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Lesson Title:  Do You See What I See?
Draft Date: 7/16/2013
1st Author (Writer): Derek Babb
2nd Author (Editor/Resource Finder): 

Instructional Component Used: Software Testing
Grade Level: High School
Cartoon Illustration Idea:  A human and a computer both looking at the same score board.  
Content (what is taught): 

· Software Testing
· Optical Character Recognition
· Determining Reliability of a Program
Context (how it is taught):

· History and Examples of Software Testing
· Creating and Testing Optical Character Recognition Software

Activity Description:

Create a program to read the digit from a high school scoreboard and determine the number in a usable way.
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: 

PictureEdit.java, DigitReader.java, ScoreMaker.java
Java Programming IDE

Asking Questions (Do You See What I See)

Summary: 
Students will be looking at Optical Character Recognition and how computers read text.
Outline: 

· Read about Optical Character Recognition (OCR) processes.
· Talk about the challenge of getting a computer to read text

Activity: 

Students will read about OCR on the Internet and discover how it is being used.  Following their initial investigations, we will begin to discuss how OCR software might be programmed.
	Questions
	Answers

	What are some uses of OCR?
	To turn printed text into digital text.

	What kinds of people would use OCR or find in useful?
	Post office – to route mail automatically.
Scholars that want to make old text searchable.

	What are some challenges in developing OCR software?
	Different letters might have more than one way of being represented.  
Capital vs. Lowercase, Script vs. Standard Text, Hand-written vs. Typed.

	How can computers learn to read human writing?
	Machine learning, testing and examples.


Exploring Concepts (Do You See What I See)
Summary: 
When looking at printed text or the image of text, there are many steps taken by the computer to reduce background noise to focus on the important text.  We will explore creating an OCR to specifically return a number from a sports scoreboard. 
Outline: 

· Research methods of creating OCR software
· On paper, describe how you might take a 7-segment digit from a scoreboard and decipher what number is displayed.
Activity: 
Students will research how Optical Character Recognition software is created and real world applications of such software.  Methods that should be included in the research:

· Pre-Processing of the Image
· De-Skewing of the Image

· Focusing of the window on the relevant data

· 7-Segment specific testing
After gaining an understanding, we will look at a smaller problem of reading the digit from of a high school scoreboard.  Students will develop a written (on paper) algorithm for how they would go about determining what digit is displayed.
Instructing Concepts (Do You See What I See)
Testing Software without an Oracle
Software is tested to make sure that the code does what the programmers and designers intended.  Some programs can be easily tested with a set of known input data and a corresponding set of known or expected output data.  This is known as a test oracle that can test and see if software passes or fails a series of tests.  Unfortunately, it is far more common that software will have to deal with a wide array of input data such that it is impossible or impractical to test every case in the software design process.  Because the exact set of input data is unknown, an oracle cannot be created to test the program.
Applications for software testing without an Oracle

Optical Character Recognition
OCR is an emerging technology in computer science where an image of text is fed to a computer and processed to convert the image into an actual text document.  The advantage is that this text can now be manipulated, searched, indexed or otherwise modified.  OCR is a prime example of a case where every possible data input cannot be tested.  Computer scientists must create a robust algorithm to determine what letter is being displayed in this assemblage of pixels in an image.

Uses of Optical Character Recognition

OCR is being used to digitize books and other writing created before the advent of computers.  This allows the whole of human correspondence to be stored in a digital form where it can be backed-up, indexed and searched.  OCR is also used currently by the US Postal Service to automatically route mail without human intervention, a time and cost saving measure.

Optical Character Recognition Techniques

Images are often pre-processed to identify the important regions of text.  This pre-processing often involves turning the image into black and white to increase the contrast.  Images are de-skewed to make the text appear on straight lines even if the photo was taken at an angle.
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.  There is no possible way to ever say that the driverless vehicle is “perfect”.
Organizing Learning (Do You See What I See)

Summary: 

Using prior knowledge of Optical Character Recognition, students will create a program to read a digit from of a high school scoreboard.  Students will compare their methods to determine which was most effective.
Outline: 

· Students will create OCR software to read a digit off of a scoreboard.
· Once students have compared the methods of their classmates, they will determine what worked most effectively.

· Students will try to create one “final version” of the OCR software based on our best techniques as a class.
Activity: 
Each student or group of students should begin to develop their Optical Character Recognition software specifically read one digit from a scoreboard.  They can test their methods using the ScoreMaker software.  They should test and modify their software to try and achieve the most reliable reader that they can.
Finally, the class will evaluate which techniques were most effective and build one OCR software package based on these best practices.

Attachments: 

T084_RET_Do_you_see_what_I_see_O_ScoreMaker.zip  This zip file contains the following Java files:
· PictureEdit.java

· Picture Edit API documentation
· DigitReader.java

· ScoreMaker.java
Understanding Learning (Do You See What I See)

Summary: 

Students will write essays about the process of testing code in which all possible scenarios are not known or testable.  
Outline: 

· Formative assessment of Testing Software without an Oracle.
· Summative assessment of Testing Software without an Oracle.
Activity: 

Students will complete written, quiz, performance (choose what you want) assessments related to Testing Software without an Oracle
Formative Assessment

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

1) Do students understand what cases where software cannot be fully tested?
2) Can students identify techniques to test software where there is no Oracle or known answer for every question?
Summative Assessment

Students will complete the following essay questions about software testing:

1) What are some examples of software being written where there is no way to test all possible scenarios to verify that the program works correctly.

2) What are the implications for using software that by definition cannot be tested for all cases?

3) Are there any cases where software could be considered fully tested even though there may still be cases where the software has not performed?
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