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Abstract

The aim of this Master’s thesis is to design a test suite using page object model in Selenium
Webdriver and measure how page object model is more maintainable than conventional
test suite design. There will be analysis of updating test suite if an UI changes, the items
needs to update if locator id changes and number of lines of code to change requires in
future. Two test suites will be developed with and without page object model. Although
the page object model is an established model in test automation, the goal of the thesis is
to prove how maintainability can be achieved by using it with a real life example. The
methods used in this Master’s thesis will be tested for https://igavesti-ou.myshopify.com/

as an example.

The issues that need to be resolved for design and development of maintainable test suites:
Choosing a test automation tool, define how to proceed on by choosing page objects,
proving maintainability, optimize results and other simulated scenarios.

This Master’s thesis strives to give an analysed overview of test suite maintainability and
tries giving answers to the questions that may appear.

The thesis is in English and contains 73 pages of text, 6 chapters, 18 figures, 12 tables.
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1. Introduction

Software testing is one of the most important and crucial phases in the software devel-

opment life cycle process,consuming an average of 40 to 70 percent of the time in the

development process[1]. In the agile software development, testing is fundamentally

important as it enables visibility and enhances communication and feedback to developers

[2]. Test automation is mandatory for the success of web applications in the long run: it

saves a lot of time in testing and helps to release web applications with fewer defects[3].

Automated testing of web applications reduces the effort needed in manual testing, but it

can't replace manual testing. Automated GUI regression testing tools are very popular

for test automation in IT industry. According to the popular mythology, people with less

programming language experience can use those tools and create extensive test suites.

However, maintenance of these test suites becomes costly in case of anything changes

in future in that project. As a result, designing of maintainable test suites are the main

concern in test automation for the success of the test automation in a software project.

Test suite is a collection of test cases which can be used for test execution. This is a

common term in both manual and automation testing. As the test suit consists hundreds

or thousands of test cases, a lot of test cases are correlated in a way that can minimize

redundancy. This is where maintainability of test suite concern. In the design of test suite,

if you don't consider maintainability of test suite, then keeping track of hundreds of test

cases really becomes cumbersome.

Selenium is one of the most popular tools for web application automation across different

browsers and platforms. It is being used in the software domain not only for test automation

but also for automating administration tasks as well. Mainly, it consists of two main parts

Selenium IDE and Selenium Webdriver. Selenium IDE; a Chrome and Firefox browser

plugin where anyone can record and playback interactions of the browser during a bug

generation and verify it by adding assertions which can be used as an automated test suite.

On the other hand, Selenium Webdriver; a collection of language speci�c bindings to drive

a browser - the way it is meant to be driven. Selenium Webdriver has bindings for many

programming language so test cases can be written in pure programming language using

your own favourite tools[4]. It is best when when you want to create robust, browser-based

test automation suites, scale and distribute scripts across many platforms. In Selenium
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Webdriver, test suites are implemented by using a programming language which requires

time and effort. This is why, maintainability is the �rst priority during the design phase of

the test suite.

Page Object Model(POM) is a popular design pattern in different test automation frame-

works. The basis of POM is to model the web pages as objects, applying the same

programming language used to write the test cases[3]. As a result, functionalities of an web

page considered as services (i.e: methods) derived from page objects which can be called

in any test cases of that project. This eliminated repetitive codes as well as it becomes

easier to change code in case of any changes comes in the project.

This thesis is aimed at exploring and designing maintainable test suites using Selenium

Webdriver. The main focus would be showing how POM helps to design a maintainable

test suite. Along with design, maintainability parameters in a test suite developed with and

without POM will be analyzed. I will use a real life e-commerce website to implement test

cases for the test suites. This could be useful for manual testers who wants to switch to

automation or the new engineers who wants to start career in test automation. This could

be an industrial level use case for any e-commerce platform.

1.1 Background

Test automation is nothing new, its been around for 40+ years. However, extensive

automation testing started for enterprise applications from the beginning of this century.

Automated functional testing is based on testing web page by creating test cases that

automate the interaction with a web page and its elements. Test cases are used to �ll-in and

submit forms or click on hyperlinks automatically. Test cases can be programmed using

general programming languages, but choosing a programming language must consider

several aspects of the application under test. It is better to use a programming language

which provides speci�c library with user friendly APIs. Built in methods can be used in

order to command e.g., click a button, �ll a �eld and submit a form. Finally, test cases are

completed with assertions to validate [5].

Page Object Model is already an established model in the market, but I have chosen to

proceed on in this thesis because e-commerce automation could be tricky as this deals

with payment processing and user data. On the other hand, the same code can be used for

automating mobile version of the web page. Also, many published papers for POM is in

Java, so this was one of challenges to analyse maintainability of test suites in POM using

Selenium Webdriver in Python.
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1.2 Problem

Who wrote this piece of code?? I can't work like this!! —Any programmer

This is a common problem in software development when we work in a team; the same

happens in test automation as well. Today almost all of the studies related to automation

testing are exclusively based in using Java programming language. However, Python

is a popular programming in software development, so this could be powerful in test

automation as well.

Here is the basic paradigm for GUI-based automated regression testing: [6]

� Design a test case, then run it.

� If the program fails the test, write a bug report. Start over after the bug is �xed.

� If the program passes the test, automate it. Rerun the test (either from a script or

with the aid of a capture utility). Capture the screen output at the end of the test.

Save the test case and the output.

� Next time, run the test case and compare its output to the saved output. If the outputs

match, the program passes the test.

First problem is this is not cheap, second problem is this approach increases additional

cost, third problem is these tests are not powerful, and fourth problem is in practice, many

test groups automate only the easy-to-run tests.

In addition to that, most of the companies are using paid automation tools, or they are

building their framework. Apart from this, the main problem was to provide a solution

in low budget for a client, but the requirements are to develop maintainable test suites

which can be easily readable, changeable without having strong coding experience. For

the paid tools; initial cost is lower than free tools, but it becomes costly in the long run due

to monthly subscription[7].

The purpose of the given thesis is to show how to design and develop a maintainable test

suite in Python. The test suite will be designed in a way that anyone can understand the

logical �ows if they have knowledge about the AUT. So, the client can understand all the

test cases and run regression test as per their need. Also, they can change locator id if it

changes later. In addition to that, they can use the same test suites if the language changes.

Finally, they can hire a test automation engineer to update the test suites and it will be less

time-consuming for an engineer having this test suite in hand.
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The goal of this thesis is to improve the readability of tests and therefore also the maintain-

ability of the test suite. In order to prove this, the goal is to quantify the effort needed to

realign the two test suites using the following metrics: the time required to update test suite

if UI changes, if locator id changes, if the language of the product changes. The properties

of its source code[8] determine the maintainability of a software system. Maintenance is

something we have to face after delivery of the code, two main goals of this thesis are:

1. When the program's UI changes, what amount of work do we need to do to update

the test suite with the goal that they precisely re�ect and test the program?

2. When the UI language changes, (for example, English to French), how hard is it to

modify the suite so they precisely re�ect and test the program?

Maintainability is a vast topic that can be applied in any kind of development. For example,

house development should be designed in a way that maintenance can be done easily on

periodical basis. Software maintenance is not about �xing wear and tear. Software is

not physical, and therefore it does not degrade by itself the way physical things do [8].

Test automation is also software development but it does not deliver direct product to the

customers. This is why it was not a concern during the implementation of automation

tools, but from the last 7-8 years POM becomes popular in test automation. A paper titled

'Improving Test Suites Maintainability with the Page Object Pattern: An Industrial Case

Study' showed how to improve maintainability in a test suites where test suite developed

using Java in Selenium. In related to that, the author published several papers related to

test automation in the 2013 IEEE Sixth International Conference on Software Testing,

Veri�cation and Validation Workshops. However, Selenium IDE lost the popularity by

these years and now Webdriver is the main popular feature of Selenium. A TalTech student

did bachelor thesis titled 'Selenium-based web Test Automation Framework Development'

where he implemented a test automation framework. Though he used page object pattern,

but his focus was not to show how to design in a way to make maintainable test suite. The

current state of the art is that POM is already an established model in the test automation

but my thesis would show how to design and implement maintainable test suites.
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2. Testing of web applications

In today's aggressive and rapidly changing world of software development, it has become

critical for the organization to test their web application before releasing to the market. By

performing different kinds of testing, organizations can gain con�dence that their product

will work without problems or dif�culties for the end-users. In testing, companies may

follow multiple strategies. Still, the common focus of the trial is to make sure the intended

functionality is working as expected and �nd the bugs in the early stage of development.

Based on these criteria, there are mainly two types of testing: Functional and Non-

Functional testing. Testing which checks the business logic of the product is functional

testing, any other kinds of testing termed as non-functional.

2.1 De�nition of Testing

Testing is de�ned as a process of evaluation that either the speci�c system meets its

originally speci�ed requirements or not [9]. In other words, testing is a series of actions

or steps to verify the intended result is achieved as per the initial requirements. In simple

words, software testing is an activity to check whether the actual results match the expected

results and to ensure that the software system is defect free [1].Testing approach depends

on the software development life cycle model, but it should provide the exact knowledge

about the quality of the product to the stakeholders.

Testing can be considered as a risk based activity where a tester must understand how to

minimize a large number of test sets into small manageable test cases and cluster what is

important to test in a particular feature or product release. Testing cost and bugs �nding

have a relationship where number of missed bugs becomes less when amount of testing

increases.

According to Figure 1, Where the graph of testing and number of missing bugs intersect is

determined as the optimal point of testing. The effective testing goal is to do that optimal

amount of tests so that extra testing effort can be minimised [9].
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Figure 1. Every Software Project has optimal test effort[9]

2.2 Types of Testing

Testing is a very wide topic in the area of IT systems where it includes various methods,

types, and levels or stages of testing. Attributes of testing depend on what application is

being tested, how big is the feature, and who does the testing. Also, the tester knowledge

about the AUT plays a vital role in order to divide testing activities into several groups

of types. Static testing and dynamic testing are the base in order to differentiate types

of testing. Static testing is an approach where code is not executed; it manually checks

the code, project requirement documents, and design documents to �nd errors. On the

other hand, code must be executed in order to do dynamic testing to check the functional

behavior of a software product. In high level, the following categories can be derived in

order to classify types of testing:

2.2.1 According to the Way of Testing

Testing can be done by a human or by the computer. When a tester manually executes a

particular set of tests, we call it manual testing. When the same set of tests performed by a

computer, we call automated testing. In reality, test automation cannot be a replacement

for manual testing, but it helps the tester to execute repetitive testing over a more extended

period. Moreover, some tests are time-consuming to execute manually; for example, if you

want to automate thousands of actions in a speci�c time, sometimes it's not possible to do

by the human at all.

Manual testing involves manual tasks like setting up test environment, execute the test

tasks and report the found bugs, review the results. This process can be done by following

a test plan or by exploratory testing[10].
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Following a test plan is the formal process of test steps needs to execute in order to check

functionality of the application under test. According to IEEE 29119-3 [11], it should

contain at least a test plan identi�er, an introduction, test items, the features to be tested,

the features not to be tested, an approach, item pass/fail criteria, stakeholder information,

testing communication and a schedule. Because it deals with prede�ned steps, it may be

executed by a less skilled tester. On the other hand, it requires time and effort from an

expert tester or test lead to document and maintain test plans.

Exploratory testing known as ad-hoc testing where a tester explore the product and test.

Most of the cases, its an unplanned testing but this approach gives opportunity to think out

of the box. As this testing does not require test plan or a minimum test plan is suf�cient, it

helps to get a result quickly. Creativity and the experience of the tester is the key in order

to discover important bugs quickly.

Automated testing known as test automation involves test execution without human

interference. In this testing, tester or developer write the scripts to run the test using

another software or tools. Basically, the same test plan can be used to develop automated

tests. Automated tests execution includes, however, other prerequisites [10]:

� Ability to run a subset of all tests.

� Automatic set-up and record environmental variables.

� Running the test cases.

� Capturing the results.

� Comparing actual and expected results and highlighting the differences.

� Analysing the results and processing them in a comprehensive and clear way.

Both manual and automated testing have advantages as well as disadvantages. The

circumstances of the application under test helps deciding the right way of testing. The

circumstances includes how big is the application, how big is the testing budget, and what

is the deadline to �nish the testing. Manual testing takes less time to setup initially but

automated testing bene�ts in the long run. However, testing speed is slow in manual

whereas automated testing is faster and uninterrupted so human resource can dedicate their

time to something else. Overall, test automation could take time and investment on initial

setup but it can reduce costs for regression testing in bigger projects [10]. Comparison

between manual and automation testing can be seen in Table 1.
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Table 1.Comparison of the Manual and Automation Testing

No. Manual Testing Automation Testing

1 Time consuming as the test is executed

by human and sometimes tedious.

Test execution by software tools, so it

is signi�cantly faster than human and

boring is not an issue for machine.

2 Less reliable due to human error. More reliable as it is performed by tool-

s/scripts.

3 Investment required for human re-

sources.

Investment required for tools.

4 Manual testing is practical when test

run is schedule once or twice (i.e: fre-

quent repetition is not required).

Automation testing is practical when a

repetitive test execution required over

a long time.

5 Manual testing allows human obser-

vation and exploratory testing which

helps to �nd UX and usability issues

Automation testing does not allow hu-

man observation; so less chance to guar-

antee UX and usability issues.

2.2.2 According to Depth

The next chosen attribute for the types of testing is according to the depth of tester insight

into the AUT. This approach is known as box approach, where tester knowledge about

the internal structure of the product is essential when designing test cases. This testing

methods are traditionally divided into white and black-box testing[1], but there is another

called grey-box testing, which has mixed features of white and black-box testing.

White- box testing; According to the name, this is a testing approach where a tester can

see inside the box. Clear-box testing and denotes technique, when the tester knows the

underlying implementation of an application, so he/she can decide how to develop the tests

according to this knowledge[10]. In this testing approach, the tester should understand the

structure of code to test. As a result, this kind of testing usually done by a designated tester

or developer.

Black-box testing; Likewise white-box testing, the name of this testing approach, de-

scribes the type where a tester cannot see inside the box. Black box testing treats the

software as a "black box". It indicates the way of testing, where the tester does not know

the details of how the AUT works[10]. An output of input is essential, but not how the

action is done. This is why this type of testing can be done by end-users as well as tester

or developer.
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Grey-box testing; This type of testing known as semi-transparent testing; includes having

knowledge about the internal structures of AUT for the test planning, but testing at the end-

user or black-box level. An example of this is testing of functionality of web applications

because to perform this type of testing, the knowledge of web page structure is required,

and simultaneously it is not important how the functionality testing performed[10]. Usually,

this type of testing performed by end-users, testers, and developers.

2.2.3 According to Scope

The last but the most critical attribute of testing is the scope. The scope denotes the size of

the tested parts of the AUT, or more speci�cally, what portion of the product needs to be

tested to achieve a result. The scope of the testing needs to consider where the application

stands in the SDLC pyramid, and when the tests are written for it. The motivation behind

the testing pieces of software comes in play because testing by parts can quickly identify

the error in small portion testing in isolation. Moreover, this type of testing helps a tester

to �nd bugs in the early stage of development. Testing by parts/units gives an overview

of small features before integrating into the full product. As a result, testing according

scope helps to identify the faulty feature in the early stage of development and debugging

in order to release top quality product.

Unit testing; A unit is the smallest piece of software code that can be tested by a mecha-

nism. Mostly this type of testing is done by the developer or a white-box tester who can

compile the code. It is required to break the software development into a set of units/-

modules where each module assigned to a different team or different individual. After the

completion of each module or unit, it is tested by the developer just to check whether the

developed module is working by the expectation or not; this is termed as unit testing [9]

Integration testing; The next step after unit testing is the integration of the units/modules.

A single unit may work alone as the unit test passed, but it is not obvious that it will

work when modules are connected to each other. As a result, once the modules of a

single software system have been developed independently, they are integrated, and often

errors arise in the build once the integration has been done [9]. For example, testing the

interaction with the database or payment processor requires integration testing.

System testing; The �nal testing step in the SDLC is system testing, which is testing the

whole software from every perspectives[9]. Several units aggregated into one to make

a component; several components integrated into one to create a system (i.e., software

product). System testing validates the full and completely integrated software product.
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These are the main criteria for the classi�cation of testing, but there are many other

scenario's can be considered to divide testing. The following diagram can describe

classi�cations of testing:

Testing Types

Way of
execution

Manual
testing

Automation
testing

Box
approach

White-box
testing

Black-box
testing

Grey-box
testing

Scope of
testing

Unit
testing

Integration
testing

System
testing

Acceptance
testing

Phase of
testing

Smoke
testing

Regression
testing

Re-
testing

Structure
of testing

Test case
based

Exploratory
testing

Figure 2.High level testing types based on various methods, types and scope or stages of
the testing

2.3 Continuous Integration and deployment

“Continuous Integration doesn't get rid of bugs, but it does make them dramatically easier

to �nd and remove.”— Martin Fowler, Chief Scientist, ThoughtWorks

In software engineering, continuous integration (CI) is the practice of merging all de-

velopers' working copies to a shared mainline several times a day[12]. It is a software

development practice where everyone on the engineering team is continuously integrating

small code changes back into the codebase. After each change that they're making, there's

a suite of tests that runs automatically that checks the code for any bugs or errors or

anything like that. A basic chart below describes how this happens practically:
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Figure 3.Continuous Integration in practical life

In the Figure 3, Step one is when a developer change code; they make a future branch,

push it up, submit a pull request. Then the integration tool runs tests automatically, and

that's pretty important before the next move. The tests need to be run in a consistent way

so that everyone on the team has full con�dence that they're running the tests in the same

style, and they can con�dently work on the same version of code. If the test pass, the

current developer is good to go and can keep making changes. The same developer can

go right back around, submit another pull request. If the tests fail, he/she need to make

sure to �x the code. Fix the code until tests pass and then continue developing. So it's this

beautiful cycle. The idea behind this that the development team wants to catch these bugs

as soon as they can. So they're not lingering over a long period of time.

The software quality is improved by minimizing the integration risks. This is the risks of

testing product at the end of development life cycle instead of testing simultaneously during

the development to catch the bugs and �x as soon as possible. As a result, integration

testing is feasible not only for integration but also for the unit and system testing[10].
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Continuous deploymentis the next step after CI; it is the ongoing delivery process of

features which are updated, tested, and ready for release. CD is part and parcel in the agile

development world. Business matters on continuous delivery where organizations are in

pressure for quick delivery and shorter time to get a return of investment. The continuous

deployment process �ow can be illustrated below:

Figure 4.Continuous Deployment process �ow [13]

According to Figure 4, CD is a long but automated process where a developer commits

source code for a software program to the code repository. There are several code repository

tools available in the market. Once code is stored in an organized way, code repository

triggers the build process, and then it automatically runs the unit tests. If the unit test

passed, the build goes to automated acceptance tests where testing happens in the test

environment. This is a system-level testing where it runs fully automated tests, and if it

becomes a success, the build is marked as ready for release. Most of the companies follow

user acceptance tests after an automated acceptance test. In this step, ready for release

build deployed to the staging environment and run another automated test to get approved

for release. Finally, QA tester performs manual testing, and the product gets released. In

any of the steps, if the automated or manual testing failed and the release blocker arises,
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it goes back to the developer to hot-�x and commit the code change. Again, the cycle of

the CD starts. For the management of this process, there are several available tools in the

market; Gitlab is one of those.

Key principles of CI

To achieve highest possible software quality, CI process has to dully follow key principles

listed below:

� Software code should be maintained in the code repository.

� Build and tests of the software project should be automated.

� Code changes should be committed to the code base every day.

� Each delivering of the code should trigger project build and testing process on

dedicated machine.

� The building and testing should be as fast as possible.

� User acceptance test should be run in the production environment.

� Results should be clearly visible and authors of the code delivery should be noti�ed

that their code delivery might cause failure.

� The latest version of application should be easily accessible, and this process of

releasing the application should be automated [10][14].

Bene�ts and Problems of CI

The advantages of CI are much more valuable than the disadvantages, but those problems

cannot be ignored. Here are two major bene�ts of CI:

� A major bene�t of CI is reduced risk, which is the main challenge of any project.

Because of CI, there is no long integration, so you know where you are, what works

and what is not working; outstanding defects in your project.

� The second bene�t of CI makes a solution to frequent deployment. As a result, your

user gets new features more quickly, and interactive feedback comes from the user

side as well. This process brakes the ice between the customer and the development

team.

On the other hand, a couple of main drawbacks of CI are below:

� Initial investments into hardware, that is usually a dedicated machine with CI tool

running on it and its slaves on which the actual CI build and testing is performed.

The cost could be partially limited by the virtualization of some of the machines.
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Virtualization is a creation of a virtual hardware platform, or operating system,

etc. Also, Tests need to be automatized, which can extensively increase the overall

development expenses.

� Security vulnerabilities need to be taken into account because an attack to the CI

system can mean disclosure of con�dential information or system shutdown, which

can have a negative impact on application development process [10]

2.4 Test Automation Approaches

Test automation is not just for test case execution [15]. According to the author of this

article [15]; To work more ef�ciently and effectively, test engineers must be aware of

various automated testing strategies and tools that assist test activities other than just

test execution. However, automation does not come for free, so it must be carefully

implemented. Test automation strategy comes from the thinking of aftereffect of test suit

implementation, which is test maintenance. In agile software development, continuous

integration plays a vital role where software QA engineers should think about how to

integrate automated testing during development, deployment, and delivery, beyond mere

test execution. However, software engineers will be able to get the highest bene�t from

such automation only if they know available strategies and tools for test automation.

To determine strategies, anyone must be aware of the building block of a testing framework.

Based on the testing types and key principles of CI, a basic building block of test automation

framework can be sketched below:
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Figure 5.Basic building block of a test automation framework

In the Figure 5, We can divide inputs and outputs by the left and right-hand parts. The

test framework depends on several external sources where to inject from the CI/CD tool

requires to get trigger test. The framework must be able to read con�gurations and web

element object repository. The signi�cant advantage of object repository is the segregation

of locators from the test case; more details are in 4. In addition to that, the framework will

need to read data from a data source like excel �les. On the right side, during or after test

execution, bug reporting should be done in a professional way, including all details. Such

details are screenshot, video, logs, etc. which helps on debugging by the developer. Test

execution reports should be generated and send the report to stakeholders, usually HTML

formatted reports.
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Test automation is software development, so the approaches are similar to the SDLC.

Even if we use a simple record/playback tools, some sort of codes are generated in the

background. Like any project management, test automation strategy requires planning,

analysis, design, implementation, and maintenance.

Figure 6.Test automation approaches aligning with SDLC

According to Figure 6, Test automation planning and designing are one time approach,

whereas development, execution, and maintenance is an iterative approach. In the planning

phase, feasibility study must be done in order to shortlist the relevant test cases for

automation and choosing the right test tool as per client requirement. Then, selecting a

test automation framework is a vital part of the design phase. There are multiple options

to proceed with. For example, linear test automation framework, data-driven framework,

key-word driven framework, etc. Test data management plans and techniques for choosing

reusable libraries are also included in this step. After that, the heart of test automation

starts, which is the development of the test automation script. In this period, creating test

data and building execution �ow started, which are the input of the next stage. Finally,

test execution starts where creating a test environment, deploying test suites, test script

execution to reporting bugs are the integral parts. Last but not least, the maintenance of test

suites, update assets, archiving test scripts, and using the test automation for the regression

run must be planned as well. However, based on the scenario of the product update, these

strategies can be changed in the test automation process.

To better understand how this process works, the author of this paper 'Test Automation

Not Just for Test Execution' derived six testing activities with an enormous potential for

automation[15]. These could be termed as test automation life cycle:

1. Test-case design.

2. Test scripting.

3. Test execution.

4. Test evaluation.

5. Test results reporting.
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6. Test management and other test engineering activities.

Test-case design; This activity is the �rst duty of a test engineer when they plan to move

into test automation. Not all test cases designed for the manual test can be automated.

The test case design outputs a suite of test cases (input and expected output values) or test

requirements (for example, control �ow paths to cover) [15]. The output of this activity is

being used by the next activity called test scripting.

Test scripting; Test scripting outputs either manual test scripts (in a variety of formats) or

automated test suites for use in test execution. Testers have been manually performing test

scripting for many years [15].

Test execution; Test execution runs the test cases on the AUT and records the results or

observes the AUT's output or behavior. Decisions made during the previous activities

affect test execution. For example, if a tester develops all the tests as automated test suites,

test execution will obviously be fully automated. In contrast, if the test team develops all

its tests as manual test scripts, test execution must be manual. Test execution is partially

automated if some scripts are automated and others are manual [15].

Test evaluation; There are usually three approaches for evaluating the test outcome (pass

or fail):

� A human tester makes the judgment.

� The developers incorporate (hard-code) test evaluations as veri�cation points (asser-

tions) in the test code.

� The developers build “intelligent” (learning) test oracles, using machine learning

and AI.

Test results reporting

This is usually the last phase; it reports test verdicts and defects to the developers for �xing

- for example, through defect-tracking systems[15].

Test management and other test engineering activities; These activities include test

set minimization (which includes test redundancy detection), regression test selection,

and test repair (conducting maintenance on broken automated tests when the AUT has

changed)[15].
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3. Evaluation of the Tools

The test automation approach discussed in the previous chapter 2, �rst step is planning

where you must choose the right test automation tool as per the client requirement. Compa-

nies who have less budget are not interested in test automation, but due to the complexity

of software development, its not easy to ignore. Though they have a �nancial limitation,

the aspiration to have automation testing leads them to choose the right tool from available

options. An automated test is more effective when time, cost, and usability are concerned

[16].

There is a wide verity of test automation tools that focuses on automating web and mobile

applications, either open source or commercial. While those tools that support a wide range

of applications, with better features and functionality, may require additional costs[16].

In this paper, I tried to automate an e-commerce based web applications for a startup

company; I concentrated mainly on open source tools which are suitable for enterprise

usage. The initial requirement is to automate their checkout process for different browsers,

especially for the web, then enhance for mobile browsers. That means cross-browser

support must be there where it has to support all major browsers including Firefox, Internet

Explorer, Safari, and Google Chrome, on the major Operating Systems (Linux, Windows,

Mac). The next requirement was to provide a programmatic way of creating test scenarios

from manual test scenarios; CI integration is the next target. Finally, the tool has to be

enabled for testing rich web applications (i.e: Ajax-based web sites).

3.1 Criteria for choosing the tools

The criteria for choosing a test automation tool may differ from organization to organization.

This is because of the initial investment in purchasing tools, the high initial cost in designing

test cases, and may require additional training of human resources. To get the maximum

bene�t of test automation, criteria for choosing the right tool must be set in a way to make

test automation more reliable, programmable, reusable, comprehensive, and maintainable

in the long run. In addition to that, a tool which can support more excellent test coverage

should be in the list of evaluation parameter.
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To analyze the features of automated testing tools, we need to identify the features to be

used for distinguishing similarities and dissimilarities of each tool. According to Mittal

[17], when selecting the best tool among automated testing tools, we can consider these

key points: Support to platforms and technology, �exibility for testers of all skill levels,

feature-rich but easy to create automated tests that are reusable, maintainable and resistant

to changes in the applications user interface.

Table 2.Evaluation criteria of test automation tools[16][17][18]

Criteria De�nition

Cost Whether free or licensed

Cross platform How many operating systems supported

Cross browser How many browsers supported

Record playback Ability of tool to record scripts

Script language Programming languages used to edit test scripts or for the cre-

ation of testing scripts

Ease of learning How easy the tool is used

Available resources How easily the resources found in online

Programming skills Programming skills needed or not

Data driven The ability of tool to reduce efforts like making it possible to

make the scripts access the different sets of input data from

external source like data tables, excel sheets

Report generation How result is represented

Training cost The training cost for the tool if exist where low is less than 500,

medium is 500-1500 USD, high is 1500++

3.2 Comparison of tools

Several researchers compared the automation tools based on the above-mentioned criteria.

In the article titled 'Comparative review of the features of automated software testing

tools' the author concluded that if the project cost is to be given higher consideration,

open-source tools such as Selenium is the better option. If the availability of support, ease

of learning, report generation are to be considered, licensed tools such as QTP/UFT is a

good option [16]. In another article titled 'Comparative Analysis of Automated Software

Testing Tools' the author analyzed only commercial tools and concluded that Loadrunner

is the best tool[18]. They could be correct in their point of view, but Loadrunner is best for

load testing where client-server application, network, and web performance needs to be

tested. Authors of the article [19] 'A Critical Analysis of Software Testing Tools' could
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not come to a conclusion but their observation looks practical where for a particular testing

purpose, tradeoffs can be made to select the best tool depending on the size of the project,

the budgeted cost for testing, the platform of the application and also the language that is

used to develop the project. According to my chosen parameter from the client requirement,

I found Gamido [16] has the latest analysis where they showed the comparative review of

the selected automated software testing tools based from the evaluation parameter used in

the above section:

Table 3.Comparative review of automated software testing tools[16][9][20]

Criteria Selenium Watir Test

Com-

plete

QTP Ranorex Load

Runner

Cost Open

source

Open

source

Licensed Licensed Licensed Licensed

Cross plat-

form

Windows

Linux

Mac

Windows

Mac

Linux

Windows Windows Windows Windows

Linux

Mac

Cross

browser

Chrome,

Firefox,

IE, Opera,

Safari

Chrome,

Firefox,

Opera,

IE,Safari

Chrome,

Firefox,

Opera, IE

Chrome,

Firefox,

IE

Chrome,

Firefox,

Opera,

IE,

Netscape,

Safari

Any

browser

Record &

playback

Support Support Support Support Support Support

Script lan-

guage

Java,

Ruby,

Python,

PHP, C#

Ruby,

Java, C#

Vbscript,

C#,

Javascript,

C++, Del-

phi

Vbscript,

Java, C#,

Delphi

Vbscript,

C++, C#,

Python

Vbscript,

C, Vb, C#,

Javascript

Ease of learn-

ing

Experience

needed

Easy to

learn

Experience

needed

Easy to

learn

Easy to

learn

Experience

needed

Available

resources

Plenty Limited Limited Limited Limited Limited

Continues...
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Table 3 –Continues...

Criteria Selenium Watir Test

Com-

plete

QTP Ranorex Load

Runner

Programming

skills

Needs

to have

program-

ming

skills

Partial Needs

to have

program-

ming

skills

Partial Partial Partial

Data driven Yes Yes Yes Yes Yes Yes

Training cost Low Medium High High High High

Report gener-

ation

Html Html,

Xml

Html,

Xml

Html,

Xml

-gives ex-

ecutive

sum-

mary

of test,

gives

statistics

in the

form

of pie

charts

Html

-with ex-

ecutive

sum-

mary,

with

graphs

for faster

and

better

compar-

ison of

defects

in every

run

Does not

provide

graphical

represen-

tation of

results

3.2.1 Selenium

Selenium is one of the ef�cient test automation tools become popular among QA engineers

because of the nice test automation framework and �exibility of coding in almost all

popular programming languages. Jason Huggins originally developed Selenium in 2004 as

an internal tool at ThoughtWorks, which is a privately owned global software company

[21]. Mainly Selenium used for web application test automation, but it's not limited to test

automation only. Web scraping is another usage of Selenium where anyone can scrape data

from javascript generated content from a webpage. Selenium comes with three variants:

� Selenium IDE: A Chrome and Firefox add-on that will do simple record-and-
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playback of interactions with the browser[22].

� Selenium Webdriver: A robust driver that controls the browser's behavior. This

is a solution when you want to create browser-based regression automation suites

and tests, scale and distribute scripts across many environments. There are a lot

of different implementations to support main modern browsers(Firefox, Chrome,

Internet Explorer, Opera, Safari) and even some headless browsers(HTMLUnitDriver

and PhantomJS). [4]

� Selenium Grid: It is a server for evaluating instances of web browsers operating on

remote machines. If you want to scale up by spreading and running tests on multiple

machines and control different environments from a central point, making testing

easy to run against a large combination of browsers/OS, then Selenium Grid is the

option[22].

3.2.2 Watir

Watir (Web Application Testing in Ruby) is pronounced like water. It is an open source

family that uses ruby libraries to automate web browsers. Watir enables testers to write

tests that are easy to read and maintain. Watir is simple and �exible[1]. Most important

variations of Watir are:

� Watir-classic: Watir-classic makes use of the fact that Ruby has built-in object

linking and embedding (OLE) capabilities. As such it is possible to drive internet

explorer programmatically. Watir-classic operates differently than HTTP based test

tools, which operate by simulating a browser. Instead, Watir-classic directly drives

the browser through the OLE protocol, which is implemented over the Component

Object Model (COM) architecture [23].

� Watir-webdriver: Watir-webdriver is a modern version of the Watir API based on

Selenium; Jari Bakken has implemented the Watir API as a wrapper around the

Selenium 2.0 API in Ruby [23].

� Watirspec: Watirspec is an executable speci�cation of the Watir API like RubySpec

is for Ruby [23].
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3.2.3 Test Complete

TestComplete is a functional test automation tool developed by SmartBear Software.

TestComplete gives testers the ability to create automated tests for Windows, Web, Android,

and iOS applications. Tests can be recorded, scripted or manually created with keyword-

driven operations and used for automatic playback and error logging[24]. This is an

automated UI testing tool with arti�cial intelligence.

3.2.4 QTP

Quick Test Pro (QTP) is a GUI based test automation tool for recording and playback, a

part of the HP quality center tool suite. It was originally written by Mercury Interactive,

which was acquired by HP (Hewlett Packard) in 2006 [1]. It is a tool used to automate

functional and regression tests for various software applications and environments. HP's

Quick Test Professional uses the VBScript scripting language to specify the test procedures

and to manipulate the objects and controls of the test AUT. QTP also enables us to

test Java applets and applications, and multimedia objects on Applications as well as

a standard Windows application, Java, Visual Basic applications and .NET framework

applications.This works by de�ning and executing the necessary operations (such as mouse

clicks and keyboard events) of the application user interface or a webpage. Although

HP's Quick Test Professional is usually used for "UI Based" test case automation, some

"Non-UI Based" test cases, such as �le system operation and database testing, can also be

automated. [18].

3.2.5 Ranorex

Ranorex GmbH is a German software development company developed the GUI test

automation tool called Ranorex Studio. This framework is used for desktop, cloud, and

mobile apps quality testing. Using common programming languages such as C and

VB.NET Ranorex Studio supports the development of automated test suits. The main

features of this tool are:

� Recognition of GUI object, �ltering of GUI elements using RanoreXPath proprietary

technology

� Object-based recording and replaying using Ranorex Recorder which records the

user's desktop or web-based interactions and generates users-maintainable scripts

that can be edited with the Ranorex studio action editor. Record and replay for
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actions such as key presses and touch actions is supported on mobile devices. The

recorded actions are available as both C and VB.NET code [25]

3.2.6 Load Runner

HP's Load Runner is a test automation tool from Hewlett-Packard for load testing: system

behavior and performance are examined while a real-time load is generated. It works by

creating virtual users that replace current users and generate loads. The load means to

make thousands of simultaneous operators to put the application through the severities of

actual user load, although gathering information from key setup mechanisms. [18].The

key components of LoadRunner are[26]:

� Load Generator generates the load against the application by de�ned scripts

� VuGen (Virtual User Generator) for generating and editing scripts

� Controller controls, launches, and sequences instances of Load Generator - speci-

fying which script to use, for how long, etc. During runs, the Controller receives

real-time monitoring data and displays status.

� Agent process manages the connection between Controller and Load Generator

instances.

� Analysis assembles logs from various load generators and formats reports for visual-

ization of run result data and monitoring data.
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4. UI Automation- Page Object Model and other

design patterns

Writing test script using Python is not a tough job as its easy to code and easy to read. It

requires �nding elements and perform systematic actions in a webpage. Consider the below

example of a simple selenium script that will navigate to Taltech website and identi�es the

search �eld and enters the query and click on the search button. I used the Taltech website

just for an example other than the AUT I will be using in my real experiment.

from selenium import webdriver

class searchTaltech:

driver =webdriver.Chrome("../drivers/chromedriver")

driver.get("https://taltech.ee/en/")

driver.find_element_by_id('search-text').send_keys('Computer

Systems')

driver.find_element_by_id('search-text').submit()

assert 'No Results' not in driver.page_source

driver.quit()

In the above code, a test created for UI based web applications using Selenium libraries

have two parts:

� Located the UI elements by locators.

� Performed actions on these elements.

From the code, it looks like maintaining is very easy because of fewer lines of code.

However, when you need to test all the features, it becomes complex UI with many pages

and elements. Then there will many test cases which will increase lines of code, and the

maintenance of the code will be dif�cult sometimes un-maintainable. In addition to that,

if the same element (i.e., search �eld) is being used in 15 test cases, then the id of that

�eld needs to be changed in 15 places, which is time-consuming and impractical when test

engineers continue to add and extend tests.
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4.1 Page Object Model

To solve the problem mentioned above, an approach of a formalized design pattern called

Page Object Model (POM) incubated in the software development industry. The POM

design pattern principle is about the separation between test classes and pages (business

objects) where it allows test projects to decouple responsibilities (tests VS. page logic) and

expand codes in the test script. This is a design model that distinguishes the UI elements

and tests or operations conducted on them. Usually, the UI components are implemented

as Page Objects with all the associated logic. Tests are entirely independent to execute

these Page Object operations. Thus, features provided by a web page become "services"

provided by the speci�c page object (i.e., methods) that can easily be called in any test

case. Therefore, all the web page speci�cs are within the object of the website. Adopting

the page object pattern allows the test developer to operate at a higher abstraction level

(clearly, unless page objects are required)[3].

The diagram below shows the sequence between test and a page object:

Figure 7.Interaction between Test and a PageObjec[27]

According to Figure 7, there is a clear separation between the test object and the page

object, such as the locators and the layout. This is how tests and pages are divided in a

single repository for the services or operations offered by the page rather than having these

services scattered throughout the tests[22]. In the test object, it initializes driver, and tests
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are veri�ed by getting UI locators from the page object. This permits changes due to UI

changes in both cases to be carried out in one place.

Implementation of POM involves the following steps:

� Review the overall �ow of UI Screens.

� Create a Page class for every UI screen.

� A Page Class should return another Page class (via an operation), which represents

the next screen in a �ow.

� Create Test classes and test methods that perform operations on Page Objects. [27]

To implement that in POM in the above example of a basic search in the Taltech website,

we need to create a page class for the homepage, separate locators, and test class for

veri�cation. For the Taltech website, we have a login page for login, menu bar for

navigation, the main page where user landed, header section for search. Based on these

four pages, we can design POM like below:

Figure 8.Page Object Model implementation for Taltech webpage with two tests

According to Figure 8, Two tests are implemented, but during the test design, we need to

consider all the pages. Here, the menu is not a separate page, but I considered it as a page

because all the locators of this page need to be separated from the main page, which could

be accessed independently in any test.
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4.2 Other design patterns

Screenplay model; This model further brings POM into a more legible (and assumed to be

maintainable) screenplay structure by arranging page objects, actions, and other elements

such as inputs, goals, actors, etc. Screenplay pattern is a template pattern (formerly

known as the Journey pattern) for writing acceptance tests that are based on SOLID design

principles. SOLID is a part of Object-Oriented Design, speci�cally:

� Single Responsibility Principle

� Open Closed Principle

� Liskov Substitution Principle

� Interface Substitution Principle

� Dependency Inversion Principle

When writing an acceptance test, For each web page, each page object containing the UI

item of the web page and behavior, each entity performs while using the Page Object pattern.

The size of the class, therefore, increases with every new item and action. This often leads

to an anti-pattern called “Large Class” which is a violation of some SOLID Principles,

which are SRP (Single Responsibility Principle) and OCP (Open Closed Principle). SRP

states that a class should be responsible for only one responsibility[28]. The OCP notes

that an extension of the class should be allowed, but modi�cation should not be allowed.

Similar principles are adhered to in the screenplay model, and a separate class is required

to perform each actor. This implies that there is a process class for each process. This

makes it easier to read and manage a lot of smaller classes instead of a few larger classes.

Façade Design Pattern; It is similar to the Page Object Model, but it's geared to full

facades or shapes where many inputs and possibly more than one action need to happen,

the main drawback is that variance in the work�ow forces you to create another façade

class. The test level calls the entire façade class and provides an object that contains all the

inputs needed. It is similar to how API testing is sometimes arranged[28].

Fluent Design Pattern; It is a different �avor of POM that is supposed to conform better

with Behavior Driven Development since it forces the test to be done in a "logical chain"

or work�ow. The page objects are written in a �uent interface manner in which methods

can be cascaded or chained in a �ow of calls. This is achieved by making the methods

return a page class object of the type required to continue the �ow [28].
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4.3 Dependencies

4.3.1 Python

Python – a programming language that focuses on the readability of code. This is a

programming language that lets you work quickly and integrate systems more effectively.

Simple to learn, considered to be the best beginner programming language [4]. A strong

package management system calledpip is available, which can be used to install new

packages easily on any OSes where Python is available.pip installs and updates packages

from remote repository called PyPI(Python Package Index) [4]. All packages which are

used in this experiment can be acquired viapip. Python version 3.8.2 will be used in the

experiment of this study.

4.3.2 Selenium Webdriver

As described in chapter 4, Selenium has three components where Selenium Webdriver

is used for a robust solution for cross-browser test automation. Selenium Webdriver has

bindings for Python, so test cases can be written in a pure programming language using

different kinds of helper tools.

Selenium Webdriver controls browser by communicating directly with it; A collection of

open-source APIs are used to automation of testing of a web application to verify it works

as expected. The interface of Webdriver is the starting point of all Selenium Webdriver API

use, where the initial step is to install a WebDriver framework. You create an instance of a

WebDriver interface using a browser-speci�c constructor. The name of instances varies

for different browsers and programming languages. For example, invoking a new Chrome

instance is like driver = webdriver.Chrome(). The main classes of Selenium Webdriver are:

Webdriver and Web element. Webdriver object represents an instance of a real browser's

driver and controls the browser's behavior. Web element object represents an element on

the web page [4]. Selenium 3.141.0 will be used in this experiment.

4.3.3 Webdriver manager

As we create instances of each browser, the browser driver needs to be in the machine

to open it. If the browser driver is not present, Webdriver can't open it. Another

way is to provide an executable path for browser driver. For example; driver = web-

driver.Chrome("../drivers/chromedriver") where executable path is provided in the parame-

ter. This way is not good solution when you want to run the test in different versions of a
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browser. The main idea of WebDriver manger is to simplify the management of binary

drivers for different browsers. Currently it supports [29]:

� ChromeDriver

� GeckoDriver

� IEDriver

� OperaDriver

� EdgeChromiumDriver

4.3.4 Unittest

The python version of the unit testing framework; originally inspired by JUnit with a

similar �avor of unit testing frameworks in other languages. It supports test automation,

sharing of setup and shutdown code for tests, aggregation of tests into collections, and

independence of the tests from the reporting framework [30]. To achieve this,unittest

supports some important concepts in an object-oriented way:

test �xture: A test �xture represents the preparation needed to perform one or more tests,

and any associated cleanup actions. This may involve, for example, creating temporary or

proxy databases, directories, or starting a server process[30].

test case: A test case is the individual unit of testing. It checks for a speci�c response to

a particular set of inputs.unittestprovides a base class,TestCase, which may be used to

create new test cases[30].

test suite: A test suite is a collection of test cases, test suites, or both. It is used to aggregate

tests that should be executed together[30].

test runner: A test runner is a component that orchestrates the execution of tests and

provides the outcome to the user. The runner may use a graphical interface, a textual

interface, or return a special value to indicate the results of executing the tests [30].
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4.3.5 HTML Reports

Once you have Selenium test suite, it needs to executed and test results needs to be analyzed.

On the other hand, stakeholders may want to see reports in a presentable way rather than in

console or IDE. As a result, all your test reports need to be organized clearly, so that you

have the visibility all at one place. Selenium does not come up with reporting capability,

which is one of the most common drawbacks of it. However, there are several third-party

tools that can be integrated within Selenium code. For Python, three popular tools are:

� HTMLTestRunner

� Allure

� Nose

I don't need fancy reporting since I won't analyze test run results so that I will use the

basic reporting tool HTMLTestRunner.
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