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Abstract

Model-based testing automating the generation of test
cases is technically superior to conventional scripted test-
ing. However, there have been difficulties in deploying the
methodology in large scale industrial context. In this paper
we present a domain-specific approach to model-based GUI
testing that should be easier to adopt than more generic so-
lutions. The method is based on keywords and action words
that are considered as best practices in conventional GUI
test automation. The basic idea is to record GUI events
just like in capture/replay tools, but instead of producing
scripts that can be hard to maintain, we produce sequences
of keywords. These sequences are further transformed semi-
automatically into Labeled Transition Systems where action
words are used as transition labels. The action words model
user behavior at a high level of abstraction while the key-
words correspond to the GUI navigation. We also describe
the associated tool set that we are developing and an exam-
ple of using the approach.

1 Introduction

Deploying formal testing methods in industrial context
involves facing obstacles that are not always technical in
nature [9]. On the one hand, there are managerial problems
such as getting the right people to sponsor the prototyping
and piloting with new methods. On the other hand, there are
issues involved with the people actually using the methods.
These include how to make the tools associated with the
methods as easy to use as possible and how to reorganize
work if the tools automate a previously manual task, for
instance.

In this paper, we concentrate on the latter issues in the

context of model-based system testing. Model-based testing
can be seen as a part of model-driven development (MDD)
that tries to raise the level of abstraction in software de-
velopment and generate code (as well as tests) automati-
cally from structural and behavioral models. A promising
approach to MDD is to use domain-specific modeling lan-
guages that can be designed exclusively for the problem
domain at hand [3]. However, choosing between different
types of test modeling languages involves many trade-offs.
In our case of a product family setting and system testers not
necessarily fluent in any generic modeling language, for in-
stance UML, a domain-specific approach is seen as a good
option to facilitate deployment.

Our testing targets applications running on Symbian OS
[10], which is an operating system for mobile devices such
as smart phones. Although there is hardly any safety critical
functionality included, the quality of the consumer products
needs to be extremely high for obvious reasons. Model-
based testing seems like a promising approach for system
testing in this domain, since it not only automates the labo-
rious development of test scripts but also carries the promise
of finding defects effectively in the fast pace of product fam-
ily development. To support testing of product families, the
test models are constructed so that only minimal changes
are needed when the system under test (SUT) is superseded
by another product of the same family. Such maintenance
activities should be much easier to accomplish using test
models than traditional scripts.

From the point of view of the test personnel, even with a
domain-specific approach, model-based testing brings new
definitions to the commonly known testing roles. The roles
of the test personnel change and there is more demand to
specialist knowledge than before. While the basic purpose
of testing stays the same, i.e. the target is to find defects, we
should find the defects earlier in the product life-cycle.



In our previous work we have developed a prototype of a
model-based test generator that tests Symbian OS applica-
tions on-line through a graphical user interface (GUI) of a
smart phone [7]. The test automation architecture includes
a commercial GUI test automation system that we have ex-
tended with model-based capabilities. To support test mod-
eling in a GUI context, we have also defined a so-called
3-tier test model architecture [6]. However, we still need to
address the issue on how an average tester could construct
a test model capable of finding defects effectively.

We believe the solution lies in the domain-specific ap-
proach to modeling. By developing a domain-specific test
modeling language for Symbian GUI testing, we antici-
pate that the introduction of the model-based tools will be
eased. Ideally, a test model could be obtained from a design
model by sophisticated model transformations. However,
such tools are not available today and that would also rely
on the availability of the design model. Another approach
would be to design test models by hand from scratch, using
some visual modeling tool, for instance.

Instead, we envision that we could ease test modeling
by capturing GUI events directly. This resembles cap-
ture/replay approach advocated by conventional GUI test
automation tools. However, in contrast to producing scripts
that can be hard to maintain, we produce sequences of so
called keywords, which are further developed into higher
level action words corresponding to our 3-tier model archi-
tecture.

The contributions of this paper are in describing how to
define a domain-specific test modeling language using event
capturing in the context of the 3-tier test model architecture.
Moreover, towards deployment, we discuss the anticipated
effects of our approach to test personnel. The rest of the
paper is structured as follows: In Section 2 the background
of the contributions is discussed. Sections 3 and 4 present
the domain-specific test modeling methodology and its an-
ticipated effects to the test organization, respectively. An
example of the approach is given in Section 5. Finally, Sec-
tion 6 draws some conclusions.

2 Background

In this section we present the background of our re-
search. First, we discuss the keywords and action words
that are concepts originating from conventional GUI test
automation. Then the 3-tier model architecture based on
keywords and action words is illustrated. Moreover, we de-
scribe the context of our test tool development in the Sym-
bian OS environment.

2.1 Keywords and action words

Buwalda recommends in the description of action-based
testing [2] that testers having the necessary knowledge of
the problem domain should focus on high-level concepts
while designing the tests. In practice, this means model-
ing business processes and picking interesting sequences of
events for discovering defects. Buwalda calls these high-
level events action words; other authors have also come up
with similar approaches. Possibly a different person, flu-
ent in the test automation tools, then implements the action
words with keywords that form a concrete implementation
layer of the test automation system.

An example of a keyword from the Symbian test environ-
ment is kwPressKey, corresponding to a keystroke. Such
a keyword could be used, for instance, in a sequence that
models starting the calculator application. The sequence
would correspond to a single action word, for instance aw-
StartCalculator. Action words represent abstract operations
such as “make a phone call” or “open Calculator”. Their im-
plementation could consist of sequences of keywords with
related parameters as test data. However, one should note
that the difference between keywords and action words is
somewhat in the eye of the beholder. The most generic key-
words can be considered as action words in the functional
sense. The main difference between the two concepts is in
the purpose of use.

2.2 3-tier test model architecture

Our approach to domain-specific test modeling using
keywords and action words is build around a 3-tier model
architecture, consisting of control, action and refinement
machines each in its own tier (see Figure 1). The machines
are LTSs (Labeled Transition Systems) that model the be-
havior of the user of the SUT. Next, the three tiers are dis-
cussed in detail. For more detailed discussion and formal
definitions the reader is referred to [6].

2.2.1 Keyword tier

The executable test model is obtained using the two low-
est tiers in the model architecture, i.e., action machines and
refinement machines. The purpose of the refinement ma-
chines is to refine the action words in action machines to
sequences of executable events in the GUI of the SUT.

In a product family context reusability is paramount. To
support testing of different products of the same product
family, we must separate the functionality from the GUI
events. This allows us to reuse action machines with SUTs
that support the same operations but with different GUI.
For example, two camera applications can have exactly the
same functionality in two devices one having regular key-
board and the other a touch screen. However, designing an
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Figure 1. 3-tier model architecture.

CameraRM
start_awStartCam

end_awStartCam

kwPressKey<SoftRight>

kwPressKey<SoftLeft>

kwSelectMenu<Camera>

start_awVerifyCam

kw
V

er
ify

Te
xt

<
’C

am
er

a’
>

end_awVerifyCam

Figure 2. Refinement machine for Camera ac-
tion machine.

action machine is far from trivial; it requires much effort
and insight of what is worth testing. On the other hand,
after designing an action machine, defining corresponding
refinement machines should be much easier.

As an example, in Figure 2, CameraRM is a refinement
machine for the Camera application. In its initial state
(the filled circle) it is able to start the Camera application
(awStartCam) and to ensure that the application is running
(awVerifyCam).

Keywords are used for generating input events to and
making observation on the SUT. In the test run, execution
of a keyword always either succeeds or fails. For exam-
ple, kwVerifyText<’Camera’> fails if text “Camera” cannot
be found on the display. Sometimes the failure is allowed
or even required behavior. The allowed results of the exe-
cution are expressed using the label of the transition. If the
keyword starts with an exclamation mark then the failure is
allowed in the starting state of the transition.

The keyword tier consists of several refinement ma-
chines. Every refinement machine interacts with a single
action machine on the action tier. Most often, the refine-
ment is as simple as macro expansion so that every tran-
sition labeled by the same action word is always replaced
by the same sequences of keywords. However, sometimes
the sequences may vary depending on the action words ex-
ecuted earlier. For example, the keyword sequences that
implement “activate Camera application” are different, de-
pending on whether or not the application is already running
in the background.

We do not allow the refinement to change the behavior

CameraAM
awStartCam

awVerify
Cam

awQuit

awVerify
NoCam

awTakePhoto
awVerify

Photo
awDeletePhoto awCreateMMS

awVerify
MMS

awCancelMMS

S
leepT

S

W
ak

e T
S

S
leepT

S

W
ak

e TS S
leepT

S

W
ak

e TS

Allow<UseImage>

Figure 3. Camera action machine.

(safety and liveness properties) of the action machine. In
detail, a valid refinement machine contains neither dead-
locks nor infinite sequences of keywords, i.e. directed loops
of keyword transitions. Moreover, there is no state in the re-
finement machine where it refuses to refine an action word
which it refines in another state.

2.2.2 Action tier

Action machines in the action tier model applications run-
ning concurrently on the SUT. The machines contain action
words whose executions can be interleaved to the extent de-
fined in this tier.

Interleaving the executions of the action machines is an
essential part of our domain-specific modeling approach.
Applications running on Symbian should always be inter-
ruptible. User actions, alarms, received phone calls and
messages may stop the ordinary execution of the applica-
tion at any time. However, implementing an application that
behaves well in every previously mentioned case is chal-
lenging. Therefore, there is a great potential for bugs here.
On the other hand, the number of event interleavings that
should be tested is far beyond the capabilities of ordinary
test-case oriented testing. To allow easy creation of test
models where the action machines are automatically inter-
leaved, we introduce the concept of sleeping and running
action machines.

The states of the action machines can be divided in run-
ning and sleeping states. Action words can be executed only
when the machine is running, that is, it is in a running state.
Interleaving mechanisms guarantee, that there is always ex-
actly one action machine running at a time. In the initial
state of the test model, the running action machine is a spe-
cial task switching action machine.

In Figure 3, a simple action machine for testing the
Camera application is presented. The machine tests start-
ing the camera application (awStartCam), taking a picture
(awTakePhoto) and creating a multimedia message contain-
ing the picture (awCreateMMS). The three lowest states (the
dotted states) in the figure are sleeping states, the leftmost of



which is the initial state. When the machine wakes up for
the first time, the Camera application is started. It is also
verified that the application has started indeed. After that,
the test guidance algorithm makes a choice between three
possible actions: a photo can be taken, the Camera appli-
cation quitted, or the Camera application can be put to the
background by entering to a sleep state.

There are two communication mechanisms between ac-
tion machines at the action tier. The first one is for con-
trolling which action machine is currently running. It uses
primitives SleepTS, WakeTS, SleepApp and WakeApp. The
primitives represent putting to sleep and waking up an ap-
plication with a task switching application (TS) or directly
within another application (App).

When an action machine goes to a sleep state by execut-
ing the SleepTS, it synchronously wakes up the task switch-
ing action machine. After some steps, the machine exe-
cutes the WakeTS action synchronously with another action
machine. The other machine then wakes up and the task
switching machine enters a sleep state. In some cases it is
handy to bypass the task switching. A running action ma-
chine A can put itself into sleep and synchronously wake up
another machine B by executing action SleepApp<B> (the
woken action machine executes WakeApp<A>). In the latter
case the task switching action machine does not wake up at
any point.

The SleepTS-WakeTS and SleepApp-WakeApp primitives
have been inspired by the two possible ways the user can
activate an application in Symbian. The former corresponds
to the situation where a task switching application, modeled
by the task switching action machine, is used for activating
some application running in the background. The latter is
used for modeling the situation where the user activates a
specific application directly within another application. For
instance, it is possible to activate the Gallery application by
choosing “Go to Gallery” from the menu of the Camera ap-
plication.

We use the other communication mechanism for ex-
changing information on shared resources between action
machines. For that we use primitives for requesting (Req)
and giving permissions (Allow). Req can be executed in
running states and Allow in sleeping states; the primitives
cannot wake up a sleeping action machine or put a running
one into sleep.

2.2.3 Test control tier

The highest level tier, test control, is used for defining which
test models to use and what kind of tests to run in which or-
der. For instance, it could be specified that a test control
machine should first run three very short smoke tests with
three different test models. Each model could be built from
a single action machine composed with the corresponding

refinement machines. The action machines could test for
example the Camera application, the Messaging applica-
tion, and the Telephony application.

After a smoke test, a longer test could be run covering all
the elements in some use case such as “take a photo, send
it and receive a phone call”. This time the model would be
composed of all the LTSs as well as the task switcher LTSs.
Finally, we could start a possibly never-ending robustness
test. The coverage data obtained in the previous test could
be used to avoid retesting the same paths again.

Execution of a transition in a test control machine con-
sists of setting up a new test, running it and handling the
coverage data. All the information concerning test setup,
coverage objectives and test guidance can be encoded in the
transition labels called control words.

To set up a test, a control word determines which test
model should be used in the test run and what kind of initial
coverage data should be used. It is possible to start the run
with a coverage data based on the execution logs of some
previous test runs with the model. To run the test, cov-
erage objectives and guidance heuristics are defined simi-
larly. Coverage objectives are stated in the coverage lan-
guage defined in [6]. Coverage objective is a Boolean func-
tion whose domain is the coverage data, so the coverage
requirement for the whole run is obtained by combining in-
dividual objectives with logical “and” and “or” operators.

2.3 The tool vision

In order to introduce model-based testing practices for
testing of Symbian OS applications, we are currently devel-
oping tools based on our experiences with a previous proto-
type implementation [7].

The architecture of the tool set is depicted in Figure 4.
The architecture consists of a tool adaptation part and a
model execution part. The former provides a high-level in-
terface through which the latter can execute keywords and
inspect the results of the executions.

The tool adaptation part is located inside a GUI testing
tool for MS Windows, Mercury’s QuickTest Pro (QTP) [8].
QTP is capable of capturing information about window re-
sources (buttons, text fields etc.) and providing access to
those through an API. It also enables scripting test pro-
cedures using VBScript and recording a test log when re-
quested, among other things.

To access the SUT we use m-Test [5] that provides access
to the GUI of the SUT as well as to some internal informa-
tion, such as the list of running processes. It displays the in-
teractive user interface of a Symbian device (keyboard and
display) as an ordinary application window in MS Windows
accessible from QTP. A keyword library, which is imple-
mented with VBScript of the QTP, converts each keyword
to a sequence of window events for the m-Test.
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The model execution part is an independent component
possibly running on another computer. When a test run is
initiated, a Test Control object encapsulating a test control
machine is instantiated. Moreover, Test Control creates test
Guidance and Coverage objects to guide the execution. Ex-
ecuting a transition in the test control machine corresponds
to setting up and running a test.

When a new test run is set up, a Test Model object is
instantiated. In addition, new test Guidance and Coverage
objects are created to guide the run. It is possible to load
the coverage data of a previous test run to the Coverage ob-
ject. The data can be used for avoiding retesting the same
behavior or for repeating the same test. Test Control initial-
izes a test run by passing those three objects to Test Engine.
During the test run, Test Engine asks Guidance which ac-
tion should be executed next. Guidance uses Coverage to
find out how executions of different events would affect the
coverage objective.

Information concerning loaded test models, coverage
objectives, executed transitions, results of the executions
etc. is passed to the Test Log component. Its contents are
visualized by Test Visualizer, which can be used both in on-
line and off-line modes to see how the current test is ad-

vancing and to help debugging after a run, respectively.
Finally, Model Designer is a visual tool for designing

control and action machines. An executable test model is
built using test Model Composer. Because of the automated
synchronization, it is enough that the user selects the action
and refinement machines to be composed.

3 Developing domain-specific test models

In action-based testing, action words corresponding to
the concepts of the problem domain define the domain-
specific language for this domain. This section presents our
contribution to domain-specific test modeling using the 3-
tier model architecture. First, we introduce the bottom-up
approach and then the top-down approach. Finally, we dis-
cuss the roles of the testing personnel.

3.1 Bottom-up approach

The bottom-up approach can be used for building test
models for the product family. In this approach, the test
model can be built from scratch using an event capturing
tool called Recorder (see Figure 4). The tool is capable of



capturing GUI events much in the same way as conventional
capture/replay GUI test tools. However, instead of produc-
ing hard-to-maintain test scripts, our tool produces a list of
keywords corresponding to the sequence of GUI events.

Test modeling begins by starting Recorder and recording
a test using the GUI provided by m-Test. After each event,
the tool outputs the corresponding keyword at the end of
the keyword sequence. The user can also input free form
text corresponding to names of states in between the key-
words. This way we can equate points in the sequence that
correspond to identical states of the SUT, allowing us to in-
troduce loops to the test models later. Without branching
and looping tests generated from models would be similar
to linear and static test scripts limited in their ability to find
defects.

During the recording, we need to add verification events.
On the one hand, we could add verification keywords af-
ter each input event, but this might slow the test execution
needlessly. On the other hand, adding a verification key-
word only to the end of the sequence might lead to problems
in debugging when something fails. So, there is a trade-off
involved that needs to be resolved in a case-by-case fashion.

After recording a test, we split the sequence into action
words. This is done by the Model Designer tool (see Fig-
ure 4) that reads in the generated keyword sequence and vi-
sualizes it as a LTS. In the LTS, the states with equal names
are equated to introduce loops. If there are states that serve
as starting and end points of more than one loop and the
loops correspond to the same sequences of events, the tool
asks the user whether the redundant ones should be deleted.

To assemble an action word model, the tool searches
the keyword sequences for subsequences that have been
archived. If such a subsequence is found, the tool sug-
gests replacing that with the corresponding action word. To
archive a new subsequence, the user selects the correspond-
ing keywords and inputs the name of the corresponding ac-
tion word. Naturally, the subsequences should not contain
branching. This process is continued until there are only
action words in the model. Another complementary way
to assemble action machines is to recognize the names of
the start and end states of keyword sequences. If the names
match with the ones in the archive, again, the tool suggests
to replace the sequence by the corresponding action word.

The action word model is finished by adding sleeping
states where ever the execution is allowed to be interleaved
with another action machines. Also Allow and Req tran-
sitions for resource sharing can be added at this point.
Recorder could also be used for this, but we think that is
more straightforward and intuitive to do it with the Model
Designer tool.

3.2 Top-down approach

The top-down approach can be used for maintaining the
test models. This approach starts from an action word
model. In a general case, there might be some action words
that do not yet have a corresponding keyword sequence im-
plementing them. Alternatively, an implementation of some
action word may need to be changed if, for instance, a new
type of keyboard has been introduced to the next product
in the family. In both situations Recorder can be used to
record the keyword sequences. Model Designer is used for
selecting the action word whose implementation needs to
be defined. After selecting such an action word, Recorder
is started to record the sequence the user inputs with the m-
Test GUI. The user can also choose to override an existing
keyword sequence by recording a new one.

The test modeling can also be started by drawing an LTS
of the action word model from scratch while there are not
yet any keyword models defined. In this case, the keyword
models are built one-by-one using Recorder as described
above.

4 Adapting an organization

Typical testing organization consists of three to four dif-
ferent role categories. Firstly, there is the Test Manager,
who takes care of test planning, i.e., schedules, test strat-
egy and basic follow-up as well as reporting to other stake-
holders. The second party is the Test Engineer who takes
care of the test specification. In traditional testing, this task
includes specifying individual test cases consisting of the
test objective, initial state, input sequence and expected out-
come [1]. The Test Engineer also takes care of executing the
test case and recording the results. The third role category
includes various Test Specialist roles, such as for test au-
tomation, test environments, performance testing etc. Nat-
urally, the roles described are not mutually exclusive, and
the job descriptions can actually have a mix of tasks of var-
ious roles. Depending on the goals and the organizational
structure, the mix can vary.

The defects found in model-based testing can be more
complex than in the case of traditional test, so describing
and reporting the error situation requires more details. This
holds especially in concurrency related cases. However,
model-based testing as a core technology will bring some
changes to all the above roles.

When starting to deploy model-based testing, the roles
should not be changed at once. The focus should not be in
redefining the roles but to find new angles to old ones to
utilize the best capabilities in the new context. In any case,
not all testing will be model-based so both the conventional
and new skills will be needed.



Creation of the new role definitions, job descriptions and
skill analysis should happen interactively with the testing
personnel enabling job descriptions to be accurate. This will
also support test professionals in their competence develop-
ment, when they can focus on skills that they see are needed
from the model-based testing point of view. The more free-
dom individuals can be given to defining their roles, the
less change resistance should appear for the technology in
general. Obviously, job descriptions should define not only
what is included but also what is excluded.

One of the most prominent skills that model-based test-
ing will require from testing personnel, is the information
analysis and structuring. Regardless of whether or not de-
sign models can be used as input for test modeling, the
Test Engineer needs to understand test models deeply. Test
model understanding is crucial, since it corresponds to the
mental model of the behavior of the SUT [4] and has ele-
ments of the test plan as well as test specification.

In the beginning, the test modeling skills might be a new
test specialist area altogether. The models obtained from
design and architecture are not directly adaptable to testing
as such. Thus, experts are needed to go through current
documentation of the product to create proper test models.
Understanding the test models generated by others can be
the first step. Next, a person should develop skills to modify
and create new models.

Besides modeling, the understanding of the underlying
product architecture needs to deepen. It might be a chal-
lenge to pin-point the cause of the defect as accurately as
possible, since it requires some knowledge of the test tools.
One needs to be able to grasp from test model execution
logs what has been executed and what might have been
causing the failure and why.

We anticipate that the testing personnel in deploying our
approach consist of the following roles (see Figure 4): Test
Manager, Test Modeler, and Test Model Execution Special-
ist, which can be compared to the Test Engineer role. Test
Manager role stays mostly the same, since someone should
define the entry and exit criteria to the test model execution,
coverage criteria and define which metrics are gathered. In
the 3-tier model architecture, these tasks are related to the
test control tier. Test Manager also should focus in com-
municating the testing technology aspects. This includes
explaining how model-based testing compares to the con-
ventional testing methods and advocating reasons for and
against using it towards management and testing personnel
as in any new process initiation.

Test Modeler is basically a new role or a new variation
of the Test Specialist role. The main goal of the Test Mod-
eler is to create test models using the Model Designer and
Recorder tools. This can be done based on product specifi-
cations and using the bottom-up and top-down approaches
in accordance with the chosen test strategy. The Test Mod-

eler can also be responsible of designing the execution of
the model and setting up the environment accordingly.

Test Model Execution Specialist follows up the test exe-
cution across the test model to ensure that the model is used
according the agreed principles and test data. The main fo-
cus of this role is in reporting the results and faults onwards.
The purpose is to document the test model usage and test-
ware architecture in a way that enables its reuse.

The different roles need to work together to form a tight
chain in order to find the most crucial defects as early as
possible. The people behind the roles should rely on each
other’s input even more, since test modeling renders the
tested behavior in more detail than in conventional test au-
tomation. Test documentation is also needed, but not nec-
essarily in the current extent. It is needed to explain the test
strategy instead of very detailed step-by-step instructions.
This should speed up planning and make the plans more
reusable as well.

5 Example

An imaginary example of using the approach is pre-
sented next. The development organization has heard that
the testing organization is piloting with our approach. To
challenge the new testing methodology, they provide the
testing organization with the following use case to be tested:
Alice sends Bob an SMS asking him to join for a lunch. Bob
replies by sending a multimedia message containing a pic-
ture of a bumper taken at a traffic jam and a text "I will call
you when I’ll get there". After a while, Bob calls to Alice,
but she is on the phone with Carol so the line is busy. Af-
ter a few minutes Alice calls back to Bob and they agree to
meet at the cafeteria.

The testers start to work on the challenge immediately.
The testing organization is composed of three persons:
Jack, the Test Modeler, Margaret, the Test Manager, and
William, the Test Model Execution Specialist. First, Jack
sets up a test environment with three phones, i.e., one for
Alice, one for Bob and one for Carol. The three phones are
connected to a Test Machine running m-Test and QTP using
Bluetooth wireless link (see Figure 4).

Because this is a pilot project, there are no archived ac-
tion machines for all the necessary parts of the use case. As-
suming that the testing organization has already tested with
action words corresponding to taking photos and sending
them as MMS (see Figures 2 and 3), they need to develop
action machines for sending and receiving SMS as well as
making and answering calls. Sending and receiving SMS
is very similar at the action machine level to sending and
receiving MMS, so Jack uses the Model Designer tool in
a copy-and-paste fashion to development action machines
for SMS. However, this functionality is implemented with
somewhat different sequences of keystrokes. Only the key-
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B:kwVerifyText<’Address book’>

B:kwSelectEntry<’Alice’>

B:kwPressKey<Dial>

Alice is busy

B:kwVerifyText<’Number busy’>

Alice in main menu

A:kwPressKey<HangUp>

Figure 5. Bottom-up modeling of calls.

word sequence (and the corresponding action word) used
for choosing the receiver of the message from the list of
contacts is the same. To create the needed refinement ma-
chines, he uses the top-down approach with Recorder for
sending a SMS by inputting the message to be send by Al-
ice using m-Test.

On the other hand, the action machines for making
and answering calls are developed using the bottom-up ap-
proach. For this purpose Jack again starts the event captur-
ing and makes a call from Alice’s phone to Bob’s phone us-
ing m-Test. After answering the call, he hangs up the Bob’s
phone (successful scenario). Next, he starts another call
from Alice’s phone to Carol’s phone before making a call
from Bob’s phone to Alice’s phone. This way he records
the keyword sequence for the call that is not established be-
cause the callee is busy (concurrency case). He chooses
to use verification events each time before pressing the call
button and at the end of the sequences. For readability and
for the next phase in modeling, Jack adds comments to some
states, especially when it is reasonable to branch the test ex-
ecution in a state. Using the same comment for the same
states helps in the next phase.

The resulting keyword sequences (see Figure 5) are
loaded into the Model Designer tool where new action
words for making and answering a call are defined. The
number to be called is searched from the list of contacts and
not inputted using the keyboard. Since similar scheme was
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Figure 6. Two Telephone action machines.

used when sending MMS or SMS, the corresponding action
word may be reused in a new context of making a call. Al-
ternatively, the number could be picked up from the list of
answered (or unanswered) calls or speed dialed. However,
Jack decides to record these keyword sequences later.

In the Model Designer, Jack designs the skeletons of
Telephone action machines, separately for Alice, Bob and
Carol. First, he connects the commented states in Figure 5
with action words. This results roughly in the solid-line
parts of the action machines in Figure 6. Second, Jack adds
the sleeping states to the action machines (the dotted parts
in Figure 6). At this phase he decides the states in which
the action machines accept calls. He also adds Req<. . . >
transitions to ensure that action machines are called only
when they are ready for it. Thirdly, the action word tran-
sitions which reverse from existing states to previous ones
are added. For example, a transition labeled awExitAddress-
Book is drawn from the target state of the awSelectCarol
transition to the initial state of the AliceTelephone action
machine. To keep Figure 6 readable, these transitions are
not shown. Finally, a new sleeping state is added for every
action machine to be the initial state. As discussed in Sec-
tion 2.2.2, every action machine is initially in a sleeping
state.

After assembling the action machines, Margaret quickly
develops a simple control machine that ensures that this
particular use case is tested in the test run. Since the de-



velopment organization has been using this use case to de-
velop the applications, no failures are detected in a test run.
However, when William executes the test model with cer-
tain heuristic that covers much more functionality and other
possible interleavings than the simple use case, a failure is
noticed after some hours. If Alice is calling Carol while
Bob’s MMS arrives the call is hang-up for some reason.

The new action words developed for this use case are
archived for further use. When William reports the bug to
the development organization they realize that the testers
might now have a more powerful weapon to look for their
defects. Moreover, they can now get more detailed steps
to reproduce the failures found by testing, when there are
concurrent or other steps that need lots of repetition.

6 Discussion

In this paper we have described a domain-specific solu-
tion for developing test models for the Symbian OS appli-
cations to be tested through a GUI. The approach has been
designed for testing software product families in a way that
eases the burden of maintenance when the SUT changes to
another product of the same family.

Our approach is generic in the sense that it can be used
for developing domain-specific languages for model-based
GUI testing with action words and keyword also in other
environments. This can be done with the help of an event
capturing tool (in our case Recorder) converting GUI events
to sequences of keywords and a modeling tool (Model De-
signer) used for transforming subsequences of keywords
into action words. The keyword sequences are recorded us-
ing the event capturing tool and post-processed using the
modeling tool. The post processing includes defining ac-
tion words that correspond to concepts of the problem do-
main rather than the solution domain. The domain-specific
language consisting of the action words can then be used for
test modeling in that domain.

Concerning implementation of the tool set, we are cur-
rently in a process of developing Recorder, which should
be a rather straightforward task. We also need to develop
a plug-in for some visual modeling tool for developing ac-
tion word models (Model Designer). The choice of the tool
is seen as a difficult task since it affects the test personnel
using our approach. Thus, it is a careful choice involving
usability issues among other things. However, this remains
as future work as well as conducting industrial case studies
to validate the approach.
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