Artificial intelligence (AI)
	The ability of machines to mimic human capabilities in a way that we would consider 'smart'.

	Machine Learning
	An application of AI and a process we give the machine lots of examples of data, demonstrating what we would like it to do so that it can figure out how to achieve a goal on its own. The machine learns and adapts its strategy to achieve this goal.

	Bias
	AI systems are vulnerable to errors introduced by its human creators. These errors are referred to as a bias. Bias can creep into data sets and algorithms in several ways. AI systems learn to make decisions based on training data, which can include biased human decisions. Another source of bias is flawed data sampling, in which groups are over- or underrepresented in the training data. 




Tools required:
· Teachable Machine
· P5 Web Editor
Teachable machine
Familiarise yourself with the Teachable machine application. View the supporting videos. 

Note: Teachable machine requires an internet connection, Google Chrome on Windows or Macintosh (tablets are not supported) and a webcam.
[image: https://lh5.googleusercontent.com/PdcRXDCdacpckt8UjaeHu4XEy8E0AhAJZDrBbUH4kMsaJ764KwqlDWQxZkjnEujQPc-8wKzQYF49f5meBkFAlpyXhTgXpn1HW56qH4WYKpcoEwGTAZQUkyxwNuY4CNl_N2KD0UE]
Image 1:  Teachable machine application screenshot
The image above shows the view of a project created in the Teachable machine AI application. On the left, the classes are shown. Once the model is created and trained a preview will be shown. 

Safety 
Privacy and personal information: Discuss the potential misuse of personal images when uploading images of ourselves or friends on websites. Instruct students not to record images of themselves or others via the webcam or uploading images. 
The conditions of use for Teachable machine state that images are not stored on external servers if the teachable machine program is closed when completed and the project is not saved. If students close the tab, nothing is saved in their browser or on any servers. View the conditions when saving projects to the cloud on what data is stored and ‘who’ is able to view the model. 
P5 web editor 
Note: The P5 web editor for this lesson requires an internet connection, browser on Windows or Macintosh and a webcam.
Familiarise yourself with the P5 web editor. 
Student accounts will need to be created if importing the Teachable Machine AI model into a JavaScript program. Registration is free. 
NOTE: The P5 web editor was chosen over other similar web editors because it provides a solution to show and use camera input and use the URL from the Teachable machine. A pre-made version is provided to enable students to easily input their model. They can duplicate and remix the code depending on their skill level. 
[image: https://lh3.googleusercontent.com/gJ3fsVWfco21vQ7NL-dqXBk9cCakqj1M9A6EP1Hv9p9pkGbE6r3DRR-g4ZoT8l_K0RgOOHMsRZgsOcZCtTYEMRfxz85_r_8PWLFOwJIn6HVg7zNtZ8grw_1CRe0SUOEUz9DeOrY]
Image 2:  P5 web editor screenshot
 

Learning map and outcomes
By the end of this lesson students will: 
· Describe the process used to train a simple AI using machine learning and describe potential for bias.
· Create, train and test their machine learning model using an online AI tool.
· Import their machine learning model into a pre-made JavaScript program and modify the code to engage with the AI.
	By the end of this lesson students will:
	Mindset
	Skillset
	Toolset

	Describe the process in training a simple AI using machine learning.

Create, train and test their machine learning model using an online AI tool.

Import their machine learning model into a pre-made JavaScript program and modify the code to engage with the AI.
	Analytical, Reflective, Curious, Algorithmic
	Collaborating, Clarifying
	Video: Machine learning

A browser based AI tool: Teachable Machine that requires a device with camera input enabled

P5 web editor on a device with camera input enabled 



For more information about learning maps refer to: Mindset, skillset, toolsets 

Share the assessment criteria and rubric with students. 

Learning hook
Show students a real example of an AI that uses computer vision. 
Examples include:
Environmental monitoring
· AI + indigenous knowledge in protecting Kakadu National Park
Conservation
· Peace Parks Foundation tackles rhino poaching with Azure Machine Learning and case study
Agriculture
· Orchard Autonomy and Precision Targeting Using RIPPA and VIIPA

Familiarise students with machine learning and the process involved. View this video that concisely defines AI, then defines machine learning through a simple example:
What is Machine Learning?

Unplugged activity
Use the context of training an AI to recognise hand gestures for a game of rock, paper, scissors, for students to consider the training data required while also introducing the idea of bias. 
[image: https://lh6.googleusercontent.com/GNcSrQ6_c3GE9MrFXmLDoJ_xGuZGnUtEApillQWb3ge2_tLEdOQkFU8AwPHOLUyQXuq5STLkG7KELJxPtWsiuLfbs6tOmCM3EMkxDO3EuGm3LiEsN6H9qgTEP9htcZImYv0XTe8]
Image 3 Rock, paper scissors
The machine learning process
1. Discuss the general process of training an AI for example:
a. labelling and classifying images, (paper, or scissors or rock) Q. What images are required and how many of them in order to achieve a good learning outcome?
b. training the model (the AI uses the data to look for patterns and create fine tunes existing algorithms)
c. testing the model (use new images to test the AI; how well does it predict the correct label and to what level of confidence?) 
Labelling and classifying images
2. Use the worksheet: Labelling and classifying images to consider the range of training data the AI would need to effectively recognise new images of hand gestures. 
Discuss bias
3. Discuss the fact that AI systems are vulnerable to errors introduced during the  training process by its human creators. This is referred to as bias. Brainstorm potential areas for bias and how these can be addressed. Examples may include capturing gestures: 
· of only left or only right hand [bias: left or right handed]
· at the same distance from camera [bias: size]
· one person’s hand [bias: skin colour and size]
· same position [bias: positional]
· only front of the hand [bias: front or back]
· only one type of background is used [bias: background type/colour]
4. Ask students to explain how they plan to avoid introducing bias in their AI model. 

Learning input
Plugged activity
1. Explain that computers can be programmed to be intelligent, or at least smart. 
Explain that students are going to work in small groups to create, train and test an AI model that recognises hand gestures for a game of Rock, paper, scissors.  
Ask students to apply their learning from the unplugged activity related to labelling and classifying images and avoiding bias. 
2. Introduce the tool Teachable machine. Explain that this tool lets you train up an AI application – without having to code – to recognise inputs and match them each to a particular output.
3. Some students may need the process modelled; others may be able to create a model without assistance. If required, model how to create, train and test an AI model. Refer to this video explanation or follow these steps:
[image: https://lh5.googleusercontent.com/PdcRXDCdacpckt8UjaeHu4XEy8E0AhAJZDrBbUH4kMsaJ764KwqlDWQxZkjnEujQPc-8wKzQYF49f5meBkFAlpyXhTgXpn1HW56qH4WYKpcoEwGTAZQUkyxwNuY4CNl_N2KD0UE]
Image 4: Teachable Machine Application screenshot

· Edit ‘Class 1’ and label it as Rock. Record images of  hand gestures for rockheld in front of the webcam.
· Edit ‘Class 2’ and label it as Paper. Record images of  hand gestures for paper held in front of the webcam. Add a class following the same process to add scissors Class. 
· Train the model, then test using printed images or images onscreen or in books of Eiffel Tower, Sydney opera house and Pyramids. Discuss how well the AI recognised the landmarks and suggested where you were likely to be. 
· The completed project will look something like this:
[image: https://lh4.googleusercontent.com/y40UQSwWlhVIue7vr1-HcJCcnaTnTh_ALB6201TrFeum-D6F66lAsndcDDx1kEUFHno5XFq7WyDPZpqCGBXN_DN3O8agGX-eS0OyO2mr6yHPDyE8gmNFy2Y4f7Z4Mw]
Image 5: Teachable Machine Application landmarks project screenshot

Learning construction

1. Provide students with the opportunity to create their own AI model using Teachable Machine. 
2. Students label the classes and record images, providing as many different data types for each class. Consider the background against which the hand gestures are recorded.  They can preview and test their model. If required they can make modifications and retrain the model. Once completed they can save their model to the cloud and copy the link so they can import this into another program. 
3. Ask students to preview their model and record a screen capture of their trained AI model. As part of the recording ask them to explain how they minimised the chance of bias. Use this as a form of assessment. 
4. A completed rock, paper, scissors classifier will look something like this AI model: Rock, paper, scissors. [Requires device with camera enabled]. 

Options
You may want to open the project up and provide students with a different context other than the game Rock, paper, scissors.  Some students may prefer to apply this programming project to one of the following contexts:
· Create a way to use teachable machine AI model to communicate with a person with a disability.
· Teach a young child to recognise the world around them and read
· Use visual cues such as arrows or hand gestures to control a game for example a maze game such as pac man.  

 Girls in Focus:
Research suggests that girls are motivated when they are given opportunities to approach projects their own way, exercising their personal preferences and creativity. Engaging with creative problem solving also encourages students to embrace failure as part of the learning process, building resilience.
See GiST Seven principles for gender inclusive learning environment

Learning demo
In this part of the lesson students will import their AI model into a JavaScript program using the P5 web editor. Students will need access to a free account to copy the sample code (sketch) provided and duplicate it so they can modify the code in the program. 

1. Students will need the URL of the model they created using Teachable Machine. Alternatively students can use this pre-made model.
Note this model is created against a light background; so it has a bias.
2.  Provide students access to a computer with a camera enabled and the sample code (sketch).
Ask students to duplicate the sketch and save it. They can then make changes to the sketch. 
3. To get the program working with their own AI model, ask students to insert their own URL copied from their Teachable machine project. Replace the highlighted modelURL as shown. 
[image: https://lh6.googleusercontent.com/5Niylzn5bxTNExWx6SiPC08yaQMplIVDj9GZfWQMFy8jabI_SwDj-2hSlMciNyeRX_qxlQOXdbnGokzMsAOKoLTg8yiLyTqBqq3m1BN4lS_UCOPI-tecoBpzgl1GxZ01ZgfVfGE]
Image 6: P5 sketch with Teachable machine model URL highlighted

4. Students select ‘run’ to test the program to make sure it is operational and that their AI model is working as expected (correctly recognising hand gestures as Rock, Paper or Scissors).  Students can then further develop the program to add a level of game play. The program should output as follows (refer to image).
[image: https://lh3.googleusercontent.com/oBaNt7rOZ6Q8wynk5yEvdx9od3PE3XU6w9EF3MHY14ig9kggT9GgBxnEckydGXIilbi6GTOm4m0Sr6xZLPw-hH-i3BE2-_dQdEHmHlLAT7HUdxgSr6eIaNVSRCtcNmH3zOLBl0Q]
Image 7: Output: P5 sketch with Teachable machine model
5. The program uses a series of  if/else statements to show text onscreen if the label is recognised. Students could firstly modify this section of code. [image: https://lh3.googleusercontent.com/n_lYVhJ7RIA9LaPzPiEy7ovzd0HDfruhXguueX2ejaH63zWLlxWllh_BU2t6xiwacefgl02zdv3hXoJ1mIXJaXkvWJwHfMjJQXc4DnvDbZasU3ffGLAbqrgBEdm4G6eMTrHyvwE]
6. Ask students to use pseudocode to map out changes to the program to incorporate game play. Students code the program and trace errors to fix issues and ensure the program runs as expected. To guide students through decomposing the problem and considering user interface and coding the program refer to the Worksheet planning: AI powered rock, paper, scissors game. 
7. For students that need guidance to code the project in JavaScript refer to this online self-paced tutorial: Visual to text coding Lesson 4: Scissors, Paper, Rock
Reflection
1. Talk about the bar on the Teachable Machine interface, which displays the AI’s confidence level. 
Discuss the scale and percentage. If the bar is fully coloured 100%, the AI is very sure. If the bar is only partly coloured, the AI is not quite sure. Here’s an example from Rock, Paper, Scissors AI model: 
	Correct: 100% sure
	Correct:  quite sure
	Incorrect

	[image: https://lh3.googleusercontent.com/toGb-p6646lHFBwmZ3XMYH_ZF32iNhW9z1fVW0M7z_MF8_eqSLSFZkP4CNJdMA53q2YlPXwg0e1_cTl61v_NJyMroUc_YKfbFFrBX8eVpm3bv_oAqV0wXF8OaPmMswTVfd_b8pA]
	[image: https://lh5.googleusercontent.com/Rt7laklFnYhLcO9uSRW2x87t0aD5aUpWGeEXbqO2K8CO5QRSGm8YPT1abVuV2IcMUzshG0Ik7FhzYevDWu9lftRrESjzR96od3cuA4EvjNNDtvB-Pfbd58AAdLMaql-V1g_3NRI]
	[image: https://lh5.googleusercontent.com/NT0lWStfq6eD8v8js9trpStQD4pS_waWMYtsCp15dpCFbD9nteCyaKuUJmo3BJsUukSljke-kHtP5LntIOkqJfBJpcSRYWzAYVpyQsGZxgf-Y0N4VKtxhBbpcwrKuFEq8NwuN4M]

	The model is working as expected. The scissors are predicted with 100% confidence. 
	The model is working as expected. The rock is predicted with 73% confidence. 
	The model is not working as expected. The model predicts the hand gesture is paper (83%) and less sure it’s a rock (16%). ; sufficient data may not have been used in training. 


Discuss: 
· When was the AI very sure of its guess? 
· When was it not so sure? 
· A bias may be experienced if the data used does not contain a diverse range. Examples may include one size, one type of image etc. 

Discuss application of these types of technologies for people with a disability. 
· How might this application help people communicate who may experience difficulties. 
· What images could be used to assist in communicating day to day conversations. 
· How might these technologies be used by a person who is vision impared? 
 
Why is this relevant?
AI is the ability of machines to mimic human capabilities in a way that we would consider 'smart'.
Machine learning is an application of AI. With machine learning, we give the machine lots of examples of data, demonstrating what we would like it to do so that it can figure out how to achieve a goal on its own. The machine learns and adapts its strategy to achieve the goal.
In our example, we are feeding the machine images via the inbuilt camera. The more varied the data we provide, the more likely the AI will correctly classify the input as the appropriate classification. In machine learning, the system will give a confidence value; in this case, a percentage and the bar filled or partially filled, represented by colour. The confidence value provides us with an indication of how sure the AI is of its classification. 
This lesson focuses on the concept of classification. Classification is a learning technique used to group data based on attributes or features.
Bias can be introduced into the training of an AI. It may be through using a small sample size of data for example one type of image for each classification or the way the data is labelled due to human error or human short comings such training on limited hand types, positions and left or right handedness. 

Resources
Teachable Machine 1: Image Classification
In this video, students are shown how to train an image classifier and import the machine learning model into a p5.js sketch with the ml5.js library. The sketch provided uses this sketch as a basis. Some students may be interested in how to code the program from the start. 


Assessment
Teacher assessment
 
Years 7 and 8 Achievement Standards
They define and decompose problems in terms of functional requirements and constraints. Students design user experiences and algorithms incorporating branching and iterations, and test, modify and implement digital solutions. They evaluate information systems and their solutions in terms of meeting needs, innovation and sustainability. They analyse and evaluate data from a range of sources to model and create solutions.

Refer to the following artefacts to assess to what extent students covered the assessment criteria listed in the sample rubric. 
1. Worksheet: Labelling and classifying images (How well have they considered was to address bias?)
2. Machine learning model and evaluation of how well it worked.
3. Worksheet planning: AI powered rock, paper, scissors game
4. Final product: Video capture of game in operation with commentary.

Assessment rubric
Share the assessment criteria and rubric before commencing the programming project. (This rubric can be modified to suit different contexts chosen by students.)

	Criteria 
	1 pt
	2 pt
	3 pt
	4 pt

	functional requirements and constraints
	a functional requirement is listed
	a functional requirement and constraint is listed
	most functional requirements are listed and constraints are listed
	a detailed list of functional requirements are included together with where they are required

Constraints are listed and elaborated 

	design user experiences and algorithms 
	
minimal changes have been made to the sample code

a screen sketch is provided
	
attempts at changing the algorithm to include game play which include adding a variable such as scoring

a basic set of screens is provided 
	
the algorithm has been modified to include elements of game play such as randomising and including variables such as scoring

user design has been considered which may include feedback and explained using well constructed screens 
	
the algorithm has been modified to clearly explain game play and includes functions, variables, randomising, loops and branching. 

Detailed screens clearly describe the user experience and how a game is won and lost and how the user is updated on the score. 

	meeting needs, innovation
	the game works for some users but has issues recognising hand gestures correctly. 
	the game works for many users and recognises hand gestures correctly most times.

an explanation is provided explaining how it meets user needs and is innovative 
	the game works for most users and accurately recognises hand gestures. 

a clear explanation is provided to explain how the game meets users needs and how it is innovation citing relevant examples. 
	the game works for all users and accurately recognises hand gestures with evidence to back up these claims.

a clear explanation is provided to explain how the game meets users needs, how bias was avoided and  and how it is innovation citing relevant examples. 




Australian Curriculum 
Digital Technologies
Years 7-8
Define and decompose real-world problems with design criteria and by creating user stories (AC9TDI8P04) 
Design algorithms involving nested control structures and represent them using flowcharts and pseudocode (AC9TDI8P05) 
Trace algorithms to predict output for a given input and to identify errors (AC9TDI8P06) 
Implement, modify and debug programs involving control structures and functions in a general-purpose programming language (AC9TDI8P09) 
Evaluate existing and student solutions against the design criteria, user stories and possible future impact (AC9TDI8P10) 


Worksheet: Labelling and classifying images 

AI systems are vulnerable to errors introduced during training by its human creators. This is referred to as bias. 
Brainstorm potential areas for bias and how these can be addressed.
	1.

	2.
	3.

	4.

	5.
	6.



Draw the types of data you would use to train the AI. 

Rock 
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Paper
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Scissors

	[image: https://lh5.googleusercontent.com/tfcsUU6IFOrxiUKIprInVV_C4R1JEUXHxY8BWStw3jddI1RjZzMJlWDhmOyXSvRoUcaR18_AoK1o3_0vaua_oUOj2K_j2gMH-VcqH1ygCWdzoo85RAJbTir4VY2kaxzYQwcA7Ss]

	
	
	
	

	
	
	
	
	


How would you avoid bias? 

Worksheet planning: AI powered rock, paper, scissors game

Can you create a computer game of rock, paper, scissors that uses an AI to recognise hand gestures?
Here’s some steps to follow. 

First define and decompose the problem.
· What are the functional requirements? What are the constraints?

·  Explain how you created and trained the model using Teachable machine.  How well does it work? Did you analyse how well the AI model worked using data?

·  Explain what the sketch does and how it integrates your model made in Teachable Machine.
 
What will the user experience look like?
· Draw a flow of screens to show how a user interacts with the game.

Sample code
· How will you modify the sample code (sketch) provided to gamify the program and provide the user experience?
Circle the features that you will use in your program.
	Randomisation
	Branching
	Repetition

	Functions
	Variables
	 


Explain how your game is innovative and how well it works for a range of audiences…
What strategies will your group use to overcome coding challenges?


[image: ]Creative Commons Attribution 4.0, unless otherwise indicated.
https://www.digitaltechnologieshub.edu.au/ 
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