 
Learning From a Computer Point of View
Total Number of Lessons: [~10 to 12]
Total Time for Module: [~1200 to 1500 minutes]

SECTION 1: MODULE OVERVIEW AND CURRICULAR CONNECTIONS

· Module overview: 
 Machine Learning, where a program “learns” to recognize a set of conditions by repeatedly sampling, attempting to classify, and correcting the attempt, while progressively minimizing the error, is a rapidly growing field of research and development. Students will learn how Machine Learning is being used in science and business, then they will learn hands-on how to read and classify data. 
· Module goal: 
Students will learn about the effects of Machine Learning on the social, economic, and political spheres. They will learn how to use TensorFlow with Python to train the program to read and classify data from training sets. They will train TensorFlow to read and classify data that they obtain or make themselves.
· Module scope and rationale:

The lesson will be presented as a multi-day activity during a series of 2 ½ hour, 1 semester elective classes that meet once per week. 

Students will want to learn this because they will be interested in how information can be processed and made useful to their lives and in a growing number of applications. They should be motivated to design a science fair project to compete and share their learning with the local community, which will ultimately enhance their readiness to contribute to high-demand, high-paying jobs. 

· Connection to standards: 

ITEEA Standards:
	2.CC New technologies create new processes. 
	3.J Technological progress promotes the advancement of science and mathematics
4.H Changes caused by the use of technology can range from gradual to rapid and from subtle to obvious. 

Indiana Science & Computer Science Standards:
6-8 DI 5 Demonstrate interdisciplinary applications of computational thinking and interact with content-specific modules and simulations to support learning and research.
6.8 CD 4 Describe what distinguishes humans from machines, focusing on human intelligence and ways we can communicate, as well as ways in which computers use models of intelligent behavior. 
6-8 IC.2 Analyze the positive and negative impacts of technology and information and discuss the consequences of misuse. 

NGSS Standards
	Influence of ETS on Society and the Natural World
New Technologies can have deep impacts on society and the environment, including some that were not anticipated. 
Analysis of costs and benefits is a critical aspect of decisions about technology

CSTA K-12 Computer Science Standards
3A-3 Describe how computing enhances traditional forms and enables new forms of experience, expression, communication, and collaboration.
3B-5 Use data analysis to enhance understanding of complex natural and human systems.
	3B-9 Analyze data and identify patterns through modelling and simulation.
	3B-6 Anticipate future careers and the technologies that will exist.
3B-5 Explain the notion of intelligent behavior through computer modeling and robotics.
	3A-2 Discuss the impact of computing technology on business and commerce.
	3B-2 Analyze the beneficial and harmful effects of computing innovations.

· RET materials/ideas to be leveraged: 
The module is a direct extension of the study and research I did via the Summer Computing RET 2017 program. Some of the more advanced topics will be skipped or summarized briefly, of course, to meet the experience of the students. 

· Prior knowledge needed for module: 
It would be helpful if students had some background working with Python, or at least with a structured programming language, although I will teach students enough of the fundamentals to keep up.

SECTION 2: OVERVIEW OF MODULE FRAMEWORK

· Real-world context: 
· Possible Lesson Ideas: 

· What is Artificial Intelligence, and where is it headed? 
	
Overview the history of AI development, toward Machine Learning, demonstrating advantages and disadvantages as well as moral implications and cautions. One source: https://youtu.be/8FHBh_OmdsM


· How can you use Machine Learning in context?

Demonstrate use of Machine Learning to train a computer to recognize shapes, images, etc via:
http://www.r2d3.us/visual-intro-to-machine-learning-part-1/

Allow students to watch individually or as group, video overview at https://www.youtube.com/watch?v=ICKBWIkfeJ8&index=1&list=PLAwxTw4SYaPkQXg8TkVdIvYv4HfLG7SiH

How Tensorflow constructs a Neural Network. Explain how the interactive webpage works and give students time to play with it: http://playground.tensorflow.org/

· How do you use Python?

Demonstrate via https://www.python.org/ online Python, some of the basic commands. 

Give challenges (see attachment).

· Using Tensorflow Image Classification

Allow students to play with http://cs.stanford.edu/people/karpathy/convnetjs/demo/cifar10.html

Give students access to classify_image.ipynb to upload and convert their own images.

· Using Deep Dream image manipulation via Tensorflow

Give students access to https://deepdreamgenerator.com/ to play with image combinations.

· Use Packt videos to tutor students on the use of Tensorflow

Purchased videos covering basic to advanced use of Tensorflow. Can be presented to the group, or let students watch individually / in pairs.






· Background STEM content: 

· Possible Lesson Ideas: 
· Have a guest speaker (Michael Niemier and/or Tim Wenninger talk about AI and Machine Learning)
· Discuss the differences in Machine Learning and “algorithmic design” of Artificial Intelligence.

· Final Project: 

· Possible Project Ideas: 

What is the goal of the project?

Students will demonstrate an understanding of Machine Learning as it applies to research and applications in Artificial Intelligence. They will have a fundamental understanding of how Tensorflow is used to categorize information (among other uses).

What is the timeline for completing the project? 

The class will meet about 12 times for 2 ½ hour sessions. Students will work on gathering information and training the software for the next-to-last 3 sessions. The final session will be devoted to presentations.

At what point would students work in groups or individually?

Students will work in pairs, but will also work individually on their computers. 

Project research ideas include:

· Students will train software to recognize / classify objects (using MNIST database, CIFAR database, UCI Machine Learning Database ) and demonstrate its use. 
· Character recognition: “Emoji  reader” – students train software to recognize and differentiate between a set of drawn or spoken emojis
· Image recognition: “Coolness translator” – students train software to whether an image represents something “cool” or “uncool”
· Gender handwriting prediction: use data of handwriting samples (or create their own) and train the software to predict a sample author’s gender.




· Possible Project Deliverables: 
· Students will create their own dataset (e.g., x’s and o’s, male and female handwriting, emojis) and use it to train the software to distinguish. They can share the dataset online, if possible. 
· Students will cite their results with a report, describing the dataset, a brief overview of the software methods, the outcomes on the test set, and a summary analysis of the results.
· Students will present their findings to other students / faculty / parents during the final session.

SECTION 3: MODULE SEQUENCING AND ASSESSMENT

· Description of sequenced learning objectives: 
[bookmark: _GoBack]Students will begin by viewing the history of Artificial Intelligence and its development, including future uses and its societal and moral implications. They will then study the modern approach to AI, Machine Learning with some hands-on demonstrations and self-guided video presentations. Next, they will learn how to do some basic Python programming, since Python will be used to run the machine learning modules they will study and create. Before creating their own modules, students will interact with some advanced modules, where they can learn and explore on their own. 
· Description of formative assessment approaches: 
· Demonstrate completion of pre-configured software to characterize data.
· Description of summative assessment approaches: 
· Rubric detailing basic, proficient, and advanced performance. 

SECTION 4: FINAL COMMENTS AND ATTACHED FILES

· Recommendations for implementation: 

Set up and run the Ipython notebooks to make sure the required modules are properly installed and working.  Also, be sure to check that they run on Macs, PCs, and Linux systems, because each will have their own quirks that need to be addressed.

· List of attached files: 

· Falcone 2017 Final Presentation.pptx 
A Powerpoint overview with background and an overview of the scope and sequence of the module.

· Python_Challenges.zip
A collection of lesson challenges for applying Python learning


· classify_image.ipynb
A Python notebook that will classifies an image using the Inception trained model. Students can input their own images to test its accuracy.

· DeepDream.ipynb
A Python notebook that will allow users to manipulate an image using the Deep Dream Tensorflow algorithm which morphs pairs of images based on common characteristics. Students can input their own images and play with parameters to vary produced images.

· Navigating Tensorflow Presentation Rubric.docx
A rubric with focus points for the student final presentation.
[image: STEM_logo.png]
107 Carole Sandner Hall, Notre Dame, IN 46556    http://STEMeducation.nd.edu
image1.png
UNIVERSITY OF NOTRE DAME

Center for STEM Education




