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ABSTRACT 

Software testing is a process that involves executing a software product or an application whilst finding all the bugs, defects, and errors within the software application itself. The end-result of the application will be a defect-free software. It involves validation and verification of the software product or application where validation focuses on building the right product whilst verification targets if the product is being built correctly and accurately. Ultimately, the most important target is to develop a top-quality product. Hence, the quality of any software can only be known by the means of testing – software testing. 

Over the past decades, the advancement of technology has increased significantly, thus it has also increased the number of software development techniques, methodologies, and verification techniques. This is a huge advantage as it measures the quality of the developed software before it goes into production and distributed to the market. Essentially, there are two types of quality testing that are available: manual testing and automation testing. Manual testing is the process whereby test cases are executed manually without the aid of any automated tools, whilst automation testing is ideally the process of using software tools and scripts to perform a diversified list of testing activities automatically without any human interaction. Unlike manual testing, automation testing has made a huge significant impact in the testing process. In today’s era, majority of the software testing is done with automation tools, although studies have shown that automation testing cannot completely replace manual testing. 

Nonetheless, the benefit of implementing automation is impeccable to the software development lifecycle. Firstly, it has shown to reduce the time-consumed when developing a software as well as the overall cost. It has integrated automation tools that lessens the number of people working around the software, but also decreased the number of human errors made. As automation testing contains test cases, it makes easier to capture different scenarios. It can be said that the future of automated software testing has huge areas of continual exploration and growth especially in areas such as test automation for emerging technologies, intelligent testing, and an increased integration with development workflows. Therefore, in this independent project, it aims to capture and expand the different types of software testing techniques and tools, types of software testing and compare manual testing versus automation testing. Moreover, the main aim of this independent project is to turn all manual testing cases and creating them into automatic tests. It is equally important to note that another aim is to have dashboards so that all the live feedbacks such as a failed or successful test run can be presented on the dashboard after it has been run on CATS.


1.0 Introduction 

Software testing is a process whereby validation and verification of a software product or an application is tested to ensure that it is doing what it is supposed to do [1]. Validation focuses on ‘are we building the right product’ and verification targets if the product is being built correctly [2]. It is highly beneficial as the testing process prevents bugs, improves the overall performance, and reduces the development costs. It was first developed just after the second world war by a computer scientist, Tom Kilburn in the University of Manchester, England. The first piece of software that was written by Tom Kilburn performed mechanical calculations that uses machine code instructions. Within the next two codes, debugging was the main form of testing method. Nonetheless, around 1980s, a group of development teams then looked beyond fixing and isolating software bugs to test applications. Henceforth, due to this further development, it set a stage for a broader view of testing that encompassed a quality assurance process as a part of the software development life cycle [1]. Quality assurance essentially covered the entire software development cycle and affected the process of designing, planning, creating, and executing test cases along with support for additional existing test cases and test environments. Due to this, around the 1990s, testing of software products and applications had reached a qualitatively new level that led to further investigations and development of methodologies of tools to manage the testing process and test automation tools [1]. 

Essentially, software testing has always traditionally been separated from the rest of development. It was always conducted later during the software development life cycle when a product was in its building or execution stage [1]. Hence, it could mean that the tester for the product would have a small window to test the code before the product or application is released into the market. Quite frequently, the release of the software product or application could be delayed due to defects found during the software testing stage as well as fixing the bugs, recoding, and retesting. Henceforth, in order to minimise the possible defects and delay in the release of the products, running software tests during the earlier cycle and forefront of the software development can prevent additional expensive costs. In today’s world, majority of development teams uses a methodology called continuous testing, a part of the DevOps approach so that development and operations can operate simultaneously over the entire product life cycle [1]. Essentially, the aim is to accelerate software delivery whilst being mindful of the risks, balancing cost and top quality of the product or application. Moreover, by implementing this testing technique, development teams can run tests much earlier in the cycle to discover defects without waiting for the final software product to be built before tests are run. Furthermore, it demonstrates to the developer and customer that the software meets its requirements [2]. 

Undoubtedly, software testing in important for the development of a software product or application to set high quality standards as study states that ‘testing can only show the presence of errors, not their absence’ [2].  Software defects should be prevented when the product is being released to the society as the company could potentially lose customers and overall credibility. Even a minor bug or defect could cause serious malfunctions as well as degrade the overall interconnected systems. Even though testing costs money, businesses in the long run saves millions per year in the development of the software product if it has good testing and quality assurance techniques and processes. As mentioned previously, implementation of early software testing reveals and uncovers problems that could be recoded or retested before releasing it to the market. Hence, by received test feedbacks during the stages of software development, the sooner the company can address any poor design decisions, architectural flaws, scalability issues, security vulnerabilities and invalid or incorrect functionality [1]. By improving based on the testing feedbacks, it gives the development team time and room for testing as well as improve the overall software reliability and releasing a high-quality application with few to no errors. This benefits the business along with the customers as the software product or system exceeds the customer’s expectations and thus, could lead to more sales and greater market share for the company. 

Naturally, there is a variety of software testing types where each are unique with specific strategies and objections. For example, there is integration testing, acceptance testing, functional testing, performance testing, unit testing, stress testing, regression testing and usability testing. Further explanation of each type of testing will be discussed in the next section of this dissertation. In each case of testing, it is crucial to have a validating base requirement so that when explanatory testing is run, it can help the testing team to uncover every possible scenario and situation that could lead to software errors within every stage of the software development. A study has shown that by running a variety of tests even if the application is simple, it will help the testing team to manage, prioritise and test effectively whereby the largest number of defects is detected and optimising a few numbers of test for the most value. 

Furthermore, even though there is a vast number of software testing types that could be implemented, it does follow a common process. This means that there are steps taken to define the testing environment, writing scripts, developing potential test cases, analysing the test results as well as submitting the defect reports [1]. Without a doubt, testing in any scenario can be time-consuming depending on whether manual testing or automated testing is being done for the specific product or application being developed. Manual testing, also known as ad-hoc testing, is a software testing process whereby tests are executed manually without the use of any automated tools [3]. It is mandatory for every newly developed software before automated testing. Hence, manual testing can be enough for small builds. Nonetheless, for larger builds that require larger systems, tools are more often used to automate these tasks. Thus, automated testing then comes into place as it helps the testing team to implement a variety of scenarios as well as test differentiators and receive feedback quickly. In short, automated testing is the application of software tools that automates a human-driven manual process so that validation and review of a software product can be made. It helps to put ownership responsibilities in the hands of the engineering team so that test plans are developed within the stages of a software product lifecycle [4]. Additionally, it allows an automatic execution during the development stages by using the software’s continuous integration tools [1]. 


Henceforth, for this independent project, the first focus will be on manual testing. As mentioned above, once the development team has completed their section, testing is then needed to ensure the overall functionality. In the manual testing step, a test case study is created for each manual test so that the tests can be performed. This will display a step-by-step procedure of what needs to be performed in order to complete the manual tests. By doing so, it ensures that all different components that needs to be tested will be performed during the testing stage. Due to the completion of manual testing stage, automated testing will then be able to be focussed on. These manual tests are then reviewed along with the creation of individual scripts for each step of the manual test. Once this has been created, it will automatically complete the journey by itself instead of having to do it manually. With further elaboration of the automated testing stage, once each script has been completed, it will then be pushed via Git Bash so that it will automatically reflect on CATS; tool for testing the scripts, via the branch that has been used. As soon as the scripts are pushed to CATS, it will be present via the same file name that has been created on the individual’s IDE. It will be easy to search for the individual scripts after this step. 

Furthermore, it is crucial to note that each script has to be placed in chronological order of the logic. For example, if the first page is loading up a standalone URL, then this would be its own script and has to come before all the other scripts. The scripts are created in an IDE using Python as that is the main coding language. Consequently, once these scripts have been created, it will then be complied into one ‘Master Script’ on the testing software, CATS. The main role of the master script is to gather all the scripts in a chronological order of when it will be run. Hence, by doing so, it will indicate if the test has failed or been successful through CATS. The tests then can be automatically run at desired scheduled times in order to ensure that the functionality or the UX design is as it should be. 

1.1 Aims & Objectives 
It should be noted that the aim of this independent project is to turn all manual testing cases and creating them into automatic tests. It is equally important to note that another aim is to have dashboards so that all the live feedbacks such as a failed or successful test run can be presented on the dashboard after it has been run on CATS. These aims are important as manual tests are costly and time-consuming. Hence by having automated tests, it can be run over as frequently as needed without any additional costs. As it is much faster than manual tests, automated testing will also reduce the time of these repetitive tests from days to hours. Secondly, once the deployment stage has been completed, automation will help tremendously to understand if anything is broken in speed. 


2.0 Literature Review 
In the last few decades, a vast majority of IT development approaches have changed which has indeed impacted the overall software development life cycle (SDLC). When looking into the SDLC, testing has shown to have a greater integrity as it directly impacts the entire project. Even though testing is a considerable cost factor in the development of software, it is crucial that the software is being tested and is bug-free before releasing the product into the market. There are two types of quality testing that are available: manual testing and automation testing. 

2.1 Manual Testing
The trade-off between the two testing depends on a variety of things, however, studies have shown that automation cannot replace manual testing completely [5]. A study by Ramler and Wolfmaier suggests that automation testing should only be used to avert and inhibit further errors whilst manual testing is more suitable for new and unexpected errors [5] [6]. Dustin et al study propose that manual testing is time-consuming, hence automated software testing are used to increase the overall efficiency especially during the regression time [7]. Manual testing can be time-consuming as the test is performed step by step without the aid and use of any tools. According to Akin et al, manual testing is the process whereby test cases are executed manually without the aid of any automated tools [8]. The purpose of this testing is to ensure that all the functions in the application or software are working perfectly as stated whilst considering the end-user’s perspective. As manual testing executes test cases without any software testing automation tools, software testers need to construct a plan as well as implement tests cases for all the core features included in the application. Not only that, but all test reports will also have to be generated manually. Additionally, for manual testing to work on the software or application before releasing it for public use, it is essential for testers to analyse the differences between the observed and expected output of the software. Any differences that are found during the testing stage are referred to as defects, hence it will need to be fixed in order to move forward with testing [9]. Consequently, due to this, multiple studies have stated that manual testing aids in identifying both visible and hidden defects in the software, hence it is still remains as a fundamental part of testing in software development life cycle. Manual testing helps to evaluate users will perceive the product in terms of its aesthetics, user-friendly interface, and cosmetic factors. Only by using manual testing can the tester gather all these information easily and determine the parameters that are best suitable to the client’s requirements [10]. 

2.2 Automated Testing 
Automated testing, on the other hand, has been developing more rapidly than manual testing the past decade. According to Dustin et al, automated testing can be defined as “the management and performance of test activities, to include the development and execution of test scripts” in order to “verify test requirements using automated tools” [7]. Indeed, automated software testing is ideally the process of using software tools and scripts to perform a diversified list of testing activities automatically without any human interaction. It incorporates the execution of pre-defined test cases as well as a comparison of the results versus the expected outcome and an automatic generation of test reports. In the past decade, automated testing has been widely adapted in a substantial number of software developers as it has proven to improve the overall reliability, efficiency, and quality of software systems. Similarly, now, there is a long list of tests that can be automated. For example, file logging, background processes, database entry, payment systems, registrations, data searches, verification of preservation, validation messages, end-to-end situations, data verification, accuracy of data search and so on [11]. The standard of automation tools is determined entirely during the implementation of software process, nonetheless, evaluation and testing of the product are still done on the test system. This way, it has can efficiently run on both the software and automation tools concurrently [11]. 

In the early stages of developing automated software testing, software developers left the testing stage till the very end of the project schedule provided there is someone available to run it [7]. They were first focusing on exploring ways to automate repetitive and time-consuming testing tasks. When test automation tools emerged, it provided features that allows the testers to play back and record user interaction, validate results and generate test reports. By doing so, it enhanced the testing process as it allowed for greater customisation, control, and flexibility. Then, the focus shifted to script-based automation approaches as the testing requirements have been progressively more complex. Scripts were written using programming language so that test cases can be defined as well as simulate user interactions and perform these contentions. Next, test automation frameworks was the focal point as it compromises a combination of tools along with practices that were designed to support software testing [11] [8]. A framework consists of physical structures used during the test creation, implementation, and logical interaction. Automation frameworks today include hybrid testing, data-driven, keyword-drive, modular based library architecture and linear automation frameworks [11] [12]. The goal of the software automated testing framework is to improve and expand the collaboration between practitioners and scholars as automation frameworks help in the transition from theory to practice, simplify the test script maintenance process and use both the record and playback script techniques along with the programmable scripting techniques as it can easily be maintained and the initial creation is straightforward and uncomplicated [12] [11]. Two of the most used frameworks today for web testing is Selenium and Junit for unit testing. 

In addition to these developments, test automation started integration with software development methodologies such as DevOps and Agile. Automated tests were incorporated as a feature of the build and release process due to the continuous integration and delivery (CI/CD) pipelines. Due to this integration, not only did the integration achieve faster feedback loops, but it had a quicker identification of defects [13]. The next key automated software testing development was the shift-left testing. This approach prioritised the involvement of testing activities in SDLC. Both test automation tools and frameworks were integrated into an integrated development environment (IDE) in order to allow developers to execute and write tests along with their own coding efforts. As automation tools have no specific standards to software testing tools, it was crucial to make the right choice of automation tools for testing [11]. Automated software testing tools can ideally be compared based on their programming language support, license, browser support, price, supported programming languages and more. Obviously, selection of these tools is dependent to the software and technology stack that is being used as well as the testing requirements, license cost of tools and the skillsets that are available in the organisation [14]. Moreover, tools used in automatic software testing includes test cases in script files, capture/playback tools to record the testing sessions for future references, test case generator that uses object and data models, logical and complex analysers, code instrumentation tools to gather data, defect tracking tools to identify detected errors and a resolution status [11]. It is essential to have tools for the resolution status as it reflects the test management such as organising the test cases, script files, reports, and the test results [15]. Undoubtedly, one of the key features of ongoing development of automated testing is a more advanced and expanded traditional functional testing such as security testing, compatibility testing and performance testing. Specialised tools and frameworks were developed alongside this to focus on address such specific testing needs whilst incorporating additional features such as cross-platform compatibility testing, load testing and vulnerability testing [11] [12]. 

Moreover, the development of artificial intelligence and machine learning has brought new prospects to automated software testing. Artificial intelligence driven testing tools has improved techniques such as test prioritisation, test case generation as well as anomaly detection. Due to that, these tools then have benefitted machine learning algorithms to comprehend from previous test results, generate more reliable test suites and predict an area within the software that are prone to defects [16]. Similarly, with the tremendous progression of cloud computing and various distributed systems, automated software testing has allowed the expansion of testing supports within different environments. Studies have shown that cloud-based testing platforms have provided an on-demand testing infrastructure which in fact allows businesses to execute tests across different operating systems, browsers, and devices simultaneously. 

Overall, it can be said that the development of automated software testing has indeed evolved from basic record and playback tools to a more refined and practical frameworks. Multiple studies have shown that it has become a crucial part of the overall software development process, SDLC and artificial intelligence driven solutions. For example, it has made an immense impact on helping businesses to achieve faster delivery, providing higher quality and improved testing efforts. The future of automated software testing has huge areas of continual exploration and growth especially in areas such as test automation for emerging technologies, intelligent testing, and an increased integration with development workflows [16]. 



2.3 Benefits & Limitations
Subsequently, focusing on the benefits and limitations of automated software testing, multiple systematic reviews have suggested that automated testing has indeed improved the product’s quality [17] [18] [19]. According to Dudekula et al’s systematic review, quality was focused on the number of defects present in the software product. Moreover, the test coverage of statement, branch and path are achieved at a higher covered through automation [17] [20]. Across all the studies that were read, there is an overall agreement and evidence the time required for testing is reduced, hence giving the testers more time to run more tests within the specified timeframe [17] [21] [22]. Additionally, businesses are also reducing the time needed to complete a feedback cycle for new software features, hence testers are able to provide input about any defects or corrections needed within the software to the development team faster. This also means that bugs in the code can be fixed more quickly. Studies have shown that by increasing the feedback cycle, businesses then eliminate the risk of releasing a software filled with bug issues as these issues can be fixed in the development stage [23]. Again, this proves that a reduced time to complete a feedback cycle will only accelerate the overall software development process. Consequently, it will increase the reliability when repeating tests as the variance achieved is due to the manual testing stage. As manual testers run the tests in a different method, it does not reflect the knowledge and changes that has been made. Nonetheless, when using automated testing instead, it does increase the reliability. By having a high reliability rate and a reduced testing time, it boosts confidence in the quality of the system and perspective of the developers [24]. 

One of the many benefits of implementing automated software testing is the reusability of tests. When test cases are designed, maintenance is included so that these tests can be repeated as frequently as possible. This benefits the software development process as a high degree of repetition of these test cases can only lead to positive outcomes without any execution of an automated test case [17] [25].  Moreover, as the testing process does not require any human effort, it gives a chance to other members within the team to concentrate on other activities such as preventing any further defection. Hence, it also increases the effectiveness in detecting faults as automated testing has the ability to detect a large portion of detects within the system [26] [27]. Lastly, there is a massive reduction in the cost as a high degree of automation testing is implemented within the software development process. Even though having an automated testing is a large investment for businesses, the overall benefits that comes with it inhibits the cost of implementing automated software testing. Multiple studies have proved that the benefits of automated testing leverages and impacts businesses significantly. With the right combination of test automation tools and a detailed and proper plan of the various testing processes, automation testing is the future of software testing.

On the contrary, studies have shown that automation testing cannot replace manual testing due to the testing task. In Dudekula et al’s systematic review, it states that not all testing tasks can be easily automated as extensive knowledge is needed for certain domain [17]. Even though automated testing accelerates the feedback cycle and increases the scalability, businesses tend to run the testing test stage too fast in a fraction of time, hence not being able to achieve real and long-lasting benefits [28] [29]. Due to this, difficulty in maintenance of test automation can arise. As the software market and software products are evolving rapidly, it can be difficult to maintain automated tests due to the change in technology [30]. Similarly, the process of test automation still needs more time to mature as creating tests and creating the infrastructure for automation requires time. Even though a list of benefits is being reflected when using automated testing, maturity of automation still requires more time for enhanced development. Similarly, this can bring false expectations for businesses as they have impractical expectations of what automated testing can do. The overall aim of automated testing is saving as much time and cost as possible so that the software or product can be released sooner, there is still a grey area on the spending effort for unproductive testing activities [31]. Additionally, if businesses have an inappropriate and impractical test automation strategy such as what test levels are to be automated and what is the purpose of choose automated testing, then it can be difficult to decide, hence not utilising the benefits of automated testing [17]. Lastly, an issue that was commonly mentioned in the past studies suggests that a lack of skilled people creates a bigger issue for the company. In order to automate tests, a variety of skills are needed such as knowledge on general software development skills, test tools as well as domain and system knowledge. If the business does not an enough number of skilled testers and developers, then it creates an issue of not being able to wisely utilise the benefits of automated testing. 
2.4 Software Methodologies – Development Model 
As mentioned previously in this literature review, software testing is a key phase of the entire software process as it ideally represents the process of quality verification and validation of a software product [32]. Software today has been increasingly more complex, safety-critical, and essential in our day-to-day activities, thus an increase in the quality of software testing is crucial. Essentially, software testing is one of the most integral parts of the SDLC. There is a variety of individual models used in the software development process, hence a specific model is selected based on the project requirements and complications. There are three generic software process models which most models are based on: the waterfall model, the iterative evolutionary process model, and the rapid application development model [33]. 

The waterfall model was first published in an article in 1970 by Winston W. Royce even though it was not called the waterfall model then. He presented the model as an example of a non-working and flawed model; however, the model obtained its name due to the cascade representation like a waterfall from one phase to another. The waterfall model is also referred to as the ‘Classic Software Life Cycle Model’ due to the fundamental process activities that are represented on it. The model has four different phases such as the requirement gathering and analysis phase, software design, implementation, and testing phase and lastly the maintenance phase [33] [34]. As depicted on figure 1, all the four phases run consecutively – one by one in the given order. In the first phase ‘requirement gathering and analysis’, all the requirements for the all the possible systems for developing a particular software are observed and regulated. This will then depend on the software requirement specifications to create the software design based on the detailed information that the end user has provided. Once this has been achieved, a document will be created which be used as an input for the phase, software design. One of the tricky parts of the second phase is there is no possibility of updating the requirements once it has moved on to the software design. Nonetheless, with that being said, using the waterfall model does have it its benefits. It is easy to implement and maintain during the development phase as a lot of time is saved after the initial phase of requirement gathering and analysis. It does not require a lot of resources and after each phase in the model, testing is done before moving forward [34]. As the model follows a consecutive method, it is not possible to start the next phase without completing the previous phase as well as the testing needed for it. 
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Description automatically generated]Figure 1: Waterfall Model [34}


Next is the iterative evolutionary model also known as the V model that focuses on the overall development in small increments [33]. It is considered to be the best for the water model as the conclusions reached are only subjected to the user comments. It is then refined through the different stages until a final validation system has been developed. Unlike the waterfall model, in this model, the development and testing activities are carried out side by side portrayed in a downhill and uphill shape. Instead of working consecutively like the waterfall model, the V model works parallel between the development and testing phases. As depicted in figure 2, testing begins at the unit level and works towards the integration part of the whole system [34]. One of the many benefits of using this model for software testing is that it is simple to use due to the small increments. All of the planning and test designing are done before coding happens. Similarly, it increases the possibilities of success and at the same time, it reduces the time of testing as majority of the bugs are found during the initial stage. Nonetheless, studies have shown that this model can be considered as a strict model too. As software is developed during the implementation stage, it is not possible to access the initial prototypes of the products. Additionally, if modification is needed to be done, the test document has to be updated. 
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Lastly, the rapid application development model is a linear sequential development process model. It emphasises a concise development cycle whereby it uses an element-based construction approach [35]. It has a short development cycle; hence the software will be reused in new systems without any major to no modification [33]. Due to the rapid development that is accomplished within this model, it can also be called the ‘Component based Software Engineering’ model. If the requirement for the project is well described and understood with a strict project scope, then the RAD model allows the development team to create a fully functional system that is within a strict time frame [35]. Overall, the RAD model is essentially a concept which allows products to be developed faster with a higher quality based on the reuse software components, gathering requirements beforehand, reiterative user testing of designs, prototyping early and a rigid timeframe [33] [35]. As seen on figure 3, there are five main stages of the RAD model: business modelling, data modelling, process modelling, application generation and lastly, testing, and turnover phase [36]. There are multiple advantages of using the RAD model especially when the technical risk is limited. For example, the model is flexible, hence it can be changed easily. Additionally, in each phase of the RAD model, it brings the highest priority of functionality for the user. It does require a long span of time to develop as the reusability of features increases. Nevertheless, it does require highly skilled designers to implement the RAD model. Not all of the applications are compatible with RAD, hence smaller projects will not be able to use this model. It is also not suitable for higher technical risk as it requires users to be involved during the development phase.
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Figure 3: Rapid Application Model [35]


2.5 Case Studies 
Looking at some of the world’s biggest technology companies and their testing approach and strategy, all the companies vary in the type of software testing model that it uses. This is due to requirements of the companies, business goals, hence the best approach suited in so that they can deliver a high value and quality product to the users. Firstly, Google believes in the pyramid model of testing as it invests in the maximum resources in unit, and thus integrate testing at the bottom at the end. It uses end-to-end testing less often so that it allows the company to go for smaller and frequent releases with lesser testing failures [37]. Additionally, Google uses a mixture of testing approaches that follows Agile and DevOps culture so that it can emphasise more on continuous testing, automation, and integration of testing activities in the SDLC. By using the agile model, requirements and solutions are developed when there is a collaboration between multiple cross-functional teams. It focuses on flexibility when processing along with customer satisfaction by breaking the product into smaller incremental builds [33]. It goes without saying that Google uses both a combination of manual and automated testing as well in order to have a consistent and effective testing environment [38]. Additionally, the company has their own in-house testing and specific frameworks that are implemented into the products. Based on multiple studies, Google uses a continuous integration and continuous deliver (CI/CD) approach whereby it is crucial to integrate testing into the development process [39]. As Google has efficient CI/CD strategies, it enables the company to deliver a better value with a short turnaround time, increasing market share and revenues [39]. 

Spotify, on the other hand, uses a balance of manual and automated testing approaches to test their software. As Spotify has a production environment, the company also has testers who are part of different cross-functional teams. Hence, by having a mixture of manual and automated testing as well as testers in different production environment, it optimises the resources spent on maintaining all the test environments [37]. Similar to Google, it does integrate the agile model as the testing method of the companies’ products. Moreover, companies like Netflix uses a tool called ChAP, Chaos Automation Platform. The principle that Netflix follows is to experiment on production in order to find any vulnerabilities and defect within the system [40]. A study has shown that Netflix applications uses both manual and automated testing methods. The company needed a system where it provided the necessary automation and device services, whilst staying out of testing simultaneously. Hence, Netflix created a new modified automation testing ecosystem to have more control, flexibility. Withing the automation system that Netflix has created; it allows for each service to be fully independent so that it cannot be interrupted. 

2.6 Software Testing Procedure 
As mentioned in the above sections that automated testing can overcome the vast majority of manual testing challenges, studies has stated that the transition between manual testing to automated testing is not easy and it will still take a while. In manual testing, it is all considered as human work where testers would manually carry out all the tests. By doing so, the testers will be able to find the bugs before releasing the application or product. In automated testing, testers write scripts that translates into test steps via various automation tools in order to carry out the testing process. The testers are then allowed to store these test scrips as assess so that it can be reused, which in turn reduces the testing time and fast tracks the release of the product, software, or application. Additionally, by having test scripts, it can be reused as many times as possible without any additional costs during the testing stage. 

Undoubtedly, transitioning from manual testing to automated software testing involves a number of steps. Firstly, it is essential that there is a clear-vision strategy along with a goal-oriented test automation strategy where teams can learn and understand how to change directions easily [41] [42].  Secondly, it is crucial to identify the manual test cases that are indeed suitable for automation. As mentioned previously in this review, not all test cases are suitable for automation such human intervention or any subjective judgment. As test automation exerts essential steps such as repetitive tests, regression testing and time =-consuming, it is important to choose the right candidate of manual tests that are suitable for automation [42]. It is necessary to be decisive with the selected test cases as it has to be clear with expected outcomes in order for it to be automated. Thus, a thorough understanding of manual test cases and its requirements are required. Thirdly, it is essential to find compatible tools or frameworks that is congruent with the selected test cases. In order to design the automated test cases, it requires the sort of resources and testing goals to be understood in terms of selecting the programming language and tools, automation framework, technical support, and structure of the test cases [42]. This is essentially an integral part as it is necessary to choose a suitable framework that will align with the requirements of the project, supports the chosen programming language, and supports the ecosystem overall [43]. Next is the test script development where the test scripts or code are developed in order to automate the manual test cases. When writing out the test scripts, it should replicate all the steps and validation used when performing the manual test cases. Fundamentally, the appropriate programming assertions, test data and constructs should be replicated, and the right test automation tool should be selected. In order to achieve the highest quality for the developed test scripts, it should be compared with the maintainability, code readability, best coding practices as well as identifying any mechanisms within the test scripts, any error handlings and synchronisation [43][44]. 

Subsequently, a suitable testing environment is needed to run the automated test cases successfully. As mentioned previously, it is crucial to prepare test data that focuses on a variety of different scenarios, inputs, and boundary conditions. Similarly, the testing environment needs to be designed carefully where it upholds all the necessary dependencies to obtain a reliable and accurate test result [44]. Next comes the execution and debugging stage where the automated cases are developed and executed against the application or system under testing. In this stage, issues or failures will be identified and hence, if there are any found, debugging will perform to find the cause of it. This phase is where automated testing is more beneficial than manual testing as the tests can be run repetitively and as many times as needed without consuming too much time. Moreover, this step also determines and improves the effectiveness of the automated test cases when defects are identified consistently. Once feedback has been received and debugging has taken place for areas such as failure, analysing logs, test results and error messages, the issues can be resolved [44]. The final step is moving manual test cases to automated test cases is the maintenance and update phase. As expected, automated test cases indeed require maintenance as the application evolves and changes in certain aspects. For example, it could be due to big changes within the application or product, bug fixes or even new features. Hence, it is necessary to have regular reviews so that these test cases remain effective and relevant to the new changes. Therefore, it is important for these test cases to also be flexible enough where it can adapt and accommodate to the changes without any major and significant disruption and rework. Similarly, the maintenance process should be well-documented and efficient as all the test scripts and processes are stored and kept up to date to be reused. 

Nevertheless, multiple studies have shown how challenging it is to transition manual test cases into automated test cases altogether. One of the biggest disputes is the very different entities between the two types of testing. As manual testing is less defined yet more extensive, automated test cases are rather more specific and deeper in the processing details. They vary from each other similar to a regression testing to a new a function with a manual test case. Additionally, there are different scale of tests and runs. For example, as automated testing is able to run constantly daily or even continually, it has many more runs than manual testing. Similarly, it impacts the timelines of results. As automated testing has the ability to reduce the testing time frame, that consequently impacts the time needed to complete a full cycle. Usually, it takes around minute to hours to complete the cycle while manual testing will take hours to days to complete the testing run. Lastly, manual testing and automated testing have different approaches when it comes to analysing the results. When using manual testing, a failure indicates signal bugs where the number of failed tests correlate to the number of bugs found. On the contrary, automated testing will have more failed tests and runs as it will identify more variety with false negatives. 

2.7 Case Studies 
Focusing again on a big and well-known technology company such as Google, the company has continuous improvement since the release of their book on how to test like Google using automated testing processes. In the book, it indicates that the biggest issue with an incomplete testing phase is the bugs that are identified from them [45] [46]. There are three issues that were identified when analysing the environment; 1. The test code and application code requires the same amount of maintenance as there could be more bugs in the test code itself, 2. Most developers do not perform the complete testing process and 3. In order to have a complete testing process, developers should write two to three lines of the test code for every line of code that is being tested [46]. Thus, in order to resolve these three issues, Google’s test strategy was to create a well-defined and team focused approach so that it supports a continuous integration environment where the incremental in testing models builds the application and developers are responsible for the quality [45][46]. Even though it is expensive to create a continuous integration environment, it delivers working code quickly and securely, hence it will also help the DevOps teams to further detect and resolve any defects and conflicts early. By doing so, it helps to ensure a stable codebase. Nonetheless, in order to have a secure, stable and an effective CI integration, it is more beneficial in the long run when codes are delivered in small iterations and have automated testing set up to keep all codes secure too. In Google, the company has software engineers with the sole responsibility for coding and test case development using an Agile test-driven development approach. They also have software engineer in test who assist the software engineers with the unit testing. Their responsibility is to build test frameworks including mock and fake scenarios for every version of the application. The harness and framework that are developed will be used to fully test the new and modified code. Additionally, Google has developed and created a dashboard where it enables every test for every project to be run every day. Google has also developed and created a dependency analysis of each project. This is beneficial as it helps the developer to understand each test case and code that was created, hence being more aware of which are affected and defected. By having this feature, it will provide fast and immediate feedback on each test case and how it is impacting the entire software development process [46]. 

Amazon web services, on the other hand, uses multiple software tools and frameworks for automating the process of running certain tests. One of the biggest challenges that Amazon faces is not having enough resources to set up a complete application that consists of all the servers needed, and at the same time commence test environment with the proper software and data [47]. On the report, Amazon mentions that by using automated testing, it benefits the team to be more efficient where they are able to create and integrate test environments instead of having manual testing. Additionally, Amazon uses automated testing environments that are linked to the continuous integration (CI) principles. This means that when a successful build has been achieved, the test environment can be operated by running the automated testing on it [47]. Nonetheless, Amazon still uses manual testing processes to provision cloud applications. For example, Amazon requires the use of manual testing for writing custom scripts, learning the domain-specific language as well as maintaining templates. The company uses the AWS Cloud Development Kit where it is an open-source software development framework that encapsulates cloud infrastructure by understanding the modern programming languages. Some of the programming languages that AWS uses to model their applications are Python, Java, TypeScript, JavaScript and Go. Moreover, Amazon assimilates user acceptance testing where the current release is presented to the testing team in order to determine if the final user base meets the project requirements and specifications [47]. By doing so, it aids Amazon testing and development team to identify any functional implementation errors as well as misconceptions in user interface or the application itself. Valuable feedback received by the users will additionally allow the team to evolve the software, conduct more acceptance tests which in the end, will be better for the project and lower the overall cost. Moreover, Amazon conducts side-by-side testing along with fault-tolerance testing to improve the overall efficiency of the product. Side-by-side testing is a method where it compares the control system to the test system. By running this test, it examines the changes that have been applied to the testing system and optimises the performance of all the different parameters. As it uses multiple components that influence the performance of each other, this test allows overall efficiency to be tested and improved on. Fault-tolerance testing, on the other hand, looks at how the system is able to handle component failures in the target production environment. Overall, Amazon uses its own principles, software tools and frameworks to have a cost-effective alternative to a traditional development method as well as test infrastructures [47]. This in turn allows Amazon to have a flexibility to on their project by having automated testing environments that can be provisioned without any human intervention. 

3.0 Methodology 
There is a variety of software testing methodologies used when it comes to creating an automated test. For example, Github, Jira, Ide, Technology Stack, Gitbash and Cats. Going further into details of the different technologies used, all of the technologies are used equally. However, Cats is a house automation software used in BT for transferring scripts from Ide. 

3.1 Github 
Focusing on Github first, it is a website and cloud-based service that helps developers to store and manage their code accordingly. It also allows developers to control and track any changes that has been made to their code. Essentially with Github, there are two principles that explains the use of Github. First is the version control and the second is Git, both principles are connected to one another. In order for developers to track and manage all the changes made to the code, version control allows this as it is a tool that restores and manages versions and revisions of projects [48]. It can be said that the version control is similar to a Microsoft Word document, but it is more potent and powerful in Github. Developers are able to see the reasoning behind all the changes that have been made whilst tracking the branches of revisions. Moreover, developers can also work on the project collaboratively and simultaneously without having to worry about overwriting or deleting other works that have been done [48]. Due to these features, it can be said that version control is extremely beneficial for developers working in a collaborative environment due to the ability of tracking changes within the project. Git, on the other hand, an open-source project that is a particularly strong and unique system that is used for coding and managing any type of file [48]. By initiating a git, developers are able to create a filing system called repository for every version within the project. It is a distributed version control system; hence it refers to the ability of having the entire database as well as history available on every developer’s computer. This ability encourages developers to track all the changes that have been done within the code and at the same time, have access to all versions of the changes. Ideally, Github is a free git repository hosting service that allows an extremely efficient way of working on a project securely and collaboratively [48]. 

3.2 Jira 
Jira software was launched in 2002 by an Australian company, Atlassian, as a tool that tracks issues and project managements for developers. Jira software is particularly used for companies who practices agile and DevOps methodologies. In particular to software development teams, it provides planning, structure, and tracking tools for developers in order to manage any stakeholders, dependencies, and feature requirements at the start of the project. It uses CI/CD integrations to facilitate transparency within the software development life cycle stages [49]. Essentially, Jira is based on four key concepts such as issue, project, board, and workflow. The software offers features that allows developers to plan, track and ship their software projects. Additionally, developers use this tool to track, manage basic software development tasks and project management [50]. There are two hosting options for Jira, either Jira hosts the project for the company, or the company hosts their own projects. 

3.3 Ide 
Ide software stands for integrated development environment. This software provides an interface to write codes which facilitates the application development as well as provides developers with tools that they can use to design, build, test and debug any software programs in a graphical user interface. Reviews have shown that Ide have significantly changed the programming practice as it has revolved around writing codes to programming visual design of UI and database schemes [51]. One of the most used Ide software used in BT is the visual studio code. It is a creative launching pad that allows developers to edit, debug, build code and publish the application. This software includes multiple tools such as compilers, code completion tools and graphical designers that allows the enhancement of the software development process. Ideally, by using this software tool, it incorporates the idea of ‘code faster, work smarter’. It is one of the fastest Ide for productivity as it allows more fluidity when it comes to coding. 

3.4 Technology Stack 
A technology stack is a set of technologies used to develop an application such as frameworks, databases, programming languages, APIs, front-end and back-end tools. The choices made with the selected technology stack has an effect on the downstream effects such as the integrations and type of skills needed [52]. Two types of technology stack commonly used are Selenium and Python. Reviews have shown that tech stacks involving these have significantly made automation testing easier for software developers in small-scale projects [53]. The power of Python and frameworks like Selenium makes it easy for automated testing even if it is a large-scale application. Essentially, Selenium is an open-source, free automation testing used for web applications across multiple browsers and platforms. It is a framework that has the ability to interact with HTML elements from any website. Additionally, by using Selenium, it allows interaction with elements, extracting information as well as compatible with multiple major programming languages such as Java, JavaScript, Python and more. Python, on the other hand, is a high-level programming language with dynamic semantics [53]. Reviews and studies have shown that Python language is considered as an automation wizard as it is easy to learn and has less codes with more tasks. Hence, it makes it easier to understand and implement complex programs with test automation. As Selenium has a robust set of tools that supports rapid development of test automation, Selenium Python together provides a simple API to write any functional and acceptable tests. Through the binding of both, developers have the ability to access all functionalities of Selenium WebDriver such as Internet Explorer, Firefox, Chrome and more [54]. To use tech stack using Selenium and Python, it follows the stages illustrated in the diagram (figure 5) below:



























Figure 5: Stages using Selenium and Python [54].
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3.5 Git Bash 
Similar to Github (3.1 Github), Git Bash is an application for Microsoft Windows environments. It provides an emulation layer for a Git command line experience. Bash is also known as Bourne Again Shell referring to shell as the terminal application used to interface with any operating system through written commands [55]. Ultimately, Git Bash is a package that installs Bash and Git on a Windows operating system. The developers interact with the repository and git elements through the commands [56]. 

3.6 CATS 
CATS, the Common Automated Test System, is an in-house automation software specifically used in BT. Due to BT’s previous attempts at test automation, their experience forced a re-evaluation where it led to the development of CATS. Ideally, CATS is not a traditional test tool, but rather a framework that provides a contextual structure for tests to be developed. It provides multiple tools such as Eggplant, UFT and at the same time, it allows developers within the team to run, create and view the results of complex test scenarios. Additionally, CATS manages boilerplate resources and supplies other services with physical PCs, test data and tool licensing. Due to this, it removes a lot of burden from the test automation team. In figure 4 below, it shows CATS logical architecture diagram. CATS follows BT’s guiding principles for automated testing, for example, being environment independent. This allows developers to test collateral whenever throughout the diverse environments. This can be seen under the logical architecture diagram as ‘systems under test’ section in figure 4. Moreover, CATS provides a complete set of tools in a box as it employs the concept of a ‘Toolbox’ full of test engines. Consequently, this provides a variety of options for the tester and allows the end-user to daisy chain test code modules. This concept allows the tester to use the best tool for each part of the stages within the software development life cycle, hence CATS provides an intuitive common-sense approach. 
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Figure 4: CATS Logical Architecture Diagram 

   
Software Development & Technologies that Applies to the Project
Out of the models discussed in the literature review; section 2.4 software methodologies – development models, the most relevant to this project is the Waterfall Model. As the model follows a linear and sequential approach to the software development lifecycle, it helps follow a logical progression throughout the entire cycle. It has set distinct endpoints and goals for each phase of the development; hence it is ideal for big and complicated projects. Additionally, as each phase in the model involves complete completion before moving on to the next one, it is ideal to be used in this project. For example, in this project, it involves writing and creating scripts in chronological order and then gathering all the required data that needs to be tested. This then creates multiple scripts in order of the manual tests. Similarly, this applies to creating guideline documents where these documents have to be organised in order like the Waterfall method. It begins with the creation of manual tests then creating scripts that match the manual tests based on the proper required outcome. Essentially, the Waterfall model has been found to be significantly useful throughout the software development life cycle, especially in terms of implementing manual testing to automated testing. 

In terms of hardware resources that are required for this project are powerful and modem laptop that are able to handle various applications running all at once such as Visual Studio Code, Git Bash, GitHub, Jira, and CATS. Without having the ability to do this would cause a massive delay if the computer or laptop cannot support all these applications running at the same time as it supports multiple processes. Essentially, GitHub which is hosted on the cloud, is a vital resource needed to allow for the scripts to be automatically updated once it has been created onto the in-house application software. 

4.0 Development & Implementations 
Touching base with the aim of this independent project, it is to turn all manual testing cases and create them into automatic testing methods within the department role of BT. It is also equally important to have dashboards so that all live feedback such as a failed or successful test run can be presented on the dashboard after it has been run on CATS. 

Henceforth, in order to achieve these aims, it is essential to:
1. Look at manual tests step by step provided by the manual tester via a test case.
2. Perform the test manually to ensure that it is indeed working. 
3. Gather the x-path of the element that will be tested → for example button. 
1. X-path example: ‘//*[@id="b7-b4-Column1"]/div/a/span’
4. Use Git Bash to take a pull ‘Git Pull’ on the master branch → this ensures that the code is up to date as well as ensuring that the new code is visible and does not have any conflicts with the new code.
5. Apply x-path to Visual Studio Code 
6. Create new script with proper naming conventions relevant to the element being tested.
7. Create code logic that allows the script to click and navigate through the web page to ensure that all the elements are working and functioning as required. 
8. Once completed perform a git commit and then do a ‘Git Push’ → this enables the newly update code to be presented on the in-house automation software that has been provided.
9. Go to ‘CATS’ and create a new master script with proper naming conventions and add all of the newly created scripts that match the logic of the manual tests.
10. Run master script. 
11. Results will be provided after a certain amount of time. 
12. Once done, update Jira accordingly with the results. 

Work Currently Done in the Workplace -BT:
As of the moment, there is only a manual approach to testing. This work is being provided from the developers, and once it has been implemented the new feature, manual testers would ensure if it were working as required. Manual testers would create manual test cases and provide screenshots of each page to show that it is working as well as a navigation tool with the use of the provided URL to reach the point of testing. For example, in order to implement a pop up, every step prior to the pop up will be tested. This is to conclude whether the pop up is showing up as it should. At any circumstance that the pop up is not working as expected, then this would raise a bug/defect with details on the issue. The development team will then be aware of this bug/defect and fix this issue. This can raise several issues when redoing these manual tests especially when conducting regression testing as the team has to ensure that the previous tests have worked correctly. Similarly, the manual tester would have to redo the whole tests again in order to provide security that the tests are working as expected. Unfortunately, these regression tests can be 30 test cases long. 

Based on the systems mentioned in the step by step above, every single application works together as it is linked via Jira and Git. IDE is linked via a master branch that is presented on Jira and the automation software, CATS, is also linked to Jira using the same master branch. If CATS is using the same branch as the one on IDE, then scripts are created once it has been pushed using the command mentioned prior to ‘Git Push’. Once it can be searched for on CATS, then it will be presented as well as all the applications are linked on the same branch. Consequently, it is crucial and essential to name the proper conventions for each of the scripts created as it is relevant to what is being tested. Hence, by doing so, it will be easier to find when creating a master script on CATS. 

Additionally, it is important to have naming conventions when creating scripts as there can be thousands of different scripts. By naming the different conventions, it can narrow down the correct script that is required for the next stages of the automated testing as well as keep the work organised. When all the data are consistently organised, it then becomes easier to process and gather the results. Each and every one of the created scripts has an output message added to the code, hence this allows for an easier understanding and clarification when presented with an error. Thus, the automation tester can quickly see this issue and make the necessary and appropriate changes needed without further delays. Figure 9 below shows an example of a code that includes error ease of use output message, ‘except function’. 
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Further elaboration on the step by step listed above to meet the aims and objectives, it is important to first to communicate with the manual tester for the best approach to implement into automated testing. As the overall goal is to be able to automate all of the manual tests, it is key to understand the all the work done for manual testing. In figure 5 below, it shows an example of a manual test case. Usually, it takes around 7.5 hours for manual tests to be performed and completed for a successful manual test. As mentioned previously, repeating manual tests is costly and time-consuming. Hence, with automated testing, once the scripts have been created, it can be rerun as many times as needed without affecting costs and reduces the time to these repeated tests from days to hours. 

Furthermore, when running regression tests to ensure the functionality, the scripts can be rerun within two to five minutes depending on the size of the master script – this can be seen in figure 7. It can be run in bulk, hence saving hours of time testing which then allows for a greater productivity. Regression tests are currently used in manual testing where it uses a system called x-ray. Results are manually updated on the system; hence it could lead to a greater chance of human errors. 
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Figure 5: Example of Manual Test Case  


Figure 6 below shows the CATS master script. This is based on the steps provided by the manual tester. 
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Additionally, URLs are a vital functionality when performing automation scripts as without having the correct URL, the automation tester will not be able to get the proper x-paths. Without the right x-paths, the tester will essentially be testing the incorrect element, hence it will not match to the manual tester’s test cases. Referring back to the waterfall model, without having the right URL, the automation tester will not be able to proceed further until this step has been corrected and completed. This can be demonstrated in figure 8 below where it depicts the first step for every automation script created. 
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Figure 8: First Step of Automated Testing – URL Specific 


Guidance Document for Manual and Automation Testers
Having this guidance document allows for both the manual and automation tester to have a better understanding on what works best for each other. This ensures that first the testing goal of a successful test is met as well as allowing new testers to understand the best practices and principles relevant to performing their specific tasks*. This indeed helps the new testers to understand the terminologies and current Life Cycle in the team even better. Below in table 1 depicts the tool requirements needed for both manual and automation tests. 

*It should be noted that this document does not teach or educate beginners, it is essentially to help people with the general knowledge on both the testing fields and best practices. This guidance document is also improved every two weeks to match the constant changes and improvements being made. Additionally, it shows the issues and errors faced along the way and ways it can be improved in the future. 

Table 1: Tool Requirements for Manual Tester and Automation Tester
	Tool Requirements

	Manual Tester
	Automation Tester

	Test Case  Prepared in Excel
	Technology Stack  Selenium & Python 

	WireMock  For Stubs
	WireMock  For Stubs

	Test Execution  Capture in Word
	CATS  Automation Scripts 

	Jira  Upload Test pack 
	Git Bash  Keeping up to date with code and pushing created codes

	
	Jira  All test management including reporting

	
	IDE  All of the scripts will be written in this application 



Expectations of Manual Tester & Automation Tester:
As expected, it is more desirable and valuable to understand the expectations of both manual and automation testing sides as the goal is to work as a team and provide an overall success when testing new development work. As the manual tester sets the foundation for the automation tester, these steps listed below are crucial for the automation tester to start the relevant parts and stages. It is highly important that the manual tester have completed their part before the automation tester can proceed with implementing automated testing. 

1. Manual tester → Understand the application being tested. 
1. Get all the necessary access required.
2. Know the application well to perform manual test steps  knowing these steps will allow the manual tester to provide the automation tester with the proper understanding on what is needed to run a successful test. 
2. Automation time frame when starting on a new test case. 
1. When the manual steps are functioning and ready, then automation testers can target two scenarios per day even though developing a new script for a new functionality will take some time. 
2. Scripts can only be created once the manual steps have been completed properly and accurately. 
3. Good automation means good manual test cases (steps required from manual tester).
1. Manual test cases should be tested in a required environment with proper test data including correct standalone URLs provided for each test.
2. Screenshots of required elements or scenarios being tested should be provided for automation tester in the description to avoid any confusion and allow better communication*

*If screenshot is not available in Jira, then a functional walkthrough is needed from the manual tester for the automated tester with descriptions. 

Linking Codes
Firstly, the x-paths are placed in a main Python file which contains all of the x-paths required function in the ‘pageofobjectsmodel’ folder. Each of these functions are linked to their own separate script as each test have to fit into each order to work accordingly. In these separate scripts, the in-house automation software CATS is linked, and results are produced based on the test steps. Furthermore, they are linked via the import function at the top of each separate scripts and displayed below in figure 17. It is essential that the ease-of-use naming conventions are used in order to match and sync accordingly too. 

[image: A screen shot of a computer

Description automatically generated]Figure 17: Displaying Import Function with orbit_mobile.py class name linked – click_hide_details_button.py.
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[image: ]Figure 19: Displaying x-path with naming convention – mobile_page.py.
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5.0 Results & Discussion
Focusing on the ways of working document first, it can be said that with four years of experience working in BT, the document has shown to be significantly effective for team. As the document is constantly modified and changed to the best ways of working, this allows the team to collectively come together ad discuss any limitations, advantages and issues that have been faced from both the automation and manual testing team. The purpose of incorporating a document like this is to create an accurate framework for the team and to ensure that testing is done properly. 

Furthermore, this document has shown to have improved the testing times in manual testing. Each step is documented before handing over the test cases to the automation tester, hence issues faced will have been rectified before the next stage. For example, if screenshots have been missed in the ways of working document from the previous stage, then this causes a ripple effect for the automation tester. This causes the automation tester to potentially test the wrong element and cause further confusion. Hence, by implementing and documenting every step during the manual test into the document, it has proven to create less issues, confusion, and more guidance for the automation testing team. 

Pinpointing to previous automation testing times, it used to be approximately 15 minutes as shown in figure 10 below, but now it has been reduced to 2 minutes (as depicted in figure 11). The testing times have been reduced due to the creation of scripts that helps navigate straight to the tested element. By using a standalone URL, it skips any irrelevant steps before reaching the selected element for testing (figure 12). 
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Furthermore, it can be said that the transition from manual testing to automation testing have been successful as shown in figure 13 below. This is further supported by the figures included in 4.0 Development & Implementation, specifically figure 7. 
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Consequently, one of the biggest improvements that could have been implemented in this project is using the in-built feature, ‘Git Blame’ (figure 14), on IDE. As mentioned before IDE allows the creation of scripts, hence allowing users to be presented with information regarding who has created what and track the changes that have been made. If this application was implemented beforehand, it would have avoided a cascade of confusion within the team such as understanding each piece of code, what the functionality of the code and more. Moreover, if Git Blame application was used before, it would have further improved communication within the team as the author could have been contacted straight away. As Git Blame is a resourceful application, it could have been added on to Visual Studio Code as an extension. 

[image: ]Figure 14: Git Blame Application  

[image: ]Figure 15: An Example of a Working Git Blame Extension



As expected, some of the tests did not go as planned due to miscommunication between both the manual and automation tester. This issue was prior to the implementation of the guidance document being in place, nonetheless, once it was implemented, it has shown to made significant progress and improvements with the software development as well as the team. One of the biggest issues faced was providing an incorrect URL by the manual tester, hence the wrong elements were being tested instead. This issue was resolved by having the automation tester run the manual tests individually and ensuring that the manual tests were perfect and working successful as expected before creating the scripts for automation testing stages. In figure 16 below, it shows a failed testing element. 
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6.0 Conclusion 
Overall, I found it challenging in the early stages of the project when gathering information and setting the aims and objectives as there were various directions I could have taken. It was difficult trying to set a specific aim or objectives that aligned with my independent project title even though I knew specifically what my focus was. It was tricky narrowing down a big goal into smaller goals with specific focus. When I was doing my research for the literature review, there were a few challenges that I was faced with. First, it was difficult to find relevant papers, journals or articles that were recent and had updated information on the topic. Majority of the articles had information before 2006, however ever since then, there have been improvements and changes in the implementation as well as development of applications and techniques used. With that being said, reading through the older versions of certain articles helped further my understanding and knowledge on certain aspects of this project. It was interesting learning the history behind software developments and how, when, and why it was first developed. 

Secondly, it was even more challenging looking for relevant articles on companies and their way of implementing automation testing, methodologies, software developments techniques and ways of resolving issues. It was however understandable as companies have their own in-house software implemented, and it could be due to copyright issues as well. Hence, due to this difficulty, I was limited with the information I needed to compare current workflow within major companies and BT itself. With that being said, I did manage to get relevant and valid information from two major companies such as Amazon and Google. 
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APPENDIX  

(a) Screenshot of scripts created based on manual test cases. 
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(b) X-path gathered to each element being tested from the manual steps provided. 
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(c) Functions that link to the naming convention of the x-path 
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(d) Script created for clicking a pop-up message. 
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(e) Guidance document 
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Click sync_cart._error_button xpath - *//*[@id="b15-b1-Placeholders® ) button"

Click_add_to_basket_2nd xpath “List-iten botton-radius"](41//span[text()="Add to basket"]’|  You, last month « x-path updated
Click_Losd_nore._sirtine xpatn i="53-ListContainer™1/div[2]/button®

Click_trading_sino_sdd_putton xpath 3-11-11601_2-b1-buttorPlaceholder™]/button*

click_essential_plans_button xpath = '//*[@id="$b3"]/div[1]/div[2]/button[2]"

click_all plans_xpath = '//*[@ic b3"1/div[1]/div[2]/button[1]"

click_no_frills_plans_xpath = '//*[@id="$b3"]/div[1]/div[2]/button[3]"

«click_all_rounders_plans_xpath = '//*[@id="$b3"]/div[1]/div[2]/button[4]"

«lick_show_full_works_plans_xpath = '//*[@id="$b3"]/div[1]/div[2]/button[5]"

Click_confirm_ben_custoner. details_airtine xpath id="ninerva"1/div[3]/button"
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‘#seLf. switch_to_cross_orgin_frame()
self.driver.find_element_by_xpath(self.verify_otp_xpath).click()

except Exception:

| logging.info("Not found Customer clicks no button on Tell the customer”)

Click_run_check_btn(se1f):
1ogging.info("Clicking Run Check button™)

try:

| sef.driver.Find_element_by_xpath(self.run_check xpath).click()

except Exception

| raise ObjectiotFoundexception(“button not found ", self.run_check xpath)

Click_continue btn_customer_detail(self):
logging.info(*Clicking continue button")

try:

| self.driver.find_element_by_xpath(self.continue_btn customer.detail xpath).click()

except Exception

| raise ObjectiotFoundexception(“button not found ", self.continue btn_customer_detail xpath)

click_continue btn_fulfillnent(self):
logging.info(*Clicking continue button")

try:

| self.driver.find_element_by_xpath(self.continue_btn fulfillment xpath).click()

except Exception

| raise ObjectiotFoundexception(“button not found ", self.continue btn fulfillnent xpath)

Click_confirm btn_final review(self):
1ogging.info(*Clicking confirm button")

try:

| sef.driver.find_element_by xpath(self.confirm btn final_review xpath).click()

except Exception

| raise ObjectiotFoundexception(“button not found ", self.confirm btn final review xpath)

Click_create_session_in_agreement(self):
logging. info(*Clicking create session button")

try:

|~ self.driver.find_element by xpath(self.create_session xpath).click()

except Exception:

| raise ObjectliotFoundexception("button not found *, self.create_session xpath)

click_send_to_customer(self):
logging.info("Clicking send to customer
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#rom pageobjectmodels.orbit.Hobile.Orbit_mobile_page import Obritiobilepage
#rom pageactions.comon import reusable action as reuse

#rom o0s.path inport basename as base

You, 2 weeks ago | 1 author You)
class PageAction(object):

def run(self, webdriver, cats, data):

try:
page = Obrittiobilepage(webdriver)
cats. test_step_info("click hide details btn minerva™)
page.click_nce_hide_details_popup_error_minerva()
cats. test_step_pass("clicked hide details btn minerva ")

except Exception as e:
pageaction_name = base(_file )[:-3]
reuse. exception_handler(e, webdriver,cats, data, pageaction_nane)
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Ways of Working for Manual &
Automation Testers (DRAFT)

Table of Contents

Contents

Life Cycle - Design Develop Test Repeat

‘Ways of working required between Manualand Automation tester, depending on the specific context
and goals. Here are defined approaches: 2

Notes from convo with Pallavi (Manual)...

Raising bug for Developers Best Practices to follow.

[N NI

Test Automation Best Practices to follow..

Terms

General
‘Assertion - comparing reference/expectation against real dsta

Step - an action, clicking a button, or entering some input

Test case - 3 unit o work comprised of several steps

sira

Story— 3 ira story, should be seff explanstory

Sub Test Execution - ajiraticket that holds althe test cases o Test XYs for this Story.

Test XY jra ticket for 3 test case (should be a 1t0 1 mapping)

Life Cycle- Design Develop Test Repeat
+ Ppresprint
o Designers will work to get the stories, and Figma ready for the sprint

* Presprint planning
 Nevelnners and tacters are tn Innk 3t the reary o ctart iras in the next snrint tn have
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o Developers and testers will ask questions about the

«  Sprintin progress, Developers developing
o Developers will develop against their assigned stories
© Manual Testers will plan test cases for the stories

o Sprintin progress, Developers done, story ready to test
© Manual Testers will plan test cases for the stories

Tools Used

Tools required for automation tester.

Technology stack - Sefenium and Python
Migadosk - forstubs

Cats - forautomation scrits

it Bash — Keeping Upto e with codeand pushing your own reated code
-l esc management including reporting

1DE 3l o your scrptswil be written here:

Tools required for Manual tester,

Test case-Prepare in Excel
Wigadosk -forstubs

Test execution- capture n Word

i - upload sgskgas, rase defectand track you can add more

Ways of working required between Manual and Automation tester,

depending on the specific context and goals. Here are defined
approaches:
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Ways of working required between Manual and Automation tester,
depending on the specific context and goals. Here are defined
approaches:

‘Overal goal here s to Improve the reationship between the manusl and automation tester. Tis il nelp reduce delays.
and miss understandings.

1

Know the application being tested (Manual tester).

) Getallaccesses required.
b) Know your application well, perform manual test steps.
2. Knowing these steps will llow the manual tester to provide the automation tester with the
correct understanding on what they need 1o test 0 allow for 3 carect 3nd successful test.

Automation time frame when working on new test case.

) Functionally if we are reacy with the manusl steps providd from the manual tester then we can target 2.
scenarios per day.
I Developing 3 new script for 2 new functionality this wiltake some time.
b) Scripts can only be created once the manual steps have been completed correctly

‘Good Automation means good manual test case (Steps required from Manual tester).

3) Manual test case should properly ested in required environment with proper test data, including correct
stangalone URLS provided for each task.

b) Screenshors of required slement or scenario being tested should be provided for sutomation tester in
‘escription to avoid confusion and allow for better communication.

I Ifscreznshot not available in ira some time wil be recuired from manual ester for functional
walkihrough
1L Better descriptions
. Use examples from other teams

Example good testcase:

Tite
o Brief overview of the story
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* Description
o Description of the overall goal of the story.
©  Screenshot of excepted outcome to help avoid confusion with test steps and wil allow for a clearer
understanding.
+ TestDetails
o Correct standalone URL
©  Detailed expected results

Example
-
Test to validate Create order in viocity by calling POST POM api

P -~ ]

) Allthe prerequisites should be available for both manual and automated test case testing.

) If any test data required, tester should creste that test data el before time, when designer explains the
change or functionality.

&) Our case its stubbing of data in Wire mock

1) Avoid GUI Automation when there i an siternate prasent, £.g some database references or APIS

) Identify the test scenarios: Understand the functionality and requirements of the web application you want
10 automate. Identify the test scenarios that need to be coverad by automation.

and codins: fion can be achi inting or coding. where vou write insrrurions o
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4. Scripting and coding: Automation can be achieved through scripting or coding, where you write instructions or
algorithms that automate specific tasks or processes.

3)  Proper code with comments

b) Reusable code

) Unique Objectidentiication methods should be used

) Develop test scrpts: Writ testscripts using the Python. Use the WebDriver methods 1o nteract wth the
‘web elements, perform actons, and etrieve information from the web apgiication.

&) Implement test data management. Incorporate mechanisms o handle test dat, such as data-driven testing
using external fls (e.g., CSV, Excel o databases. This 3ows you 1o execute the same tests with different
input data. Stubbing Jizemagh Data.

1) Implement synchvonization and waits: Use synchronization techniques, such as implicit and explicit waits, ©o
ensure that the automation crit waits for the web page elements t oad properly before interacting with
them.

) Handletest assertions and Logs: Include assertionsin your testscripts to validate expected resus.
Implement reporting mechanisms to generate meaningful tst reports, capturing test execution detais 3nd
any filures encountered.

h) AITCtoCATs

5. Workflow ion: This approach i ing entire o business processes, connecting
different steps and together. Workflow automation toos help str and optimize complex
rocesses by automating the movement of data and tasks between different systems and stakeholders.

Timeline for 10-day sorint windox,

Notes from convo with -Manual)

© (Day 1) Which story in progress that story we wil pick first,first day sprint planning & poker meeting
is there. 50 itis done 3t 5 pm, itis end of the day.
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« (Day 1) Which story in progress that story we will pick first, first day sprint planning & poker mesting
is there. 5o itis done 3t 5 pm, it is end of the day.,

+ (Day 2) 50 pick from 2 and day analyse & understand story, then start test pack

 (Day 3/2) write test pack

Raising bug for Developers Best Practices to follow.
1. Understanding rasing bugs

Ensuring ths is done correctly allows for the developers to easly understand the issue we are facing in the testing space
200 for 3 quick tumaround to ensure there i not any delays, below plesse refer for the best practice 1o ollow when
raising any issue, you may face.

© e
& Tasknumber followed by brief description of error
* Description
o Unkzostory
Standalone URL used in task
Expected Result
Actual Result
Screenshot of error

ORBITAPP-1920 there is showing NCE for a Omni context api

PP
w Domses .
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Test Automation Best Practices to follow.
1. Decide which tests to automate

Itis not possible to automate every test since some of them can only be conducted with human judgment. 5o, every test
‘utomation plan must begin with narrowing down which tests il benefit from being automated. It s advisable to
automate tests with the ollowing qualties:

 Tests requiring repetitiv action with vast amounts of data
 Tests prone to human error

© Teststhatneed to use multple data sets

 Tests that extend across multple builos

 Tests that must un on different platforms, hardware, or OS configurations
* Tests focusing on frequently used functions

2. Divide tasks based on skll

When assign each one to indivigusls based on their techical expertise and application knowledge. it will allow team
‘members of varying skl levels to create test scripts with reasonably minimal ease.

3. Collective Ownership of Tests

'Don'tjust appoint 3 single tester or engineer to carry out entire sutomation testing projects. f the rest of the team does
ot stay up 10 date every step of the way, they will ot be able to contribute in any meaningful way.
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3. Collective Ownership of Tests

Dot just 3ppoint a single tester or engineer to carry out entire automation testing projects. f the rest of the team doss
ot stay up to date every step of the way, they willnot be able to contribute in any meaningful way.

4 Remove uncertainty.

‘The entire point of automation i to achieve consistent, accurate test results. Whenaver a test fals, testers have to identify
what went wrong. However, with an increase in the number of false posTtives and inconsistencies, there occurs &
corresponding ncrease in the time required for analysing errors,

5. Keep Records for Better Debugging

‘When testsfail, it important to keep records of the failure as el s text and video logs of the falled scenario so that
testers can igentiy reasons for test falure
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