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Outline

• What is TDD? How does it work?
• TDD dynamics
• Empirical results
• TDD controversy & myths
• Supporting tools and frameworks
• Challenges & Conclusions
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What is TDD?

An incremental software development approach
…that relies on automated regression tests
…to steer development activities

• Popularized by Extreme Programming (Beck, 
Cunningham, Martin, Astels, …)

• Can be used at different levels:
– System/Team: Customers’ acceptance tests drive

development of new features
– Module/Personal: Programmers’ unit tests drive task 

implementation
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How does it work?

Write an expressive test

Next task

Implement test’s scope

Run all tests

Revise tests/system

Fail Pass
Testing Framework

Start with tests!

Red

Refactor

Green

[New Cycle]

Tiny little steps…
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[Begin Cycle 1] Write a test

Example - Task implementation 
with JUnit
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Let the test fail
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Make the test pass [End Cycle 1]
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[Begin Cycle 2] Improve the function – but write a test first
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Make both tests pass [End Cycle 2]
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TDD Dynamics

Task implementation with JUnit tests

• How long are the cycles?
• How much test code is written?
• How much effort is spent on testing?
• Progression to full TDD
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Cycle Time Distribution
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T/P Ratio
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Testing Effort
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TDD Dynamics: Test 
Coverage
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TDD Dynamics:
Progression

Traditional

Iterative – Non-TD

Iterative – TD

Pseudo-continuous – TD
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A Theory of TDD

Task
Formalization

+Focus

Incremental Dev.

Task
Decomp.

Test-firstTest-first
Task
Decomp.

Reg. Testing

+Test 
Assets

Incremental Dev. Reg. Testing

+Feedback

Timely 
Diagnostic

Visible 
Progress+Focus
Visible 
Progress

Timely
Diagnostic

Productivity

Task
Formalization

Productivity

+Overhead

+Test 
Assets
+Test 
Assets
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Quality

+Test 
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Empirical results -- early 

Authors Year Type Quality Productivity S/P

Ø S

P

P

S

P/S

Ø

−

?

?

Ø

+

+

+

+

CE

CS

CE

CS

MA

Müller+ 2001

Williams+ 2003

George+ 2003

Edwards 2003

Long 2003

CE: Controlled Experiment                                       
CS: Case Study
MA: Meta-Analysis

S: Students
P: Professionals
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Empirical results -- recent

Authors Year Type Quality Productivity S/P

Erdogmus+ 
2005 CE Ø + S

P

P

P

S

S

P

−

−

−

−

+

NA

+

+

+

+

?

+

CS

CS+

CS+

CE

CE

CS+

Sanchez+ 2005

Bhat+ 2006

Damm+ 2006

Confora+, 2006

Flohr+ 2006

Melnik+ 2005

CE: Controlled Experiment                                       
CS: Case Study
MA: Meta-Analysis

S: Students
P: Professionals
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Empirical results – late breaking

Authors Year Type Quality Productivity S/P

− P

P

S

S, P

S, P

?

+

NA

+

+

c+

?

i+ | c+

NA

CS

CS+

CE

CE

CE 
(n=1)

Sanchez+ 2007

Siniaalto+
2007

Gupta+ 2007

Janzen+ 2008

Madeyski 2007+

CE: Controlled Experiment                                       
CS: Case Study
MA: Meta-Analysis

S: Students
P: Professionals
i: internal quality
c: test coverage
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Summary of findings

• Total no. of studies: 17

• Productivity 
– improvement:  4
– penalty: 5
– no difference: 2

• Quality (either internal or external)
– improvement: 12
– penalty: 0
– no difference: 2
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Cutter Consortium 
Survey

Source: Khaled El-Emam, “Software practice and project success”, 2005

Melnik’s research 
indicates TDD is the 
top-cited, but least used,
agile practice in terms of 
impact

196 projects

[cs+ob+os+q+p]
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Cutter Consortium 
Survey

Source: Khaled El-Emam, “Software practice and project success”, 2005

196 projects

Practices that were surveyed 
but did not make the 
ranking:
- Architectural design
- Documentation
- Detailed project planning
- Estimation practices
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Why is TDD 
controversial?

• Misunderstood (myths?) -- “Blame the name”
• Incorporates & blends activities associated with 

traditionally distinct phases: requirements, design, 
implementation, documentation, testing/QA
– Why should programmers write tests?
– QA should be a separate function

• Effectiveness unproven
• Too much work, too difficult to learn & apply
• Requires a certain way of reasoning and problem solving 
• Weakest link
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TDD Myths

• Unit testing = TDD

• It’s a QA technique

• It’s is a substitute to design
& modeling, traditional QA

• It’s for junior/disorganized 
people

• It’s for advanced developers

• It curtails productivity

• Testing ⊇ TDD

• It’s a development approach

• It is orthogonal to design & 
modeling, traditional QA

• It requires skill and discipline, 
but junior developers can 
master it 

• Most who apply it consider it 
a productivity technique, but 
the jury is still out

Myth Truth
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General-purpose 
testing frameworks

• jMock, EasyMock – Java 
• NMock – C#, .NET 

• MockPP – C++
• Test::MockObject – Perl

• RSpec, Mocha – Ruby, Rails 

• SMock – Smalltalk  

+Interactions, Integration
• JUnit, TestNG – Java
• NUnit – C#, .NET
• CUnit – C
• CppUnit – C++
• PerlUnit – Perl
• PyUnit – Python
• RubyUnit – Ruby
• VBUnit – Visual Basic
• Sunit – SmallTalk

Modules, Units
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General-purpose 
testing frameworks
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• MockPP – C++
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Specialized testing
frameworks

Courtesy of Grigori Melnik

App Logic & Workflow GUI

Abbot

Web UI
Selenium

Persistence

Jemmy
FIT/Fitnesse
Exactor
TextTest

Cactus

HttpUnit Canoo

WatirSqlUnit XmlUnit

JfcUnit

Performance: JMeter, JUnitPerf

JWebUnit

* *

*

*Functional testing
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Related paradigms

• AcceptanceTest-Driven Development (ATDD) – Fit/Fitnesse
• StoryTest-Driven Development (STDD)
• Example-Driven Development
• Behavior-Driven Development (BDD) – RSpec, Rails
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A glimpse of ATTD
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Plus you need a modern IDE

• Integration with testing framework
• Supports or works with continuous integration

– Version control support (Subversion, CVS)
– Build support (Ant, CruiseControl)

• Eclipse, IntelliJ/IDEA, Visual Studio, …

• And a few extras…
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Conclusions

• Compelling reasons to try out TDD
• Some evidence of its effectiveness (still not definitive 

about the productivity-quality trade-off)
• Levels at which it can be applied apply

– Personal: traditional TDD, unit testing
– Team: acceptance/story/behavioral TDD

• It may not work for everyone or for every project context
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Challenges

• Application to:
– Legacy systems
– Real-time & embedded systems
– Highly distributed, decentralized systems, agents

• Test-suite and execution management
• Adoption
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