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ABSTRACT

Software production has changed in recent years to meet the need of getting the products faster

to markets. A big challenge is to find the most suitable people for the agile development work.

To change the way of doing projects, the agile does not happen only by request. On the other
hand, markets require fast and flexible changes. This dilemma raised a question of what kind of
people can survive best in this change. As the Agile methods were taken into use in software
development, a fear was emerged that testing work is too expensive to survive in western

countries.

The objective of this thesis work was to study literature to find out what kind of people are needed

as software testers in the agile development framework and how these people can be recruited.

Agile software development includes testing as a part of the development, not as a separate
phase of the developing work. Testing is not necessarily visible in the organizational chart, but the
actual work is still there, and its importance for the development work is bigger than ever.

Moreover, the same reason why there was a need for dedicated testers earlier is still valid.

There is still an open question how to train these valuable testers to meet the present and forthcoming

requests. The school system does not provide much, and training inside the companies is limited.
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1 INTRODUCTION

Software production has turned to agile development to deliver small iterations of the
business value in extremely short cycles. People who produce software have been
learning new habits of doing their everyday work. Learning causes pain when there are
teams and whole organizations who have to learn at the same time. While learning new
ways to do the production, there is a question: what to do with all the old ways? There
are new roles, and some old roles do not exist anymore. For example, testers have
become team members. Are testers obsolete in the agile world? What kind of people can

manage these new roles best?

The objective of this thesis work was to study literature to find out what kind of people
are needed as software testers in the agile development framework and how these

people can be recruited.

This thesis work focuses on the software tester’s qualifications, knowledge, and skills. It
concentrates on the knowledge that turns to skills and abilities. The tester’s personality
is on the focus only on attitude; other psychological aspects are excluded from this

thesis work.

This thesis is qualitative in nature with some inductive reasoning, descriptive and
normative by given recommendations. This is a pure theoretical research based on
literature, and steered with the author’s own empirical experiences during two multi-

team projects.



2 SOFTWARE DEVELOPMENT

Software development is systematic work. The more a complex system is under
development, the easier it runs into a chaos. To avoid that chaos to happen, the software
production people have learnt their lessons and designed software development models
to help. Each new model should be better than the older one and each of them have

some kind of a process to follow.

2.1 Traditional Software Development

The traditional Waterfall model, illustrated in Figure 1, is a typical linear software life
cycle model, where one stage concludes when the other starts. If the previous stage is
not completed, the next stage cannot start. The testing starts when the implementation is
done in the Verification stage. In the Waterfall-model, the testing happens late in the

software life cycle and the errors are difficult and expensive to fix.
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FIGURE 1. Waterfall model
(Waterfall model from Wikipedia 19 January 2012.)
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FIGURE 2. V- model
(V-Model from Wikipedia, 19 January 2012.)

V-model, illustrated in Figure 2, was developed to bring the testing closer to each
development phase. V-model defines common practices and roles in a project. A new
problem in V-model compared to Waterfall is that VV-model also requires the

stakeholders’ presence and continuous communication during the project.

V-model has corresponding test plans for each development phase. The verification
means that the test results of each phase compare to the corresponding development
phase documents. Validation means that system and acceptance testing compare the

software to the user’s requirements.

V-model is flexible to different project types, and the sizes and costs in each phase are

easy to predict with this model.



2.2 Agile Manifesto

By the time, software development became more and more complex and time
consuming, as V-model was too slow to produce software as the business wanted.
Therefore something more efficient and faster was required, and that was how the Agile

Manifesto was born.

“The Agile Manifesto was written in February of 2001, at a summit of seventeen
independent-minded practitioners of several programming methodologies. The
participants didn't agree about much, but they found consensus around four main
values.” (Beck et al., 19. January 2012)

The main idea for Agile Manifesto was to find the most time-consuming non-valuable

parts in the model, and prevent them to happen.

We are uncovering better ways of developing software by doing it and helping
others do it. Through this work we have come to value:

¢ Individuals and interactions over processes and tools

e Working software over comprehensive documentation

e Customer collaboration over contract negotiation

e Responding to change over following a plan

That is, while there is value in the items on the right, we value the items on the

left more. (Beck et al., 19. January 2012)

The common Principles of Agile Manifesto are the following:

e The highest priority is to satisfy the customer through early and continuous
delivery of valuable software.

e Changing requirements are always welcome, even late in the development.

o Deliver only working software frequently, with a preference to the shorter
timescale.

o Business people and developers must work together daily throughout the
project.

e Build projects around motivated and skilful individuals.

Give them the environment and support they need, and trust them to get the

job done.

Emphasize face-to-face conversation.

Working software is the primary measure of progress.

Agile processes promote sustainable development.

Continuous attention to technical excellence and good design enhance

agility.



e The best architectures, requirements, and designs emerge from self-
organizing teams
e Continuous improvement
(Beck et al., 19. January 2012

These principles are demanding for the people who are working in an agile team. For a
successful project, the team members have to have discipline to follow these principles

and knowledge of suitable methods and techniques to achieve it.

Agile Framework does not give instructions of what to do in a project, but it gives
principles how to do the needed actions to gain the target. Each project has to decide
what these needed actions are as well as which agile process they want to use. In

Finland, the most used agile processes are SCRUM and Kanban.

2.2.1 SCRUM

Scrum is a framework within which the software development work happens. It is not a
methodology, and it requires that the Scrum-team continuously improves itself.

Developing happens in iterations.

“Scrum does not prescribe. Scrum includes general guidelines about how to do
development and principles to be applied when these recommendation are insufficient.

This means that people need to learn think differently.” (Schwaber, K. 2007, xi)

In Figure 3 are illustrated the standard Scum process, its artefacts, roles and, processes.
Scrum roles are four in this figure, but the pure Scrum has only three roles: Product
Owner, Scrum Master and Team Member. Team members have different skills, for

example QA and developer.

Every Scrum team, regardless of its level in the enterprise, will go through the steps of
forming, storming, norming and performing. (Schwaber, K. 2007, 75) Basic knowledge

of team developing steps is essential to every team member in an agile developing team.
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It is also important to remember that steps are not straightforward, whatever changes in
the team; it changes easily the step back or forth. Scrum Master does not need so much

effort to solve these problems if the team members are aware of these steps.






Scrum has only few primary practices, illustrated in Figure 4, and coding or testing are
not among them as they are in Waterfall or V-model.

Daily Scrum
Meeting

Backlog tasks
expanded

Sprint Backlog by team :

Potentially Shippable
Product Backlog Product Increment

As prioritized by Product Cwner

Source: Adagled from g 5o

Dwvaioprant wilh Scrum by Hen
Schwaber and Mike B eede

FIGURE 4. Scrum primary practices

In Scrum designing, implementing and verifying tasks are continous, not a specific
phase of developing. Developing happens in specified Sprints, and each Sprint’s
outcome is a potentially shippaple delivery. In Figure 4, the Sprint length is 30 days, but
can be whatever the team decides. The recommendation for a Sprint length is from two
to four weeks. The project continues developing Sprint by Sprint as long as the Product
Backlog is empty.

Daily Scrum Meeting is for team members to tell each other what they have done since
the latest Daily and what they will do till the next Daily and if they have any
impediments which prevent them to do their work. Team members with testing skills
have their testing tasks in Backlog as the other team members and testers plan, execute
and report their tasks according to the team manners.



2.2.2 Kanban

Kanban is less structured than Scrum. It is no process framework at all, but a model for
introducing a change through incremental improvements. Kanban emphasizes WIP,
Work In Progress. Kanban is Japanese and means a Visible Card, which states the tasks
in the Product Backlog and will be on the Board when decided to start implementing
them. Figure 5 shows the simplest Kanban Board. (Kniberg, H. & Skarin, M. 2010, 46.)

i Develop
Backlog Selected 2 ] Livel
2 Ongoing Done
L [cis donet g2
=] 8 (edenel L) ]
T Great, hope you m {
I Kismvtkmnl »_8__ e
i’ L l 0 ] Sure, as soON as we sorm
=

Qho problem with A,

FIGURE 5. Kanban Board

A project can have as many Kanban Boards as needed, and more is not better than a
few, but each project can decide what they need. The Board makes the workflow visible
and the project steering easier. Kanban seems simple as it has only few principles, but it

requires more discipline to success than Scrum.

Kanban principles:

e Visualize the workflow

e Limit work-in-progress

e Manage flow

o Make Process Policies Explicit

¢ Improve Collaboratively

Testing can be part of Decision of Done and included in the Work In Progress- state
with the implementation work. In addition, testing can have its own Kanban Board that
has only testing tasks. Kniberg and Skarin have collected the main differences in table
1.



TABLE 1. Differences between Scrum and Kanban (Kniberg, H. & Skarin, M. 2010,

50)

Scrum

Kanban

Timeboxed iterations
prescribed.

Timeboxed iterations optional. Can have
separate cadences for

planning, release, and process
improvement. Can be eventdriven

instead of timeboxed.

Team commits to a specific
amount of work for this iteration.

Commitment optional.

Uses Velocity as default metric
for planning and process
improvement.

Uses Lead time as default metric
for planning and process
improvement.

Cross-functional teams
prescribed.

Cross-functional teams optional.
Specialist teams allowed.

Items must be broken down so
they can be completed within 1
sprint.

No particular item size is
prescribed.

Burndown chart prescribed

No particular type of diagram is
prescribed

WIP limited indirectly (per
sprint)

WIP limited directly (per
workflow state)

Estimation prescribed

Estimation optional

Cannot add items to ongoing
iteration.

Can add new items whenever
capacity is available

A sprint backlog is owned by
one specific team

A kanban board may be shared
by multiple teams or individuals

Prescribes 3 roles (PO/SM/Team)

Doesn’t prescribe any roles

A Scrum board is reset between
each sprint

A kanban board is persistent

Prescribes a prioritized product
backlog

Prioritization is optional
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3 WHAT IS TESTING?

Definition of testing has varied over the years. Glenford J. Myers initially introduced
the separation of debugging from testing in 1979 in his book The Art of Software

Testing as follows: “Testing is the process of executing a program or system with the
intent of finding errors” (Myers 1979, 6.). As the statement says, the main purpose of

testing was finding errors at the end of development work.

In 1983, Bill Hezel included quality assessment and defined testing in his book The
Complete Guide to Software Testing as follows: “Testing is any activity aimed at
evaluating an attribute of a program or system. Testing is the measurement of software
quality”. (Hezel 1988, 6, 242.) Testing was as a tool for quality control, and the quality
of the delivered software was the test organization’s main responsibility. This approach
became inefficient and expensive, and as developers started to use some tools and
techniques to keep the discipline in code quality, testing was an inevitable expense in
software development business. By the time the significance of testing has increased
due to shortened design lifecycles, decreased time-to market and more complex systems
(Belt 2009, 13-14).

Appreciation of testing has been low; thus, no software producer dare deliver software

without testing. Destructive approach to software is inconvenient.

Testing is the only role on the project that does not directly focus on success. Everyone
else creates something or creatively guides its creations. However, testers are negative.
This can be a depressing job, almost like a parody of a Greek myth:”On the island of the
testers, they were doomed forever to search for what could not and should not exist,
knowing that to succeed would bring misery to the Gods.” (Bach et al 2002, 151.)

The definition of testing has become more open to consider the multiple dimensions of
the testing. Today it is defined as follows: “We believe great software testing requires
Craftsmanship, Science, and Passion” (Association for Software Testing, 26. November
2011)

11



3.1 Testing Cycle

There is a typical cycle for software testing. This sample is useful regardless of the used
development model. The Waterfall model has particular testing phase, the VV-model has
grouped the phases according to its development model. In the Agile testing the testers

use these same phases to conduct the testing even if they emphasise certain phases more

than others or some remain invisible.

e Requirements analysis: During the design phase, testers work with developers
and designers to determine what aspects of a design are testable and with what
parameters those tests work.

e Test planning: Test strategy, test plan, test ware creation.

e Test development: Test procedures, test scenarios, test cases, test datasets, test
scripts to use in testing software.

o Test execution: Testers execute the software based on the plans and test
documents.

e Test reporting: Testers generate metrics and make final reports

e Test result analysis: Or Defect Analysis, decisions to actions

« Regression testing: Testers execute this in order to ensure that the software
product as a whole is still working correctly.

e Test Closure: Once the test meets the exit criteria.

These phases recur in every planned testing occasion. Such occasion may happen only

on the testers mind, and professional tester recognizes these phases.

3.2 Associated with Testing

Testing activity is not self-sufficient, but it is done for request, and the outcome is
valuable for many different groups of operators and operations. Many factors have their

direct or indirect impact on testing and testers.
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Regardless of the purpose of the developed software, the outcome has a recipient who is
interested in the deliverable. The customer is interested in testing as it reveals the status
of the product, and the software user is interested when the product is in production.
Management for its part is interested as for the fulfillment of the organization’s mission.
(Perry, W. 2000, 34-35.)

Particularly a commercial software customer awaits the profit, but a proprietary
software customer is also keen on the costs. The business gives its own perspective for
testing by business risk mitigation. The risk is a probability that undesirable events
become true. Controls are the means used by organizations to minimize the risk.

Software testing is a control. (Perry, W. 2000, 8.)

Testing is related to software development. Testers and developers have the same target.
The factors that direct programming work have also influence on testing work. The
most important factors about a software development process are (1) there is a process,
(2) itis understood, (3) it is followed. (Beizer, B. 1995, 13.) Less important is which the
chosen process model is, as the process model itself does not lead to success or failure.
Cultural, ethic, application, and national specifics have a greater influence on the

process than grandiose process theories. (Beizer, B. 1995, 14.)

3.3 Tester as a Title and a Career

Until the 1980s the term "software tester” was used generally, but later it was also seen
as a separate profession. Dave Gelperin and William C. Hetzel classified in The Growth
of Software Testing 1988 the phases and goals in software testing in the following

stages:

Until 1956 - Debugging oriented
1957-1978 - Demonstration oriented
1979-1982 - Destruction oriented
1983-1987 - Evaluation oriented
1988-2000 - Prevention oriented
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Regarding the periods and the different goals in software testing, different roles have
been established: manager, test lead, test designer, tester, automation developer, and

test administrator.

In the 2000s-the following incidents have had their consequences to the tester’s roles
and statuses:

2001 Agile Manifesto is published

2002 ISTQB is founded

(Meerts, 26. November 2011)

Where the Agile software development framework aligns testers as team members with
special testing skills, the ISEB/ISTQB certification training materials divide testers to

different defined categories and career paths.
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Figure 6 describes how ISEB- certification trainings can develop the applicant’s career.
It emphasizes the different responsibility roles. This career path illustrates the potential

career progression one can make in software testing.

The career paths structure relies on roles so that responsibility and experience increase
upwards. In an agile team, the roles are different and the position or role does not
describe the work. The team describes which kind of qualities and skills it needs. This
might be difficult to apply for a former manager, or a test engineer who waits for a
promotion. The HR department can be either a significant help or a hindrance with these
problems. Human resources problems might be encountered that involve reporting
structures, periodic performance reviews, handling performance problems, and
determining career paths. (Cohn, M. 2010, 406.)

3.4 Certificates

A certification identifies an individual as a quality assurance leader. A certification
earns the candidate the respect of colleagues and managers. One or more of these
certifications is frequently a prerequisite for promotion or acquiring a new position. The
certification is a formal recognition of a level of proficiency in the information
technology (IT) quality assurance industry. The recipient is acknowledged as having an
overall comprehension of the disciplines and skills represented in a comprehensive body
of knowledge for a respective software discipline. In Finland, ISEB / ISTQB is the most
recognized software testing certificate institution. ITIL is a certification program for

services.

The Association for Software Testing (AST), founded in the USA in 2004, is a
professional non-profit association that is dedicated to build a testing community that
views the role of testing as skilled, relevant, and essential to the production of faster,
better, and less expensive software products. (Association for Software Testing, 06.
November 2011.) AST also provides trainings for software testers from the context
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driven perspective. AST has gathered together famous testing literature authors and
professionals to teach and coach enthusiastic testers.

BCS, British Computer Society was founded in 1957 when The London Computer
Group merged with an association of scientists to become the British Computer Society
Ltd. (History of BCS| Role and Purpose, 06.November 2011.) The Institute collaborates
with the government, industry and relevant bodies to promote good working practices,
codes of conduct, skills frameworks and common standards. It provides practical
support and information services to its members and volunteer communities, for

example education, trainings and discussion groups.

The International Software Quality Institute (iISQI GmbH) provides certifications for
Software Test and Quality Assurance among a wide range of certifications through
professions in the software industry. (Home - ISTQB International Software Testing
Qualifications Board, 06. November 2011.)

3.4.1 ISEB

The Information Systems Examinations Board (ISEB) is an examination awarding body
and a part of British Computer Society. ISEB is responsible for the certificate exams;
BCS is the institute to provide the trainings and grants the certificates to applicants who

pass the exam. The certificate portfolio is large, as Figure 7 illustrates.
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3.4.2 ITIL Qualification Scheme

ITIL (IT Infrastructure Library) is the collection of the best practices in the IT service
management. A comprehensive qualifications scheme, accredited training organisations,
and implementation and assessment tools support it. The key principles for the IT
management in ITIL are as follows:

e Service Strategy

e Service Design

e Service Transition

e Service Operation

e Continuous Service Improvement
(The Official ITIL® Website, 15. November 2011)

The ITIL Qualifications scheme provides a modular approach to the ITIL framework,
and is comprised of a series of qualifications focused on different aspects of ITIL Best
Practice, to various degrees of depth and detail. There are four levels of qualifications
within the scheme:

e ITIL Foundation

e ITIL Intermediate Level

o ITIL Expert Level

o ITIL Master Qualification

(The Official ITIL® Website, 15. November 2011)

Figure 8 illustrates the ITIL Qualifications scheme structure.

t
Managing Across the Lifecycle

( ITIL Foundation )

© APM Group-The Accreditor Limited 2011

FIGURE 8. ITIL qualification scheme
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3.4.3 ISTQB

The other institution besides the BCS that provides training for certificates is ISTQB.
“The International Software Testing Qualifications Board ® (ISTQB) is a not-for-profit
association legally registered in Belgium. It is composed of 47 member Boards from
worldwide countries.” (Home - ISTQB International Software Testing Qualifications
Board, 06. November 2011.)

CTEL CTEL
Test Test
Management Automation

Experience: 7 years (in total) of practice

I Experience: Sufficient Practical Experience I

I Experience: 6 months of practice as a tester or developer I

/
B ]

FIGURE 9. ISTQB certificates and certificate levels (Home - ISTQB International
Software Testing Qualifications Board, 06. November 2011.)

The ISEB and ISTQB foundation level certificates are combining the ISEB/ISTQB
certificate. ISTQB provides more choices, showed in Figure 9, to applicants to

specialize than ISEB.
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3.4.4 SQI CAT - Certified Agile Tester

SQI CAT Certified Agile Tester is a test certification for testers to meet the
requirements of the agile development world. It provides structure, discipline, common

language and, methods to work as a tester in an agile development team.

The International Software Quality Institute (ISQI GmbH) is a leading provider of
certification examinations all over the world. The CAT certificate has Foundation Level
certification available, and Advanced Level certification is in preparation. (Certificates
—iSQI — Certifying People all over the world, 19.November 2011.)

3.5 Standards

As listed in Table 2, there are many standards related to software testing. These
standards are for software development and are useful of pointing out the improvement
needs for a test process. These standards are not very useful in specifying testing.
Testing Maturity Modell, TMM®™, introduces a set of maturity levels for software
testing, a set of recommended practices at each of the maturity levels, and a maturity
assessment model. (Gao, J. Tsao, H & Wu, Y. 2003.356-357)
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TABLE 2. Software testing standards

ISO/IEC 9126-1:2001

Software Engineering

Product Quality

Partl: Quality
Model

ISO/IEC 14598- Information SW Product Partl: General
1:1999 Technology Evaluation Overview
ISO/IEC 14598- Software Engineering | Product Evaluation Part2: Planning
2:2000 and Management
ISO/IEC 14598- Software Engineering | Product Evaluation Part3: Process
3:2000 for Developers
ISO/IEC 14598- Software Engineering | Product Evaluation Part4: Process
4:1999 for Acquirers
ISO/IEC 14598- Information SW Product Part5: Process
5:1998 Technology Evaluation for Evaluators
ISO/IEC 14598- Software Engineering | Product Evaluation Part6:
6:2001 Documentation
of Evaluation
Modules
ISO/IEC 12119- Information Software Packages Quality
9:1994 Technology Requirements
and Testing

I1SO 9127:1988

Information Processing
Systems

User Documentation and Cover
Information for Consumer Software

Packages

IEEE, Institute of Electrical and Electronics Engineers, has also defined the software

testing standards. The key standards according to Edward Kit (1995, 189) are listed in
Table 3. Kit (1995, 190) introduces other standards related to testing that are listed in

Table 4.

TABLE 3. Key software testing standards

IEEE/ANSI 829:1983

Documentation

Standard for Software Test

process

Defines the content and
format of 8 documents that
covers the entire testing

IEEE/ANSI 1008:1987

Testing

Standard for Software Unit

Defines an integrated
approach to systematic and
documented unit testing
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TABLE 4. Other standards related to software testing

IEEE/ANSI 1012:1986

Standard for Software
Verification and Validation
Plans (SVVP)

To provide uniform and
minimum requirements for
the format and content of
SVVP’s, To define specific
V&YV tasks and their
required inputs and outputs,
To suggest optional V&V
tasks to be used to tailor
SVVP’s

IEEE/ANSI 1028:1988

Standard for Software
Reviews and Audits

Provides direction to the
reviewer or auditor on the
conduct of evaluations.

IEEE/ANSI 730:1989

Standard for Quality
Assurance Plans

Establishes a required
format and a set of
minimum contents for SW
quality assurance plans

IEEE/ANSI 610.12:1990

Standard Glossary of
Software Engineering
Terminology

Promotes clarity and
consistency in the
vocabulary of SW
engineering and associated
fields

Test Maturity Model (TMM) is to provide a framework for assessing the maturity of the

test processes in an organisation, and providing targets on improving the maturity.

TMM is not a standard, but its impact on testing is quite similar when it is used.

There are the following five levels of maturity:

Level 1 — Initial At this level an organisation is using ad-hoc methods for
testing, so results are not repeatable and there is no quality standard.

Level 2 — Definition At this level testing is defined a process, so there
might be test strategies, test plans, test cases, based on requirements.
Testing does not start until products are completed, so the aim of testing is
to compare products against requirements.
Level 3 — Integration At this level testing is integrated into a software life
cycle, e.g. the V-model. The need for testing is based on risk management,
and the testing is carried out with some independence from the
development area.
Level 4 — Management and measurement At this level testing activities
take place at all stages of the life cycle, including reviews of requirements
and designs. Quality criteria are agreed for all products of an organisation
(internal and external).

23




Level 5 — Optimisation At this level the testing process itself is tested and
improved at each iteration. This is typically achieved with tool support,
and also introduces aims such as defect prevention through the life cycle,
rather than defect detection (zero defects). (Testing Maturity Model from
Wikipedia, 17.December 2011.)

3.6 Test Engineer

A test engineer should have skills and knowledge to fulfil the qualification of a tester

position. Knowledge skills are easy to see as a possession of technological knowledge
and management of tools and techniques. Personal qualifications are more difficult to
identify and measure. Furthermore, they vary within technologies, companies and

projects.

3.6.1 What the Work Requires for a Tester

Tester’s assignment is to prevent the bugs and detect them in order to get them handled
in an appropriate manner. The bugs appear along the code is written so the developers
do “develop” the bugs. Developers have many techniques to prevent bugs; code
reviews, pair coding, unit testing, etc. None of these alone nor together prevent all the
problems. Software testers can help by providing a dynamic process of executing the
software in varying environments with realistic data and with as much input variation as
can be imagined in the short cycles in which the testing occurs. (Whittaker, J. 2010, 12-
13))

Testing work is an expense, while writing code is constructive work, testing is
destructive. To be worth of funding, your work must improve customer satisfaction and

increase your company’s profits. (Kaner, C., Falk, J. & Nguyen, H. 1999, 255.)

Testers may participate collecting the requirements, something which designers did

alone earlier.
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Because Scrum teams shift focus during requirements gathering from
writing about requirements to talking about them, conversations with the
product owner become the tester’s primary way of finding out how a new
feature should behave. A tester is likely to talk with the product owner
about how a feature should work, how quickly it should perform, what
acceptance criteria must be passed, and so on. Testers are not limited to
acquiring this information solely from the product owners. As appropriate,
testers should also talk with users, customers, and other stakeholders.
(Cohn, M. 2010, 149.)

Testing work seems impossible to do well, because of complex products and incomplete

expectations for nebulous quality concerns.

Software tester wanted. Position requires comparing an insanely
complicated, poorly documented product to a non-existent or woefully
incomplete specification. Help from original developers will be minimal
and given grudgingly. Product will be used in environments that vary
widely with multiple users, multiple platforms, multiple languages, and
other requirements yet unknown but just as important. We’re not quite
sure how to define them, but security and performance are paramount, and
post release failures are unacceptable and could cause us to go out of
business. (Whittaker, J. 2010, 21.)

If the reality was this devastating, who would bother to do testing work? Testing is
regardless of its destructive approach meaningful work and there the results are
important.

In 1995, Beizer had some ideas how this importance could be higher. He listed his

hopes for the future of testing as follows:

1. That testing becomes a standard part of the software developer’s
under graduate education. As mandatory part at least three different
levels in an undergraduate course of study: Black-Box testing,
Integration and System Testing, Testing Theory and Algorithms.

2. That it keeps pace with our ever-evolving software development
process and apparently ever-increasing software complexity.

3. The test tool industry takes its rightful place as an essential
component of the broader software development tools industry.

4. That for most of us, testing ceases to be a profession, but an
inseparable aspect of what every conscientious developer routinely

does. (1995, 244.)
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3.6.2 Certified Skills

The ISTQB Foundation level syllabus qualifies that a certified tester remembers and
understands the fundaments of the testing and testing process, SW development models,
test levels, test types and test techniques as well as test tool types, risks and testing, test
progress monitoring and control. A certified tester is capable of applying and analyzing
the testing techniques, test planning and estimation, test management and incident

management.

The ITIL Foundation level syllabus describes the learning objectives as follows:
candidates can expect to gain knowledge and understanding in the following upon the
successful completion of the education and examination components related to this
certification.

* Service management as a practice (comprehension)

* The ITIL service lifecycle (comprehension)

* Generic concepts and definitions (awareness)

* Key principles and models (comprehension)

* Selected processes (awareness)

* Selected functions (awareness)

* Selected roles (awareness)

* Technology and architecture (awareness)

» Competence and training (awareness)

CAT, the Certified Agile Tester certificate, has a lifelong validity. There,
no re-certification is required. The examinees will gain an understanding
of the testing role within an agile project and be able to effectively apply
practical skills associated with that role. At the end of the course,
successful students will be able to:

-Understand the principles behind the agile approach to software
development

-Differentiate between the testing role in agile projects compared with the
role of testers in non-agile projects

-Positively contribute as an agile team member focused on testing
- Appreciate the challenges and difficulties associated with the non-testing
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activities performed in an agile team
- Demonstrate a range of soft skills required by agile team members

(Certificates — iSQI — Certifying People all over the world, 19. November 2011.)

The purpose of the certification is to gain the sufficient level of knowledge. It is a way
to recognize professional achievement, provide a career path, and introduce an incentive
to learn about testing and related fields. It is important to note that the certification is
not a registration or a license. (Craig, R. & Jaskiel, S. 2006, 326-327.)

3.6.3 Definitions and Descriptions for a Good Tester

What kind of people makes a good tester? What are those qualifications? They have a
balanced curiosity to chase down problems, an understanding not to perform
unnecessary investigation and a willingness to have an extra mile when required
without tormenting themselves too tired to work. (Black, R. 2002, 276-279.)

Participants of Test Manager Classes have listed the characteristics of good testers as
such:
e Isinquisitive
Has functional/business knowledge
Is detail oriented
Is open-minded
Has a good personality
Has a technical background, but does not want to be a programmer
Has testing experience
Is a team player
Is flexible
Is self-reliant
Is self-starting
Has a positive attitude
Is logical
Handles stress well
Is a quick thinker
Knows specific tools
Has good common sense
Is politically astute
Has sense of humor
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e Understands the software development lifecycle
(Craig, R. & Jaskiel, S. 2006, 312.)

The listed characteristics are dependent on the speaker. The management values
different characteristics than the testers. All the skills are not needed at every level of
the test and most probably all of them do not even exist in one person. Even at different

development models have diversified the qualifications for testers, as an agile tester.

A tester provides information to stakeholders about the software being
developed. A tester helps customer define functional and non-functional
requirements and quality criteria, and helps turn these into tests that guide
development and verify desired behaviour. Testers perform a wide variety
of activities related to delivering high-quality software, such as test
automation and exploratory testing. In agile development, everyone on the
development team performs testing activities. Team members who
identify themselves as tester work closely with other members of both the
developer and customer teams. (Crispin, L. & Gregory, J. 2009, 499.)

Important principles for an agile tester are as follows:
e Provides continuous feedback.
e Delivers value to customer.
e Enables face-to-face communication.
e Has courage.
o Keeps it simple.
e Practices continuous improvement.
e Responds to change.
e Isself-organizing.
e Focuses on people.
e Enjoys.
(Crispin, L. & Gregory, J. 2009, 22.)

Some features for agile testers come straight from the Agile Manifesto, for example
“individuals and interactions over process and tools”- principle encourages team members to
communicate. Testers on a Scrum team will have to become accustomed to more
frequent and meaningful conversations with their coworkers and, in many cases, people
outside the team. (Cohn, M. 2010, 149.)
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It is the job of the tester to report the failures and discrepancies observed
to the author and/or to the management. The manner of this reporting can
contribute the cooperation between developers and testers, or have a

negative influence on the important communication of these two groups.

To prove other people’s errors is not an easy job and requires diplomacy
and tact.( Spillner, A., Linz, T. & Schaefer, H. 2007, 31.)

As a team-member, a tester still has a special role in the team. An Agile tester on the
agile team provides early feedback during all stages of development, helps or is
cognizant of the code-level testing being performed, takes the lead on acceptance test
automation building, regression test plans and uncovers additional test scenarios

through exploratory testing. (Carter, J. 26.November 2011.)

Testers are the gate keepers for quality and an information source for risk management.
Testers must understand that their business role is to evaluate the business risk and to

report those results to the management. (Perry, W. 2000, 8.)

Team members will interact in ways they see modeled by those they consider leaders in
the organization or to their team, including product owners, any functional managers to
whom the team members report, and other executives and managers in the organization.
To foster the right kind of behavior, then, team and organizational leaders should
demonstrate the type of learning behaviors they would like to see on their teams. (Cohn,
M. 2010, 210.)

3.6.4 Employers’ Requirements

Employers have also added some personal skills to their open position advertisements.
Some open position advertisements are included as appendices to this thesis and the

requirements for testers are the following:
Test Environment Engineer (Appendix 1)
Test Engineer/ Specialist (Appendix 2)

Test Engineer/Test Automation Engineer (Appendix 3)
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3.7 Quality Assurance

A dictionary defines Quality Assurance as a program for the systematic monitoring and
evaluation of the various aspects of a project, service, or facility to ensure that standards
of quality are being met. (Merriam-Webster-dictionary, 13.November 2011.)

Testing of software contributes to the improvement of the software quality, but it entails
more than just the elimination of failures that occurred during the testing. (Spillner, A. ,
Linz, T. & Schaefer, H. 2007, 10.) The definition of the testing quality is conducted
from the same sources than quality definitions for software development in general.
The CMMI (Capability Maturity Model Integration) model is widely used to implement

Quality Assurance in an organization.

The customer’s perception of the quality is the one that matters in the end.

If the customer does not like the end result, it does not matter if the product meets a
specification, even if the customer has agreed to the specification. For that customer, it
is not good quality if she is not happy with it. (Kaner, C. , Falk, J. & Nguyen, H. 1999,
59.)

There are different possible ways to gain what is believed to be the customer’s
perception of the quality. Testing is quality control. Quality assurance means preventing
bugs. This objective is unachievable because of the challenge of the increased
complexity that the users want. Users keep escalating their quality expectations, thereby

stretching the testing ability and techniques. (Beizer, B. 1995, 13.)

Quiality is not only related to the product under development, but to the organization and
used methods for development. As well the methods and practices for achieving the best
quality for a reasonable price are chosen. ‘Agile’ is not a practice. It is a quality of the
organization and its people to be adaptive, responsive, continually learning and evolving
—to be agile, with the goal of competitive business success and rapid delivery of

economically valuable products and knowledge. (Larman, C., VVodde, B. 2008, 139.)
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Quality belongs to all, and all who have some impact on the project are responsible of
quality. Because the team members are on the same team and everyone works on the
same user stories at the same time, the team seems to have more unity. Before using
Scrum, it seemed each function (analyst, programmer, tester, DBA) was done in a silo.
(Cohn, M. 2010, 139.) Even when the quality belongs to everybody the responsibility of
the quality does not spread evenly. Testing engineers in agile teams have more influence
on the development process and, what is even more important, on the end product.
(Cohn, M. 2010, 151.)

3.8 Test Automation

An increased emphasis on test automation becomes a hallmark of Scrum teams. Even
teams that have struggled for years to make progress in automating tests find that the
short sprints of Scrum make test automation a necessity. Over time this reduces the
reliance on manual testers: those who read a script, push a button, and note the results.
These testers often find themselves being asked to learn one or more of the test
automation tools used by the team. (Cohn, M. 2010, 149.)

Unit Tests / Component Tests

FIGURE 10. Test Automation Pyramid
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Figure 10 illustrates the three different layers of automated tests. The foundation, which
supports all layers above it, consists of the Unit- and Component tests. After a team has
mastered the art of TDD (Test Driven Development), these tests are by far the quickest
and least expensive to write. (Crispin, L. & Gregory, J. 2009, 276.) Also, because unit
tests are usually written in the same language as the system, programmers are often
most comfortable with writing them. (Cohn, M. 2010, 312.)

The middle layer of the pyramid includes most of the automated business-facing tests
written to support the team. These ‘story tests’ or ‘acceptance tests’ verify that we are
“building the right thing”. (Crispin, L. & Gregory, J. 2009, 277.) Mike Cohn draws the
same pyramid with different layer names (see Figure 11).The service describes the
target of the testing, and the testing the service API’s. (Cohn, M. 2010, 312.)

/ Service \
Unit

FIGURE 11. Test Automation Pyramid by Cohn

These acceptance tests need their own framework for maintaining and execution.
Therefore, the used coding language can be very independent on the actual software
code language, and the test responsible code designers may be as well testers as

programmers.

Involving the programmers in finding cost-effective ways to automate the top-level GUI
tests has multiple benefits. These efforts may give the programmers a better

understanding of the system’s "’big picture,” and testers can learn how to create mobile
32



pliable, less straw-like GUI tests. (Crispin, L. & Gregory, J. 2009, 279.) Tool
selection is the key for a successful GUI automation. The automated scripts have to be
flexible and easy to maintain. Making the code easy to maintain increased the ROI on
these tests. (Crispin, L. & Gregory, J. 2009, 283.)

Some types of the testing cannot be done without automation. Manual load tests are not
usually feasible or accurate, and performance testing requires both monitoring tools and

a way to drive actions in the system under test. (Crispin, L. & Gregory, J. 2009, 283.)

Automation is not only for testing. There are tasks that have to be repeated time after

time all over again; automated scripts can replace these repetitive tasks.

3.9 The Role of Manual Testing

It is impossible to fully automate all tests for all environments. Further, some tests are
prohibitively expensive to automate. Many tests that cannot be chosen to automate
involve hardware or integration to external systems. Exploratory testing should feature
short, feedback-generating cycles through these steps in a manner analogous to the test-
driven development’s short cycle of the test-code-refractor. Beyond finding bugs,
exploratory testing can also identify missing test cases. These can then be added at the
appropriate level of the test automation pyramid. Further, exploratory testing can
uncover ideas that are missing from the user story as initially understood. It can also
help a team discover resolutions that seemed like a good idea at the time but seem like
bad ideas now that the feature has been developed. These situations usually result in
new items being added to the product backlog. (Cohn, M. 2010, 314.)

Manual testing is the best choice for finding bugs related to the underlying business
logic of an application. Business logic is the code that implements user requirements; in
other words, it is the code what for the customers buy the software. Business logic is

complex and requires a human in the loop. (Whittaker, J. 2010, 14.)
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Many non-functional tests are impossible to automate; maintainability, scalability,
testability, usability. Real usability testing requires a real user to use the test object
under test. Observing users in action, debriefing them on their experiences, and judging
the results is a job for a person who understands that usability aspects of software

cannot be automated. (Crispin, L. & Gregory, J. 2009, 285.)

In some occasions, automation is so expensive or even impossible to establish that
manual testing is the only option. When the software target is an individual person to
use, it is best to test the user interface manually as there is no automation to judge the

usefulness of it.
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4 DISCUSSION

As the status of the tester in software projects has changed over time so has the career
path. The previously valid roles for testers are not much in use anymore. Today the
agile tester has only one role as an agile team member with sufficient skills from the
previous roles. If the agile team acquires a tester as a quality assurance, the base of the
skills has to be expanded from the previous testing roles.

4.1 What Has Changed?

Software testing has transformed from the debugging code to a separate phase of
developing work. First, the testing started after the implementation work was finished,
then it was divided to different testing types to follow different development phases,
and eventually it became merged with developing in an agile developing team. Along
the way a whole career path was developed for a tester with several dedicated positions

in the testing area, which seemed to vanish as obsolete in the agile world.

During this change the tester has learned to study the requirements to be able to
interpret them to the test cases and to judge the right problems from the wrong ones.
The standards guide the testers” work as much as they do for developers, and the tester
needs to be aware of them. To stay qualified for a tester job a tester studies to meet the
certification requirements. As software products become more and more complex, a
tester has to manage more techniques and tools to do the testing properly. While a tester
executes the testing task, s/he is capable of producing a whole set of reports, a tester is a
professional user of table, text and presentation expressions. A tester can give
reconstructive feedback to developers and does not get upset if somebody has a better
understanding of the testing work. A tester knows the cons and pros for the test
automation and is capable of utilizing automation wherever it is feasible. S/he learns to
create and maintain the acceptance test code to help the programmers to code the
wanted features, as they are required. Even when a tester also becomes a programmer as
s/he is when writing the code for testing, s/he is keeping the tester’s attitude and does

not become exposed to programmer’s point of view.
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The main task of the current tester is to provide quality information from different
stakeholder’s points of views. As testing is context driven, there is no one matching
method, no all covering tool, not one good strategy: a tester has to be flexible and use

all s/he knows and study more.

4.2 Who Defines the Roles and Needed Skills for Testers?

Every organization defines the roles and the positions for their work, nevertheless these
seldom come from scratch, and usually they are copied from previous projects or
companies. Certificates describe and define some roles in software development and
they are widely used as a description of the position. People assume to know what kind

of responsibilities these roles express.

The idea of being a certified professional is to maintain and deepen the knowledge, not
forget everything once the certification is accomplished. The level of knowledge is also
depending on the candidate’s experience; a rookie has studied the knowledge but has
not lived it true. A certification is the way to recognize a professional achievement,
provide a career path, and introduce an incentive to learn about testing and the related
fields, it implies that the requirements have been fulfilled to become certified and that
an exam has been passed. (Craig, R. & Jaskiel, S. 2006, 326-327.) -The Finnish testing
professionals association, “Testaus OSY- FAST”, has a conversation that calls out the
universal certification which could undoubtedly prove the level of knowledge. The
employer’s frustration can be understood when a certified employee cannot apply the

certified knowledge in work.

Certifications ensure that a certified tester remembers and understands or is aware of
certain models, practices, processes, techniques, and is capable of applying and
analyzing plans, techniques, estimations and management of testing and incidents or
comprehends the principles and models. All this comes from books and prints. A
certified tester has at least once read or heard about the questions which are generally

rated as essential to the work as a tester.
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IEEE standards provide a detailed description of the unit tests and documentation
format. (Gao, J. Tsao, H & Wu, Y. 2003, 357.) The purpose of the standards is to guide
projects to achieve their goals successfully by giving documented instructions how it is
feasible to do. The Agile manifesto emphasizes a working software over the
documentation. The Agile framework also emphasizes the use of the most suitable
methods and tools each time and the change of them whenever it is needed. The
institutions that grant certifications have multiple reasons how the certification holder

benefits it.

Other side of the coin is that certificates are also business activity and these
certifications don’t come for free. A candidate has to arrange time and some enthusiasm

to participate the training course and pass the exam. Both parts have their fees.

These certificates belong to institutes and do not change rapidly, as they have to be
general and global. An applicant may not get any tools to resolve the current situation
by studying a certificate. A good side is that certificates give general knowledge of the
area and are useful despite the development method in use. Anyway, the invested

money for the certificates should be considered carefully case by case.

As long as testing fundamentals do not belong to the basic studies, the software
companies have to decide how they can get skilled people to do the testing work.
Arranging the needed training is expensive, whether it happens inside the company and

/ or purchased from special training companies.

Testing certifications try to assure that applicants do have the common knowledge of
the testing fundamentals. This is a respectable goal, but not every tester can achieve
these certifications. Companies train their employees for their own purposes; does the

induction have to start from the basics?

Different roles defined for software testers are listed in Table 5.
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TABLE 5. Different defined roles for testers

Roles No roles

ISEB/ISTQB certificates | Hierarchical career roles

CAT certificate Special skills
SCRUM 3 different team roles
KANBAN Team members

4.3 What Kind of People Software Development Needs Now?

A tester obtains a wide understanding about the software s/he is working with and a
tester understands the business values of the features and is capable of prioritizing the
risks for the product. A tester is capable of communicating face-to-face and written text
with the customer and is able to interpret the customer’s needs to programmers, so that

together they can produce value for the customer.

A tester does not let anybody influence his/her work attitude; s/he keeps his/her mind
open while focusing on people. A tester does not need anybody to tell him/her what to
do; s/he is able to see what has to be done within a team. A tester practices continuous
improvement with testing, by himself / herself and with the development team.

Meanwhile, s/he is responsive to changes and enjoys the development work.

It would be easy if it was so simple. There are many different limitations directing the
work, and many of them come along with the size and the structure of the organization.

Some intend to keep the chosen development method as a limit for the work processes.

Not every team or even software development department has the luxury of having a
complete control over its development process. For example, in outsourced contract
development, customers often mandate the suppliers to be the CMMI Level 5 certified,
which requires those software developers to follow certain established best practices.
Additionally, some software-intensive products are delivered into regulated industries

and must comply with standards such as 1ISO 9001. The companies producing medically
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regulated devices must comply with ISO 13458. None of these standards prescribe a life
cycle that is completely at odds with Scrum. (Cohn, M. 2010, 425.)

Most of the cases it is merely rethinking what people need when they see something that
inhibits for working effectively and innovatively. Processes are there for keeping the
work in shape and ensuring the repeatable quality. When a process does not fulfill this

expectation, it becomes obsolete.

The quality process has three distinct goals: improving a software product, assessing the
quality of the software product, and improving the long —term quality and cost-
effectiveness of the quality process itself.( Pezze, M & Young, M. 2008,12)
Improvement requires innovativeness. A company can hire innovative people, but if the
company’s culture does not support that innovativeness, it will die. In addition, hired
innovativeness may be addressed to something which does not benefit the company at
all. Innovativeness must be nourished and let flourish, supported and maintained, which

is not an easy task.

What can make the process of innovation more predictable? It does not
entail learning to predict what individuals might do. Rather, it comes from
understanding the forces that act upon the individuals involved in building
business — forces that powerfully influence what managers choose and
cannot choose to do. (Christensen, C. & Raynor, M. 2003, 9.)

If innovativeness is a character of a person, the management is the key actor to lure the
innovativeness to benefit the company and the project. Innovativeness can be one of the
company values, but companies still need actions to keep it as a part of the company
culture. Even inside the company, in different projects the innovativeness can vary from

top to bottom.

The capabilities of management of the testing group are critical, as is the manager of the
testing manager. Since testing is performed in a separate organization from
development, it takes extra effort to encourage and create a positive team environment.
(Kit, E.; edited by Finzi, S. 1995, 169)
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A positive team environment ensures that people stay within the team, but there are
some fundamental skills which helps the team work as a team. One of them is how the
team develops during its existence. This knowledge has nothing to do with software

development but only team development in general. It is common team behaviour.

4.4 How to Find the Testers?

How to find good testers for the job? Either hire new graduates and train them, or look
to the other sources such as development and QA departments, or poach them from
other companies’ testing departments. (Craig, R. & Jaskiel, S. 2006,313.) The hiring
process is challenging as such, but emphasizing the right attitude on applicants makes it
pure art. Each team member has to have a strong focus on quality and delivering the
business value. “Consider more than just technical skills when you’re expanding your
team.” (Crispin, L. & Gregory, J. 2009, 69.) Craig recommends defining the job
requirements first, to know what is needed and to recognize it when it is there. ”’If
you’re not finding that person after several interviews, be open to re-evaluate your job
requirements and seeing what parts can be modified”. (Gao, J. Tsao, H & Wu, Y. 2003,
21.) Larman and Vodde advise to hire the best, and if the best is not found, avoiding the
hiring. (2008, 280-281.)

When hiring these development team members with testing capabilities, their roles and
careers have to be reconfigured in the human resources department aligned to their real
work. Testing should not be considered only an inevitable expense, but also an activity
that brings value to the product. Testing is an essential part of the software development
work and quality assurance. If the code itself was all the value, there would not be

testing at all.

How different authors point the essential aspects of hiring testers are listed shortly in
Table 6.
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TABLE 6. Different aspects of hiring testers

YES

NO

Hiring from other
companies test departments

Craig, R. & Jaskiel, S.
2006,313

Consider also other than

only technical skills

Crispin, L. & Gregory, J.

2009, 69
Cohn, M. 2010, 149

Perry, W. 2000, 8

Whittaker, J. 2010, 12-13

Hire only the best

Larman, C., Vodde, B.
2008, 280-281

Gao, J. Tsao, H & Wu, Y.
2003, 21
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5 CONCLUSION

This thesis problem was obvious; the change in software testing was about to happen.
The difficult part was to find out where the change will lead, and this thesis work is one

interpretation at this time. In some years, the outcome may become very different.

A tester’s role has changed from a bug hunter to the bug preventer. As a bug preventer,
the impact on the developed software is bigger than ever before. The more the tester’s
position goes towards quality assurance, the more the tester is responsible for the whole

software value.

Testers also need reverence for their work and developed skills. When this does not
come along the project roles, there should be some other way, and the companies have
to discover how to show the appreciation to their employees. As testers are gatekeepers
for the quality of the product and their work adds value to the product, should they gain
some value too? What inspires the testers to continue working as team members time
after time? The testers should find the appreciation from their skills, abilities and
knowledge. The company’s Human Resource department should support this

appreciation to come visible.

Testing is context-driven, and testers provide information about the test object to the
stakeholders, and information is different regarding the stakeholder’s aspect to the test
object. This approach gives room for innovative thinking and continuous improvement

in the testing branch in the future as well.

Further research could concentrate on clarifying what kind of testing is most profitable

from the most satisfied customer’s point of view.
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Test Environment Engineer Appendix 1

Evicsson Is a leading provider of communications equipment, related professional services ahd muitimedia soiutions to operators
of mobilie and fixed networis woridwide. Over 1,000 networiks in more than 180 countries utilize our equipment and innovative
solutions.

Evicsson Finland works with the newest communications technologies. The activities range from reseatch to product
development, from delivery to support and from sales to customer service. Majority of our employees are based in the Helsinki
metropolitan area, in Kirkkonuwmmi. Currently, we employ more than 800 professionals.

Ericsson Finiand Is establishing a hew R&D site focusing on future radio hetwork deveiopment.

Ericsson R&D Center Finland Quiu site is fooking for

Test Environment Engineer

As the Test Environment Engineer you will be responsible for providing relevant test environments based on requirements
from projects. The role encompasses tasks related to the planning, preparation, set up and support of SW and HW
development laboratory.

Teamn waork and close cooperation with other parts of Ericsson's research, product development- and test environment
organizations as well as external partners are essential for you to succeed with the task. You will be located at R&D
Center Finland in Oulu.

Qualifications

o At least 5 years experience of RF and digital laboratory environment

e Good understanding of the wireless future technologies

e Good team working skills in an interational and multi-cultural environment
e Good skills in working together with local external partners

e Good people and social skills

e Fluent English and excellent presentation skills

* Willingness to travel

We appreciate

e Open mindedness, visionary way of thinking and entrepreneurial attitude
e Business and customer focused mindset

You must wark well independently as well as in a team, have excellent cooperative skills, and maintain these abilities in a
high-paced environment. Excellent people and social skills are required. You must also have good English skills, both
written and spoken. You are also a good planner who is structured, outgoing, flexible and solution-oriented.

We are not just a workplace. We want to provide a truly engaging environment. ¥e support engaged individuals who work
with passion. To ensure a good working environment we expect you to build on values of professionalism, respect and
perseverance.

The core success factor of the new site is the individuals with right skills and attitude. ¥We expect you to have social
group working skills to ensure collaboration with partners as well as and effective communication skills.

Apply the position as soon as possible, no later than 23rd December 2011 by uploading your CV and personal
letter through www.ericsson.com/careers -pages. For more information please contact Jyrki Stranius, tel
+358 40 1679 471 on Monday 28th or Wednesday 30th November, 12-16 pm or by e-mail jyrki.stranius@elanit.fi.

=
>

ERICSSON
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Test Engineer/ Specialist Appendix 2

Wireless Modem Protocol Interoperability Development Test
Engineer / Specialist
to our China office (Beljing)

Wreiozs Nodem Modem Software Operations dave end to end responsbity for the dedvery of best it class mukmode rado settware for Renssas
Nobde's LTEMSAE, WCONRA 5 G5 susl-mode patfarms, This incluges low kvel DSP softy s, L1 control
and L2L3 rado protocs software.

This roke nvoles managng Reossas Wobie's paalisrm relsted LTEISAE, WEDMA 3nd GSN rado mieworkng testing actrobes wih sabcied 3rd party
nebwork nirastrecture vandors. This i oy role i shapng Rencsas Mebilss LTEASAE, WCONA and GSM techrobgy development, nnd can provide
vohiably experence 10 allow progresson ine mors senior project management

Key requirements:

Pamcoate in SW intaroperabity deveopment t2amg (DO0T) wihn nfrasinciure vendor horatores, mreats 2amg rezors and perform analysts of
B3ues found darng the 1atng

Represert Renssas and labse with counderparts s infrastrutiere vardor campanias 10 plan, agree mnd co-ordinate interworking lest sessibas and
loaned fest squpment.

Cosperate wih cosnterparts n ofter Frotoco! SV groups responsibis for cther parts of the bearer software, to ansure ful syscem level tast
coverage = ackieved

* Track and communicale nformaiion aboul current I0DT activies and resuls tv both nterna asd axtemal groups.
+ Estabish ang maimain 1DDT procesaes and procedures and essure fier complance by IODT engneers.
Progress all termingl srrorg Lund from blarcperabidy testing

Provits tachnics! consutiancy and asrvices rebiled s LTE/SAE, WCDMA and GSH protecl soflware

Prowiss technical conauhancy and carlicipale 1 cealnmar 1l 62 resured

PBMCpate In EUTRAN, WRAN, GERAN gobal iating (in &0 504 1610 anvimnmants) snd Snalyas SCIVIES 83 (equingd, DOTH 1D Ke0p up to dals win 8
COMNUOLELY CANGNG 16CNAESI SnvONNE and Provios Bxira CApacTy Tor gubs! buainess neads,

.

-

-

.

Required Competencies:

* Bachelrs or Wssters Dagros ir Elecironcs. Telecommunicatons, Computer Scence ar relevant mxperance
Understandng of ful sotware devebpnert ide-cycl and at lasi 3 years n sof d andfor sof tesing.

* Detaled technical undersianding of LTE/SAE WCONA/3G and GSK radio (L7 ta L3) and core network protocsis and ther mplementation to o
farmmal envronment. Thes wil have boos ganaed n 8 hands-os role n development. ntagrabon andor lesing of lermnoks

Detaied understandng of LTE/SAE, WCDMAIIG and GSU system archisciure and standards, pariculany radic relsted aspects.
. of me moble by and the akity 10 priorfTe Dased on DysiNess naes

* Ixperience ang understandng of isstng prncples and praciices, preferatly in 3 meble snviionment.

* Understanding of the mobie BusNEss anvionnare and ihe abity 10 priortze hased on bisiness neas
* Annlerest v s0Mwaie l25tng for communication pretocols.

* Excajient communizabon skils - both varbaland writen Englst

Desirable Competenciss:

* S0MG XPENENcs N 8 CUSIHMEC Of COBLONIN [INTTBATUCKIG VEndor, B4l 0QUIPMBnT SUPPIers BICH 1cg oW

* An undecsisndng of LTESAE, WCOHAMIG and G3M from 2 network persgectve, fo complement the reqursd tarmmal reated knowiedpe.
* Expermnce ana understondng of lesting prncples and proctces, proferably in 2 mebeln envuonmont

O - andot bestng

Personal and process skills:

Must te a strong communiceton and Save excelient me-persond silis

Mug! pay attenson to detad and hive w prodciive spprosch o wirk

Must be able Lo wrle ciear concas and understandable repos.

Must hewa good probem solving skis and be sbie o underaland complix apeciicesons
Must faeve the abify lo Qactly sssimlabe, sort and sralyse technicsl niamaton

* Mus) 09 30K 10 NEFOLAIE WEN J4/18S NECE §10 OUIBOE FANESES 10 BN RENEE8S ArMEpC G A6 SCNved
Must b= able to work fo $git wih and fi requrenents and prores.

Cxperience of, and desie 10 work wihin, 3 mutl-ste, mull-cutural envionment

Musi be wiing and have the abity to travel abrosd as and when requred (shod tnps, approx 2+3 per year]

More Information:

For further informaton clease comact Bangyan Han: B w cor.

Send your appication and CV to Bangyar Hanghreneansmobie com Mark the =mad subect Bie wiih “Viireless Nodem Protocol ntercperabary
Devebopmenl Test Engneer
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Test Engineer/Test Automation Engineer Appendix 3

Test Engineer / Test Automation Engineer
Temavankuvaus

Postion operng soon at Tecnotree

Test Engineer / Test Automation Engineer

Wa are looking for a Test Enginesr in Product Davelopment system test team in Espoo,
Finland The Espoo lesting team mainly focuses to test he produds developedin Ecpoo
Froduct Development team.

Waln rasponsI ity areas would be to plan, creaha and execuls test cases. As0 reporing ano
analzing 1851 reauns wall be one of your ally tas ks Depending on your backgreund you may
focus more on les! automation development

Skills and knowledge requirements
Wa raquirs gxperience from the folawing areas:

Sclld knomdedge of Linux (Linux Sy2tem instalations, operations & shell scripting)
IP natworkng and TCPAP essenfials

Some programming background

Bazic knowlaedge about S57 and SIP signaling

Basic knowiangs about clustening and HIgh Avallabllity

Some previous 2oflware tasting experiende

"o s

Wiz are also axpecting:

* Analjtical, precise and indiative approach for working

» Motvation and readinass to 123m naw things

o Fluentwritten and verbal communication kil in English andin Finnish

o Good teamwork abildes, but also capability to focus to complete own assignments

Wie appreciga it some of hese areas o lools ane familiar to you

Wrtualzabon hmware)

XML tachnelagies (Voice XML)

PHP MySOL

Jc%a (JBoss Application SenvenlJava-EE)
A

INAF

SNMP

Short Meszags Senvice systems

Apache JMeter

SIPp

HP Loadrunner

la/Catapult DCT2000 and MGTS test systems
Tast sutomabon

We Offer You

Vi offer you a chalenging and excaing role In 3 truly Intamabional company, and an
opporuny for personal and professinal cavws pment You wik be working with highty
commitad professionals in aflexible worksing erraronment
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