AP Computer Science Computer Science A Syllabus
Lakeside High School
About the course

The class meets Monday – Friday from 2:30pm to 3:20pm in the computer lab.  Most of the instruction is hands-on learning through labs.  Students also do role-playing and CS Unplugged activities.  There are labs most days and then open-ended assignments for students to apply what they have learned.  Students can also work in the lab afterschool.  There are about 36 weeks for instruction.   See http://coweb.cc.gatech.edu/ice-gt/1043 for more information about the course and the labs.  
We are using Alice to introduce computing concepts to lessen the frustration with Java syntax for beginners.  But, we show the code using Java style in Alice so they get used to seeing Java code.  We cover the same material from Alice in Java using Media Computation.  In Media Computation students write programs that manipulate media such as reversing a sound, mirroring a picture, or creating a movie.    Media Computation serves as the special effects studio for Alice movies.  It is where we create sound clips so that we don't violate copyright when we include songs in our Alice movies.  It is where we learn how to merge live-action with Alice characters.  Students find the type of open-ended projects that we do in Alice and Media Computation more interesting than many traditional assignments.  They often spend much more time on the assignments than needed to fulfill the requirements.
Texts

Exploring Wonderland: Java Programming Using Alice and Media Computation by Wanda Dann, Stephen Cooper, and Barbara Ericson, 2010

Fundamentals of Java (2nd edition) by Lambert and Osborne, 2003

GridWorld AP Computer Science Case Study Student Manual, 2007

Course Outline
Weeks 1-7 [C6] and [C8]
In the first seven weeks students are introduced to computer science, computers, hardware, software, number systems, and object-oriented programming.  Many concepts are introduced in Alice and then reinforced in Java using Media Computation.
· Students learn about the binary, octal, and hexadecimal number systems and how to convert between number systems.  

· Students learn about the limitations of finite representations: integer bounds, round-off error, and the imprecision of floating point numbers.

· Students learn about computer hardware and software.

· Students learn about programs and algorithms and how to convert an algorithm into a program using top-down design.  Students create storyboards of their Alice movies and then break the Alice movies into methods.  Students also learn how to build up a program from existing methods (bottom-up design).
· Students learn about objects, classes, object methods, class methods, parameters, arguments, subclasses, inheritance, interfaces, packages, up-casting, down-casting, and polymorphism.  
· Students learn about arithmetic operators in Java.  They learn how to declare primitive and object variables and the differences between how these are represented.  They learn what an object reference is and are introduced to "null".  They learn how to cast from one type to another.  They learn the difference between the declared type and the actual type of an object.
· Students get an introduction to the String class and its methods.  Students learn how to use the API to learn more about existing classes.
· Students learn to use an import statement.

· Students get an introduction to GridWorld (part 1).  

Reading/References
Chapters 1-5 in Exploring Wonderland
Part 1 of GridWorld AP Computer Science Case Study Student Manual
Binary number activity: http://csunplugged.org/~csunplug/binary-numbers
Binary number game: http://forums.cisco.com/CertCom/game/binary_game_page.htm
Hexadecimal Color charts: http://www.webmonkey.com/reference/Color_Charts 

Assignments/Labs
See the class website for these and the PowerPoint slides.  One assignment is a group project in which the students create an Alice movie with at least 2 different Alice characters (objects).  The group has to turn in a storyboard with a description of the movie and the methods that each Alice character has to have.  Then each member of the group creates the methods for one of the Alice characters.  They then import the subclasses into one Alice world to create the final movie and present it.  They explain the methods they have created for the Alice characters.
Weeks 8-18 [C3], [C4], [C5], and [C9]
Students learn about functions, conditionals, loops, random numbers, and arrays.  They are introduced to functions, conditionals, loops, and random numbers in Alice and then these concepts are reinforced in Java using Media Computation.  Arrays are covered in Media Computation using both sounds and pictures.  Studies show that many students have difficulty with looping and conditionals so we repeat the concepts in several different contexts.  Students are introduced to computer ethics by a discussion on the legal use of sounds and images from the web.
· Students learn how to create functions in Alice and methods that return a value in Java.

· Students learn about relational operators, logical operations, and Boolean expressions.

· Students learn how to create simple and complex conditionals in Alice and Java.

· Students learn how to create and use loops (iteration): counted for loops, nested for loops, while loops, and for-each loops.  They also learn how to loop through a range of values in an array.  They learn some standard algorithms such as finding the largest value in an array.  
· Students learn how random numbers are used to vary the outcome of a simulation or game.
· Students learn how to create a list in Alice and how to loop through all members of a list.

· Students write programs that operate on one-dimensional arrays and two-dimensional arrays.

· Students learn to trace through execution of a method.  They also learn how to print out data from a method using System.out.println and System.out.print.
· Students learn how to overload methods.
· Students learn how to determine the number of times a loop or a nested loop will execute.

· Students discuss the legal use of sounds and images from the web.

· Students are introduced to some of the static (class) methods on the Math class.

Readings/Reference
Chapters 6-12 in Exploring Wonderland

Animation of sound waves http://phet.colorado.edu/simulations/sims.php?sim=Wave_Interference 

Short practice problems with loops and conditionals http://www.javabat.com 

Assignments/Labs

See the class website for these and the PowerPoint slides.  Assignments include creating a loop in Alice to make all the objects in a list do something together.  Students write many methods to manipulate one-dimensional and two-dimensional arrays such as reversing half of a sound or mirroring the pixels in a picture in an image collage.  One assignment is to put an Alice character in the real world by replacing all the green pixels in the Alice picture with pixels from a real photo.  

Spring Semester

Weeks 1-6 [C3], [C4], [C5], [C6], [C7], and [C9]
In the first six weeks students learn how to create subclasses in Java and how to create new classes in Java.  They practice creating many different subclasses and classes in a variety of domains including GridWord.  Students also learn what the differences are between lists and arrays and when to use each.  We use GridWorld to start a discussion of software licenses and as a segue into general computer ethics including the ACM and IEEE code of ethics.
· Students learn how to create a subclass and override inherited methods.

· Students learn to use super in constructors and to call an overriden parent's method.
· Students learn why fields are usually declared private.  

· Students learn how to design and create their own classes including fields, constructors, and methods.  Students learn how to create assessors and modifiers. 

· Students learn how to use a debugger.

· Students learn how to overload constructors. 

· Students learn about runtime exceptions.  

· Students learn how to create Javadoc comments.

· Students gain a deeper understanding of the GridWorld case study and the design decisions in GridWorld and how to use inheritance.
· Students learn how to create and directly access array elements.

· Students create and manipulate lists (using ArrayList).  

· Students learn the differences between arrays and lists and choose when to use each.  They do insertions, traversals, and deletions in arrays and lists. 
· Students learn about generics.
· Students learn about GNU licensing and the ACM and IEEE Codes of Ethics.
· Students learn about static (class) fields
· Students learn how to write a class that implements an interface.
· Students learn about auto-boxing and un-boxing of values with integers and doubles.
Reading/References
Chapters 13 in Exploring Wonderland.  Parts 2-4 in the GridWorld Student Study Manual.
http://www.acm.org/about/code-of-ethics
http://www.ieee.org/portal/pages/iportals/aboutus/ethics/code.html  
http://www.gnu.org/licenses/licenses.html#GPL 
Assignments/Labs

See the class website for these and the PowerPoint slides.  One assignment is to create a PlayList class that is a list of music to play.  Students create subclasses of a Turtle class such as a SlowTurtle or a StubbornTurtle.  Students create subclasses of the GridWorld Bug class and the Critter class.  
Weeks 7-10 [C3], [C4], [C5], and [C6]
Students gain a deeper understanding of strings and the methods that manipulate strings.  They learn about using recursion for repetition and for breaking down a complex problem into a simpler problem.  Students learn about how to compare the space and time that algorithms take.  Students learn common search algorithms: linear and binary search.  Students learn common sorting algorithms: insertion, selection, and mergesort.  Students learn that there are things that computers can't do.  Students learn what makes computers fast.  Students learn the difference between an interpreter and a compiler.
· Students learn common string methods (substring, indexOf, compareTo) and the difference between == and equals

· Students learn to trace recursive methods
· Students learn to compare the efficiency of algorithms 

· Students learn common search algorithms: linear and binary

· Students learn common sorting algorithms: insertion, selection, and mergesort

· Students learn more about computer software and hardware and what makes computers fast

Reading/References
Chapters 14-16 in Exploring Wonderland.  

Short practice problem on Strings and recursion: http://www.javabat.com 

Assignments/Labs

See the class website for these and the PowerPoint slides.  One assignment is to write a recursive method to create a fractal (such as a Serpinski Triangle or a Koch Snowflake).
 Weeks  11-14 [C3], [C6], and [C7]
Students learn how to create movies by creating frames in the movie.  Students reuse some of the methods they created earlier in these movies.  Students practice doing object-oriented analysis.  They learn about abstract classes, interfaces, and polymorphism.  Students create 2D simulations and games in Greenfoot to gain more experience with advanced object-oriented concepts.
Reading/References
Chapter 17-18 in Exploring Wonderland.  

Assignments/Labs

See the class website for these and the PowerPoint slides.  One assignment is to add to a general shape drawing program by adding a new subclass, adding a method to the interface, and implementing the method in a class.  Another assignment is to combine an Alice movie with a live-action movie using chromakey.  Students will create a 2D game or simulation in Greenfoot.  
Weeks  15-16

Review for exam.  Students practice taking multiple choice tests and answering free response questions. 

Weeks  17-18

Group projects in Greenfoot and/or using LEGO NXT robots. 

