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Abstract 

Software testing is a very critical factor in determining the quality, robustness and reliability of applications. Testing 
methods have advanced to accommodate the various software development practices that are being churned out at 
frequent rates and representing complex systems. One such method is the hybrid software testing model, which 
combines the strengths of different testing techniques to achieve comprehensive testing coverage. This study provides 
an in-depth analysis of the hybrid software testing model, exploring its definition, benefits, challenges, and best 
practices. Furthermore, it discusses various testing techniques commonly used in hybrid testing and presents case 
studies showcasing the successful implementation of the hybrid model in real-world scenarios. 
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1. Introduction

In general, products meant for public consumption are expected to pass through quality assurance checks or testing, to 
ascertain their conformity with rules and regulations guiding them. Quality Assurance is a key part of the product design 
cycle. Any product(s) that do not pass quality checks are discarded as defective or further reviewed. The quality of 
testing would determine the quality of the finished product[1]. When comprehensive tests are not applied to products, 
the deployed product is usually laden with defects or bugs. This analogy also applies to software products. Software 
testing is an integral part of the software development life cycle (SDLC), aimed at identifying defects or bugs in software 
products or systems. The primary goal of testing is to ensure that the software meets the specified requirements, 
functions as intended, and performs reliably in various scenarios [2]. Traditionally, testing was conducted in a manual 
sequential manner, following the waterfall model of development. Here, testers make test cases for the codes, test the 
software and give the final report about that software. No automation tools or scripts are involved. On the other hand, 
automated testing involves 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[3]. Test automation can automate some 
repetitive but necessary tasks in a formalized testing process already in place, or perform additional testing that would 
be difficult to do manually. 

However, with the emergence of agile and DevOps practices, testing methodologies have undergone significant 
transformations. Several software-testing models have been developed to address the diverse challenges in software 
testing[4]. These models include the V-model, iterative model and agile testing methodologies like Scrum and Kanban. 
Each model has its strengths and limitations, and their suitability depends on the project requirements, time constraints, 
and team dynamics[5]. For example, it is advisable to use the V Model on small-to-medium-sized software projects 
where the requirements are clear without any ambiguity. Whereas agile-scrum testing is often used when projects have 
a strong emphasis on delivering software quickly and frequently to meet market demands[6]. Scrum's iterative and 
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incremental approach, coupled with efficient and timely testing, helps reduce time-to-market and enables the team to 
gather valuable feedback early on [7]. 

As software systems become more complex, employing a single testing methodology may not be sufficient to ensure 
comprehensive testing coverage [8]. Hybrid software testing models have emerged as a viable approach to overcome 
the limitations of traditional testing models. The hybrid model combines multiple testing techniques to achieve broader 
test coverage, enhance defect identification, and optimize resource utilization [9]. It refers to the integration of multiple 
testing approaches and methodologies to create a comprehensive and adaptable testing approach. It combines the 
strengths of different testing techniques, such as manual testing, automated testing, functional testing, and non-
functional testing, to achieve thorough testing coverage across various dimensions of software quality [7].  

Automated testing can be fast, repeatable, and reliable, making it ideal for testing large amounts of code and catching 
regressions quickly. However, automated tests may not catch all the edge cases and complex scenarios that manual 
testing can detect. Manual testing, on the other hand, can provide a more nuanced and exploratory approach to testing, 
enabling testers to uncover unexpected bugs and usability issues [10]. Furthermore, manual testing can be time-
consuming, labor-intensive, and prone to human error. 

The challenge, therefore, is to find the optimal combination of both testing models that can effectively detect defects 
and improve the quality of the software, while minimizing costs and time to market. This requires a well-planned and 
coordinated testing strategy, as well as the use of appropriate testing tools and techniques. 

To this end, this study intends to implement a testing model that incorporates the benefits of manual testing as well as 
the advantages of the automated testing and establishes a cohesion, which would ensure that software testing in today’s 
organizational settings would be as efficient as well as effective. 

2. Overview Software Testing 

Software testing is a critical and important part of the software development life cycle, aimed at evaluating the quality, 
stability, and functioning of software programs. It is a systematic process of executing software components or systems 
to detect errors, failures, or any departure from planned behavior. The objective of software testing is to detect 
problems early in the development process, minimizing the cost and risk of application failures in production settings 
[2].  

 Software testing encompasses a broad variety of activities that involve planning, designing test cases, executing tests, 
analyzing results, and reporting defects. The primary objective of software testing is to ensure that the software satisfies 
the specified requirements, functions accurately, and performs optimally under various conditions. It involves both 
functional and non-functional aspects, including usability, performance, security, and compatibility [11]. 

 

Figure 1 Manual Testing Procedure [11] 
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Various testing methods and techniques are employed in software testing. These include; manual testing, where human 
testers execute tests and validate the software's behavior, and automated testing which utilizes tools and programs to 
automate test execution and verification [12]. Both methodologies have their advantages and are often used in 
combination to accomplish comprehensive testing coverage. This comprehensive use-case forms the basis of this study 
as shown in figure 1 and 2. 

 

Figure 2 Automated Testing Setup/Flow [3] 

Different forms of software testing pertain to specific objectives and phases of the SDLC. Some common forms of testing 
include unit testing, integration testing, system testing, acceptance testing, regression testing, and performance testing 
[13]. Each type serves a unique purpose, such as verifying the integrity of individual components, testing the integration 
between components, validating the entire system, or evaluating performance under various demands. 

Software testing faces several challenges that can affect its effectiveness. These challenges include time and resource 
constraints, evolving requirements, complex software systems, and the need for skilled testers. Additionally, 
maintaining test environments, managing test data, and ensuring adequate test coverage can be demanding tasks. 
Overcoming these challenges requires effective planning, collaboration, and the use of appropriate testing 
methodologies and tools[14]. 

To overcome these challenges and ensure successful software testing, organizations follow best practices and 
guidelines. These include defining clear testing objectives, developing comprehensive test plans, prioritizing test cases 
based on risks, ensuring adequate test coverage, establishing robust defect reporting and tracking mechanisms, and 
promoting collaboration between development and testing teams. 

2.1. Overview of Manual Software Testing 

Manual software testing refers to the process of meticulously verifying and validating software applications by human 
testers. It involves the careful execution of test cases, interaction with the software's user interface, and observation of 
the software's behavior. Testers manually perform different types of testing, such as functional testing, regression 
testing, usability testing, exploratory testing, and ad-hoc testing, to ensure that the software meets the specified 
requirements [15] as shown in figure 2.3. 
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Figure 3 Manual Testing Process [16] 

2.1.1. Advantages of Manual Software Testing 

 Early Bug Detection: Manual testing allows testers to identify bugs and issues that might have been missed in 
automated testing. Human intuition and observation skills play a crucial role in detecting subtle defects, 
usability issues, and non-functional problems. 

 Exploratory Testing: Manual testing enables exploratory testing, where testers have the freedom to explore 
the software, experiment with different scenarios, and uncover unforeseen defects. This flexible approach helps 
in improving the overall quality and user experience of the software. 

 User Perspective: Manual testing provides insights into the user's perspective by allowing testers to interact 
directly with the software's user interface. Testers can evaluate the software's intuitiveness, ease of navigation, 
and overall user-friendliness, ensuring that the application meets the end-users' expectations[16]. 

 Cost-Effectiveness: Manual testing can be cost-effective, especially in the early stages of software development 
when frequent changes occur. Automated testing requires substantial effort to create and maintain test scripts, 
while manual testing allows testers to adapt quickly to evolving requirements and perform tests without 
significant upfront investment. 

 Flexibility and Adaptability: Manual testing offers flexibility in designing and executing test cases. Testers 
can adjust their approach based on the specific requirements, risks, and changes in the software. Manual testing 
also adapts well to agile development methodologies, where frequent iterations and continuous feedback are 
vital as shown in figure 2.4[17]. 

 

Figure 4 Manual Testing checklist [17] 
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2.1.2. Disadvantages of Manual Software Testing 

 Time and Resource Intensive: Manual testing can be time-consuming, especially for large-scale projects with 
complex functionalities. It requires a dedicated team of skilled testers who invest significant effort in test case 
creation, execution, and result analysis[10]. 

 Human Error: Manual testing is susceptible to human error. Testers may overlook certain scenarios, 
misunderstand requirements, or introduce biases that can impact the quality of testing. Thorough training, 
documentation, and effective communication among the testing team can help mitigate these challenges. 

 Repetitive Tasks: Manual testing often involves repetitive tasks, such as regression testing or retesting after 
bug fixes. These tasks can be monotonous, increasing the likelihood of errors. Testers need to maintain focus 
and concentration to ensure accurate and consistent results. 

 Scalability: Manual testing becomes increasingly challenging as the size and complexity of the software 
application grow. Coordinating testing efforts, managing test data, and maintaining test coverage across various 
platforms and configurations can be demanding. 

2.2. Overview of Automated Software Testing 

Automated software testing has emerged as a vital component of the software development life cycle (SDLC), 
revolutionizing the way software applications are tested. It involves the use of specialized tools and scripts to execute 
test cases, validate functionality, and identify defects. 

An automation tester writes the code for a test case or scenario to reduce the amount of time taken for manually testing 
the same scenario frequently. Even though to run the automation script and testing a scenario takes very less time, the 
development of the script is time consuming. Automation tools like Selenium, Eclipse, Maven, Git etc. are used in 
companies according to their needs. 

Automated tests include;  

 Background processes, file logging, and database entry are examples of hard-to-reach areas of the system. 
 Frequently utilized features with a high risk of error: payment systems, registrations, and so on. Because crucial 

functioning tests take several minutes on average, automation assures quick errors.  
 Load tests, which examine a system's functioning in the face of a huge number of requests.  
 Template operations, such as data searches, the entry of multi-field forms, and the verification of their 

preservation.  
 Validation messages: erroneous data should be filled in the fields, and the validation should be checked.  
 End-to-end situations that take a long time.  
 Data verification including precise mathematical computations, such as accounting or analytical processing.  
 Verifying the accuracy of the data search. [3] 

2.2.1. Advantages of Automated Software Testing 

 Improved Testing Efficiency: Automated software testing significantly improves testing efficiency by 
executing test cases faster and more accurately than manual testing. The automation tools can quickly repeat 
test scenarios, eliminating the need for manual intervention, reducing human errors, and enabling faster 
feedback on software quality[18]. 

 Increased Test Coverage: Automated testing allows for broader test coverage by executing a large number of 
test cases across various scenarios, data sets, and configurations. It ensures that critical functionalities, edge 
cases, and integration points are thoroughly tested, reducing the risk of undetected defects[18]. 

 Regression Testing and Continuous Integration: Automated software testing is particularly beneficial for 
regression testing, which involves retesting previously validated functionalities after modifications or updates. 
By automating regression tests, developers can quickly identify any unintended side effects or regression 
issues, ensuring that existing functionality remains intact while new features are added. Automated tests also 
integrate seamlessly into continuous integration and delivery (CI/CD) pipelines, enabling frequent and efficient 
testing in agile development environments[18]. 

 Increased Accuracy and Reliability: Automated testing eliminates human error and subjectivity, resulting in 
more accurate and reliable test results. The tools precisely execute predefined test scripts, compare actual 
results with expected outcomes, and generate detailed reports. This consistency and objectivity enhance the 
reliability of the testing process and facilitate efficient debugging and issue resolution. 
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 Resource Optimization: Automated testing optimizes resources by reducing the need for a large manual 
testing workforce. Testers can focus on higher-value tasks such as test planning, test case design, and 
exploratory testing, while repetitive and time-consuming test execution are automated. This resource 
optimization leads to cost savings, improved productivity, and better utilization of human resources [18]. 

2.3. Review of Related Work 

[19]conducted an experiemental hybrid testing model on a large-scale e-commerce application development project. 
The model combined manual testing techniques for critical workflows and user acceptance testing, while leveraging 
automated testing for regression testing, performance testing, and compatibility testing. This approach reduced time-
to-market, improved software quality, and enhanced customer satisfaction. During this experiment, functional tests 
were carried in batches. With majority being performed by testing interns who only had the knowledge of manual 
testing. They worked with comprehensive acceptance criteria. The automated was performed using pre-written 
javascript codes that were saved to Postman libraries. 

[20] adopted hybrid testing model to address functional and non-functional testing requirements. Manual testing 
techniques were employed for complex business logic scenarios, while automated testing was used for regression 
testing, security testing, and performance testing. The hybrid approach enabled thorough testing coverage and early 
defect identification, ensuring the reliability and security of the financial software. 

In a mobile application development project, a hybrid testing model was implemented to validate the application's 
functionality, usability, and performance across multiple devices and platforms. Manual testing techniques were utilized 
for user interface testing and exploratory testing, while automated testing was employed for regression testing, device 
compatibility testing, and load testing. The hybrid model accelerated the testing process, improved test coverage, and 
enhanced the overall user experience of the mobile application. 

3. The Real Time Hybrid Testing Model 

After a thorough study of all, the various testing techniques it was discovered that their various disadvantages could 
limit the seamless progress of having a qualitative test. However, the hybrid model of testing takes into consideration 
the merits of manual and automated tests. In order words, it is designed to overcome all the demerits inherent in both 
manual and automated tests. The hybrid testing model is not designed out of nothing but works hand in hand with some 
specific tools. These tools include: 

 The Hardware: every software testing needs a suitable hardware for functionality. The kind of hardware in 
use is determined by the scope and software type. For our research we would use a Laptop PC for connection 
to web applications and automated software testing tools. The PC has a minimum system requirement of 8GB 
of RAM and core i3 processor. In addition to this, a mobile smartphone is used. The smartphone is used for 
testing mobile applications functionality. 

 The Testing Software: these tools include specific windows operating system, android systems, Test Complete 
(for web and desktop tests), Postman, Selenium drivers and cypress. Selenium is used to automate web-based 
application testing, while Test Complete is used for mobile applications automated tests. These are used 
alongside Test Complete to get a qualitative testing process. 

3.1. System Design  

The system design aims to achieve the following: 

 Test Coverage: the research model provides comprehensive test coverage by combining the strengths of 
manual and automated testing techniques. Ensuring that critical functionalities, user scenarios, and edge cases 
are adequately tested. 

 Flexibility: the model is designed into a flexible system design that allows for the seamless integration of 
manual and automated testing. And it also provides the ability to switch between testing modes and adapt to 
changing project requirements. 

 Scalability: the model is scalable and can handle varying project sizes and complexities. The system model 
supports the testing of small-scale projects as well as large-scale enterprise applications such as ERPS. 

 Test Case Management: a robust test case management system is implemented that allows for the creation, 
organization, and maintenance of test cases. It ensures that the system supports easy retrieval, modification, 
and execution of test cases. 
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 Reporting and Analysis: reporting and analysis capabilities are incorporated into the model design to provide 
insights into test results, defect tracking, and overall test progress. It enables stakeholders to make informed 
decisions based on comprehensive test reports. 

 Test Management Module: This is a module that facilitates the management of test cases, test suites, and test 
execution. It allows the tester to create and organize test cases, assign priorities, and define test configurations. 

 Test Execution Engine: The test execution engine executes test cases either manually or through automation 
tools. It provides a seamless interface for executing automated tests and capturing results. 

 

Figure 5 A Test Execution Engine operates 

3.2. Hybrid Model Flowcharts 

Hybrid model flowcharts are depicted to show various interactions between process stages.  

 

Figure 6 Workflow of Testing  
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Figure 7 Flow for generating test cases  

4. System Implementation 

Table 1 and 2 shows implementation of the system. Test cases are built from the feature requirements of the software. 
A test case must contain key parameters for thoroughness. The following are important and can be captured manually:  

 Test case ID: every test case has an identifier used to record its occurrence. 
 Feature to be tested: this is based upon the requirements from the analysis phase of SDLC. Each feature usually 

has a negative test and a positive test.  
 Test Case: This is the premise on which the testing is carried out. It mostly consists of actions to be performed. 

In this case, a manual approach is used for the first few tests in order to establish a familiarity with the software. 
 Precondition: a precondition is a process/action that must have been performed before the actual testing must 

be carried out. A Pre-condition could be another test case in some scenarios. 
 Expected Results: these are the required outcomes that must have been developed from the feature acceptance 

criteria given by business analyst or product owner. 
 Test Status: this would determine the outcome of the tests. All test cases must be passed before there could be 

a sign-off for completion. 
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Table 1 Test case sample of the system   

 

Table 2 Test Case result of the system   

 

4.1. Hybrid Component Implementation 

This involves performing a progressive overall testing of the system’s objectives in order to make sure that all 
requirements and objectives are met at each stage of production. Here the automated tests from software tool is fused 
with the manual section to form an overall qualitative test. 
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Figure 8 Cypress studio for running automated test scripts 

 

 

Figure 9 Cypress Automated scripts 
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Figure 10 Automated output from testing 

In the test case sheet, after manually testing by familiarizing with the features of the software, the tester proceeds to the 
Postman screen and views the output of scripts ran using automated testing. In this case, the output viewed was derived 
from Cypress automated tester. When testing has been concluded from the hybrid model, a comprehensive report is 
designed and assigned to the application feature or environment in which the tests were carried out. In this case, testing 
was conducted from a windows environment. This is seen from Table 3. 
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Table 3 System Implementation Report 

 

5. Conclusion 

The system design of a hybrid software testing model encompasses various components and considerations aimed at 
achieving comprehensive test coverage, flexibility, scalability, test case management, and reporting capabilities. By 
carefully designing and implementing such a system, organizations can harness the advantages of both manual and 
automated testing techniques, leading to improved software quality, faster time-to-market, and enhanced customer 
satisfaction. 
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