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Abstract - The goal of software testing is to ensure that the
final product is free of bugs and meets quality standards.
Software testing is a series of steps used to identify and fix
bugs in software before releasing it to the public. It provides
metrics for evaluating the software'’s efficacy and accuracy.
The role of SQAT in software development will also be studied
in this paper with focus on understanding why it is an
important aspect in producing quality software products. It
suggests the means of work on the basis of properties of SQAT
such as the process-oriented approach in Software Quality
Assurance (SQA) and the product-oriented approach in
Software Testing (ST). A discussion of innovative processes like
Agile, DevOps, and automation of testing is made, with a focus
on the changes made to enhance software quality. There are
also existing trends currently witnessed in the market such as
shift-left testing, risk-based testing, and Al, ML, and cloud
solutions, as well as future trends such as TestOps, improved
security testing, and increased UX testing. It thereby highlights
why SQAT is requisite in avoiding failure of software,
improving customer’s satisfaction, and embracing the
standard requirements in whatever form even though there
are challenges and costs involved in its execution.
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1. INTRODUCTION

SQA encompasses a wide range of activities related to
software product standards, processes, and procedures; it is
a methodical approach to assessing software quality [1][2].
Numerous aspects of our everyday lives are affected by
software quality, including economics, health, safety, and
security. SQA is crucial to the software development process.
However, among SQA's many components, software testing
(ST) stands head and shoulders above the others [3][4].
Executing software and watching its behaviour or outputsis
the fundamental premise behind this product-oriented
activity. To ensure the final product meets all quality
requirements, ST is an essential part of the software
development life cycle (SDLC). To guarantee that the
software program meets the client's requirements, quality
assurance techniques and software testing work hand in
hand [5][6][7]. The software development process isn't
complete without SQAT, despite the fact that it's an
expensive but crucial job. Economic harm and catastrophic

outcomes could result from inadequate or non-existent
SQAT efforts [8][9][10]. Table 1 provides the software

Quality Assurance VS testing comparison.

Table -1: Quality Assurance VS Testing Comparison

key phase Quality Assurance Testing

Purpose | Establish quality Detect and fix quality
standards to prevent issues.
difficulties.

Focus Development processes Various facets of the
product, including its
integration,
performance, and
usefulness.

Who Everyone from software QA engineer,
engineers and QA software developers
specialists to business
strategists and external
stakeholders

When During each stage of a At any point
product's development throughout the

development
process, even during
testing

Doing Development process Reviewing code,

what improvement, running test,
standardization, and addressing defects
guideline creation

Development of software requires the use of Software
Quality Assurance and Testing (SQAT). A program might
have disastrous results if SQAT operations are not
performed. Completing SQAT tasks is not without its
difficulties, however. It includes both process-oriented and
product-oriented methods. Software Quality Assurance
(SQA) checks that the development processes are better and
more consistent, while Software Testing makes sure that the
finished product works the way it should. Checking and
validating software, finding and preventing bugs, and
making quality processes better all the time are the main
goals of SQAT [11] [12]. To reach these goals, methods like
human testing, automated testing, and static and dynamic
analysis are used. Modern methods like Agile and DevOps
have also been incorporated into SQAT. Strategies like shift-
left testing, continuous testing, and DevSecOps are now used
to make sure quality is kept throughout the development
lifecycle. It is important to have SQAT because it lowers the
chance of software failures, improves customer satisfaction,
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and makes sure that industry standards are met. All of these
things help make sure that reliable, high-quality software
products are delivered.

1.1 Contribution of this paper

A main goal of this paper is to give a proper overview of
Software Testing and Quality Assurance with its current
practices and future trends. The contribution of this paper is
given below:

e This paper explains the fundamental distinction
between Software Quality Assurance (SQA) and
Software Testing (ST), clarifying their respective roles
in enhancing software quality and ensuring effective
validation.

e This paper outlines the key elements of SQA,
including standards, reviews, error analysis, change
management, and  security, providing a
comprehensive framework for maintaining high-
quality software throughout the development
lifecycle.

e This paper highlights current practices in Software
Quality Assurance and Testing (SQAT), such as shift-
left testing, automation, and integration with Agile
and DevOps, showcasing modern approaches to
improving software quality and efficiency.

e This paperidentifies both the benefits and challenges
of SQAT, offering insights into how it contributes to
high-quality software while addressing the costs,
time, and complexity involved in implementing
effective quality assurance and testing practices.

1.2 Organisation of the paper

The following paper organised as: Section II provides
elements of software quality assurance, with its benefits and
disadvantages. Sections Il and IV provide software testing
and its different methods. Sections V, VI, and VII provide the
software quality assurance and testing (SQAT) with its
current practices and future trends. In section VIII some
previous researchers’ study is explained through literature
review and in last section IX conclusion is given of this paper.

2. FUNDAMENTAL OF SOFTWARE QUALITY
ASSURANCE

SQA refers to the process of making sure software is good.
The project-specific and properly executed standards,
procedures, and processes are ensured by this set of
measures [13][14]. Software QA is an activity that occurs in
the background while software is being developed. To
prevent minor problems from escalating into major ones, it
aims to streamline the software development process.

Standards ) Reviews and > Testing
Audits
Education Change Error/defect
management collection and
Security Safety Risk
management I I management

Fig -1: Elements of Software Quality Assurance

2.1 Elements of Software Quality Assurance

Here are some elements of software quality assurance
that were explained below shown in Figure 1 [15]:

e Standards: Publications and standards developed by
organisations like the IEEE and ISO cover a broad
spectrum of software engineering. The QA team's job
is to check that everyone is following the rules and
that the final goods are up to par.

e Reviews and audits: One way that software
engineers ensure the quality of their colleagues' work
is by conducting technical reviews. As a kind of
review, SQA experts (those working for an
organisation) do audits to ensure that software
engineering work is meeting quality
requirements|16].

e Testing: Error detection is the main objective of
software testing, a quality control procedure.
Assurance of appropriate planning and effective
execution of testing for the main software objective is
the responsibility of SQA.

e Error/defect collection and analysis: Through the
collection and analysis of error and defect data, SQA
gains a better understanding of the causes of errors
and the software engineering activities that
contribute most to their removal.

e Change management: SQA checks to see whether
the right protocols have been put in place for
handling changes.

e Education: A common objective throughout all
software firms is to improve software engineering
procedures. Education has a significant positive
impact on the management of software engineers and
other stakeholders.

e Security management: SQA makes ensuring thatthe
right tools are utilised to make software secure [17].

o Safety: It is possible that SQA is responsible for
identifying the repercussions of software failure and
launching the necessary preventative measures.

e Risk management: The SQA organisation oversees
the creation of backup plans connected to risks and
the proper implementation of risk management
protocols.
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2.2 Benefits of Software Quality Assurance

Some benefits of SQA are:

e SQA ensures that only excellent software is

developed.

Better apps save time and money.

SQA contributes to enhancing reliability.

SQA is beneficial if there are prolonged periods of no
maintenance.

e A company's market share grows when its
commercial software is of superior quality.

e Improving the procedure for creating software.
Increase the overall quality of the program.
Itlowers maintenance expenses. Should the launch go
off without a hitch from the beginning, your company
may go on to the next big thing and leave this behind.
A costly, time-consuming, and never-ending cycle of
repairs is thrust upon your business with the
launching of a product that has ongoing issues.

2.3 Disadvantages of Software Quality Assurance

Some disadvantages of software quality assurance are
given below:

e Cost: Incorporating additional resources, which
results in alarger budget, and enhancing the product
with the addition of additional resources are two
examples.

e Time Consuming: The project is running behind
schedule because testing and deployment are taking
longer than expected.

e Overhead: Due to the need for documenting,
reporting, and monitoring of quality measures, SQA
processes can add administrative expenses[18].
Particularly for less substantial endeavours, the
advantages could fail to outweigh the extra
procedure.

e Resource Intensive: SQA necessitates personnel
who are proficient in quality assurance practices,
tools, and testing methodologies.

e Resistance to Change: Implementing SQA methods
may face resistance from some team members[19],
seeing them as superfluous or bureaucratic.

¢ Not Foolproof: In spite of extensive testing and
quality assurance procedures, software may still
include bugs or security holes.

e Complexity: As the number of stakeholders,
dependencies, and interaction points increases in a
large-scale project, the SQA process might get more
complicated.

3. SOFTWARE TESTING

The term "software testing” describes the steps used toruna
system or program in search of bugs. Like any other physical
process, software takes in data and produces something new
in response. Software varies in the way that it malfunctions.

The majority of physical systems malfunction in a limited
number of predictable ways [13]. But software may break
down in all sorts of strange ways. It is often impossible to
identify every potential software failure mechanism. Because
software is complicated, it might be difficult to find design
flaws in the program. Software or digital system correctness
cannot be ensured by checking boundary values alone since
they are not continuous [20].

Although every potential value must be examined and
confirmed, it is not practical to test them all. Even if tests
were run at thousands/second, it would take hundreds of
years to thoroughly test a simple program that adds only 2
integer inputs of 32 bits (resulting in 2764 different test
scenarios). The software testing iterative approach includes:

Designing tests
Executing tests
Identifying problems.
Getting problems fixed.

3.1 Levels of Testing

The 4 phases of software testing are shown in Figure 2:
acceptance, system, integration, and unit testing [21].

Levels of
Software
Testing

Acceptance

Testing Integration

Testing

System

Testing

Fig -2: Levels of Testing

3.1.1 Unit Testing/Component Testing/Module
Testing

Unit testing is carried out on different system components
separately. Additionally, this is utilised to validate whether or
not each component is operating in accordance with user
needs. Three methods are used to complete this test: unit
testing, which is carried out by the program developers, black
box testing, and white box testing.

3.1.2 Integration testing

Integration testing involves examining how different parts
of the system interact with one another as well as the
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components and interfaces. The developer also performs this
test. Three strategies will be used in this as well: integration
testing, bottom-up, and top-down techniques [22].

3.1.3 System Testing

The role of the Tester is to ensure that the program is fully
functional by doing thorough tests. There are two main
categories of testing in system testing: functional and non-
functional. The primary focuses of this testing are the
system's security, usability, and external interfaces, as well as
its performance.

3.1.4 Acceptance Testing

Software testing culminates in acceptance testing, which
occurs after system testing but before the system is made
available to end users.

3.2 Testing Methods

There are two ways in which software testing may be
carried out after development:

WHITE BOX

All the details of The details of
internal structure

is not known

internal structure is

known

Fig -3: Testing methods
3.2.1 White Box Testing:

Figure 3 displays the results of this testing, which is also
called structural testing. By this point in the testing process,
the program's internal structure and all of its coding details
are understood, and the majority of faults will have been
caught before the system encounters any problems. In this
context, "debugging” refers only to the process of locating
software or product defects. There is an element of security
testing in this as well.

= Basic Path Testing

Loop Testing

Control Structure
Testing

White Box Testing

Fig -4: White Box Testing
3.2.2 Black Box Testing:

Figure 4 depicts this kind of testing, which is also called
functional testing. This kind of testing conceals all facts from
the tester, including the software's or product's fundamental
structure and design. In higher-level testing processes like
Acceptance and System testing, software testers often do this
kind of testing. Additionally, understanding of programming
and implementation is not strictly necessary for this
examination.

4. CURRENT PRACTICES OF SQAT

Some current practices of the SQA and testing are given
below:

e Shift-Left Testing: It is the most significant trends in
current software testing approach. It involves
integrating testing activities early in the software
development lifecycle, often alongside the
development process. Important parts of this
approach include automated testing, TDD, and
Continuous Integration (CI), which assist bring
testers and developers closer together and find
software problems faster [23].

e Automation in Testing: It become a cornerstone of
modern software testing practices. The use of
automated tools to execute tests, compare outcomes,
and identify defects has transformed how software is
tested. Tools such as Selenium, JUnit, and Jenkins are
widely used for functional, regression, and
performance testing. The benefits of automation are
substantial—itincreases test coverage, speeds up the
testing process, and allows repetitive tests to be
executed without human intervention[19].

o Agile and DevOps Integration: The integration of
Agile and DevOps methodologies with ST and QA

practices is another crucial development. QA is an
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inherent aspect of software developmentin Agile and
DevOps settings, rather than a distinct phase. Testers
work alongside developers in sprints, and DevOps
practices ensure that the software is always in a
deployable state.

Risk-Based Testing: It is a strategy that targets the
specific area of the software that would likely to cause
aproblem or develop fault during testing. Thus, based
on these areas, one can allocate resources in a way
that gives a low probability of critical defects making
it to the production phase.

5. FUTURE TRENDS OF SQAT

In this section the future trends are given below of software
quality assurance and testing:

Al and ML in Testing: It is set to transform the said
field when integrated with Artificial Intelligence and
ML. Al and ML are ideal to predict areas that could
potentially fail as well as come up with test cases and
even carry out complex testing. Applying of Aland ML
to testing is a transition to more intelligent and
flexible testing processes in regards to increasingly
complex software systems.

TestOps: Another one is the so-called application of
the DevOps principles with a focus on the testing
phase. Testing TestOps is the process of building
pipelines for testing to ensure that testing is
continuous, integrated, and automated. TestOps will
remain a vital component as organisations embrace
DevOps strategies because the rate of development
will inflate while the quality of the software mustrise
to the occasion.

Cloud-Based Testing: It is also developing into the
future trend. In this way, organisations can scale
testing activities, obtain different testing tools and
environments and save infrastructure expenses if
they use cloud environments. Cross platform and
cross configuration testing is possible with cloud
based testing resulting in much more comprehensive
scenarios.

Security Testing Integration: Security testing is
emerging more as a core component of Quality
Assurance and mainly driven by the emergence of
DevSecOps. Focusing on security, it is essential to
guarantee that software will be protected during the
entire development process. Implementing security
testing within the QA helps in minimising risks,
enhancing the software’s robustness and
guaranteeing that security is putinto consideration at
the initial design stages rather than being an add-on.
Increased Focus on user Experience (UX): The
integration of UX testing into the QA practices
promotes both the proper functionality of the
software and its UX. This trend was launched based
on the understanding that with the customers’
satisfaction, software products are very likely to
perform very well. In this way organisations derive

6. COMBINED

better customer satisfaction, less churn rates, and
enhanced software that users find useful.

EFFORT INTEGRATION OF

SOFTWARE TESTING AND QA

A combination of Software Testing and QA means the
cooperation of the process at different phases of the SDLC to
incorporate quality into the product under development
instead of examining it at the final stage. Key areas of
collaboration include:

Test-Driven Development (TDD): The early
inclusion of testing through measures such as TDD
that entails writing tests before the actual code. This
helps in making sure that quality is a key
consideration right from the time when the projectis
being authored.

Automated Testing and Continuous Integration
(CI): It is, therefore, certain that through integration
with continuous integration practices, automated
testing shall ensure all the modified codes conform to
set standards. This enables fast feedback to
developers and also helps to avoid introducing bugs.
Quality Metrics and Reporting: QA teams set up
objectives and measurable indicators called KPIs that
facilitate tests. These can be defect density, code
coverage and mean time to failure among others.
Risk Management: The primary methods of early
risk assessment and control are created by the QA
and testing groups. Risk assessment plays a pivotal
role for test prioritisation which in turn targets on the
areas most likely to affect the quality of the software.
User Acceptance and Usability Testing: QA makes
certain that the interfaces and/or features that the
users would expect or like are indeed there while
testing teams perform all the necessary tests in order
to confirm these qualities.

Feedback Loops and Continuous Improvement:
QA procedures involve the collection of data on
testing results and using it for changing development
procedures, testing approaches, and quality
requirements. This feedback process is ongoing, and
thus promotes a constantly evolving culture.

6.1 Benefits of Combined Effort

Enhanced Product Quality: Ensuring that the QA
and testing are incorporated into the project means
that quality is brought into the process at every stage
thereby arriving at a better final product free of
defects.

Reduced Time to Market: Detection of defects atan
early stage and constant testing mean that the
problems are resolved much quicker, thus minimising
the time taken in the last phases of testing.

Cost Efficiency: Minimising defects in the early
stages of the SDLC is done by implementing QA
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measures, hence avoiding repeated work and bug
fixing in the later phases.

e Customer Satisfaction: Delivering a high-quality
product that meets user expectations ensures higher
customer satisfaction and loyalty.

This collaborative approach ensures that quality is not
just the responsibility of a single team but is a shared
objective across the entire development and delivery
process.

7. LITERATURE REVIEW

In this section some previous study on SQAT is given below:

Deshpande et al., (2023) studied that the quality of software
is a precise characteristic that identifies the characteristics
that every software should have. Quality is the primary
determinant of the success or failure of a software project
and a software-related company. Software quality has been
the subject of several studies. To produce high-quality
software, organisations involved in the software industry
adhere to requirements set out by Capability Maturity Model
Integration. Therefore, in this research, we'll talk about the
concepts and quality standards that are applied to software
projects in the Bangalore software industry, as well as how
these standards are monitored and maintained[24].

Salahat et al, (2023) the quality assurance process
guarantees that the project is executed in accordance with
the agreed-upon guidelines, concepts, and objectives. A
deeper understanding of the complex software analysis
process is still the aim of type and calibration research.
Techniques for analysis, user hubris, and logistical culture
are only a few examples of the problems with current
software practices[25].

Gao, Luo and Xie, (2022) as a knowledge-intensive task, ST is
an essential part of ensuring software quality. Not much has
been done with the testing institution's mountain of
historical test data, which includes a wealth of domain

knowledge and test expertise, to address these issues.
Supporting engineering techniques in military software
testing and enhancing organisational knowledge acquisition
and sharing are two of the main goals of their investigation
of software testing ontologies and knowledge base
systems[26].

Luetal, (2022) Software testing is a crucial tool for ensuring
the quality of software that is vital for safety. The standard of
software testing has a direct impact on the software that is
vital for safety. Building and using a testing quality
assessment model is the primary approach to evaluating
software testing quality. This paper proposes a methodology
for evaluating the quality of safety-critical software testing
that takes into account four factors: effectiveness, adequacy,
stability, and compliance. Some measure aspects are present
in every facet[27].

Zhao, Hu and Gong, (2021) findings indicate that the
software sector is playing a significant role in the
advancement of the world economy and is a driving force
behind the current wave of technical innovations. Software
quality is critical for the software industry's steady
expansion, and testing is a certain technique to ensure
software meets all of that standard. Developers, testers,
independent evaluators, and quality assurance/control staff
may all benefit from this as it clarifies and implements the
applicable criteria for software testing and quality[28].

Nakahara, Monden and Yucel, (2021) the SDLC includes
software quality assurance (SQA) procedures that repeatedly test
and validate software products to guarantee their quality. In order
to objectively show the beneficial impact of additional QA work,
particularly in the early stages of software development, they
suggest a simulation model of SQA. By simulating several QA
tactics in a specific software development setting, the model
helps to determine which strategies are most effective in
improving software quality while reducing the amount of time
and effort spent on QA and bug resolving. The following Table 2
provide the summary of the related work[29].

Table -2: Summary of The Literature Review on Software Testing and Quality Assurance

Ref Methodology Area Limitations & future work
Deshpande | Survey of companies in Bangalore Software companies | Specific details on the methods of evaluation and
Et Al adhering to CMMI guidelines in Bangalore quantitative results could be expanded. Future work
could include a broader geographical scope.
Salahat Et | Analysis of quality management Case studies of The paper focuses on theoretical solutions without
Al, 2023 practices and proposal of solutions software projects extensive empirical validation. Future work could
to testing problems involve implementing and testing these solutions.
Gao, Luo, A knowledge base system built on Historical test data The approach is domain-specific to military software.
And Xie ontologies for the purpose of testing | from military Future work could explore adaptation to civilian
military applications utilising software software industries.
semantic web technologies
Lu Et Al. Construction of a quality evaluation | Practical safety- The model's applicability beyond safety-critical
model for safety-critical software critical software software is not explored. Future work could include
using Analytic Hierarchy Process projects validation in diverse software domains.
and fuzzy comprehensive evaluation
Zhao, Hu, Analysis of international Global software The study is broad and may lack depth in specific
And Gong standardisation in software quality industry standards standardisation issues. Future work could involve more
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and testing

detailed case studies or industry-specific standards.

development phases

Nakahara, Simulation model of software Simulated software
Monden, quality assurance to demonstrate development
And Yucel | the impact of QA effort during projects

The model is based on simulations rather than real-
world data. Future work could validate the model with
actual development projects.

8. CONCLUSION AND FUTURE WORK

Software testing’s ultimate goal is enhancing the quality of
the developed software. The primary objective of testing is
to identify issues such as errors, defects, and issues in a
system or newly developed software. It is also clear from the
above discussions that testing has an important place in
software quality control (SQC). This examines the
importance of SQAT in software development emphasising
its importance in enhancing the reliability of software
products. It defines the major aspects of SQAT such as
process focus in SQA and product emphasis in ST. Various
Agile, DevOps, and automation in testing practices are
defined, and their significance in enhancing the availability
of quality software is mentioned. The modern trends such as
shift-left testing, risk-based testing, Al, ML, cloud-based
solutions, and Test Ops that are on the horizon, security
testing and UX Testing are also discussed. The paper thus
concludes that SQAT is necessary to avoid software failures,
increase customer satisfaction, and meet regulatory
requirements even though it comes with difficulties and high
costs. We want to expand the design pattern's primary use
case in the future by investigating its potential use in unit
testing and similar contexts. Furthermore, we would want to
track certain metrics among a group of test automation
experts in order to demonstrate the effectiveness of a
framework using this design pattern. This can only be
accomplished by giving careful thought to the most crucial
details, such the amount of time spent on maintenance, the
reusability of methods, and the amount of time required to
execute a test case.
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