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1 Introduction

“Developers write unit tests to determine if their code is doing things
right. Customers write acceptance tests to determine if the system is

doing the right things.” [MCO01]

Acceptance testing is a testing discipline that operates on the highest level of a
software application: the customer interface, be it graphical or implemented in
some other way. The term acceptance testing itself is strongly related to the agile
software development method Extreme Programming (or XP for short) [BA04]. In
XP, the customer requirements are gathered in the form of user stories. Acceptance
tests, also called customer tests, are tests owned and defined by the customer to

verify that a story’s implementation is complete and correct. [Rog04|

In this paper, the principles of acceptance testing are mostly examined from the
viewpoint of XP teams. Acceptance testing is discussed on a general level in sec-
tion 2, with a brief comparison with other types of testing in section 2.2. Section 3

takes a look on some real-life tools for acceptance testing.

2 An overview of acceptance testing

Acceptance tests, as the name implies, are mainly a means of verifying that a soft-
ware system behaves as expected under various use cases. However, acceptance
testing has many other beneficial aspects, especially if executed in conjunction with

other XP practices.

First of all, writing acceptance tests can be a great communication aid within a
team. Traditionally, the customer, while always right, doesn’t usually know what
she wants. Approaching the requirement specification in a XP project by writing
user stories with the customer and then turning them into acceptance tests can help
both the developers and customers understand the problem domain and the solution,
i.e. the application, better. Acceptance tests can help structure the conversation
within the team and also provide a common vocabulary, or a domain language, for

use in discussions. [Rog04]
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One of the most radical and often-critiqued aspects of XP is its inherent lack of
documentation: in XP, documents can be written, but they are not valued as much
as actual working software is. [BA04] Acceptance tests can also be seen as a partial
replacement for documentation - especially for requirements documents. Some ar-
gue |Rog04| that traditional requirements documents are easy to just skim thru in a
matter of minutes without giving them much thought: acceptance tests, on the other
hand, can’t be easily dismissed. They provide concrete feedback on the implemen-
tation status of the stories in the system, and unlike requirements documents, they
can actively point out shortcomings in the knowledge of the team and the thinking
of the customer. Additionally, acceptance tests, if run regularly, don’t go out of sync
with the actual application, while a requirements document may easily lag behind.
Keeping the acceptance tests up-to-date while the project proceeds helps the team

continuously clarify and refine the requirements.

Finally, acceptance tests can be considered as an absolute criteria for deciding when
a feature is complete, or “knowing when to stop.” If a acceptance test fails, the
story’s simply not implemented in a way that’s acceptable to the customer. The
same model can be seen in work on a micro level in the XP practice of Test-First
Development, which is usually practiced on the unit test level. By writing a unit
test first, the developer knows exactly when he can stop writing new code: once the
unit test passes, she’s added just enough functionality to the class under test to pass

the test.

2.1 Challenges in acceptance testing

Acceptance testing is a challenging task because it impacts the software system as
a whole, and requires the attention of the whole team behind the product. As the
customer is an ever-present part of the project team in a XP project, the testing
effort concerns an even larger group of people. Due to its challenging nature, the

practice of acceptance testing is often neglected in a project. [Rog04]

While an on-site customer helps with communicating and formulating the user re-
quirements, finally in the form of acceptance tests, a customer’s vision of the system
isn’t comprehensive in terms of non-functional aspects, for example. Thus, while

working on acceptance tests with a customer might result in a well-defined test suite
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that exercises the functional side of the system thoroughly, difficulties arise when
attention needs to be paid to areas such as security, error handling, stability and
performance under load. [CHWO01]

While there are tools that make it easier for customers to express the expected
behaviour of a system (see chapter 3), customers typically aren’t cut out for writing
functional tests entirely by themselves. For this reason, an XP team should have a
dedicated tester. |[BA04| “Dedicated" doesn’t just refer to a person who commits to
testing the application to her best effort, but instead to an actual tester who’s trained
on the subject. A typical software developer usually has some testing experience
with unit and integration tests, but even senior developers aren’t usually experienced
enough to fill the position of a test expert in a team: they rarely come to think of

all the unusual situations that might break the system. [CHWO01]

2.2 Acceptance testing and other types of testing

Technically speaking, writing acceptance tests is usually simpler than writing unit
or integration tests. This is due to the fact that acceptance tests are written, or at
least need to be understood, by customers themselves. The underlying machinery of
an automated acceptance test framework is probably more complex than that of a
unit test driver, but from the test writer’s point of view, things are kept simple. This
is done with the help of high-level abstractions, such as macros that represent logical
actions that can be executed against the system. Comparing acceptance testing with
unit and integration testing gives us a better image on where acceptance testing fits

in the big picture.

Unit tests are usually the tests with the smallest scope in a project: they test the
functionality of a single class, or other small unit in a software system. While accep-
tance tests are usually written in a custom, domain-specific language that’s easy for
the customer to comprehend, unit tests are usually written in the implementation

language of the software system itself.

Rogers [Rog04] points out a few differences in the execution of unit tests versus
acceptance tests. For example, it is fine for an acceptance test to fail until the story
for which it was written is implemented. Unit tests, on the other hand, should never

fail once integrated into the system.
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A great difference can also be observed in the fact that unit tests are, by definition,
run in isolation, while acceptance tests have tangible side-effects. In unit tests, any
dependencies the class under test might have on the file system, databases etc are
removed for the duration of the test by wiring the class with stubs or mock objects
that mimick the behaviour of the actual objects. The isolation guarantees that a
failing unit tests shouldn’t affect other unit tests, while a failing acceptance test

might well cause others to fail, as acceptance test boundaries usually overlap.

Integration tests are closer to acceptance tests in that they work on a higher level
than unit tests and verify the behaviour of different parts of the system working
together. What’s different from acceptance testing, though, is that in integration
tests, parts of the system are often replaced with stubs, as is the case with unit tests.
Integration tests are also strictly developer-tests, written in the native language of

the application itself.

3 Tools for acceptance testing

As we’ve seen in previous chapters, acceptance tests capture acceptance criteria on
a high level, using different sorts of abstractions to make writing the tests easy for
a customer. As with any other type of testing, acceptance testing can be done
manually. But in order to get the maximum benefit from the tests, one needs tools
to automate the actual execution of the tests. Doing automated regression testing
and including the acceptance test suite in an XP-style continuous integration cycle

also requires the tests to be implemented using a suitable tool.

On the acceptance testing tool front, most readily available tools are meant for
testing web-based applications. Cost-effective solutions for automating the test-
ing of traditional graphical user interfaces are sparse, but web-based applications
have their share of problems as well: for example, extensive use of JavaScript
can make automating tests harder, and should be avoided altogether, according
to some. [CHWO1| However, as we’ll see in chapter 3.2, there are tools for running
web-based acceptance tests within an actual web browser, thus making dealing with

script-heavy web user interfaces easy.

Many members of the testing community have stated that developing one’s own
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testing tool is a viable option as opposed to using a commercial one. [CHWO1]
This kind of a “do-it-yourself” -mentality can be seen as a sign that the available
testing tools are lacking in some way and are definitely not suitable for all purposes.
However, there are a number of tools that have gained widespread adoption recently.

These will be examined in more detail in the following chapters.

3.1 FIT and the table-based approach to acceptance testing

As acceptance tests are meant to test the application’s behavior from the customer’s
standpoint, it should be possible for the customers to write the tests themselves, or
at least understand the test specifications without any knowledge on programming
languages etc. A common approach to writing acceptance tests is the table-based
approach, advocated by Ward Cunningham, among others. [CHWO01| The rationale
behind this approach is that most customers are comfortable with entering data
in a spreadsheet application, and having the data they’ve entered automatically
processed by different formulas, macros etc. Thus, using a spreadsheet-type of an
interface for entering expectations of a program’s behaviour should feel familiar for

them.

Perhaps the most well-known implementation of a table-based acceptance testing
tool is Fit! (or Framework for Integrated Test), introduced by Ward Cunningham in
2002. [WP-FIT] It is an open-source tool that allows customers to provide examples
of their software should work by writing them down in a table format. In Fit’s case,
the tests are represented as standard HTML tables: the customers are free to use
any tool (such as a word processor) for creating the tables, as long as the data can
be exported to HTML. An example of a Fit-based test specification for a program

calculating the weekly compensation for a worker is shown in figure 1.

Once the examples, or expectations, on the program’s behaviour have been written
down, they must be mapped to the application somehow. In Fit, this mapping is
done by fixtures written by programmers, most often in the actual implementation
language of the application. A fixture reads in the data from a table, and exercises
the application using the data as the input. Finally, the fixture runner compares

the customer-set expectations with the actual results and reports any errors by

Thttp://fit.c2.com/
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Figure 1: An example of a Fit test specification (source: the Fit website)

color-coding the table rows: red for failures, green for passed tests.

A fixture for the weekly compensation test introduced above is depicted in figure 2,
written in Java. The fixture example illustrates how Fit fixtures are essentially
nothing but the thinnest possible layer of code written in order to map the test
specifications to the actual application code. Out of the box, the Fit framework
is available for a variety of different programming platforms, such as Java, .NET,
Python, Smalltalk and C++.2

It should be noted here that while Fit makes specifying the test criteria easy for non-
technical persons, there’s still a need for programmers when using Fit: the mapping
of a specification table to the actual application requires programmer intervention.
These mappings, however simple, mean that adding tests for new functionality is

not something a customer can do by herself. Additional expectations can naturally

http://fit.c2.com /wiki.cgi?DownloadNow



public class WeeklyCompensation extends ColumnFixture {

// input values retrieved from the table
int standardHours;
int holidayHours;

Currency wage;

public Currency pay() {
WeeklyTimesheet timesheet =
new WeeklyTimesheet (standardHours, holidayHours);
// the return value that will be
// compared against the expectations

return timesheet.calculatePay(wage);

Figure 2: A Fit test fixture (in Java, adapted from the Fit website)

be added to existing tests at any time, but implementing new tests depends on the

availability of the team’s programmers.

Fit-based tests are executed using a command-line tool that accepts a single HTML
file as its input. For a more distributed approach to using Fit, there is a tool
called FitNesse.> Essentially, FitNesse builds on top of Fit, but places the test
specifications on a website from which the tests can actually be executed by the
click of a button. FitNesse is implemented as a Wiki, meaning that the web pages
can be freely edited by the team members without any specific tools other than
a web browser. As FitNesse uses Fit for running the actual tests, the process for

writing test fixtures is the same.

3http://www fitnesse.org/



3.2 Selenium and web-based acceptance testing

Fit and FitNesse, presented in the previous chapter, are acceptance testing tools
that can be used on almost any piece of software: instead of working automatically
against some pre-defined interface, Fit tests must always be mapped to the target
system case-by-case using fixtures. By nature, these fixtures are closely related to
the internal structures of the program under test, and while they don’t operate on
the class level as unit tests do, for example, the fixtures do have to know quite a lot
about the implementation of system (that is, Fit tests can be considered white box

tests on some level.)

For an example of a more high-level acceptance testing tool that’s geared towards a
single category of applications, and that operates on the system under test without
knowledge of its inner workings (black box testing), we’ll examine Selenium,* an

open-source testing tool for web applications.

Essentially, Selenium follows the same style for specifying test cases as Fit: tests are
defined in tables in an HTML page. Test results are also visualized in the same way

as in Fit, by coloring the table rows according to their outcome.

The main difference between Selenium and a pure Fit-based approach is that Sele-
nium is bound to the domain of web-based applications. Thus, Selenium is not a
general purpose tool for acceptance testing. The actual implementation of Selenium
is dramatically simple: instead of requiring a server-side framework for executing
tests, the core of Selenium is based on a few HTML and JavaScript files that are
placed on the server on which the application under test resides. The user-written
HTML pages that contain the tests are also placed on the server, and accessing
these static HTML files via a regular internet browser opens a simple user interface
through which the tests can be executed. The test execution takes place entirely
within the user’s browser, with the tests requesting different pages from the origi-

nating server.

Due to the fact that Selenium can only be used for testing web-based applications,
it comes with a set of pre-defined commands that are used to control the execution

of the tests (e.g. navigation, data input) and to verify the test results with various

“http://www.openqa.org/selenium /
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assertions (such as assertLocation, verifyTextPresent etc.) For an example of a
simple test case with a couple of commands, see figure 3. In this example, we
utilize four different built-in Selenium commands for opening a URL, typing some
text into a form field, clicking the submit button and verifying that the resulting
page contains a certain string. The example illustrates how using a domain-specific
tool such as Selenium eliminates the need for custom-written fixtures: the mapping
between the commands contained in a test case and the web application is fixed. In
a way, the set of commands provided by Selenium can be seen as a domain-specific

language for accessing web applications.

MyTest

open /mypage

type nameField John Smith
click submitButton True
verifyText name John Smith

Figure 3: A Selenium test case (source: Selenium reference documentation)

Currently, Selenium supports all the major internet browsers on all major operating
systems. While being able to run the tests with a click of a button using one’s
own web browser at any point during the development is beneficial, Selenium’s
automation goes a bit further. The Selenium Remote Control® tool provides a way
of executing tests written in Selenium without manually opening a browser and
running the tests. Instead, the tool enables the tests to be run from a programming
language such as Java or Ruby without user intervention but still running inside of an
actual browser, thus making Selenium tests candidates for inclusion in a continuous

integration cycle.

4 Conclusion

As we’ve seen through this paper, acceptance testing, while often discussed in the
context of Extreme Programming and other agile process models, certainly has its

uses in any software process model and project. Repeatable, automated acceptance

Shttp://www.openqa.org/selenium-rc/
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tests provide tangible results of the application’s status and functionality to the

customer.

In chapter 2 we saw that acceptance testing fits nicely within the XP process model
and its other practices: writing acceptance tests can improve communication be-
tween the team and the customers and the tests themselves can serve as a replace-
ment for requirements documents with the added benefit that the tests stay up-
to-date with the system more easily. While the on-site customer role of XP helps
the customer get the maximum value from the project by specifying, together with
the development team, what is expected of the system through user stories and

acceptance tests, a dedicated tester should also be brought into the team.

Finally, we presented two lightweight acceptance test frameworks, Fit and Selenium,
which can be used to automate the process of acceptance testing in a simple yet

powerful way.
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