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Test Patterns: 
The road to effective test automation: 

Hot or Not?
Gerard Meszaros

sioux@gerardm.com
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My Background

Gerard Meszaros
sioux@gerardm.com

Bell Northern Research (Nortel R&D)
• Developed DMS-100 switching software
• Managed Centrex/ISDN feature development
• Managed System Performance & Tools Group
• Chief Architect on 800 person project

S/W Development Consultant
• Object Oriented Development
• Iterative & Incremental Development
• Agile / eXtreme Programming
• Automated Testing
• Test Automation Strategy
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Agenda
• The Role of Test Automation
• Test Automation Strategy Patterns
• Test Smells & Patterns

–Behavior Smells in Test Code
–Project Smells
–Code Smells in Test Code

• WrapUp

Test Automation Patterns
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CHAOS 2004 – Resolution of Projects
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CHAOS 2004 – Project Success Trend

Copyright © 2004 – The Standish Group International, Inc.

Challenged

Succeeded

Failed

Test Automation Patterns
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CHAOS 2004 – Average % Cost Overrun
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Is This Good Enough?

• In a word: 

• NO!

• Is This the Best We Can Do?

• NO!

Test Automation Patterns
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Testing Stakeholders & Customers

Testing or 
QA FunctionDeveloper:

Am I building the right thing?
Am I building it right?

Legal/Audit:
How well was it tested?

User:
Will it work for me?

Shareholder:
Will it provide value?

Product Manager:
How good is the quality?

How should the product work?
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Purpose of Tests
Acceptance Tests
Regression Tests

Usability Tests
Exploratory Tests

Unit Tests
Component Tests

Property Tests
(Response Time, 

Security, Scalability)

Support
Development

Support Product
Management

Business
Facing

Technology
Facing

Critique
ProductDefine

Product

Prevent 
Defects

Find 
Defects

Based on diagram by Brian Marick

xUnit automation

AT Tool automation

Special purpose automation

Cannot be automated

Test Automation Patterns

10 Copyright 2008 Gerard MeszarosPowered by Sioux

How Tests Support Product Management
• Help Product Management understand quality

– Provide a “Scorecard” for the Product
– Whenever they need it

» Not just at Release Milestones
» Scorecard can improve visibility into status of development

• Help Product Management understand 
business impact of defects
– Risk = Probability * Consequence
– Consequence must be expressed in business terms

» Direct Support costs
» Lost opportunity cost (of people diverted to support)
» Cost of damage to reputation
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How Tests Can Support Product Mgnt (2)
• Help Prod Management define requirements

– Provide input during Product definition
» Testers often understand user needs better than developers 

or Business Analysts
» Or they provide complementary insight

• Help Prod Management validate requirements
– Test requirements early -- when cost of change is low,
– Before software is developed and unit tested

Test Automation Patterns
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How Tests Support S/W Development
• Before code is written

– Tests as Specification
» What the code should do
» Clarification of the Requirements

• After code is written
– Tests as Documentation 

» What the code does (as opposed to how it does it)
– Tests as Safety Net

» Provide Rapid feedback on quality (A.K.A. Bug Repellent)
– Defect Localization

» Reduce cost to fix by Minimizing Debugging
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Quality Inspiration: Lean Manufacturing
• The manufacturing process that has made 

Toyota the quality leader amongst major 
automobile manufacturers.

• Also known as Just-In-Time manufacturing
• Basis for Toyota’s Lean Product Development 

process
• Being adopted by Big 3 Automakers in N.A.

The same principles can be applied to software …
… with similar impact on quality

Test Automation Patterns
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7 Key Principles of Lean Software
1. Eliminate Waste
2. Build Quality In
3. Create Knowledge
4. Defer Commitment
5. Deliver Fast
6. Respect People
7. Optimize the Whole

These all support the core concept:
• Deliver Value

Software
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The 7 Wastes of Lean Manufacturing
• In-Process Inventory
• Over-Production
• Extra Processing
• Transportation
• Motion
• Waiting
• Defects

Test Automation Patterns
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The 7 Wastes of Lean Software
• Partially-Done Work
• Extra Features
• Relearning
• Handoffs
• Task Switching
• Delays / Queueing
• Defects

From: Implementing Lean Software Development
by Mary & Tom Poppendieck

or Unnecessary
Process

e.g.: Untested Software
• In-Process Inventory
• Over-Production
• Extra Processing
• Transportation
• Motion
• Waiting
• Defects
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See cartoon at: 
• http://i18.tinypic.com/34461wi.jpg
or:
• http://www.flubu.com/comics/dilbert2.gif
Or, search Google Images for 

‘dilbert "write me a minivan“’

Rewarding Finding&Fixing Bugs

• Is this really what we want?

• What’s the alternative?

Test Automation Patterns
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Defects & Waste
• Shigeo Shingo says:

– “Inspection to find defects is Waste”
– “Inspection to prevent defects is essential”

• Testing is a form of inspection; why are we 
doing it?
– Find defects?
– Prevent defects?

• How can we move from Finding to Preventing?
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Some Ways to Improve Quality
• Communicate requirements more clearly

– By sharing “what done looks like” before development 
starts

– Lets development “build quality in”
• Verify conformance earlier

– By testing early & often
– Reduces inventory of untested software
– Allows faster delivery

• Help development unit test better
– Help build quality in
– By sharing testing skills with each other

Test Automation Patterns
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Preventing Defects
• The sooner development gets feedback, the 

less effort gets wasted:
– Building more software based on wrong assumptions
– Trying to remember how the software works

» Because it’s been weeks or months since I wrote it
– Debugging the software

» Because I can’t remember what/when I changed it to work 
that way
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Continuous Acceptance Testing
• Defines what “Done Looks Like”

– Several to many tests per User Story

Write StoryTest

Write StoryTest Build Code Test Code Test Story

Build Code Test Code

• Executed by developers during development
– To make sure all cases are implemented
– To make sure it works before showing to business

Test Story

• Tests executed as soon developer says “It’s 
Ready”
– Mid-iteration is better than end-of-iteration

Test Automation Patterns
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Testing & the Cost of Change

Manual
Testing

High 
Effort

Found
Later

Longer 
to Fix

More 
Test 

Cycles

Less 
Frequent

More 
Bugs

Running Tests 
Frequently is 

the Key!

No Time to 
Automate

Late to 
Requirements

Missed 
Requirements
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• Not very repeatable
– Either cannot remember exactly how it was last tested, 
– Or, too expensive to document detailed procedures
– Humans are bad at following tests scripts

• Very effort-intensive
– How long will it take to rerun all the tests?
– How often will you actually do it?

• Doesn’t solve the communication problem
– Tests typically prepared and executed once application 

is built

The Problem with Manual Testing

A Self-Fulfilling Prophesy

Test Automation Patterns
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Prevent Foreseeable Defects
Make measuring quality:
– Less expensive

» Fewer resources can run tests more rapidly
– More timely

» Can run tests more often; whenever it would help 
development

So Testing Can Focus on Unforeseeable Defects
– Exploratory Testing
– Usability Testing
– Etc.

Why Automate Tests?
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• The Role of Test Automation
• Test Automation Strategy Patterns
• <Break>
• Test Smells & Patterns
• Code Smells in Test Code
• Behavior Smells in Test Code

Agenda

Test Automation Patterns
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Agenda
• The Role of Test Automation
• Test Automation Strategy Patterns
• Test Smells & Patterns

–Behavior Smells in Test Code
–Project Smells
–Code Smells in Test Code

• WrapUp
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• A “pattern” is a “recurring solution to a 
recurring problem”
– E.g. A “Decorator” object lets us add behavior to a 

system dynamically by adding one or more decorators 
to an existing object.

• Must have been “invented” by three 
independent sources
– That’s what makes it a “pattern” as in:

“I see a pattern here!”
• A pattern may be a “best practice”

– In some contexts and a “not so great practice” in others
Context Matters!

What’s a “Pattern”?

Test Automation Patterns
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• A “test pattern” is a recurring solution to a 
test automation problem
– E.g. A “Mock Object” solves the problem of verifying the 

behavior of an object that should delegate behavior to 
other objects

• Test Patterns occur at many levels:
– Test Automation Strategy Patterns

» Recorded Test vs Scripted Test
– Test Design Patterns

» Implicit SetUp vs Delegated SetUp
– Test Coding Patterns

» Assertion Method, Creation Method
– Language-specific Test Coding Idioms

» Expected Exception Test, Constructor Test

What’s a “Test Pattern”?
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executiondefinition

Recorded Tests
• User executes tests manually; tool records as she tests
• Tool replays tests later without user intervention

The tests 
are data 

interpreted 
by the test 

tool.

Fixture

Test Result Repository

Test Script Repository

Test
Recorder

SUT

Test
Script 1

Test
Script 2

Test
Script n

Expected
OutputsInputs

Inputs

Outputs

InputsTest
Runner

Script n
Result

Test
Results

Expected
Outputs
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• The tests cannot be rerun reliably (Erratic Tests)
– Synchronization problems with the UI
– Differences in system/database state
– Differences in how system behaves at different times

• The tests cannot be easily understood (Obscure 
Tests)
– because they are focussed on UI details

• The tests are very sensitive to changes in the 
application (Fragile Tests)
– They need to be rerecorded very often

• The tests only verify a subset of what the tester 
verified
– Tester has a brain and eyes that look for things
– Adding checkpoints increases cost/complexity of recording tests

Common Pitfalls of Recorded Tests
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… in the right circumstances:
• Record, Refactor, Playback
• Built-In Test Recording
More often than not, however, 

Scripted Tests are a better solution

Recorded Tests Can Work Well …

Test Automation Patterns
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A Satisfied Customer Says:
“… Not only did this save 10's of man-years of testing 

effort, but it even uncovered before unknown bugs in 
the legacy system which we considered to be the gold 
standard.  …”  Peter Arato, CPR on LinkedIn

How:
– We retrofitted the capability to record and playback right 

into the application.
– Test recording vocabulary was domain-specific,

» not generic UI interactions

Built-In Test Recording
GGM2



Slide 32

GGM2 Add slides 41-48 from Builtin Recorded Test (StarEast)
Gerard Meszaros, 06/09/2008
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User Business
Interface Logic

User

Built-in R&PB Case Study

Recording
F/W

UI Bit UI BitUI Bit

Test Recording:

Omitted/Disabled 
in production:

Other
Systems

App
Database

User Business
Interface Logic

Playback
F/W

UI Bit UI BitUI Bit

Test Execution:

U
I T

es
t

D
riv

er

Other
Systems

App
Database

Test Hooks

Test Hooks

Training
Database

“Training” 
Hooks

Training
Database

“Training” 
Hooks
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if (playback_is_on()) {
choice = get_choice_for_playback(dialog_id, 

choices_list);
} else    {
choice  = display_dialog(choices_list, row, 

col, title, key);
}

if (recording_is_on())  {
record_choice(dialog_id, choice_list, 

choice, key);
}

Sample R&PB Test Hooks
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if (playback_is_on()) {
choice = get_choice_for_playback(dialog_id, 

choices_list);
} else    {
choice  = display_dialog(choices_list, row, 

col, title, key);
}

if (recording_is_on())  {
record_choice(dialog_id, choice_list, 

choice, key);
}

Sample R&PB Test Hooks

Test Automation Patterns
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if (playback_is_on()) {
choice = get_choice_for_playback(dialog_id, 

choices_list);
} else    {
choice  = display_dialog(choices_list, row, 

col, title, key);
}

if (recording_is_on())  {
record_choice(dialog_id, choice_list, 

choice, key);
}

Sample R&PB Test Hooks
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Sample Test Recording – Raw XML

User Input

Actual  choices
plus 
test results

Previously
recorded
choices

<command seqno="2" id="Supply Create">
<field name="select-supply" type="selection">

<used-value>Create train</used-value>
<expected>

<value>Create train</value>
<value>Create gang</value>

</expected>
<actual>

<value status="ok">Create train</value>
<value status="ok">Create gang</value>

</actual>
</field>
<field name="rtc-initials" type="output">

<expected>HDM</expected>
<actual status="ok">HDM</actual>

</field>
<field name="engineno" type="input">

<used-value>9595</used-value>
<expected></expected>
<actual status="ok"/>

</field>

Test Automation Patterns
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Sample Test Recording - Formatted
2. Supply Create
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let user
take over

execute
commands

in
playback

file

set up
for

recording

// Check for recording output file
if (can_open_file( output_file)) {
set_recording_is_on( output_file);

}
// Check for playback input file
if (can_open_file( input_file )) {
set_playback_is_on( input_file );
command = get_next_command( input_file );
while ( command != nil ) {

execute( command );
command = get_next_command( input_file );

}
// read user input from standard in

Sample Test Runner

Test Automation Patterns
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MVP / 
Observer

Business
Logic

User
Interface

User

Test Architecture – Modern Safety

Other
Systems

App
Database

Training
Database

Dependency
Injection

Decorator
“Injected”

Business
Logic

User
Interface

User

Test Execution:

May be omitted during 
test execution

Other
Systems

App
Database

MVP / 
Observer

Test Recording: Omitted/Disabled 
in production:

Test
Store

Test
Recorder

Dependency
Injection

Training
Database

Decorator
“Injected”

Test
Store

Test
Driver
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• Use Test Recording as a way to capture tests
• Replace details with calls to domain-specific 

Test Utility Methods
– using Extract Method refactorings

• Make Test Utility Methods reusable
– Replace Hard-Coded Literal Values with 

variables/parameters

Record, Refactor, Playback

Test Automation Patterns

43 Copyright 2008 Gerard MeszarosPowered by Sioux

• Tester writes test code to exercise the software
• Test code run whenever testing required 

executiondefinition

Scripted Tests

The tests are a 
program that 

tests the 
program

Test
Runner

Test Result Repository

Test Script Repository
Test

Script 1
Test

Script 2
Test

Script n

Fixture

S/W Devt.
Tool

SUT

Expected
OutputsInputs

Inputs

Outputs

Script n
Result

Test
Results

Inputs

Expected
Outputs

Test
Script n
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• Developers or testers write test scripts to 
verify behavior of system

• Can be applied at Unit or System level
• Built using development language

– xUnit (JUnit, NUnit, CppUnit, PyUnit, etc.)
• Built using dynamic scripting language

– Watir framework for Ruby
– IeUnit framework for VbScript
– A host of others

Scripted Tests

Test Automation Patterns
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• More work (initially) than Recorded Tests
• May also suffer from Test Smells:

– Obscure Tests are hard to understand and maintain
– Erratic Tests have different results every time they are 

run
– Fragile Tests fail unnecessarily after changes to SUT 

Common Pitfalls of Scripted Tests
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Which Automation Strategy?
Recorded Tests:
• Fast to create

– “No coding skills 
Required”

• Unmaintainable
– Re-record, or
– Coding skills required

• Don’t support 
development process
– Only useful after the fact

• Done by Testing

Scripted Tests:
• Harder to create

– Coding skills required
• Can be done ahead 

of time
– Supports the 

development process
• Requires design for 

testability
• Done by techies

– Development
– Technical testers

Test Automation Patterns
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• Is there an approach that divides work into 
two categories:

• Describing the tests
– Non-technical

• Interfacing the tests with the SUT 
– Technical

Collaborative Test Automation
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• The tests are expressed as tabular data by users.
• The tests are read & executed by a test interpreter written 

by developers. executiondefinition

Data/Keyword-Driven Testing

Prepared like 
Scripted Tests but 
with a much more 
limited vocabulary.

Test Result Repository

Fixture

Test Script Repository

Document
Editor

SUT

Test
Script 1

Test
Script 2

Test
Script n

Expected
OutputsInputs

Inputs

Outputs

Test
Runner

Test
Interpretter

Script n
Result

Test
Results

Inputs
Expected
Outputs
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• Fit provides a library of Data Interpreters that 
can be customized to translate Tabular Data 
into interactions with the SUT

• Fit marks up Tabular Data with test results

Fit Architecture System
Under Test

Tests
Document

Tabular
Data

Tabular
Data

Results
Document

Marked up
Data

Marked up
Data

Fit Library

Fit Test Runner

Data Interpreter

Data Interpreter

Fit: Framework for Integrated Test – http://fit.c2.com
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Fit Example: Column Fixture Test
PayrolFixtures.WeeklyCompensation

Standard Hours Holiday Hours Hourly Wage Pay( )

40 0 10 $400
40 0 20 $800
41 0 20 $830
40 1 20 $840
41 1 20 $870

Test Automation Patterns
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Fit Example: Column Fixture Test
PayrolFixtures.WeeklyCompensation

Standard Hours Holiday Hours Hourly Wage Pay( )

40 0 10 $400
40 0 20 $800
41 0 20 $830
40 1 20 $840 expected

$800 actual
41 1 20 $870 expected

$830 actual

Note: Fixtures can have side effects. Pay() could add these rows into a 
database table
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public class WeeklyCompensation ColumnFixture {

public int StandardHours;

public int HolidayHours;

public Currency Wage;

public Currency Pay( ) {
WeeklyTimesheet timesheet = new   

WeeklyTimesheet( StandardHours, HolidayHours);
return timesheet.CalculatePay( Wage );

}
}

Walkthrough: Column Fixture Test

Test Automation Patterns
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public class WeeklyCompensation ColumnFixture {

public int StandardHours;

public int HolidayHours;

public Currency Wage;

public Currency Pay( ) {
WeeklyTimesheet timesheet = new   

WeeklyTimesheet( StandardHours, HolidayHours);
return timesheet.CalculatePay( Wage );

}
}

Walkthrough: Column Fixture Test
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Sample Multi-fixture Test
• Load data into table using Column Fixture:

• Exercise system using Action Fixture

• Verify database contents using Row Fixture

PayrolFixtures.EmployeeTableLoad

Number Name Hours Add()

10001 Gerard Meszaros 45 OK
10002 John Smith 40 OK
10003 Jane Doe 420 OK expected

Too Big actual

PayrolFixtures.EmployeeCompensationThisWeek

Number Name Hours Pay

10001 Gerard Meszaros 45 $950
10002 John Smith 42 expected

40 actual
$860 expected
$800 actual

10003 surplus Jane Doe 20 $800

PayrolFixtures.RunPayrollActionFixture
RunJob Payroll

Test Automation Patterns
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Test Automation Strategy

• Large numbers of 
automated 
functional test

• Very few if any 
automated unit 
tests

Typical when testing (& automation) is “QA’s job”

System Tests

Component Tests

Unit
Tests

Manual or 
Record & 
Playback
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Application
Customer (Functional) Testing

Why We Need Unit/Component Tests

Unit Tests also let 
us test code we 

cannot hit in 
functional tests

• Functional Tests will tell us which features of 
the product doesn’t work

Component
Testing

Component

• Component tests will tell us which component 
is at fault

Class

Unit 
Testing

• Unit tests tell us exactly which class/method is 
broken

Test Automation Patterns
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Test Automation Pyramid as Intended
• Large numbers of 

very small unit 
tests

• Smaller number of 
functional tests for 
major components

• Even fewer tests 
for the entire 
application & 
workflow

Unit Tests

Component
Tests

System
Tests

Typically 
using 

Recorded 
Test Tools

Fit or 
xUnit

xUnit
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• Communication & Collaboration
– To know what was well tested at Unit / Component level
– To trust those tests enough to not repeat at Functional 

Test level
• Design For Testability

– To make testing at all levels easy enough
• Test Automation Architecture

– To make tests easy to write & maintain
• Test Maintainability

What Does It Take to Do This?

Test Automation Patterns
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Programming Experience
+ Test Framework Experience

+ Testing experience
-------------------------------

Robust Automated Tests

What Does it Take To be Successful?



30

Test Automation Patterns

60 Copyright 2008 Gerard MeszarosPowered by Sioux

• Self-Testing Code helps us:
– Produce better quality software
– Produce the right software
– Work faster
– Respond to change (agility) 

• It does this by:
– Providing focus
– Providing rapid feedback
– Reducing stress levels (anxiety)

Why We Write Tests

Test Automation Patterns
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Coding Objectives Comparison

CrucialImportantMaintainability
SomewhatCrucialExecution 

Speed
SomewhatImportantReusability

NotImportantFlexibility
CrucialImportant?Simplicity
CrucialImportant?Ease of writing

CrucialImportantCorrectness
TestwareProduction
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A Sobering Thought
Expect to have just as much 

test code as production 
code!

The Challenge: How To 
Prevent Doubling Cost of 
Software Maintenance?
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• Tests need to be maintained along with rest of 
the software.

• Testware must be much easier to maintain 
than the software, otherwise:
–It will slow you down
–It will get left behind
–Value drops to zero
–You’ll go back to manual testing

Why are They so Crucial?

Critical Success Factor:

Writing tests in a maintainable style
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Test Automation is a lot easier to sell on
• Cost reduction than
• Software Quality Improvement or
• Quality of Life Improvement

Economics of Maintainability

Development 
Effort

timeBefore Automation
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Test
Automation

Effort

Test Automation is a lot easier to sell on
• Cost reduction than
• Software Quality Improvement or
• Quality of Life Improvement

Economics of Maintainability

Development
Effort

saved effort

time

Increased
effort

(Hump) Ongoing
effortInitial

effort

Initial Test Automation + 
Ongoing Maintenance

After Automation
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Test
Automation

Effort

saved effort

Test Automation is a lot easier to sell on
• Cost reduction than
• Software Quality Improvement or
• Quality of Life Improvement

Economics of Maintainability

time

Initial
effort

Ongoing
effort

Initial Test Automation + 
Ongoing Maintenance

Increased
effort

(Hump)

Unsustainable Automation

Development 
Effort
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• Layers
• Control Points

– Direct Inputs
– Indirect Inputs

• Observation Points
– Direct Outputs
– Indirect Outputs

• Design for Substitutability

Design for Testability
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Application not Designed for Testability

Causes of Fragile Tests:
• Interface Sensitivity
• Behavior Sensitivity
• Data Sensitivity
• Context Sensitivity

Monolithic
Application

Test

UI Logic

Business Logic

Technical Logic

Data Access Logic

Control
Point

Observation 
Point

See: 
http://agileregressiontestpaper.gerardmeszaros.com 
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Testing Database-Centric Application

Monolithic
Application

Test

Observation Point 
– Indirect Output

Control Point
– Indirect Input

Control
Point

Observation 
Point

UI Logic

Business Logic

Technical Logic

Data Access Logic
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Control
Point

Observation 
Point

Application Designed for Testability

UI LayerBusiness
Logic Test

Control
Point

Observation 
Point

Business Logic Layer

Technical Layer

Data Access Layer

Technical
Layer Test

Control
Point

Observation 
Point

Data Access
Layer Test

Control
Point

Observation 
Point

UI Test

Observation Point 
– Indirect Output

Control Point
– Indirect Input
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Advantages
– Can test without client
– Helps identify where the defect occurs

» Based on which layers failing tests are in 

Issues
– Need tests that characterize each layer or component

» Must accurately represent how client use it
– Need all dependencies before we can test

» Whole stack may need to be present

Layer Testing - On-Stack
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Application Designed for Substitutability

UI LayerBusiness
Logic Test

Control
Point

Observation 
Point

Business Logic Layer

Technical Layer

Data Access LayerObservation Point 
– Indirect Output

Control Point –
Indirect Input

Control Interface

Test Double
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Agenda
• The Role of Test Automation
• Test Automation Strategy Patterns
• Test Smells & Patterns

–Behavior Smells in Test Code
–Project Smells
–Code Smells in Test Code

• WrapUp


