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1.0 Abstract

Test-driven development (TDD) has been around for decades but recently it has gained popularity due to its visibility in eXtreme Programming (XP) practice [10, 11].  Most advocates of Test-driven development believe that TDD provides significant benefits to the software development community however; these benefits have not been proven yet [3, 6, 9].  

This study will investigate the effectiveness of TDD from a perspective of productivity and code quality.  It will place heavy focus on a professionals’ expertise to evaluate individual practice effectiveness to identify the approach that produces better code quality in less development time.  I plan to use professionals whose expertise is only based on TDD or waterfall, but not both.  Previous studies have used professionals with expertise in both TDD and waterfall to compare approaches. This led to inconclusive or minimal results [3, 7, 11].  In addition, the transitioning challenges involved in the process, from waterfall to TDD approach, will be analyzed.  I will also document the difficulties involved in assisting developers through the necessary process changes to move to the new methods.

2.0 Introduction

Test-driven development (TDD) has been around for decades but it is not until now that it has gained popularity due to its visibility in eXtreme Programming (XP) practice [10, 11].  Test-driven development, also known as test-first programming, involves creating test cases before any actual code is written. TDD allows developers to concentrate on the features needed instead of creating extra functions or objects that may not be necessary [3].  Many advocates of Test-driven development believe that TDD provides significant benefits to the software development community however; developers are still not convinced [3, 6, 9].  

  This paper intends to demonstrate the effectiveness of TDD versus the waterfall approach by using professionals who are either TDD or waterfall experts, but not both. Previous studies have investigated TDD effectiveness using professionals or students with different skill levels and therefore did not provide a valid comparison regarding these methods [3, 7, 11].  

This research paper will investigate the following:

· The efficiency of TDD versus the waterfall approach with regards to code quality and developers’ productivity using professionals who are bias toward   their own practice.

· Identify the challenges involved in transitioning from waterfall to a TDD practice.  As result of this, a lightweight technique can be developed to assist during the transition process.

3.0 Relevance and Significance of the Research

This study will make a significant contribution to both professional and academic communities.  The efficacy of neither test-driven development practice nor its effects on external code quality has not been empirically proven.  As of today, many researchers have based their experiments on students or professionals with different skill sets [3, 7, 11] but no one has systematically evaluated the practices with professionals who are only interested in using their individual approach.  This study will attempt to compare both practices utilizing professionals that are skilled in a single approach but not both.  Further, it will analyze the challenges involved in the transition from waterfall to TDD to further understand the advantages and disadvantages of making this change. 

This study will provide the following benefits:

1. Acceptance of TDD benefits when implemented with the right skill sets.

2. A lightweight technique that can assist waterfall developers through the process change to TDD. 

4.0 Estimate of Research Effort

This study will take a significant amount of effort due to the tasks and variables involved in the entire process.  The need of a controlled environment and skilled professionals in both approaches (TDD & waterfall) are major components in this research.  Previous studies have used smaller group of participants, students and/or professionals, with diverse skill sets in their experiments.  Unfortunately, these studies have failed to provide meaningful results due to the complexity of the problem and the variables controlled [3, 7, 11].  In this study, the investigation will focus on a small number of participants rather than a larger group to facilitate the research problem analysis.   

The proposed investigation could take five to nine months to complete.  The study should be completed within an acceptable timeframe to avoid use of outdated data.  Various methods will be utilized for analyzing, verifying, and validating results.  

5.0 Research Methodology

This research study will utilize both qualitative and quantitative research methods to analyze and compare results between TDD and waterfall techniques.  The idea is to employ professionals that favor their own approach (Test first or test after) over the other and have them compete for the best technique to win.  To ensure validity of results, various methods will be used for validation and verification.  The study will be divided into stages to facilitate appropriate coverage of all areas. Below are the major steps involved in this research.

· An interview will be administered to all participants.  Participants must have similar or equivalent programming experience in TDD or waterfall.  A small group of participants will be selected and grouped according to interview responses and favorite approach.  After selection, participants will be placed on three different groups.  Group1 will include professional developers whose expertise is in TDD, Group 2 will be formed by professional developers who expertise is in waterfall, and Group 3, called WTDD (Waterfall to TDD), will include professionals who do not like TDD but are willing to learn the approach.  

· Participants will be given a set of rules to follow.  Rules will be specified and clarified prior to experiment.

· The three groups will be asked to develop the same application based on given requirements.  All participants will use Java programming language to develop an application. Each group is required to create test cases for their application program.  

· Code coverage will be accomplished using JCoverage tool and focusing on three types of coverage measurements, methods, statements, and decision/condition [4, 8].  JCoverage is a code coverage tool that allows Java programmers to verify the code that has been tested by providing reports showing both covered and uncovered areas [1, 2, 4, 5, 8].  Using coverage reports can provide erroneous information if not interpreted accordingly [4].  For this reason, coverage reports will not be used as a measurement for code quality but as a mean for identifying the code not tested.  The evaluation of code quality will be based on passing test cases as indicated by the external functional testing team. 

· Developers’ productivity will be measured by the time it takes for the application development to complete.

· At the end of the experiment, WTDD group will be provided with a questionnaire to collect feedback. Collected results will be analyzed to understand the issues involved in the transition process from waterfall to TDD.  

· Provide conclusion remarks and future research ideas.

6.0 References

[1]
S. Cornett, "Code Coverage Analysis", http://www.bullseye.com/coverage.html (Last Access: 7/18/06) 

[2]
S. Cornett, "What is Wrong with Line Coverage", http://www.bullseye.com/lineCoverage.html, (Last Access: 7/18/06)
[3]
B. George and L. Williams, "A Structured Experiment of Test-Driven Development," Information and Software Technology, pp. 337-342, 2004.

[4]
A. Glover, "In Pursuit of Code Quality: Don't be Fooled by the Coverage Report", http://www-128.ibm.com/developerworks/java/library/j-cq01316/ (Last Access: 7/18/06) 

[5]
http://java-source.net/open-source/code-coverage/jcoverage-gpl, (Last Access: 7/18/06)

 [6]
D. S. Janzen, “Software Architecture Improvement through Test-Driven Development”, OOPSLA’05, San Diego, California,  pp. 240-241, October 16-20, 2005.

[7]
R. Kaufmann and D. Janzen. “Implications of test-driven development: a pilot study”. OOPSLA’03, Anaheim, California, pp. 298-299, October 26-30, 2003.
[8]
L. Koskela, "Introduction to Code Coverage", http://www.javaranch.com/newsletter/200401/IntroToCodeCoverage.html, (Last Access: 7/18/06)

[9]
E. M. Maximilien and L. Williams, "Assessing test-driven development at IBM ", Proceedings of the 25th International Conference on Software Engineering pp. 564-569, Portland, Oregon, USA, IEEE Computer Society, 2003. 

[10]
D. Thomas and A. Hunt, "Learning to Love Unit Testing," The Software Testing and Quality Engineering Magazine, www.stqemagazine.com, pp. 32-38, January/February 2002

[11]
L. Williams, E. M. Maximilien, and M. Vouk, "Test-Driven Development as a Defect-Reduction Practice," IEEE International Symposium on Software Reliability Engineering, Denver, CO, pp. 1–12, 2003.



xx

ii

