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Module Planning Template 
[bookmark: _GoBack]Convolutional Neural Networks in Python from the Beginning
Total Number of Lessons: [number of lessons]
Total Time for Module: [number of minutes]

SECTION 1: MODULE OVERVIEW AND CURRICULAR CONNECTIONS

· Module overview: [High level description of the module, approximately one paragraph.]

Students will follow the directions at the following website: https://machinelearningmastery.com/handwritten-digit-recognition-using-convolutional-neural-networks-python-keras/ to work through various machine learning tactics to solve the problem of identifying handwritten digits 0-9. The dataset that they will be using will be the MNIST dataset established by the National Institute of Standards and Technology, which is described as having “. . .  a training set of 60,000 examples, and a test set of 10,000 examples . . . . The digits have been size-normalized and centered in a fixed-size image (LeCun, Cortes, & Burges, 2019).” Through this the students will learn: the difficulties surrounding computer identification of images; the ethics, security, and bias related to image processing by computers; and how neural networks work.
 
· Module goal: [At the end of this module, SWBAT…; try to make it one big goal]

High School Version
Through this module students will be able to: identify the difficulties surrounding computer identification of images; debate the ethics, security, and bias related to image processing by computers; copy and run Python code; and draw a diagram of how neural networks work in relation to their computer code.

Middle School Version
At the end of this module students will be able to: follow written technical documentation; write code in Python; provide a clear, concise written explanation of how machine learning works; and use a large data set (MNIST) to train a convolutional neural network to identify handwritten digits 0-9.

Individual Objectives:

MNIST Objectives (SWBAT):
· Load the MNIST dataset in Keras within the Google Colaboartory (Colab) framework.
· Develop and evaluate a baseline neural network model for the MNIST problem.
· Implement and evaluate a simple Convolutional Neural Network for MNIST.
· Implement a close to state-of-the-art deep learning model for MNIST.
· Develop a finalized model, evaluate the performance of the final model, and use it to make predictions on new images.

Early Computer Programming Objectives (SWBAT):
· Create and script Python programs in Colab.
· Identify and load appropriate functions and libraries in Colab.
· 

· Module scope and rationale: [Will this be a multi-day activity or a full module? Why should someone want to do this module?]

· This could be a multiday subset of a machine learning module for an intermediate-to-advanced computer science class.
OR
· This could be a multi-week module/project for introductory computer science. Students will learn many important skills involved in computer programming (see standards addressed), convolutional neural networks, and develop confidence in their abilities to work as computer scientists. In addition, programming a computer to identify images is a cutting-edge computer science field, which will, for those who master it, propel them into a career in computer science. For those who complete the module, they will be able to use their experience in other ways including being able to identify computer code, make sense of the overall goal of a script or program, and be able to talk confidently to a computer scientist about what a script or program does.

· Connection to standards: [List standards that will be addressed by the module. Must include Indiana and ITEEA standards; NGSS and CCSS are strongly recommended; CSTA could also be useful for the Computing RET.]
· Indiana Computer Science Standards
· fjdks
· IB Computer Science Topics
· djaks


· RET materials/ideas to be leveraged: [Describe what elements of your summer experience you will use as part of the module for students.]
· 
· Machine learning
· MNIST
· GitHub
· Terminal commands
· Python programming language
· Facial recognition datasets (extension material)

· Prior knowledge needed for module: [Describe what would be helpful for students to know before beginning the module.]
· How CPUs work - act out the parts with the students playing the roles of the hardware, software, and the variables. At each clock tick, the main software will send the variables to the appropriate place to retrieve, copy or move data. The variables will carry a whiteboard with their value written on it as they move. The specific hardware and software will tell the variables what their value is at each clock tick.
· Navigating to and working in a Colab notebook.
· Write beginning code in Python in Colab environment.


SECTION 2: OVERVIEW OF MODULE FRAMEWORK

· Real-world context: [Describe in 1-2 paragraphs]

· Possible Lesson Ideas: [What are some ideas for a lesson or two focused on the real-world context and framing the project for students?]

· xxx – (resource too old) - Having students identify people’s faces from a series of pictures - see: Face Recognition by Humans: Nineteen Results All Computer Vision Researchers Should Know About (Sinha, Balas, Ostrovsky, & Russell, 2006) - compare pictures that are blurry vs. those that are clearer. Also, include pictures of people they may have seen before versus those that they have not seen in terms of recognizing people.
· Having students come up with all of the apps or programs they use that tag things automatically. (Facebook, Instagram?, Apple iPhoto, Flickr, Whatsapp?, SnapChat?, …)
· The US Postal Service uses number and letter recognition to sort mail, fingerprint id on smartphones, iris recognition, - other examples of image recognition in action.
· Having students come up with hypotheses about how the apps identify/tag photos with the right name.

· Background STEM content: [Describe in 1-2 paragraphs]

· Possible Lesson Ideas: [What are some ideas for a lesson or two focused on the background STEM content?]





· Final Project: [Describe in 1-2 paragraphs]

· Possible Project Ideas: [What is the goal of the project? What is the timeline for completing the project? At what point would students work in groups or individually?] 
· Students would work in groups and alone throughout this project with a group and individual assessment at the end for a classroom setting.
· Students would work in groups and alone throughout this project with the awarding of digital (and displayed) badges at various steps in the project.

· Possible Project Deliverables: [What would students produce at the end of the project? Would it be shared in some way? How?]

· The project would be done in Colab, so the individual results would be found there. 
· Final presentation - what would this look like
· on-line “poster” and “poster session” - with space for comments and questions by others??
· 

SECTION 3: MODULE SEQUENCING AND ASSESSMENT

· Description of sequenced learning objectives: [How do learning objectives build from lesson to lesson to meet the module goal?]

· Description of formative assessment approaches: [When/what techniques will you use to assess student progress towards objectives during, and at the end of, each class period?] 

· Description of summative assessment approaches: [How will you assess the final project and/or performance assessment? If you are using a rubric, what criteria will you examine?] 


SECTION 4: FINAL COMMENTS AND ATTACHED FILES

· Recommendations for implementation: [Describe any “safety tips” or advice you have for other educators who might implement this module.]

· List of attached files: [should include any lesson plans and handouts relevant to the Module, if you have them ready]

· [File name 1 and one line description] 

· [File name 2 and one line description]

· [File name 3 and one line description]

· [File name 4 and one line description]

· [File name 5 and one line description]
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