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Abstract
Software testing is the most important process to verify the 
quality of a product. Software testing in Agile development is 
very complex and controversial issue in literature and industry. 
Different people have different views about software testing in 
Agile development, because most of Agile development do not 
focus much on software testing activities. Agile development 
strongly focuses on the close customer collaboration, short 
iterations and frequent deliveries. But when it comes to software 
testing, then it is challenging, as Agile development do not include 
many destructive testing practices, which are normally required for 
a quality product. This paper covers the area of software testing 
process in Agile development. Agile development processes 
could be more beneficial and refined by adding testing practices 
and for this purpose. This paper identifies the practices of Agile 
development in industry and the critical issues in industry while 
practicing Agile development. The issues of automated and 
manual testing, good practices in automation, and how to manage 
independent testing teams in Agile development are also high 
lightened. This paper highlights every aspect of software testing 
process in Agile development. This paper is based on literature 
reviews and an industrial survey.
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I. Introduction
Software testing is a process, or a series of processes, designed to 
make sure computer code does what it was designed to do and that 
it does not do anything unintended. Software should be predictable 
and consistent, offering no surprises to users. Complete software 
testing is impossible, not only theoretical but in practical as well 
[8]. There are always two ways to test any software; automated 
testing or manual testing. Both have their own advantages and 
disadvantages. Manual testing requires a good knowledge of 
testing engineer, where the automated testing can be performed 
for a large number of tests in short time. Mostly people prefer 
to have automated testing, but even then there is still need of 
manual testing to get rid of more bugs. There are many factors 
involved to get better results, for example, when to automate 
the test and when to manual?. In software industry both manual 
and automated testing are in use but most of people prefer to use 
automated testing to save the time and cost. Test automation or 
manual testing depends upon the scenario and its importance, if 
the scenario is not so important then manual is more suitable.

II. Quality Assurance Activities of Agile in Industry 
We asked the companies that how they are practicing quality 
assurance activities in their Agile development process? Different 
companies came up with some different answers but almost related 
to each other. 
Company A is practicing continuous integration using the Bamboo 
build/test server. For each check-in, the code is built and tested for 

a number of configurations and target environments. If an error is 
found in the test suite, the screen in the development room shows 
a red warning, and emails are sent out to the relevant people. 
Then the developers can fix this problem. Their main focus for 
quality assurance in the sprint is on the unit testing and regularly 
integration testing. The developers and testers are adding new 
test cases to the test suite that is run on the continuous integration 
server as part of daily development and test activities. They are also 
adding performance and stress tests to the test suite. Also at the 
end of the each sprint they have a separate regression testing. 
Company B says that to assure the quality in a developed code they 
do informal testing regularly and meet every day for the scrum 
meeting. Users and Customers also sit with developers during 
sprint meeting. Developers meet with Customers whenever they 
find any difficulty or mis-understanding. They have a regular 
and continuous interaction with Customer. Usually they directly 
meet or send an email to the Customers daily, without taking any 
appointments. 
In company C, the developer commits work after proper unit 
testing, then work done a developer is tested by Team Lead, and 
it is sent to QA team. Means the work is first tested or reviewed 
by the team lead and then is send to the testing team for testing. 
Company D is following a tailored approach for development. 
The quality assurance works closely with the development team 
before delivering it for testing in order to ensure timely delivery 
to the market. Testing is done parallel to the development and final 
testing is done after the completion of the product. 
From above results we analyzed that in industry most of the 
companies are assuring their quality inside a sprint by unit testing 
and automation testing and also at the end of the sprint by manual 
testing. 

III. Automated and Manual Testing

A. Automated Testing 
Automated testing can be defined as a testing in which no human 
intervention is involved. Test automation depends upon the 
importance of scenario, if the scenario is not so important then 
manual is suitable. An another reason to automate the test is, when 
there are hundreds of lines of code to test or there is repetition 
then automated testing is more suitable to save the time. There are 
some advantages and disadvantages of automated testing. Some 
of the advantages are  

Automation is best to run repeatedly tests. • 
It gives the ability to main stream scenario and run automation • 
against code that frequently changes to catch regressions in 
a timely manner. 
Automated tests can be run at the same time on different • 
machines, whereas the manual tests would have to be run 
sequentially. 
Cost is low when long term testing. • 

Some of the disadvantages are:
The cost of automation is more, especially when you writing • 
the tests or configuring the automate framework. 
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The visual reference cannot be automated e.g. if the font color • 
or size can‟t be defined via code then it is manual test. 
If the tool has limitations then those tests are manual. • 
The big con is that it does not find a new bug. • 
The cost of test automation is high when its short term • 
testing. 

Other than these there are many factors involved in testing. It 
mostly depends upon the project type and company’s management, 
who decide that when to automate the test. Test automation depends 
upon scenarios, in some cases manual testing is not possible, for 
example when there are a lot of repetition, there is thousand lines 
of codes or when the testing is long term then only automated 
testing is suitable to save the time and cost. 

B. Manual Testing 
Manual testing is a testing in which human interventions are 
involved. In this testing, test engineers test the code their self. 
For manual testing a good knowledge of software testing is 
required and a software tester possess a certain set of qualities 
i.e. patient, observant, speculative, creative, innovative, open-
minded, resourceful, un-opinionated, and skillful. Having all these 
qualities a software tester can find more bugs, but complete testing 
is not possible. Manual testing is suitable if a program is not so 
important. Some of the advantages and disadvantages of manual 
testing are: 

If a test case runs only twice then it should be manual to • 
save the cost. 
Ad-hoc or random testing is possible for tester. • 
More bugs can be found via ad-hoc technique as compare • 
to automation. 
Manual testing is more time consuming. • 
After every new build code tester must rerun all required tests • 
again, this will be a huge at the end. 
If testing is long term then manual test is time consuming as • 
well as higher cost. 
To report the first bug to programmer, manual testing takes • 
less time than automated. 

There would be more depending upon the nature of program and 
scenarios. Same effort is required each time and manual test is not 
reusable. An important factor that is natural in human that, no one 
likes to fill in the same form again and again that’s why manual 
testing is boring as well, and also it takes more effort and time 
than automated testing. But even then manual testing is necessary 
to find out more bugs that are not possible through automated 
testing. Statistics shown that only 5-20 percent of bugs are found 
through automated testing while 80% of bugs are found with 
manual testing, where some of the 5-20 percent bugs are found 
during the creation of test cases, it means human contribution is 
more important to discover the bugs. 

IV. When to Automate Test? 
Automated testing is one of biggest investment that a software 
company makes in testing. The maintenance of test scripts is more 
difficult and time consuming than maintaining manual test cases. 
So, now the question is: How to recognize that when we should 
automate the test and when to run manually? The answer of this 
question depends upon many factors, like; different scenarios, 
company’s management, how important the program is, time dead 
line, cost budget, and also regressions in program. All these factors 
are very important to recognize that whether automate the test or 
run manually. 

Functional testing can often be automated and mostly it is part of 
regression testing or smoke testing. 

If we talk about GUI, then the basic user interface testing can • 
be automated but when there are frequent changes in user 
interface then automated testing may cause the high cost.
If many workflows involve human intervention then one • 
should not automate the test.
Re-running a test against a new release to ensure that behavior • 
remains unbroken or to confirm that a bug fix did indeed fix the 
underlying problem is a perfect fit for automated testing. 
Programs in which there are huge sequences of data, inputs to • 
system or transactions in a random order are good to automate. 
For load testing automation is a best way, especially when 
we have to check that what a system would respond against 
hundreds of users. 

Other than all these, there are some scenarios discussed by Brian 
Marick are as follow:

Both automation and manual testing are plausible. That’s not • 
always the case. For example, load testing often requires the 
creation of heavy user workloads. Even if it were possible to 
arrange for 300 testers to use the product simultaneously, it’s 
surely not cost-effective. Load tests need to be automated. 
There is no mandate to automate. Management accepts the • 
notion that some of your tests will be automated and some 
will be manual. 
You first design the test and then decide whether it should be • 
automated. In reality, it’s common for the needs of automation 
to influence the design. 
You have a certain amount of time to finish your testing. You • 
should do the best testing possible in that time. The argument 
also applies in the less common situation of deciding on the 
tests first, then on how much time is required. 
If the product is being tested through a GUI (graphical user • 
interface), and your automation style is to write scripts 
(essentially simple programs) that drive the GUI, an automated 
test may be several times as expensive as a manual test. 
If you’re testing a compiler, automation might be only a little • 
more expensive than manual testing, because most of the 
effort will go into writing test programs for the compiler to 
compile. 

These are some possible scenarios by a practitioner, but there can 
be still many scenarios in which, whether automated testing fits 
or manual. In the following figure another example of failure or 
life time of automated testing is shown in fig. 1. In fig. 1, lifespan 
of test is shown, at some points the product will be changed and 
the requirements will be also changed, then test will be failed 
cause of those changes. But an automated test suit can explore 
the whole product in shirt time while manual test takes long time 
to revise. The cost of automating a test is best measured by the 
number of manual tests.

Fig. 1: Life Span of Test
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V. Automated Testing in Agile 
In Agile methods the test automation is used to execute the unit 
testing, which is helpful to test the smallest pieces of the system. 
This thing can be done very quickly and regularly. It can help the 
developers to execute the same tests again and again and test the 
system after each update in the code, and also helpful to make 
the feedback process short. 
There can be some issues regarding implementing automation 
in Agile development. As the time period of Agile projects 
or iterations are less than one month and there is not a lot of 
planning involved in this process. As mostly Agile projects are 
made on some loose design and it also developed on the basis of 
some system descriptions. This can create some issues, because 
automation is a complex task and it requires some planning. It 
requires some time to develop these tests. But there is a solution 
or recommendation for this problem. Automated system tester 
should develop the automated testing descriptions in the mean 
time when the project team is developing the system design. This 
will give them a design approach to test the system. As the teams 
do some planning, before each iteration then there should be some 
extra time designated to the automation testing planning and their 
infrastructure development. 
In the Agile development the teams have a close coordination 
among them, and they communicate with each other regularly. The 
automated testers should also communicate and interact with the 
teams to discuss the design principles and they also should decide 
the scripts to be integrated for regression testing. The regression 
testing should be there to refine the system. 
Agile development has been working for long time and its 
practitioners are saying that we don’t need testing specialists but 
now they say that may be they need them [5]. The automation 
still has some usage in Agile development and test planning tools 
can be used with Agile development to make it work in a better 
way.

VI. Manual and Automated Testing in Industry 
From getting their feed back against our question that how they 
are managing manual and automated testing in their development 
process?. We analyzed that most of our sample companies are 
using both of manual testing and automated testing. Some of 
them are using automated tools for that and relying more on the 
automation for catching bugs during the sprints. Company A is 
using the Bamboo build/test server for continuous integration. 
They also manually test the product before each official release. 
The customer teams also verify that the updates work on the 
customer’s handsets before sending them new versions. They do 
have a regression testing before the final release to assure that no 
more errors are present in the system. 
Company B is not using any automated tools and according to 
them, they are relying more on manual testing. They hand out 
prototype builds to a group of internal or external testers. As bugs 
occur, they report them. The developers try to fix most of them 
right away, and if there are some harder ones that are difficult to 
handle by that time, then they are put on the list for next sprint. 
New feature requests from stakeholders are taken care of directly, 
or put on the list in the product backlog.
Company C is using automated and manual testing for quality 
assurance. They are using tools like JUnit, for automated testing. 
They use it while developer is testing his/her own work before 
sending it to the team lead. The team lead then review his/her 
work and sends to the testing department for more detailed manual 
testing. Company D is practicing both automated and manual 

testing is done, load and stress testing is done using custom made 
tools specific to the product and also by using Mercury load testing 
tools. Functional testing is normally done manually. 
From the above feedback we analyzed that most of the companies 
in industry are utilizing both of testing ways like: manual and 
automated testing. The only difference is the use of automation 
tools. The sample companies were the well known and bigger 
companies in the industry. When asked about why to use both 
testing ways? They answered that they cannot rely on one kind of 
testing, because automated testing is not enough to get a quality 
product and if they do only manual testing then it can take a lot 
of time and effort. In the result of that the project can go out 
of time and budget. So, that is why they use automated testing 
to test the application as soon as possible but still there remain 
some complex problems that need to be addressed through manual 
testing. During the sprint the developer writes test cases to test 
his/her own code. 

VII. Good Practices in Automated Testing 
The purpose of automation is proper usage of the tester’s time; it is 
not used to eliminate them. The test cases that are run frequently, 
just like regression tests and the tests that require a huge amount 
of data as an input are the good choices for automation. If there 
is a test, which require some human intervention, then that test 
is not a suitable choice for automation. There are certain other 
cases, in which a test case should be automated and automation 
can be beneficial. Those cases can be: 

The test is repetitive, and the developer needs to test the • 
system after every change. 
If the test is helpful to evaluate some high risk conditions. • 
If it is hard to perform the test manually or it costs enough. • 
If it requires different data values to perform the same • 
action. 
If the test is the base for any configuration.• 

Prepare the applications for automated testing is a good practice. 
Try to identify your goals for the automation. The following can 
be some possible goals:

Speeding up the testing process to allow quick releases.• 
To allow the testing of the application to occur more • 
frequently. 
Improving the test coverage. • 
To ensure the consistency in the application • 
To improve the reliability of testing process.• 

In the planning, try to document the different types of tests or 
processes to be automated. It includes following:

Regression testing – These tests are run for every build. • 
Data-driven testing – They require different sets of data over • 
many iterations of the test. 
Configuration tests – These are run on many different • 
platforms. 
Backend/Non-GUI testing – These tests verify the data which • 
is collected by the application.

VIII. Why do We Need Separate Testing Team? 
In software development there are different roles but in this paper 
we focused on the role of testers. The testers play a key role in 
development; developers may lack some skills in development 
which testers provide. But in Agile development the common 
mistake is to see testers as junior developers. A good tester has 
many distinguishing feature that make difference with developer. 
By understanding only this difference, project managers can make 
a good and successful team. 
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Software testing provides information about the status of software 
which is under development and it helps to take decisions. The 
strength of testers is often their ability to be generalists; they need 
to have a broad understanding of many areas. This contrasts with 
developers, who are often required to be specialist’s in particular 
technical areas (networking protocols, for example, or database 
internals or display libraries). Testers, in contrast, need to be able 
to get up to speed quickly on any product that they test. They 
often have little time to learn a new product or feature. On the 
other hand, developers need to have a thorough understanding of 
the libraries or protocols they will be using before they can work 
on something new. Otherwise, they may break something. They 
are used to being allowed to gain mastery before being expected 
to deliver [1].
A tester need to have the knowledge that a user have, this helps 
tester use the product as user wants, instead a developer might 
like the product to be. It is very difficult for a developer to test a 
product as user’s perspective. Good testers are non skilled, they 
need to know the customer’s domain and requirements or they 
pretend that they don’t know things that they are doing. It is a 
different way to acquiring knowledge. 
According to Bret Pettichord, comparison of characteristics of a 
good tester and a good developer are shown as below [1]:

Table 1: Comparison of Good Tester and Good Developer

Good Tester Good Developer

Get up to speed quickly Thorough understanding

Domain knowledge Knowledge of product internals

Ignorance is important Expertise is important

Model user behavior Model system design

Focus on what can go 
wrong Focus on how it can work

Focus on severity of 
problem Focus in interest in problem

Empirical Theoretical

What’s observed How it’s designed

Comfortable with conflict Avoid conflict

Report Problem Understand Problem

It is also the testers’ responsibility to think of important ideas the 
business experts and programmers might overlook. For example, 
both business experts and programmers tend to be focused on 
achieving return on investment, not on loss. So they concentrate 
more on what wonderful things a new feature could do, less on 
what it shouldn’t do if people make mistakes (error handling) or 
intentionally misuse it (security). The tester should fill that gap; 
make sure the tests describe enough of the whole range of possible 
uses of the feature [2]. 
In Agile development, the developers develop an application, and 
they conduct an integration and unit testing. Then the working is 
delivered to the customer for testing. Software testing requires a 
lot of specific skills and challenges, because it is such a creative 
and intellectually challenging task. A professional tester is required 
to do this professional task, so that the task can be performed 
effectively and efficiently [5-6]. In Agile methods, testing is usually 

done as a task that developers do as a part of the development 
tasks or as a customer’s task. Customer is very closely involved 
in everyday development in some of the Agile methods and takes 
the responsibility for acceptance testing. This is a problem and 
can create some major problems too [7]. If your customer has 
expertise and skills which are necessary for a tester, and has the 
capabilities to act as a tester, only then you can think of assigning 
him the task to test the system. It means that, how someone can test 
an application when he does not have any skills and knowledge 
about testing software? Dynamic Systems Development Method 
(DSDM) method has recognized the need for basic skills for a 
tester and recommends that at least there should be one developer 
or tester in each team who has received training in testing. 
There are different software development techniques in Agile. 
Test-Driven Development (TDD) is one of them. It contains 
short iterations and test cases are developed first then code is 
written to make pass those test cases. The code is continuously 
tested until it passes the test cases. These test cases cover the 
desired improvements, new functionalities and the software is 
refactoring to accommodate all the required changes. These tests 
help to provide a rapid feedback after each change. Practitioners 
stress on the fact that the test-driven development is a method for 
software designing not to test method. Test driven development 
also takes time away from the core development and sometimes 
the code is really hard to test. Test driven development is also not 
so effective in applications with complex graphical user interface. 
So we cannot rely on the test driven development to test a system 
up to quality.
Need of separate testing team is because of its destructive nature 
and this fact makes software testing more effective. The purpose 
of testing is to find errors in the program and to highlight some 
of the bugs that can be the reason of creation of major future 
problems in the application. According to Kaner. C et al testing is 
a process of executing a program with intent of finding errors [6]. 
Test cases are written for valid, invalid, expected and unexpected 
conditions, to check the behavior of the application in any case. In 
Agile methods the testing is done by developers who test their own 
applications. So, in such case the destructive attitude of a tester is 
really hard to find. Developers mostly try to test their program to 
make it run able but developer will not test to make it not working. 
The focus of Agile development is much constructive, and they 
practice constructive testing practices for achieving quality into 
the product. If we look at the Agile literature, we will see that 
the working of the methods are in a way that the features and the 
functions of the application should work instead of finding and 
highlighting errors in the application so that it cannot work. This 
can create some problems, because even all of the unit tests are 
passed the system can still crash. Developers will look for the little 
errors and problems that can create trouble in the proper running 
of the application but may be they will skip some bugs that can 
still manage to crash the system. Professional testers do a lot of 
testing like: performance testing, reliability testing, functional 
testing and test other qualities on the system, test case design and 
test environment setup. These tasks are not directly connected to 
the development tasks. Kaner. C. et al says that, if you want a 
program to work, you would like to see a working program, by 
making you miss failures [7]. 
Software testing not only finds the errors but it also tells us that 
at what level we have achieved the quality. Testing provides 
information about defects and problems in an application and 
also evaluates the achieved quality. Metrics are required to 
evaluate product quality e.g., the total number of found faults, 
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fault classification, and the test coverage. Agile methods contain 
testing activities and also their proper implementation during the 
development process. But, this does not give any information 
about the level of achieved quality of the product, or evaluation 
of the product. For example, developers write the automated unit 
tests and always keep running and passing which is a good practice 
in order to achieve quality. It can be easily tracked by the amount 
of test cases or the amount of covered methods. But until then it 
does not give us any information about the achieved quality. For 
that purpose we need some metrics e.g., faults, test coverage, and 
quality of the tests [4]. 
Juha Itkonen et al state some important aspects of software testing 
process in Agile development. The authors feel that this process 
has some huge lacking and need to be overcome by more of testing 
and quality assurance activities. The testing activities in Agile 
processes are not enough to get a quality product. So they propose 
a role of independent tester’s role at iteration time [4]. Jonathan 
kohl stresses on having an integrated teams in Agile development, 
where the testers do work collectively with developers but with 
a tester’s thinking [3]. 
On the basis of discussion in above sections we think that Agile 
methods should be accompanied with a separate testing team, 
and they can get more advantages by introducing such team. Juha 
Itkonen et al say that Agile development can be benefited through 
a team of professional testers [4].

IX. Conclusion
In an Agile development process the interesting thing for us was 
to know the roles of software developers and testers. During the 
survey we asked to companies that how they are doing their quality 
assurance activities and what are the roles and responsibilities of 
software developers and testers in their organization? Company A 
says that with the primary responsibilities of developing code for 
an application, the developers write many of their own automated 
test cases and add them to the test suite as they implement in 
their process. The latest version of the test suite is run by each 
developer as he/she develops code. When a bug is fixed, a test 
case is often added to make sure that the error does not happen 
again. The testers do manual regression testing before each official 
release. They also write automated test cases for the test suite. The 
testers also help the customer with the development of acceptance 
testing. Sometimes they come to help developers whenever it is 
required. Company B says that they do not have any formal process 
or responsibilities for developers and testers. They utilize their 
duties wherever needed and whenever needed. In company C, 
the testers have a duty to provide acceptance test to developers, 
developers write unit test according to these. Testers test their 
code accordingly. Company D says that, the Unit testing and 
code review is done by development team, functional, load/stress 
testing is done by testing team. 
After analysis we came to know that most of the sample companies 
are having different roles and responsibilities for testers and 
developers. The unit testing and automated testing is done by 
the developer to better test his code. The rest of the complex 
manual testing is done by the testers. They also use testers to 
assist developers and customers. It feels like that they have teams 
which are so integrated and working together.
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