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Instructional Component Used: Computer Programming
Grade Level: 9-12
Cartoon Illustration Idea:   
Content (what is taught): 

· Conditional statements in the Java Programming language
· Methods in the Java Programming language

Context (how it is taught):

· Students will be asked questions and explore with preexisting Java programs that model piecewise functions similar to those found in a beginning algebra 2 course
·  Students will use their understanding of Java and piecewise functions to create simple, useable Java programs

Activity Description:

Working in groups of two or three, students will explore a preexisting Java program that models a piecewise function similar to those found in a standard algebra 2 or pre-calculus course.  Students will use their understanding of Java methods and conditional statements to create the plot of an already-defined piecewise function.  Finally, students will create a functioning Java program that models the 2013 IRS tax table. 
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Materials List: 

Computers or tablets for students
Java SDK and integrated development environment (IDE) such as Eclipse or NetBeans

or an online IDE such as http://ideone.com 
Asking Questions (Programming Piecewise Functions)
Summary: Students will work in groups and use the included code samples to answer the included questions.  
Outline: 

· Students will be given the following block of code and run it using a Java Integrated Development Environment such as Eclipse, NetBeans, or an online IDE which requires no installation or setup such as ideone.com.  

· Students will be asked a series of questions about their observations after executing the code.

	Questions
	Answers

	Why does output have a value of 1.0?
	When input = 0, x is assigned a value of zero, and since -10 ≤ 0 < 10, hOfx is assigned a value of 1 and returned as a double.

	What would print out if we changed the value of input to 10?  
	“The input is 10.0, and the output is 2.0”  

	What would print out if we changed the value of input to 50?
	Nothing.  Since 50 > 30, nothing will happen since none of the three conditionals are met.


Activity: Students will be given the attached functional Java program as a text file (see below).  They will copy and paste in into an editor, compile and execute the code using a Java integrated development environment such as Eclipse, NetBeans or an online IDE such as ideone.com.  After typing, compiling and experimenting with the code, students will be asked a series of 
questions in a non-formal class setting. 
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Exploring Concepts (Programming Piecewise Functions)
Summary:  Students will use a given piece of code, which represents a piecewise function in order to plot a sketch of the piecewise function…
Outline: 
· Students are given a code that will output ordered pairs of a given piecewise function along with the traditional definition of the function.

· They are then given a computer equipped with a Java Development Kit and an Integrated Development Environment (IDE) such as Eclipse or Netbeans or internet access an online IDE such as ideone.com
· Executing the code will produce an ordered pair of the form (x, f(x)).  Students will use the code to produce 20 such ordered pairs, then plot those ordered pairs in order to generate a graph of f(x).  

Activity: Students will be given the included Java code (see attachment) and a computer equipped with a Java Development Kit (JDK) and Integrated Development Environment (IDE) or internet access to an online IDE such as ideone.com.  They will use the computer to recreate that code and modify the input (as shown in the image on line 11) to generate different ordered pairs for (x, f(x)).  Students will then change the value of input to a number between -10 and 10 in order to generate a new ordered pair.  They will then repeat this process for at least 20 values of input, generating 20 ordered pairs that can be plotted on graph paper in order to produce a graph of f(x).
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Instructing Concepts (Programming Piecewise Functions)
Computer Programming

Putting Programming in recognizable terms:  Programming is defined as designing and creating software that allows a computer or other device accomplish a desired task.

Putting Programming in Conceptual terms: Programming is how a human user gives commands and tasks to a computing machine.  This is done through a wide variety of mediums that are often layered upon each other.  The most primitive programming involves the use of bits, or electronic signals that represent symbols such as 0’s and 1’s.  This base can be translated into programming that turns symbols into words, making it easier for humans to write plans or processes for the machine (the plans or processes are often called “algorithms”).  Further translations make the simple languages more complex and allow more use of common human language, leading to high level languages such as Java and C++.
Putting Programming in Mathematical terms: Mathematically, programming is built on conditional logic taught in most geometry courses, Boolean logic which is the simply examining on/off or true/false results, finite loops of a process, and recursion methods.  Programming is a direct application of a wide variety of mathematical thinking.
Putting Programming in Process terms:  Programming is usually done using a chosen high level language such as Java, C++, Python, or one of many others and an integrated development environment (IDE) which provides the programmer with text editing for typing the code of the program.  Programming also uses a compiler which will translate the written code down through the languages understood by the respective machine, and debugger which allows for step-by-step inspection of a program in order to find errors in the code.
Putting Programming in Applicable terms: Programming describes the variety of tasks done in computer science.  Any software that operates on a computer is composed of a program developed by a programmer.  Programming is also used to control industrial machinery, encrypt and decrypt messages or data, and solve multi-variable problems like weather and economic forecasting.  
History:  The history of electronic computer programming began in the 1940’s with the invention of the ENIAC machine.  This first modern computer was developed by the military to help with the writing of artillery-firing tables.  These tables were used for different weapons that were fired under varied conditions for target accuracy.  As computers improved through the 1950’s to the 1970’s, languages like COBOL for business and FORTRAN for science and engineering were developed and became the standard.  With the invention of the personal computer in the 1980’s computers became household items and the number of languages grew and diversified.  Pascal and BASIC were languages that sprung up in the 1980’s as a result of the PC.  As the computer continues to get more powerful, the languages continue to adapt.  Some of the more prevalent languages today are the various iterations of C, Java, PHP, and others.  

Basic functions of computer program (in almost any language)

Input:  The acquisition of data from a file, keyboard or other input device.

Mathematical functions:  The performance of mathematical operations ranging from basic arithmetic to advanced functions.

Repetition:  The performance of an action over and over, sometimes with subtle changes.

Conditional algorithms:  The checking for certain conditions and the execution of statements in an appropriate sequence.

Output:  The data resulting from the program on a screen, in a file, or any other means.

Organizing Learning (Programming Piecewise Functions)
Summary: Students will be given a piecewise function defined in traditional mathematical notation and a corresponding graph.  They will create a Java program to define the given function and recreate the graph.  
Outline: 

· Students are given the piecewise function g(x) defined in traditional mathematical notation
· They use a Java integrated development environment to create a Java program which defines g(x) and allows for output of ordered pairs of the form (x,g(x)) 

· They use the Java program to generate points which can be used to produce a sketch of g(x)

Activity: Students will be given the following definition of g(x) and the graph of g(x).  See below for an image or the information is also contained in the attached document:  T095_RET_Programming_Piecewise_Functions_O_Supp.doc
 They will use a computer equipped with a Java Development Kit (JDK) and Integrated Development Environment (IDE) or internet access to an online IDE such as ideone.com to create a Java program to define g(x) and output ordered pairs in the form (x, g(x)).  They will then use their program to generate enough points (approximately 20) to plot a sketch of g(x), making sure it matches the graph they were given.  NOTE: A possible solution for the Java code is in the attached file: T095_RET_Programming_Piecewise_Functions_O_Supp.doc
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Understanding Learning (Programming Piecewise Functions)
Summary: In groups of two or three students will create a short Java program in order to compute the federal taxes owed by four individuals with different incomes.  
Outline: 

· Formative assessment of computer programming.
· Summative assessment of computer programming.
Activity: 
 Students will complete a performance assessment related to computer programming.

Formative Assessment

As students are engaged in the lesson ask these or similar questions:
1) Can students properly analyze a Java program?

2) Are students able to use the Java editor to generate different output based on different input?

3) Were students able to generate Java code that represented a piecewise function?
Summative Assessment

Students can answer the following writing prompt.
Explain an algorithm that would generate a piecewise function.
Students can complete the following performance assessment

Given several IRS tax tables, you will write a Java program that can compute the taxes owed by individuals filing as “Single”.  You will be able to test your program and them use it to generate output.  Your output and codes will be turned in for assessment.  NOTE:  The IRS tables and a detailed description are included in the attached file: T095_RET_Programming_Piecewise_Functions_U_Assess.doc
Attachments:

T095_RET_Programming_Piecewise_Functions_U_Assess.doc
© 2014 Board of Regents University of Nebraska

[image: image4.png]The input is @.8, and the output is 1.0



