WeBWorK for Programming Fundamentals 
Jacqueline Baldwin1, Eileen Crupi2, Tabitha Estrellado2
	1 Cornell College
Department of Computer Science 

Cornell College
Mt Vernon, IA 52314

j-baldwin@cornellcollege.edu
	2 Pace University

Seidenberg School of Computer Science 

and Information Systems

One Place Plaza

New York, NY 10038

eec91084@yahoo.com, tabi119@yahoo.com 


ABSTRACT
WeBWorK is a web-based assessment tool developed at the University of Rochester to generate, deliver, and automatically grade homework problems and distribute their solutions. Sharing the market with similar systems, WeBWorK differs in that it is free and open-source. It provides an advanced processing of mathematical formulae and a high-level of problem randomization. Although it was used initially used in mathematics and physics, we are working on extending and adapting WeBWorK for programming fundamentals and computer science.
Categories and Subject Descriptors K.3.1. Computer Uses in Education.
Keywords Active Learning, Homework, WeBWorK, Web-based Assessment Tool.
1. Problem
The paper and pencil approach for distributing and completing assignments is widely used in all subject areas. However, it creates control and feedback difficulties for instructors and students in the computer science field. Instructors must take into account the numerous ways in which students can write a program when grading. Instructors also go to great lengths to help prevent their students from cheating. They make different versions of tests or programming assignments and often end up exhausting all possible options in designing problems. They must give special attention to distribution and be extra cautious when grading and comparing solutions (sometimes using automated systems like moss [http://www.cs.berkeley.edu/~aiken/moss.html]). Further-more, the paper and pencil approach does not facilitate the analysis of students’ performance by individual students, for the whole class and by problems.
For students, there are often complaints about the time lapse between the completion of a test or programming assignment and the receipt of their grade. In the meantime, students have no precise idea of what concepts they need to review or whether or not they can move along to the next topic with confidence. 
Different commercial web-based assessment systems targeting the computing discipline, and programming in Java in particular, are available to address some of the above mentioned concerns. These include Gradiance [http://www.gradiance.com], CodeMate [http://
www.aw-bc.com/codemate], and CodeLab [http://www.turingscra
ft.com] to name a few. 

2. WeBWorK for Programming
WeBWorK can be incorporated into courses in different ways. It 
can be used for take-home quizzes and programming homework, or for timed in-class quizzes and programming tests. Since programming concepts build on previously learned concepts, delivering weekly pop quizzes is an efficient way to check if students are keeping up with the material. 
Instructors may use the WeBWorK problems already accumulated in libraries organized by topic, e.g. loops, arrays, and functions, or create their own WeBWorK problems. The types of problems instructors can create are: matching, fill-in-the-blank, multiple-choice, checkbox multiple-choice, true/false, and writing code in Java. Problems can be written with randomization such that each student will likely have a variation of one problem. WeBWorK also provides instructors with the ability to set the number of attempts students are permitted for a problem. If more than one attempt is granted, the instructor can view the number of times each student tried to solve a problem. In addition, each homework problem is constructed to include tips such as references for students to refresh their knowledge of a certain topic.
As with all WeBWorK problems, students receive immediate result feedback and can learn through practice if their instructor allows multiple attempts. Coding problems are handled in an extension we designed for WeBWorK. Students are told whether or not their code compiled, how many tests their code passed or failed, details of any errors, and if they may try again. 
3. Results and Future Plans
WeBWorK has been trialed over two semesters at Pace University in an introductory computer programming course. It has been used to administer quizzes and weekly assignments based on Python and Java. 
The experience to date has shown that instructors benefit from WeBWorK’s built-in randomization and automatic grading. However, instructors would like to see the development of a wider range of problems and some enhancement of the assessment functionality. WeBWorK currently only tells the instructor the students’ grades and their number of attempts. The instructor is not provided with any overall class information, such as the class’ average grade, highest and lowest grade, and the problem that was attempted the most.
This experience has also shown that students are pleased to receive their grades immediately, but are disappointed in the lack of specific feedback. We hope to extend the capabilities of WeBWorK to explain to students why an answer is wrong and to detect when a student continuously fails to correctly answer problems on a specific topic. If a student appears to be struggling, WeBWorK will suggest that he or she first masters problems on a prerequisite topic. 
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