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Software testing is a very broad term that inclualegide variety of topics. They
range from technical like testing techniques andsueements, to more organiza-
tional like planning and management of testing.libto plan, design and create ef-
ficient tests is the most critical ability for argood tester. The paper presents
Kungfu Testingwhich is a testing approach based on advice ast frac-
tices advocated by experts in the field of testifige method is intended to
provide a step-by-step instruction of managingingsactivities in a project envi-
ronment. The presented approach was designed to withh and complement the
agile development methodologies due to their widksgp use and popularity.
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1. Introduction

It is widely believed that a testing process inesicbnly performing tests,
which involve executing software and evaluatingultss In reality, the process of
testing is more complex and consists of differestiviies. According to Interna-
tional Software Quality Board (ISTQB) [1, 3, 4]etlprocess includes: planning,
control, defining test conditions, designing, chingdest cases, executing test cas-
es, evaluating results, evaluating exit criterggarting the process and the system
under test, closing the testing phase.



In addition, reviewing documents (including soupomele) and static analysis
is included in the testing process. ISTQB [1, Zoatlefines the following objec-
tives of testing:

« finding defects,

e gaining confidence about the level of quality,
e providing information for decision-making,

e preventing defects.

The first point is the most basic and obvious diojecof testing. Finding defects
and fixing them is the easiest way of increasintyare quality. The second point
refers to an evaluation of whether the softwareke@s expected and meets the
requirements. The third point considers data thathe gathered during the testing
process. A number of found defects, a percentagecefirements covered by tests
or current quality level can all be taken into agatoduring a decision-making pro-
cess related to the software. The last very impon@int advocates that proper
planning, designing of tests, ensuring testabdityhe produced code, a thorough
review of requirements and inclusion of qualityibtites into them from the start,
can prevent the defects and increase the overalikgof the produced software.

The presented paper analyses the issueuafjfu Testingwhich is a testing
approach based on advice and best practices addobgtexperts in the field of
testing. It provides a step-by-step approach toagiag testing activities in a pro-
ject environment.

The paper is composed as follows: section 2 gikesotitline of testing pro-
cess in software development project. Section 3sdedh main aspects of soft-
ware testing management while section 4 presestpribposed approach for test-
ing management process in IT project, naiadgfu Testing

2. Process of testing in software development prajes

Software testing is a very broad term that includeside variety of topics.
They range from technical like testing techniqued measurements, to more or-
ganizational like planning and management of tgsfi) 5, 6]. Software testing
can be divided into six topics, each describingffergnt area of knowledge related
to testing. The first topicSoftware Testing Fundamentatovers concepts, termi-
nology and rules of testing. It also describesti@mtahips between testing and other
processes in software desigrest Levelgefers to testing activities conducted on
different levels of abstraction and their differaftjects and purposes. The topic
Test Techniquedescribes a classification of basic test desighrtigues used for
planning and generating testBest-Related Measuresver methods and meas-
urements for monitoring and controlling the progres testing and the product
quality. Test Processefers to the testing process understood as ainatidn of
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concepts, techniques and measurements in a siogteoled process. The topic
covers test planning, evaluation and organizatiemally, Software Testing Tools
describes tools that can be used for automatiosoofe of the testing activities.
Detailed descriptions of the testing areas thatbmsupported with tools are also
included in this topic.

Software testing can be classified by differenelsymostly related to devel-
opment phases [1, 2, 3]. The phases are diffetedtiay a purpose and object of
the testing. There can be many levels of testimgt tdsts verify the smallest inde-
pendent and testable parts of the source codehvene referred to as units. Inte-
gration testing is performed to verify the intefacs between software components
and systems. System testing validates the intaysytetem against the initial pro-
ject goals. This type of testing is based on fumal and non-functional specifica-
tions. Acceptance testing is designed to verifyfith@ product. Acceptance testing
is typically done by a customer and its goal isgeess whether the software satis-
fies acceptance criteria. There are many othesifieastions of tests and types of
tests, but it is not the purpose of this paperés@nt them.

3. Management of software testing

Software testing is a very complex and difficulbgess, but it is also im-
portant to remember that is not independent. limged and conditioned by a de-
velopment process and its methodologies. A goothplaof it would be testing in
agile methodologies. Developers perform a largé gfaesting so there is a risk of
testers repeating tests if communication betwedh booups is lacking. A fre-
quently changing specification might prevent autbomaof testing. These are just
a few examples of how the development process mflyence testing. However,
the relationship between these two processes issitanl. Testing can force
changes in a project when some critical defedestified, or can delay a release if
quality standards are not met [4, 6, 8, 10].

From the point of view of management, softwareinigstan be divided into
two main phases, each split into stages (Fig. 1).

During theplanning phasetest manager must obtain the information what to
test, how long the testing will take, what stratedyesting should be utilized and
finally who will conduct the testing and how. Theguired information is acquired
during risk analysis, test estimation, test plagramd test organization stages re-
spectively. It is important to note that in thisseathe risk analysis means any
method of analysis that helps to determine the niapb areas to test. It may con-
sist of requirements-based testing, testing basedperational profile or any
method presented further in this section.

49



Planning

Test

Risk analysis
estimation

Test planning

Test report
and evolution

Test
organization

Issues
management

Test
monitoring
and control

Execution

Figure 1. Software test management phases [9, 11]

The execution phasen the other hand, is concerned with obtainingithe
formation about the performance of the testing gsedtself, whether the testing
proceeds according to the schedule, dealing wiffeebed and unexpected issues
and evaluation and improvement of the testing m®c&hese activities are con-
ducted in test monitoring and control, issue marage and test report and eval-
uation stages respectively.

Each stage has its own set of methodologies, whédp to facilitate the ac-
tivities required to complete its goals. Managimdtware testing is not an easy
task. Managers must constantly deal with many wiffetypes of challenges. Some
may be caused by people and some by the projettt its general, the challenges
the managers face can be connected with: projeations and conditions, stake-
holders, software production cycle, testing and &urfactor.

4. Kungfu Testing approach to software testing management

Kungfu (ChineseZfik, Pinyin: gngfu) in its original meaning refers to any
skill achieved through a hard work and practiceeréfore Kungfu Testingan be
described as a testing skill obtained from trairamg experienceKungfu Testig
is an approach of testing based on advice andobastices advocated by experts in
the field of testing. The method is intended toviate a step-by-step instruction of
managing testing activities in a project environt@&iven the popularity of agile
development methodologies, the presented appraactainly intended to be used
in the agile environments. The following subsedigresent the description of
Kungfu Testig process.
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4.1. Example application ErasmusBooking

ErasmusBookings an exemplary online service intended to proatiemo-
bility students of Lodz University of Technology YI') with information about
partner institutions and ability to book a placeiry of them.

The functionalities implemented BBrasmusBookingre made available via
dedicated webpage similar to the hotel-booking webBooking.com Eras-
musBookingpffers easy to find and use search interface. liBh@®f search results
displays the most important information about efeind institution, namely: lo-
calization of each of the institutions, rankingtbé institutions, availability and a
short description of the offer. However, the kendtionality available from this
sub-page is booking of a place in the institutibhe booking is made with the
student account, so the information about bookisgwailable to LUT's staff.

4.2.Kungfu Testinglanning phase

Every project is different in terms of goals, asble resources and targeted
market. Software development is no different and gossible to divide them into
two broad categoriesontract-drivenandmarket-seeking

In the first case, the company's main goal is lil fhe contract. Typically, in
such projects, there is some form of a requirertisinat the beginning of the pro-
ject. It is bound to change sooner or later, whizlst be kept in mind by test man-
ager. In the second type, there is no single cla@rmd no single specification.
The company is searching for clients by trying tovide them with the best ser-
vice. In this case, testing may be performed aga&xgectations of many possible
customers.

In the both cases, the test manager should taletare part in the require-
ment specification. The main goal is to ensure testability features will be in-
cluded in the project's schedule and budget froenvidry beginning. This will in-
crease the testing team efficiency and effectiven#g, 13, 14]. Next important
activity of the test manager at this stage shoadniguiring about possible non-
functional requirements, like stability, securitg.€They are often overlooked, both
by clients and project managers, which resultsagk lof time and resources for
their later inclusion [11, 12, 15].

In case of theErasmusBookingexemplary system, a list of functional re-
quirements is provided along with a descriptiorthaf system purpose. No detailed
non-functional specification is provided. HowevErasmusBookings emulating
Booking.com, so it can serve as a reference pomagsessing the non-functional
requirements. Standards and regulations can bedfounthe website of World
Wide Web Consortium (W3C). Additionally, becausedsints are the target users
of ErasmusBookingthey can be interviewed to find what they expeotrf such
a system.
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4.2.1.Kungfu Testingnalysis phase

Assuming some specifications of the product havenbepllected, it is now
important to start making test plans. The purpdsthie stage is to determine ob-
jectives and scope of testing. In order to do ttegt test manager has to analyse the
product and identify areas that can be tested & diven project limitations.
Kungfu Testingadvocates using risk analysis as a way of detpdtiese areas.
There are many different methods of risk analylsig, in this approachProduct
Risk Management (PRisM#&)a method of choice [13].

It is argued that it is not testers’ responsibitdymake a decision whether the
product is ready or not. This role belongs to mbjeanagers and other stakehold-
ers. Test teams are just information providergHerdecision-makers.

The analysis stage can be facilitated ustngduct Risk Managementethod
(Fig. 2). The main idea behind this method is atioa of a product-risk matrix.
The matrix contains numeric values of risks of eigemtified item. Depending on
these values, a different testing approach shaaileniployed.

Project information
and artefact gathering

optionalc step

Kick-off meeting

optional step |

v
Risk evaluation
by individual stakeholders

repeat in case of
violation of scoring
rules

Gathering and verification
of risk evaluations

Consensus meeting
for final risk evaluation

Defining test aproach

Figure 2. PRisMAprocess diagram of risk evaluation [13]

Project information and artefact gathering the first phase of this method and

consists of the following steps:

e gathering input documents — determining and cafigaiata relevant to prod-
uct risk analysis, performing static analysis & titained documents,
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« identifying risk items — listed with own identifieand description; no more
than 30-35 risk items in order to keep the professtioning correctly,

» determining impact and analysis factors — describexhigh-level document
for the whole organization,

«  (optional) defining weights for each factor — tlhvale from 1 to 5, also called
Likert scale is recommended,

e selecting stakeholders — including different rdiesn business and produc-
tion, e.g. project manager, developers, systenitanttand end user,

* defining scoring rules.

Risk evaluation by individual stakeholdgmrsase consists of the stakeholders scor-
ing the risk items according to the presented rulégse scores are based on per-
sonal stakeholder assumptions which should be ddsamentedGathering and
verification of risk evaluationphase consists of collecting the results of evaina
by stakeholders and checking its correctness. Mestager proceeds to average
scores of every risk item so that individual scaras be placed in the product-risk
matrix.

Consensus meeting for final risk evaluatjgmase can be started after a com-
pletion of the product-risk matrix. During it, ammon understanding of perceived
product risks should be achieved and may resufhaddlifications of the require-
ment list, use cases or user stories.

Define a differentiated test approaehbasing on the risk position in the ma-
trix, the test objects can be identified and ptipeid. This defines test scope of the
projects, from which necessary test design teclesigqan be derived.

Taking into consideration th&rasmusBookingexample, there are a few
sources of information that can be used for exationand evaluation of it. Hav-
ing collected the necessary sources, the risk aisaffage can be started. Firstly,
five main risk items are identified f&rasmusBookingervice: lack of communi-
cation between components, incorrectly displayed,diegible interface, business
logic defects, slow response times.

Next step is to select factors that affect eadh ¥ith risk items and factors
identified, a grading scale must be selected. Ther® high-level document de-
scribing the evaluation process so it is assumatiahy scale can be chosen. Fol-
lowing the guidelines frorKungfu Testindhe Likert scale from 1 to 5, is selected
with no additional constraints for scoring.

4.2.2 . Kungfu Testingest estimation phase

The next activity, after the analysis stage, i@ttmate time, resources, cost
and skill required for completing the test actesti(Fig. 3).

Estimation can be done by combining different apphes to the task estima-
tion — the test should be divided into smallestsjie tasks, each should be de-
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scribed in detail. Next step is assigning the tdekspecific team members, who
then proceed to estimate the best, worst and rike$y bBstimates for their tasks, in
order to conduct the three-point estimation.

I Work Breakdown Structure |

1 Task assignment |

l Three Point Estimation |

l Add buffer to estimates |

!

Identify opportunities
and costs

I Validate results |

Figure 3. Kungfu Testingest estimation process

When the group estimation is completed, the testager should analyse the
estimates and consider additional factors that Ineainvolved.

Identifying opportunities and costs refer to twadractices. It refers to a
preparation of a cost model of testing in whichnapde simulation of costs can be
performed. This will allow the test manager to a@sunevitable questions like
“what would happen if some tests were to be skippedwhat would be gained
through performing this type of testing” [3]. Hagimodel like that puts the test
manager in a better position when validating, nietjog resources and schedule
with management, which is also the last step optioeess.

4.2.3.Kungfu Testindest planning phase

The objective of this stage is to create a test pleacument. It serves as a
frame of reference for testing activities, whicHlWie monitored by the test man-
ager. What is important during its creation is &véra clear purpose of it in mind.
A test plan can be a useful tool for managing tbstsit can also be a product it-
self. Often, detailed test plans are required fmccessful software delivery, to
satisfy some standards or norms or may be objdcés lmusiness transaction on
their own.

There is no single proper template for test plaree best plans are those,
which fulfil their role in the project. That is whiypne most important thing is to
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understand each of the fields within it and to erbputilize them. Creating de-
tailed documentation for its own sake is entirebynfless waste of resources and
time. However,Kungfu Testingproposes the following fields to be included in
plans: business background, requirements, risks, digjectives, test scope, test
design approaches, task estimations, test teamretgsurces, suspension and re-
sumption criterion, metrics and methods of measargntest deliverables, norms,
standards and constraints.

4.2.4.Kungfu Testingest organization phase

In general, aest teamconsists oftest managerwho directs and organizes
work on the projecttesters who create and execute tests &t administratar
who manages and maintains a test environment.ditiawl, developers who create
tests as part of TDD can also be considered toadpeqgb the testing team. Their
contribution is crucial in agile development, wherdt and integration tests pro-
vide continuous feedback on the stability of thetegn under tests.

There are many techniques and methods of team reareag and teamwork.
They depend on managers, organization and team ersmb

A good practice for testing is rotating the tessmross features. This practice
brings many advantages. Firstly, it keeps the dtaffi getting bored from con-
stantly doing the same thing. Secondly, it keepstésters form becoming overly
specialized in a single area of the project, wiiiebreases the value of such testers.
In addition, it prevents knowledge gaps in casehsspecialists leave. Thirdly,
different testers have different strengths, whicbwd be taken into consideration
during task assignment. Finally, a good practicéisvork in pairs. Testers are
encouraged to share, explain and react to ideashwdring them to better focus
and trigger more ideas. It helps testers concenatithe task at hand and makes
the tasks of bug replication and analysis easier.

Testing ofErasmusBookings organised in accordance with tengfu Test-
ing recommendations and agile development princifles.testing is conducted in
close cooperation with developers who are resptan&ib low-level tests, by work-
ing in the same place and in pairs. Testers proaiddferent point of view, com-
bining business perspective and developer persgeati the project.

4.3.Kungfu Testingexecution phase

The test execution phase is concerned with fulfillihe test plan and ensuring
that the testing provides the best possible setaicakeholders. This subchapter
is focusing on providing methods and guidelinestést execution, reporting, eval-
uation and improvement of testing and developmestgsses.

Test execution phase ErasmusBookingxample is conducted in accordance
with project development approach conducted ineadihe tests are conducted
during two-week sprints. Testing is highly autondassd performed in parallel to
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development, so a continuous feedback can be mdvithis enables quick fixes
and constant improvement BfasmusBookingervice.

4.3.1.Kungfu Testingest monitoring and control phase

Monitoring and control of testing processes arertizest important tasks of
test managers at this stage. There are four keyrgers that should be monitored
during this phase: cost, schedules, resources waldyg They can be monitored by
collecting various measurements and metrics. Gattedules and resources are
relatively easy to follow — test managers must amegularly check the state of
their budget and verify whether work is deliveredtome and resources are in re-
quired gquantity. Measuring quality of work and penfiance of staff is a different
and difficult problem.

The test managers should consider reading theaatsereated during testing
like: bug reports, code, and documentation. Hawdnge so, test managers can
evaluate individual strengths and weaknesses ofatedf. It is possible to create a
scale for various skills and assesses them foviohal team members.

ErasmusBookinguses several measurements, which counterbalahegsot
side effects to report progress. They measure essdny answering the following
questions:

* How much ofErasmusBookingas been tested?

e How much of the planned testing has been done?

* How many problems have been found, and how mangrédieal?
* How many defects were overlooked by the testinm®a

* How much of the testing is being blocked by unfixiedects?

4.3.2.Kungfu Testingssue management

The test teams are not responsible for controbindg ensuring the quality of
the development process. However, it does not mgaorting such issues should
not be performed. After all, there may be problemith the testing process itself
and it is not always in test managers' power taHem.

There are three steps of issue management. Thestis is to record every
encountered issue — it should have assigned pridriicking status and owner
responsible for it. Next step is to report docuradnssues to a high-level manager.
The final step is control and it is a responsipitif a project manager to monitor
the reported issues and possibly find solutiongHem.

4.3.3.Kungfu Testingeport and evaluation stage

Reports are the primary product of most testersy®hape the perception of
testers in eyes of their receivers. It is test mgansl job to ensure that reports gen-
erated by their staffs are [10]: actually writtevot( just reported verbally), num-
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bered (for identification purposes), simple (thesscribe only one problem at a
time), understandable (makes the bug more likelpeadixed), reproducible and
legible.

There is no certain and dependable formula fordilegiwhen the testing is
done. The best way to assess this, is to use exyperiskill and judgement of test
teams. However, because testing is an informatadheging process, theoretically
it can be stopped when enough information has lgegthered. Enough, in this
case, means that based on the collected informatioray be reasonably assumed
that there are no important or critical defectsiodiscovered problems in the final
product.

ErasmusBookingdvocates close cooperation between testers amtbgers.
For that reason, many defects are fixed instariter @ conversation between the
tester and the programmer. Defects that are maeresare reported usingello
platform [15]. A standard report contains a buiktsion, defect severity, defect
description, steps required for its reproductiod erpected results.

5. Conclusion

Software defects and lack of quality may resullosses, not only in money
but in human life as well. In order to reduce thasks, software testing must be
conducted. Correctly performed, testing does nbt mitigate the mentioned dan-
gers but also builds confidence in both softward davelopers, which in turn
brings generates profits. Different types of testsomplish different goals: they
ensure delivery of correct functionalities; increasability, security and reliability
of software, etc. Each of these goals representacaease in quality of software,
which is a result of software testing.

Kungfu Testingrovides test managers with lightweight methodsctmduct-
ing risk analysis and creating test plans. Thigia frame of reference for testers,
who often lack such item especially in the agilethodologies, which focus on
communication instead of documentation. This phbitdgy often results in no doc-
umentation at all. The problem is solved by pravidmethods of creation of such
documents based on communication and close coapetattween stakeholders.
Each element proposed I§ungfu Testingle.g. risk analysis, test plan and test
estimates) can evolve with the whole project, atdiogr to the current needs and
requirements.

Kungfu Testing’sadvice and guidelines for various issues are basedl-
ready existing techniques and methods employedabypuws experts in the field.
This assures some level of reliability of them #mas the whole approach. It pro-
vides a ready to use set of steps and guidelirrestdating and completing testing
projects.
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