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Instructional Component Used: Conditional Probability
Grade Level: 10-12
Cartoon Illustration Idea:  Person at computer, messages pouring out of the screen and burying them in their chair.
Content (what is taught): 
· Conditional Probabilities

· Artificial Intelligence

· Computer Decision Making

Context (how it is taught):
· Exploration of an Artificial Intelligence

· Building an AI for several distinct purposes.

· Discussion of the use of Artificial Intelligence

Activity Description:
Students will build a spam filter using artificial intelligence, machine learning and conditional probabilities to determine if a message is spam or not.
Standards: (At least one standard each for Math, Science, Engineering and Technology - use standards provided)
Math 








Science
MC1, MC4, ME2, MB3





SA1, SA2, SE1

Technology







Engineering

TA1, TA3, TC1, TC2, TC3





EB3, EB6, EA6

Computer Science
CT: L2

CL: L2

CD: L2

CT: L3

CL: L3

CD: L3

Materials List: 
Java Programming IDE

Tic-Tac-Toe Java Files (attached)
Asking Questions (No More Spam)
Summary:  Students will be discussing Artificial Intelligence in computers.
Outline: 
· Discuss the uses of Artificial Intelligence.

· Describe ways a computer might make a decision.

Activity: 
Students will read about Artificial Intelligence on the Internet and discover how it is being used.  Following their initial investigations, we will begin to discuss how AI software might be programmed.

	Questions
	Answers

	Where AI is used every day?


	Google, Amazon, Netflix, many more

	How does AI help with Internet Search
	By learning your tastes, it better matches the sites you'd likely be interested in.



	How does AI work?
	Creating decision algorithms based on probabilities.



	What are possible uses for AI beyond things we've already mentioned?


	OCR, Driver-less vehicles, smart power grids.


Exploring Concepts (No More Spam)
Summary:  Decisions are made by computers every day.  These decisions improve Internet search results and provide suggestions on products you might like or movies you would enjoy.  AI is even beginning to take over tasks once thought impossible by creating driver-less vehicles and conversation AI that seem to be alive.

Outline: 
· Students will explore how computers make decisions.  

· What methods are used to decide if a message is Spam or not?

· Look at other AI decision algorithms like the Netflix or Amazon suggestions.

· Explore other AI decision processes and their uses.
Activity: 
Students will explore through research and present their findings on how computers can determine if an email message is spam or not.  What are the methods that are used and how have these methods been refined over the years?  What are spammers doing to circumvent the filtering processes?
After looking at email filtering, students will research other areas where computer AIs are making decisions like Netflix or Amazon's recommendations.  How do they know that I might like a movie or want to buy a product?  What kind of behind the scenes algorithms are making those decisions? 

Instructing Concepts (No More Spam)
Conditional Probability
We often use probabilities to determine how likely we think an event is to occur.  We can make plans, pack accordingly, and make other decisions based on the forecast of the weather or the chances of us getting stuck in traffic.  For example, what is the chance it will rain today given that it rained yesterday?  What is the probability of getting caught in traffic given that it is rush hour.  These are conditional probabilities where we want to know the probability of an event given what we already know.
Computing Probabilities
If the know the probability of two events occurring and we know the probability of both events occurring, then we can calculate the conditional probabilities
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which is to say the probability of event A given that B has occurred is the probability of both A and B divided by the probability of B.

Applications for conditional probability
Prediction and analytics
Forecasting the weather, deciding odds on horse races, predicting political races, planning for traffic flow, these are all examples of using prediction to decide how to act.  Every event has a probability of occurring and that probability can be affected by a complex web of other events.  If we can correctly piece together the web of events, we can adjust our probabilities of the event we really care about. 

Artificial Intelligence
AI is the field of computer science that deals with computers making decisions based on conditions or a series of conditional statements.  This can range from the computer player in a game, deciding how to play against a human opponent, to something far more sophisticated.  Today we see computers making all sorts of decisions, providing suggestions about movies we may like, products to buy, who our friends might be on social network sites.  All of these decisions are made using a complex web of probabilities and conditional statements.

Machine Learning and Training
Machine Learning is a technique of allowing the computer to decide what aspects of a letter are important.  An example letter would be fed into the computer and the computer told what that letter is, for example an A.  More examples of the letter A are fed into the computer until it creates rules for what an A is, at which point a random letter could be correctly identified as an A by the computer based on criteria unknown to the programmer but understood by the computer.
Driverless Vehicles
Currently, there are several manufactures trying to automate the driving process and create a driverless car.  This is an exciting field that will have an enormous impact on society if they are successful.  This is another example of Artificial Intelligence using a complex web of conditional probabilities to decide how to act.
Organizing Learning (No More Spam)
Summary: 
Using our discussion of artificial intelligence and conditional probabilities, we will create a spam filter for e-mail messages.  Given a training phase where we can direct our software to “learn” what words are common in spam messages and what words are not common in spam messages, we will be able to determine if an unknown message is spam or not.

Outline: 
· Students will research the “Bag of Words” technique for spam filtering.

· We will create a spam filter as a class using sets of spam messages and non-spam messages to train our algorithms.

· After the training phase is complete, we will begin testing unknown messages and our program should determine if this is a spam message or not.
Activity: 
Individually, students will research methods of filtering spam messages.  We will report our findings to the class then as a class we will begin to implement these techniques to create a spam filter.  We will also find publicly available examples of spam messages and non-spam messages for our training purposes.  

The “bag of words” technique of spam filtering assigns each word a probability of being in a spam message or not based on the training data we provided.  Based on all of the words in the message and their combined conditional probabilities of being spam, we can make a decision, is this message spam or not.

This method will provide the students a good, real-world example of conditional probabilities being used by computer artificial intelligence to decide something that is meaningful to all people using the internet and email.  
Understanding Learning (No More Spam)
Summary: Students will create an AI for the game of Tic-Tac-Toe.  They will reflect on the process and look at how conditional probabilities play a role in this type of AI project.

Outline: 
· Formative assessment of Conditional Probabilities.

· Summative assessment of Conditional Probabilities.  

Activity: 
Students will complete written and performance assessments related to conditional probabilities.

Formative Assessment
As students are engaged in the lesson ask these or similar questions:

1) Do students understand how events can affect probabilities of another event?

2) Can students identify situations where conditional probabilities could be used to better predict outcomes?

3) What are some artificial intelligence examples that use conditional probabilities to make better predictions about how people will act or what they might buy?

Summative Assessment
Students will complete the following essay questions.
1) What are some examples of Artificial Intelligence that uses conditional probabilities to make better predictions?

2) How was your AI able to make decisions based on conditional probabilities?  What could be done to make your AI better?

3) Are there any cases where computer artificial intelligence simply will not be able to replace human intelligence?  Why would this example be more difficult for computers than other examples where AI works?
Students can complete the following performance assessment.

Using the Java programming language, let students create a player for the game of tic-tac-toe.  Students will use the attached java files as a base for building and running their AI projects.  All the students will need to do is extend a tic-tac-toe player class with their class.  The current board is passed as an array of characters whose values could be either 'X', 'O', or an empty space.  

The AI will return the position they would like to play based on the calculations they have done.  Once they are ready to test, they can add their AI class to the list of AIs in the Setup.java file.  This will allow students to select which AI players are pitted against one-another.  There is also an option for the player to play as a human.
Attachments: (in M113_RET_No_More_SPAM_U_Java.zip)
M113_RET_No_More_SPAM_U_TicTacToe.java
M113_RET_No_More_SPAM_U_Player.java

M113_RET_No_More_SPAM_U_HumanPlayer.java

M113_RET_No_More_SPAM_U_ComputerAI.java

M113_RET_No_More_SPAM_U_Setup.java
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