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Abstract- Testing is a phase in software application development 

lifecycle. This process validates whether the application which is 

developed conforms to the requirements provided. This process 

could be accomplished using both manual as well as code based 
automated solutions. This paper mainly talks about the different 

types of test automation approaches which could be implemented 

to enhance the productivity and efficiency of the testing life cycle. 

The different automation strategies, generic framework 

architecture, the features and advantages and how returns are 

generated on the investment is discussed in detail. 

 

Index Terms- SDLC – Software Development Life Cycle, AST – 

Automated Software testing, MT – Manual Testing, API – 

Application Programming Interface, IDE – Integrated 

Development Environment, POM – Page Object Model, E2E – 
End to End Tests, OTP – One Time Password, UI – User Interface, 

CI/CD – Continuous Integration/Continuous Delivery 

(Deployment), ROI – Return On Investment, VCS – Version 

Control System 

 

I. INTRODUCTION 

 

Any process which happens n number of times consistently with 
only change in data are known as static processes. An intelligent 

decision making is not required for such type processes. Any 

process which has this kind of property is an ideal candidate for 

Automation. Automation is the process by which such repeatable 

steps could be made to do by machines or by software code. This 

results in the process becoming faster, highly efficient, reliable 

and error free. This drastically reduces the human intervention 

required for the process to be completed. Automation techniques 

can be broadly classified into two viz. hardware-based automation 

and software-based automation. 

IT software testing refers to analyzing and interrogating a software 

program to unearth errors and secret faults. Software testing is 
projected to ensure that an integrated software program performs 

to meet satisfaction thresholds, access, and quality preservation. 

For an Information Technology system to be complete, the 

software testing realm should not miss in the Software 

Development Life Cycle. Under the requirements of SDLC, 

software development is not absolute under it is subjected to the 

testing process. Inherently, testing is not performed to demonstrate 

an error-free system but to establish a confidence wall that 

supports the installation and performance of the entire system. 

In this research paper, the major discussion will be on the software 

automation practices. Software testing is expensive, labour 
intensive and consumes lot of time in a software development life 

cycle. There was always a need in software testing to decrease the 

testing time. This also resulted to focus on Automated Software 

Testing, because using automated testing, with specific tools, this 

effort can be dramatically reduced and the costs related with 

testing can decrease. Manual Testing requires lot of effort and hard 

work, if we measure in terms of person per month. Automated 

Software testing helps to decrease the work load by giving some 

testing tasks to the computers.   

In software automation software code is created, which helps to 

configure and run repeatable processes, n times consistently. Key 
points of discussion will revolve around software testing area and 

how automation practices helps in performing automated software 

testing effectively. In software testing, Test Automation is the use 

of software separate from the software being tested to control the 

execution of tests and the comparison of actual outcomes with 

predicted outcomes. The testing process mostly adheres to the 

static process category wherein there exists pre-defined input steps 

and corresponding outputs steps. Here a known outcome of a 

particular action is presented which is in turn validated via code.  

II. TYPES OF TEST AUTOMATION 

Test automation could be employed in software testing on the 

below types of applications: 

1. Web based application automation 

2. Mobile based application automation 

3. API automation 

Web automation includes automation testing an application which 

is hosted over web on a particular URL and validating and 

verifying its conformity to the requirements outlined during the 

application development. The web automation is done from a UI 

standpoint and tests are run which mimics the action of a manual 
user via code. The applications developed caters to various fields 

like travel, tourism, banking, hospitals, insurance etc. 

Mobile automation is similar to that of web, but instead of the 

application being hosted on a URL it is developed as a 

distributable installer which is installed and accessed over multiple 

type of mobile devices. The automation testing of this is again 
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accomplished via UI components and it also mimics the action that 

a manual user would perform on the device via code. 

API automation is different from the above two approach. API’s 

are the internal connections which are present on both web and 

mobile application, which is hidden from the user, but critical for 
the application to function. It is analogous to human body 

containing blood vessels and nervous system. Hence when 

performing automation in this layer it requires specific targeted 

information, inputs and outputs. 

Advantages of Automation 

Test Automation is highly advantageous as compared to MT. That 

is the reason why it is highly adopted. Some of the key advantages 

of test automation are given below. 

1. Enhanced Results 

Since automation testing saves plenty of time even when complex 

and enormous systems are taken into consideration. This allows 

testing to be carried out repeatedly, delivering better and faster 
results with significantly lesser efforts and reduced time. 

2. Swifter Feedback System 

Automation testing is extremely crucial during the validation 

phase of any software project. It significantly enhances 

communication among the developers, designers, and product 

merchants, and provides space for the potential glitches to be 

rectified immediately thus enhancing the efficiency of the 

development team. The feedback loop is extremely faster. 

3. Brand Enhancement 

The effectiveness of testing is always dependent on the quality of 

test data that is being used. Testing is often performed on the 
copies of live databases as creating relevant and quality test data 

takes copious amounts of time. Automation solutions allow you to 

re-use your data time and again. This saves a lot of costs from 

project handling and project maintenance perspective. 

The best aspect of automated testing is that it adds value to all the 

stakeholders. Automated testing systems not only enhance the 

system’s capability but also pave the way towards digital 

innovation and revolution. It not only improves the brand name 

but also increases brand recall value, thus ensuring far greater 

customer retention. Due to automation testing, there are permanent 

fixes generated to issues long pertained as unsolvable. 

4. Cost-effective 
Even though the initial investment needed for automation testing 

is on the higher end, it saves a lot of money for the company in the 

longer run. It is predominantly due to the reduction in the amount 

of time required to run the tests. It also contributes a much higher 

quality of work as there are no chances of neglect or human error. 

This decreases the necessity of fixing glitches in the post-release 

phase, thus saving huge amounts of project costs. Additionally, the 

number of runs is also one of the factors that results in returns over 

investment, 

5. Efficiency testing 

Testing is one of the most pivotal parts of the entire application 
development cycle. The most attractive part of the automation 

testing is that it can be left virtually unattended. This leaves a lot 

of room for the results to be monitored towards the end of the 

process. Tests could be triggered and run-on nightly basis. This 

allows for increasing the overall efficiency of the application. 

6. Increase in coverage area 

Through the use of automation testing, more tests can be allotted 

pertaining to any application. This leads to higher testing coverage 

and a reduction in software anomalies. It also allows room for 

testing more features and complex applications. By covering the 

smoke and regression tests via automation quality time could be 

invested in ad hoc testing. However, in order to do the same thing 

in a manual testing scenario would require a massive team along 
with heavy time constraints. 

7. Detailed testing 

All testers tend to have different testing approaches with different 

focus areas as per their exposure and level of expertise. With the 

help of automation, there is an equal focus on all areas of testing, 

thus assuring the best possible quality of the end product with 

greater emphasis on each aspect of the product. Automation 

testing is known for its atom level approach of testing due to which 

it is considered robust & error-free. 

8. Reusability 

Test Automation is repetitive in nature due to the nature of its test 

automation cases. It is easy to setup, configure and gives the 
software developers an opportunity to assess the program’s 

reaction. Automated test cases are totally reusable and hence can 

be utilized for testing any aspect of the code as per significance 

and through a plethora of different approaches. Framework based 

models helps to achieve this with ease. 

9. Earlier detection of defects 

Automated test runs are triggered instantly when the development 

code is updated on the main branch. Automation testing 

documents the software defects and hence making it considerably 

easier for the testing teams. This also makes it relatively easier for 

the development and support team to together contemplate the 
defects and give a faster output. The overall development speed of 

the project is increased while ensuring correct functionality across 

relevant areas. The earlier any defect is identified, the better and 

cost-efficient it is to solve and deploy it. 

10. Time to market 

Test automation helps significantly in reducing the time-to-market 

launch of an application. Automation testing allows constant and 

regular execution of test cases. Post automation the test library 

execution is extremely swift and runs longer. Environment wise 

releases are triggered on successful completion of each stage. This 

results in faster production deployments. 

III. WEB AUTOMATION 

Web automation testing technique is where manually written test 

cases are converted to have a corresponding code and the code gets 

validated against the application for the same steps as in manual 

mode. 

Consider the example below. The below given is a generic 

scenario in web application test. 

 

Scenario 
Description 

Steps Expected Result 

Login 1. Launch the 

application 

2. Navigate to the 

home page 

3. Enter valid user 
id and password 

4. Click on Login 

The user should be 

successfully 

logged in to the 

system 
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During automation for each of the steps defined will have a 

corresponding code snippet which performs that operation and 

finally a validation piece of code, which validated the expected 

result. 

There are many open-source as well as paid tools which could be 
leveraged for Web Automation purposes. The below table (Fig 1. 

Web Automation Tools) lists a set of tools that are available in 

market, which is used for Web Automation. The parameters under 

consideration during the evaluation of the software’s are License 

Cost, Application Type, Record & Playback, Programming 

Language support, Platform Support, Browser Support, Technical 

Support, Dialog box Support, Creation of Scripts, Usage, Data 

Driven Framework & Report Generation. 

 
Fig 1. Web Automation tools 

IV. MOBILE AUTOMATION 

In the modern world majority of the handheld mobile device 

market is ruled by two Operating System (OS), namely iOS & 

Android. Android is used globally by around 71.62% of devices 

whereas iOS contributes 27.73%. On the remaining 0.6% is 

occupied by other vendors. Hence when mobile automation is 

considered it is mainly referring the automation of devices using 

iOS and Android OS. There are three types of applications that 

runs on mobile devices: 

a. Native Applications 
b. Browser based Applications  

c. Hybrid Applications 

Native applications are applications which are coded and 

developed in the language which is supported by the OS. i.e, for 

iOS applications developed using swift language in Xcode IDE 

and which has a file extension of .ipa. In Android it uses either 

Android Java or Kotlin and the applications are developed in 

Android Studio which are having the file extension as .apk. 

Browser based applications are developed to be consumed via 

mobile browsers. These are hosted on URLs and accessed via 

mobile browsers. For example, applications like amazon.com, 

booking.com etc. Automation of test cases on these applications 

can also be accomplished via mobile automation tools. 
Hybrid applications are developed for both Android and iOS 

platforms using a single programming language. Ionic is a 

framework which leverages JS libraries such as Angular, React 

and Vue to build mobile applications that can be used by iOS and 

Android platforms together. In this approach the core development 

language for a specific platform is not used, rather a different 

programming language is used altogether. 

The below given table (Fig 2,3. Mobile Testing Tools) contains a 

list of Mobile Automation tools and its capabilities listed. The 

major criterions included are License Type, Application 

Supported, Programming Language support, Platform Support, 

Mobile App Type Support, Technical Support, Usage, Supported 
Devices, Data Driven Framework, Mobile Specific Feature 

Support & Report Generation. 

 
Fig 2. Mobile Testing Tools 

http://dx.doi.org/10.29322/IJSRP.12.12.2022.p13233
http://ijsrp.org/


International Journal of Scientific and Research Publications, Volume 12, Issue 12, December 2022              294 

ISSN 2250-3153   

  This publication is licensed under Creative Commons Attribution CC BY. 

http://dx.doi.org/10.29322/IJSRP.12.12.2022.p13233    www.ijsrp.org 

 
Fig 3. Mobile Testing Tools 

V. API AUTOMATION 

API Automation involves the test automation of the invisible 

components present in every application built today. These 

components are the core part of the system which makes it 

functional, easy to use and helps in effective data handling. API is 

the middle layer of the application. For example, when a user 
registers the first time when using an application, this whole data 

is stored on the backend and is later retrieved when a specific 

condition/request invokes it. This process is handled by APIs. 

Automating the APIs of an application is really helpful as it gives 

very fast feedback and generally acts as pre requisite step before 

any UI based tests are triggered. That is, if an API test fails then 

there will definitely be an issue present in the UI of the application 

as all UI based tests basically invokes an API in the backend. 

Hence API Automation is highly effective in identifying issues in 

the system in a fast-paced manner. 

The below given table (Fig 4,5. API Automation Testing Tools) 

contains a list of API Automation tools and its capabilities listed. 
The major criterions included are License Type, Application 

Supported, Programming Language support, Platform Support, 

Technical Support, Usage, Proficiency Required, Data Driven 

Framework & Report Generation. 

 
Fig 4. API Automation Testing Tools 
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Fig 5. API Automation Testing Tools 

VI. AUTOMATION FRAMEWORK GENERIC ARCHITECTURE 

For any type of test automation, it is always better to build it via a 

framework. Frameworks basically helps to handle different 
modules as individual components operating independently. This 

makes the code more readable, robust, re-usable and easy to 

maintain. In addition to this as the number of test cases grow, it 

would become impossible to maintain the code if it is not properly 

structured. There are multiple types of architecture which are 

available for creating a test automation framework. The most 

widely used and common one is referred to as the Page Object 

Model (POM).  

In POM Model separate classes are created for each specific pages 

of an application. Each of these page classes will contain the 

elements which are present on the corresponding web page and its 

corresponding actions functions that helps to perform some 
activities on the page. For example, on a login page of an 

application there will be two text field, viz. User name, Password 

and a button Login which when clicked would validate the data 

entered and allow the user to login. Hence on the login page class 

of the code that is written, element identification for the three 

fields will be present. Additionally, it would contain the enter text 

actions for User name, Password and a click action for Login 

button. These would leverage functions which are written on a 

common class accessible by all the page classes for click and enter 

text with only difference in data. The below given architecture 

diagram (Fig 6. Generic POM Architecture) explains how a basic 

page object framework works. 

 
 

Fig 6. Generic POM Architecture 

 

In the above diagram, the utilities libraries, including the core of 

the project includes and two-way binding which helps to access 

the methods and functions written in those libraries between 

themselves and the page object classes. The page object classes 

then leverage all the required reusable functions present in those 

libraries and the test case then call the custom functions created on 
the page classes to accomplish the expected steps and conditions 

defined on the test cases written. On top of the test cases a testing 

framework is also implemented on the framework to order and run 

the tests in an effective manner. Finally, once the execution gets 

completed results are generated which includes, passed, failed and 

skipped test cases. The report could have details like screenshots, 

logs added, which is really useful when there is a requirement to 

debug the test failures. 

VII. THE AUTOMATION TRIANGLE 

The Automation Triangle is a pyramid which, if followed makes 

test automation more efficient and effective. It helps to visualize 

the steps to be taken to tackle automation testing. The below figure 

shows the automation triangle (Fig 7. Automation Triangle). 
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Fig 7. Automation Triangle 

 

The lowest layer of this pyramid is occupied by the Unit Testing 

piece. This is most effective in covering many of the standard error 

scenarios which are present inside a piece of code. The unit tests 
are created by the developers to cover the boundary and basic 

positive and negative scenarios, present in the code that they 

develop. Unit tests are quick to write, assure internal code 

correctness, and can be run in minutes before committing new 

code changes. These tests provide the solid foundation for 

automation testing. However, these tests are not good enough to 

cover all aspects of a software. 

The next layer where automation needs to be implemented is the 

API layer. The API layer contains core functional and business 

rules which enables the application to function properly. It is 

highly important to validate the rigidity and accuracy of the APIs, 

as these are the core components of the system. Hence providing 
automation in this layer helps in enhancing the correctness and 

reliability of the application. These tests may take more time to 

create and, if they access databases and other services, provide 

slower feedback. If business stakeholders need to collaborate on 

acceptance tests to verify business rules, these middle layer tests 

can be written in plain language that everyone can understand. 

Now the topmost layer for automation is the workflow through the 

UI. UI automation tests written for this layer helps in reducing the 

functional testing overhead. In order to validate basic UI flows in 

an application having UI it is best to have automation take care of 

this. On simple applications, the number of UI tests might be 
lower, likely between 50-100 tests. Whereas on complex 

application there exists >1000 tests from UI that needs to be 

validated on every release. By providing automation in this layer, 

it helps reduce the overall testing effort considerably especially 

when the product has multiple release cycles. 

The little cloud at the top of the pyramid represents testing that’s 

done manually. Even with solid automation at all layers of the 

triangle, the product might require a huge cumulonimbus cloud 

that includes exploratory testing, accessibility testing, security 

testing and many other critical testing activities. Automation will 

help to speed up this manual testing process. 

Prerequisites for Automation 

 

There are multiple types of test suites which are considered as 

candidates for automation. The major three types of such test suits  

1. Smoke tests 
2. Regression tests  

3. End to End tests (E2E) 

Smoke test suite basically contains the least number of tests, which 

ensures that the application is functional. It is executed as the first 

type of tests on a new release build provided for an application. 

Since the number of tests are minimal, it runs the fastest.  

Regression tests are those which requires a huge time to complete 

as it will cover all the existing as well as newly created functional 

components of an application. Regression suites typically contain 

the greatest number of test cases.  

E2E tests includes the complete end to end flow of an application. 

Suppose the application is an e commerce application where 
suppliers list their products and the users buy from them. Here, 

one E2E script will start with the supplier adding the item on the 

platform till the buyer checks out and receives the item. This 

covers the flow of the application in its entirety. 

There are certain things which should be obtained when starting 

with test automation in any project. Those are listed below: 

• Ensure that proper test cases are available in the Project 

Management tool that could be leveraged for automation. 

• Proper mapping of test cases with requirements is 

mandatory. 

• Review each test case before automating to ensure 
ambiguous steps are not present. 

• Identify a proper sample of tests, which could be first 

worked on as a Proof of Concept (POC) before the actual 

automation starts. 

• Ensure that efforts including test scripting, debugging 

and review is considered during the estimation phase. 

• High level strategy should be prepared to be followed 

during the entire phase of automation. 

• Some test cases like OTP based on mobile, should be 

considered as non-automatable initially because the 

automation of these process would be highly time 
consuming and would reduce the overall productivity of 

the automation process. Hence such test cases should be 

taken as last. 

• Consider the smoke suite for the initial phase of 

automation, as these would most reused and hence 

provide ample reduction in efforts. 

• If APIs are present then automate the API layer first as it 

is faster to run and provided results in a fast pace manner. 

Also, API automation is more reliable than UI. 

• Ensure that automation tests are having a proper 

architecture and a framework that supports it. 

VIII. ROI STRATEGY 

Most of the time it is thought that automation is a magic which 

would bring huge savings for an organization, if implemented. 

This would work only if test automation is implemented with a 

really good strategy. 
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For implementing test automation in a project, a strategy needs to 

devised first. Mostly the smoke tests are taken for initial 

implementation followed by regression tests. Only after these 

cases are covered, in sprint automation tests should be considered 

in an agile project. In sprint should be taken in an N-1 sprint 
approach, i.e., if the current sprint is Sprint 10, then automation 

test cases would be of Sprint 10-1. This reduces the risks 

associated with automation as properly working scenarios and 

functionality is automated rather than the ones which are being 

built. The below graph (Fig 8. Medium complexity UI Manual vs 

UI Automated test case) represents how test automation 

implementation reduces the testing effort in a project. 

 

 
 

Fig 8. Medium complexity UI Manual vs UI Automated test case 

 

In the above graph a medium complexity UI test case is 

considered. Medium complexity test case here is defined as test 

case which contains > 5 steps but < 10 steps. Typically validating 

one such test case would require 5-6 mins from a manual 

standpoint. However, if it is triggered via automation, it would 

only require 20-30 seconds to complete. This applies to one test 

case. So, when the tests are run manually, in an hour, 10 such test 

cases could be successfully run. Whereas if it is done via 

automation that would require only 6 mins to complete. When the 
number of runs increases, especially when multiple environments 

are present, this effort reduction becomes very much visible. 

Hence in the third set the 100 tests are run 10 times which requires 

100 hours to complete manually. But in case of automation, it 

requires only 10 hours to complete. Considering the net reduction 

in effort the calculation points to an effort reduction of 90% via 

automation. 

When smoke tests and regression tests are automated, it 

considerably reduces the overall testing effort. However, when 

such tests are triggered through CI CD pipelines there is an 

associated cost for maintaining the hardware required to run 

automation. This needs to be factored in when considering the 
overall returns on investment. 

 

CI/CD Potential 

 

Continuous Integration happens when small changes are 

frequently added to a main branch in a version control system. A 

VCS is basically used to store code in either a central or a 

distributed environment. Code is added onto a VCS by developers 

using the branching concept. For each of the feature being 

developed a corresponding branch would be created which is then 

combined onto a main branch. From this main branch the product 

release is carried out. 

Continuous Delivery is the process when teams produce software 

in short cycles with high speed and frequency so that reliable 
software can be released at any time, and with a simple and 

repeatable deployment process when deciding to deploy. The CD 

part is driven by CI process. Hence this goes hand in hand. 

Continuous Deployment happens when the new software releases 

occur without any human intervention, i.e., the build to the 

deployment entire process happens automatically. Some of the 

major companies like Google, Apple, Facebook, Amazon, 

LinkedIn employ very mature CI CD process. That is the reason 

for 99.9% uptime for their software products. 

From a test automation standpoint, the CI/CD part is of crucial 

importance as this helps to run the testing anytime anywhere with 

complete accuracy. Primarily the code for automation should be 
stored in a VCS system such as Git, Azure Devops Git, Bitbucket 

etc. Then this CI component is integrated with a CD tool 

preferably Jenkins, Azure Pipelines etc which helps to trigger and 

run the automated tests on a VM machine or devices over cloud 

and obtain either a success or failure result. Once the tests are 

successful the development code gets promoted from one 

environment to another. This helps to ensure that the product 

remains reliable and at the same time helps to avoid time delays 

for releases. If the test stage passes successfully the code is auto 

promoted to the higher environments. 

However, there is a cost associated with CI CD implementation as 
provisioning a full time running VM, network security groups, 

devices over cloud all these comes at a price. Hence when 

calculating ROI on automation these costs also need to be factored 

in to understand the overall profitability of the test automation 

implementation. 

IX. CONCLUSION 

A high-level discussion about test automation is accomplished 

through this paper. The advantages, the features and the types of 
automation are covered here. Test automation has a huge potential 

in a Project lifecycle when implemented based on the discussion 

above. It would result in huge time savings whereby giving 

adequate savings on the budget as well. The potential for 

implementation of CI CD and how it affects the overall automation 

cost is also covered at a high level. The automation triangle is an 

effective approach and based on that a strategy could be developed 

during the project instantiation phase. When that strategy is 

effectively implemented the team can reap in the benefits of the 

same. 
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