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Abstract

In the competitive software industry, product quality is a critical factor for a company’s reputation. The quality of a
product is directly linked to customer satisfaction, and it is measured by how well the product meets customer
expectations. Achieving high-quality standards requires effective policies and foundational principles. Growing
economies continue to improve their product quality daily, aiming to enhance customer satisfaction. Every
organization strives to design software that best meets customer needs. Although fundamental principles and policies
have been established to improve quality, various challenges and reasons contribute to poor product quality. For this
study, we adopted a quantitative research approach, which focuses on data measurement and evaluation. This paper
addresses the various issues associated with these challenges, explaining several techniques and alternative solutions
that can lead to improved product and software quality. Additionally, we conclude that while systematic and
incremental approaches are effective, their limitations arise from the difficulty in accommodating changes once

requirements are fixed. Ultimately, all approaches have a significant impact on enhancing software quality.
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1. Introduction
Managing quality of software becomes essential part of project management. During the development of every project

or software, quality of the software is the most important factor. For achieving better position and prominence in IT field,

organization needs to deliver software products that have high quality.

Quality of a product can be rectified before the product or software is delivered. After delivery of software to the clients,
if someone wants to rectify the software then correction will take too much time and it will be too much expensive. Quality
plans should be developed in early and followed at every step during the development of software product. Capability
Maturity Model Integration model will be used if you are working on the small working products and for large software
products International Organization for Standardization 1ISO model should be used. We do not use ISO model for small
software’s projects because they will become very costly for them. Problem of quality of software becomes increasing day
by day within different organizations as well in countries. These problems describe interactions among teams and
companies or societies among them [1]. If a defect occurs, then it would not be easy to detect that defect or error in the
design just because of the digital systems that would be used are not continuous and variables will not be enough to find the
errors. Errors that arise in the software’s can be detected through testing and after detecting the error in software it will
become possible to correct that error in order to achieve good quality of product. If an issue is detected, then with the help
of testing approach we will make predictions about how much cost will be required to remove that defect and to maintain
the software quality. If the error is detected in early stages during requirement elicitation phase or design phase that cost
for removing that error will be minimum. If testing is performed very effectively and carefully then it will reduce the
chances of errors and hence quality of product will be good [2]. Several categories of testing and methods can be used

along with several models. Every model has some advantages as well some disadvantages.

It does not matter that which testing technique is used, but the thing that matters a lot is that every implementation phase
must be tested according to the quality planning. Detected defects can be of any category. Some of the defects may be
present in the documentation some may be present in code and design. Testing the product just once may not be enough.
Doing same testing technique for every kind of software may not help you to detect different defects. Outsourcing projects
that are developed for delivering outside the organization must have good quality because third party who requires software
do not compromise on the quality and experience. Company must resolve such kind of problems [3]. So, for resolving

these issues planning should be required in order to attain a good quality software for outsourcing. Software quality

Quality of software do not depend only to build and follow quality plans. It also depends on managing the quality,
verifying quality and product verification. People who require software support in their work always think that software
product will help them in doing their job properly. Quality of product can be characterized by some features of software
like whether the code of the software can be used to build any feature for other software, how long the software will work

without any error, whether the software is user friendly or not etc. [4].

Alternative evolution approaches are used to develop peer objectives of product. Members who are responsible for
developing the features must have experienced and trained. Different tasks should be assigned to the team members and at
last quality of product should be checked by quality assurance team member. Checklist should be made to check possible

defects and to identify that no necessary feature should be absent [5].

In the reviewing phase, moderator will write down defects. Participant of team must be experienced, fit for the project

and can work like a team in the project [6]. Communication gaps between members within the groups arises complex
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problems. Some of the reasons are difference of languages and terminologies of members in the team. If team members
belong to different areas, then it will become also a factor of communication gaps, so team members will not be able to
communicate properly. This could lead towards severe issues. Time zone differences and type of procedures also affects
the quality of product [7]. Management will suffer if they have weak coordination’s and planning among other members
within the team. If there is a need for changes in planning or in schedule, then the result of changes will delay the finish
time of product as well may be some errors occurs due to these changes [8]. Quality of software product cannot be obtained
by using one method, for good quality product combination of several methods will be used. Testing of software or product
is not only a solution. There is a special need for solving different bugs in database [9]. Quality product can be obtained
through the systematic procedures and by setting strong standards [10]. Distributed development of software is one of the
special methodologies that has very strong effect on development of software [11]. If risk minimization techniques and
documentation of product is not accurate then there are chances of project failure. Quality assurance will increase benefits
and it provides chances to reduce the cost of product, if it is done properly [13]. It is not enough to perform quality reviews
in order to check and improve quality of product, each phase of product must have a quality process. Quality of product

will improve if each phase has a quality process [14].

Managing quality is one of the critical things. Quality is most important factor for complex and big projects. Project
progress can be traceable from project documentation, quality of documentation matters a lot. We must perform some
quality attributes to increase product quality. Accuracy of data is also an important aspect of quality. Collect only relevant
data that is related to the product. Before making questions for surveys, you must know right answers to those questions
and write those answers on paper. Do not think that you can remember them. If possible then take advice from experts.
There are several error detection and error prevention approaches used in implementation of product by software
organizations to explain the issues [15]. Organization or company requires to clearly explain quality standards before
making prediction about them [16]. Structure of organization leaves very strong effects on quality of product. If some
quality preplans exist that can be taken on later then quality of product will increase. Errors should be removed as early as
possible by using different error detection and error removal approaches this will be best for quality of product. Progress
and communication should be there between members of team. Following are the techniques that can resolve quality

problems to develop quality software.

Paper is formulated in different sections: first section explains topic introduction, second section describes the
methodology, third section describes previous related work, fourth section describes or shows a comparison among

techniques needed to resolve different issues, fifth section explain result of comparisons and at last there is conclusion.

2. Methodology
The objective of this paper is to perform a comprehensive review of improving software quality approaches. For this

purpose, quantitative research approach is used. The articles selected for this research included different research
approaches and methodologies and every approach has a certain impact on the results. We examined almost hundred
papers. From those, we have selected paper related to project management and then we further categories them and select

papers related to the quality of software and quality assurance.
A. Data Source and Search Strings

(“Quality” OR “Standard” AND “Attributes OR Parameter””) AND (“Improving” OR “Enhancing” AND “Technique” OR
“Methodology”) in Software Development.
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TABLE 1: JOURNAL AND CONFERENCE

1 IEEE Explore https:/lieeexplore.ieee.org/

2 Research Gate https://www.researchgate.net/

3 Science Direct https://www.sciencedirect.com/

4 ACM Library https://dl.acm.org/

5 Springer https://link.springer.com/

6 Semantic scholar | https://www.semanticscholar.org/

3. Literature review
Different approaches for producing quality product are explained in this section. This paper includes explanation related

to different issues that arises in quality assurance.

For improvement of software quality, different kinds of software are used, and project team should work together to
perform their operations. There are several ways for the software quality to be improved. Paper includes some big issues
regarding quality like political conflicts, cost, requirement engineers, time and unrealistic deadlines. For these problems,
an approach called CMMI model was proposed, some other approaches as well were also introduced like specialized
software quality assurance members in team, requirement engineers should be domain experts and they must neglect
internal politics among each other with in the team. Specialized workers have experience about how to handle different
issues and problems. When team member gets accurate and complete picture of requirements then requirements will
become easily understandable. A lot of resources are required for CMMI model, but it will remove the errors and increase
the quality of software. Secondly experienced team has a goal that they will try to find errors as early as possible and then
correct and reduce them. As quality is the important aspect, team will have to bear pressure, but it will be beneficial to
them [1].

Different types of models are also being used to improve quality of product. Several quality factors and different
problems that occurs in product to reduce quality are discussed in the paper. For example, errors in design document,
requirement document or baseline requirement document, errors in test plan or requirements may not be properly
specified due to non-standardization. Some management problems were also highlighted in previous research papers.
SDLC models can be used, like Spiral Model, Rad Model, Waterfall Model and Prototype Model. There are several testing
approaches like black box testing in which we only check the functionality of the system, white box testing in which we
check or test the internal working of code. These techniques are used in the above models. Previous research describes
that to develop quality product, proper testing must be done in order to reduce errors. Testing may be used in every phase

of development [2].

In systematic methodology research paper author describes problems related to the outsourcing of projects and discover
different issues like cost of development may not be reconfirmed, type of physical device such as hardware that an help in
building product cannot be identified, requirements may not be accurate and complete. In order to solve these problems
many tools exist. We will identify the most effective one among these tools. In systematic approach author provides
solution to several problems and predict that product should be tested using static methods and dynamic methods. Once all
the errors are resolved then freeze the requirements to ensure quality. With the help of these approaches large and
sophisticated software projects were implemented. If the base requirements are freeze then adding more features for

betterment of project will be restricted. Hence quality of product will suffer [3].


https://ieeexplore.ieee.org/
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A. Divide and Conquer

Researcher Parnas describe in a paper the way to identify and reduce issues of a problem to increase the quality of
product. Main technique used by him was divide and conquer. He described a method in the research, if you want to buy
a software which is free of cost then quality will be better as compared to others. He said that quality will be better and
improved based on the feedback. This approach will require time for finding issues, so that issues can be resolved. This

approach can be used to identify quality of software product rather than a process [4].

B. Automation Techniques

The author discussed the errors arises because of unclear communication issues and people on the other end will
understand different meaning of the same thing. Due to this, chances or errors will increase. Author suggested use of
automation techniques that depends upon committed algebra and statistical analysis. These approaches help in increasing
the quality and provides faster delivery of product by reducing the communications that are not clear. These mathematical
ways are not suitable because these ways are not testing approaches. With these approaches program execution can be

accurate, but we are unable to say that every requirement is fine and accurately met [5].

C. Software Quality Analysis (SQA) Metric

Hurdles in way of developing quality products are the issues and problems. For example, if someone used the software
but he did not give the response or feedback. Requirements might be unclear and incomplete. Developers are sometimes
unable to understand customer needs or what the client is thinking about the product. Duplication of requirements may
arise in the project. Author suggests that checklist is the method used to handle these issues. Checklist supports SQA
Metrics and quality assurance. It can also be used to detect defects. While in verification requirements that are written for

implementation process are satisfied. Duplication can be removed by doing efforts [6].

D. Capability Maturity Model (CMM)

In CMM author discussed how to perform implementation framed for the software and how its result will be shown.
How to remove errors. For improving quality of product different approaches can be used like testing, or CMM capability
maturity model. CMM models for software shows code framing for it. Development approaches and collection of other
different approaches were also used. XP can also be used with CMM to improve quality of software. CMM is a good
solution as it clearly shows that either all requirements are met or not. It takes time for making this decision.
Consideration of quality product cannot be done by itself. It also evaluates quality during development. Using XP
interactive technique is good in getting feedback. Risks can be mitigated at very early stages and quality verification

related to customers’ needs can be checked. Indirectly, XP contains rules that supports software quality [7].

E. Development Standard

During a workshop, triple constraints were discussed. They said that there is a connection among cost or product,
schedule of product and its quality. If any one factor is changed then it will affect the other two factors as well. Like if
quality will increase then schedule and cost may also vary from previous planning. Several different standard

development approaches exist that can be used to enhance the quality of product.
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Figure 1: Techniques for Quality Assurance

F. Global Software Development (GSD)

Author described several issues that are faced by developers and project team members. People of different areas
speaks different languages and sometime due to communication gaps, if some changes are made in the product, then it
will become hard to manage those changes. Cost of product will increase by increasing the quality of software. Some
security as well errors in documentation may also occurs. These types of hurdles can be removed with the help of GSD
technology. You can use agile development or methodology when chances of error are very little or when your product
is error free. GSD approach is very good for quality product, still a question can be arising related to quality evolution

for product. GSD provides facility to communicate continuously over broadband. In GSD models’ rules are not defined

[8].
G. Audit Technique

Author says you will face several hurdles during development process that will obstruct your way in developing a
quality product. Some risks are technical, and some are complicated, they are hard to handle and maintain. During process
of managing risks the estimated cost of product will increase and time schedule may also slip. For overcoming these
issues audit technique with some testing techniques can be used. In audit techniques we evaluate standards and some
procedures. Several validation techniques and verification techniques can be used. For identification of risk some testing
techniques can also be used. Status of product can be obtained by using audit technique and it gives a review quality
assurance process and management process. Medical system will use this technique during development of their products.
This technique in not best technique for detecting errors. It should be done throughout the development life cycle of
product [9].

H. Quality Function Deployment (QFD), Joint Application Development (JAD)

Author describes multiple errors like errors that occurs in test planning and test cases. It mostly arises in graphics due
to unclear requirement specification. Issues that arise in databases and warehouses will increase cost. For these kind of
defects different approaches are used like JAD and QFD. In JAD we do analysis at the base from where the error is
generated. In QFD verification of product and validation of product can be done [11]. Code inspection can also be done
in QFD to mitigate defects. By the help of QFD and JAD issues are estimated, and maintenance and complexity standards
are improved. For quality product, quality can not be produced by using only one approach, you must have to use different

approaches to resolve different issues [10].
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I. Four Step Approach Model of Inspection (FAMI)

In FAMI approach, issues that are related to product quality and ways to maintain the defects are discussed. FAMI
contains full package for quality improvement. FAMI is based upon three Ps. This will totally remove all errors and
defects, but it does not support by innovative products. Author discussed issues of triple constraints and apply different
approaches as well different metrics. All these approaches were enforced by accuracy rate and proper process. There are

several models for improvement of quality exists which can be used to enhance the quality of product.

J. Software Development Life Cycle (SDLC)
In SDLC, quality assurance operations in which systematic actions are performed in order to estimate the quality of
process. In SDLC model every process that will be done during software development will be monitored and data

integrity issues are also discussed.

SOFTWARE DEVELOPMENT LIFE

CYCLE

Figure 2: Software Development Life Cycle Plan
K. Quality Metrics
Author explained different quality parameters of products. He explained multiple measures that can affects firm
structure. If planning is done before development, then there is a chance that schedule of product and cost may be
affected later. Delay might occur but this will be difficult as it relies on variables. Decision making is also a strong factor

in building quality product. If decision making is weak then there will be chance that the team will divert from planned

development. Complex patterns of designs also obstruct development of software [18].

L. Multidimensional Technique

Computer system implementation uses some standards, modeling, performance parameters and some kind of analysis
ways to evaluate system. These ways determine computer system quality. This will include multidimensional
characteristics like technology and people. These approaches deal with the different aspects that are related to the groups
and employees etc.
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Figure 3: Implementation of Analysis, Standards and Approaches

M. Engineering Principles
Software engineering is discipline which uses principles of engineering to maintain the quality of software. Errors that
occur in software are very expensive to fix. For these issues, there are several quality assurances approaches. These

approaches will improve quality of software and improve quality attributes.

N. System & Software Quality Assurance (SSDA)

Usability means how easy a software is for use and learn. If usability of the software product is high then many users
will interact with it effectively, this can be done when organization target users within numbers. So, for this purpose
layman should be considered, in order to keep them before the usability should never be limited. Strict SQA methods

were also followed. Testing has also been performed for the approval of this technique.

O. Total Quality Management (TQM)
TQM is a quality tool used for quantitative methods as well for human resources that are needed to supply to
organization for betterment. TQM is a combination of some basic approaches, standard tools and improvement efforts

that will focus on improvement of product continuously.

CUSTOMER
SATISFACTION

DELIGHTED STAFF

IMPROVED OUTPUT

Figure 4: TQM Pyramid
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P. Automated Analysis

Researchers for development of a product, firstly all requirements need to be clarified that are related to the product.
As all requirements are cleared and finalized then a baseline requirement will be developed. Basically, requirements
have two broad categories. Functional requirements that will tell what the system will do. It includes functionalities and
features. While nonfunctional requirements are the constraints upon development team for building the system. It includes

system design, attributes and quality of product.

NON-

FUNCTIONAL

|
I

Figure 5: Requirement Types

FUNCTIONS CHARACTERISTICS

Q. Requirement, Aspects & Software Quality (REASQ)
Author described object-oriented design and analysis of system. Its main concern is with the functional requirements
or functionalities and simply avoids non function concerns. It results in rough code that will become hard to understand

and maintain.

R. Object Oriented
Product code, product quality and design describe attributes of product. Some attributes are shown in figure below.
Basic attributes explain characteristics of project. These attributes cover system aspects like coupling, inheritance,

polymorphism, classes, encapsulation, and structures. This approach leaves very good impacts on quality of product.

4. COMPARISON
In the below table some quality techniques and their outcomes are discussed.
TABLE 2: COMPARISON TABLE OF TECHNIQUES

# PROBLEM TECHNIQUE RESULT
1 |Budget, Time, Standards,and |CMMI, Specialized team, and Domain CMMI took many resources and time consuming but
internal politics cause hurdles. knowledge. remove errors. The team might have to face pressure
because of no compromise about quality.
2 |Incomplete and development  |Incremental approachand systematic If we freeze the requirements, then no more features can be
cost cannot reconsider. methodology. added.
3 |Findingand reducing Errors. Divideand conquer This method was used to find the quality of software, not a
process.
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Unclear communication n

These are not enough because these are not testing methods.

4 |causesmajor hurdle in quality [Automation Techniques Execution could be correct but no surety about the
software. fulfillment of requirements.
o Verificationand inspection methods and o
5 |Duplication of Features. . More effort would be needed to remove duplication.
SQA metrics.
The change occurred but . . . . .
6 o GSD and Agile methodologies. Indeed, GSD is good but there are no specific defined rules.
difficult to manage.
The occurrence of errors in
, graphics, testing plans and JAD, QFD, verification and validation, code Different combinations are required to solve these major
cases, defectsinthe database |inspection. issues.
and data warehouse.
g  |Risk Management Offshore Distribution Model Support offshore decision-making.
Cost, schedule, and quality of .
9 Standard development Methodologies. High level Quality
product. '
10 |Errorsin documentation. Quality assurance methods Enhanced the quality.
Issues related to data
11 Integrity. SDLC development process Secure data.
Issues related to quality &
12 - FAMI Leads to zero Defects.
defect maintenance.
Issues related to schedule,
13 |budget, and quality of Metrics To enhance the quality of the product.
software.
14 [Measurements thataffectthe  |pre_planning about development Delay can occur but this is difficult.
lorganization structure.
15 Defects, poor decision- making. |The reworkto solve defects Too much time consuming.
16 |Complexity of design. Analyze procedures, MOOD. Effect quality Characteristics.
17 Ipredict presence of Errors. Couplingand inheritance Strong impacton the software.
18  |Reliability Issues. Genetic Programming 'Validation of software quality.
19 |Design issues. Different methodologies Artifacts are given.
20 |Gap b/w software Practices. Statistics Not supported for all scenarios.
21 |Issuesrelated to group, Performance measurements, modeling, and ) .
. Determine the quality of system.
technology. analysis.
2 Maintenance. SMMM Improve quality.
23 |Usability limitations. Quality assurance methods, Testing Increase usability.
24 |Software direction is not Quality method q
uality methods were use ine directi
defined. y Define direction.
25 |Howto improve product .
. TQM techniques, tools Increase quality.
quality.
26 |How software quality is taken . .
o . Multiple techniques are used Fulfill Requirements
in higher education. '
27 |How software risks are . . . .
Testing techniques Reduce problems, but no single technique is perfect.
reduced.
28 |Howto handle both business .
) MDE Improve quality and reduce cost.
and technical aspects.
29 |Inadequate communication, It will welcome everyone to communicate with each other,

technical knowledge issues.

Knowledge must be improved.

eventually, CM will improve.

10
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30 . . .
Unclear requirements Semantic web technologies, Onto SRS Secure SRS Document.
31 |Improvements in SRS .
" Automated Analysis Supports vector Machine.
ocument.
32 |ltignores nonfunctional
requirements which result in itk bal - "
. eeps a balance between them.
tangled code and it became RWASQ
difficult.
33 |software validation. Metrics Measurements are validated.
34 H%Wto handle FURPS for Object Oriented Metrics Improves quality and leave good influence.
code.

5. Result and Decision
Various approaches have been explored to improve software quality, each offering distinct benefits. Systematic and
incremental approaches are effective but face limitations in accommodating changes due to frozen requirements. The
FAMI approach, however, stands out by focusing on defect prevention and aiming for zero defects, showing promising
results in software quality enhancement. Our findings indicate that combining different approaches leads to the best

outcomes, as no single method can fully address all challenges.

To optimize software quality assurance processes, organizations should adopt a more flexible approach, such as
integrating agile practices, which allow for continuous feedback and adaptation to changing requirements. Additionally,
automating testing can improve efficiency and reduce human error, while risk-based testing ensures that critical areas are
prioritized. Implementing Continuous Integration and Continuous Deployment (CI/CD) practices can also help identify
defects earlier in the development cycle, improving overall quality. Lastly, fostering collaboration between development
and QA teams, alongside proactive defect prevention strategies like static analysis and code reviews, can significantly
enhance the quality of the final product.

These strategies, when aligned with industry standards, can help organizations streamline their software quality
assurance processes, reduce defects, and improve efficiency.

6. Conclusion and Future Directions

We conclude that various issues related to software quality exist, and several solutions have been proposed by different
approaches and technologies. A software product of high quality has a higher chance of securing a place within IT
organizations, contributing to various roles within the firm. Client satisfaction is heavily dependent on whether the
software meets their needs and requirements. Furthermore, timely delivery of the product in accordance with user needs
and specifications is critical. Different approaches can be adopted to improve software product quality, and each technique

has its distinct impact on enhancing software quality.

Looking ahead, future research could explore the integration of existing software quality improvement methodologies
with modern Al-driven technologies. One promising direction is the application of Al for enhanced testing and fault
prediction, which could facilitate proactive identification and resolution of quality issues during the software development
lifecycle. Additionally, the development of smart debugging tools powered by Al could optimize the debugging process,
providing more efficient solutions compared to traditional approaches. Future studies may also investigate the use of
machine learning algorithms for continuous improvement in software quality assurance, enabling systems to learn from

past defects and dynamically adjust testing processes. By combining these approaches, researchers can contribute to

11
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creating a more efficient and effective software quality assurance framework, ultimately improving time and cost

efficiency in software development.

12
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