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Abstract:Secure software development has become progressively dire in the face of increasing cyber threats and the mounting
dependence on digital systems across diverse sectors. This paper presents an inclusive review of the problems and answers in the field of
developing secure software, drawing insights from a systematic literature review of peer-reviewed articles available within the period
from 2015 to 2024. The study recognises key hindrances in adopting secure development practices, comprising having security integrated
into the lifecycle of developing software, tackling evolving technologies' security implications, and bridging the skills gap in the
industry. The paper investigates effective methodologies such as Security Development Lifecycle (SDL), DevSecOps, and advanced
testing techniques like Dynamic Application Security and Testing (DAST). Static Application Security Testing (SAST) and Findings
emphasize the importance of a comprehensive approach to secure software development, comprising organizational culture, constant
education, and the implementation of security-focused frameworks. The research also highlights promising trends in automation, Al-
assisted security analysis, and cloud-native security approaches. The present paper adds to the literature of developing secure software
via tackling current challenges, assessing current solutions, and suggesting future guidelines for research and practice. The insights
provided are worthy for designers of software, security specialists, and corporations struggling to heighten the secure development
abilities in a progressively complex digital landscape.
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1. Introduction security has therefore become a fundamental requirement
for software applications, driven by the need to guard
critical assets and the need to create and maintain
widespread trust in computing [2].

Generally speaking, developing software is the procedure
adopted to construct software. Nowadays, software
development is a more complex process than ever was and
it encounters the challenges, where security has become The increasing dependence on digital systems across
one of the most critical. different areas, including healthcare, finance and
government, has raised the possible effect of security
violations. According to a report by Accenture [3], the
mean expense of cybercrime for a corporation reached $13
million in 2018, a 12% increase from the previous year.
This statistic underlines the pressing need for improved
secure software development practices. Furthermore, the
emergence of evolving technological devices as Al, cloud
computing, and (10T), has introduced new weaknesses and
attack courses. A study by Gartner [4] expects that by
Since cyber risks continually increase in sophistication as 2025, 75% of business-critical applications will be running
well as frequency, the need for forceful safety procedures on cloud platforms, underlining the need for cloud-native
incorporated into the software development lifecycle has approaches to guarantee security in software development.
never been more predominant. It is within highly
incorporated technology settings that information security
is becoming a pivotal point for designing, developing and
deploying software applications. Guaranteeing a great deal
of confidence in the security and quality of these
applications is necessary to their final success. Information

The security issues and recognizing the weaknesses,
hazards have become an inseparable component of
software engineering. Secure software development is a
method (often associated with DevSecOps) for establishing
software that incorporate security within each point of
(SDLC) software development life cycle [1]. Secure
software development has become a dire concern in the
quickly progressing landscape of information technology.

Driven by what is mentioned above and based on the
significance of Secure software development to encounter
increasing cyber threats, this paper aims to explore the
primary challenges faced in secure software development
and propose effective solutions to address these issues.
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1.2. 1. What are the primary challenges in implementing
secure software development practices?

1.3. 2. How can organizations effectively integrate security
into their software development lifecycle?

1.4. 3. What emerging technologies and methodologies
show promise in enhancing software security?

1.5. 4. How can the industry bridge the skills gap in secure
software development?

By examining these questions through a comprehensive
literature review, the current paper aims to contribute to
the existing knowledge in secure software development
and give practical perceptions for specialists and
academics alike.

2. Method

This study uses a methodical review of literature as the
principal method of collecting and analysing data. The
systematic literature review methodology was chosen for
its rigorous and transparent approach to synthesizing
existing research, as outlined by Kitchenham and
Charters[5]. The literature search was conducted using
some academic databases such as ACM Digital Library,
ScienceDirect, SpringerLink and Google Scholar.
Keywords used in the search included combinations of the
following terms: "Secure software development”,
"Software security”, "Secure coding practices", "Security
Development Lifecycle (SDL)", "DevSecOps" and "Threat
modelling".The systematic literature review revealed
several key themes regarding the problems and solutions in
secure software development. These findings are
categorized into major challenges and corresponding
solutions or best practices.required more refined
preprocessing.

3. Major Challenges in Secure Software Development
and Their Solutions

3.1. Integration of Security into the Software

Development Lifecycle (SDLC)

Incorporating security into the Software Development Life
Cycle (SDLC) is fundamental to guard applications from
vulnerabilities and threats. Many organizations strive to
effortlessly integrate methods heightening security through
the SDLC. A study by [6] found that 68% of surveyed
companies reported difficulties in applying security
measures at every stage of development. This often results
in security being treated as an afterthought, leading to
weaknesses that are expensive and time-consuming to
address later in the development process. To encounter
such challenge, implementation of SDL frameworks has
shown significant improvements in software security.
Microsoft's case study [7]reported a 50% reduction in
security vulnerabilities after widespread adoption of their
SDL practices, which is very encouraging. This success

aligns with earlier findings by McGraw [8], who
emphasized the necessity of incorporating security
practices through the development lifecycle. The
effectiveness of SDL frameworks suggests that they should
be more widely adopted across the industry. SDL
frameworks provide a structured approach to integrating
security at every stage of the SDLC. Key practices include
the following:

1. Providing security training to development teams
2. Defining security requirements at the planning stage
3. Performing threat modelling during the design phase

4. Using static and dynamic analysis tools during
development

5. Conducting security testing before release

6. Implementing a response plan for security incidents
post-release

3.1.2 Buffer Overflow Vulnerabilities

According to Keromytis[8] attacks of buffer overflow
affect a program to over-write the region of remembrance
(usually demonstrating a range of other compound
variable) of limited range such as extra data is registered
on nearby locations of memory. The overwrite usually
happens prior to the end of the region (towards superior
addresses of memory), in such a case it is known as an
overflow. Buffer overflow remains one of the most
persistent and dangerous vulnerabilities in software
development. According to a report by [9], buffer overflow
vulnerabilities constantly rank in the top 3 most common
software flaws. These vulnerabilities take place if a
program writes farther data to a buffer than it can keep,
possibly letting invaders to carry out random code or crash
the system. The best solution to this challenge is Secure
Coding Practices and Static Analysis Tools. Actually,
addressing buffer overflow vulnerabilities requires a multi-
faceted approach:

1. Secure Coding Practices: Developers should be skilled
in secure coding techniques, such as using bounds-
checking functions for array operations, executing input
validation to ensure data fits within allocated buffers and
utilizing safer alternatives to vulnerable functions (e.g.,
using “strncpy()” instead of “strcpy()” in C)

2. Static Analysis Tools: Implementing static code analysis
tools can help identify potential buffer overflow
vulnerabilities at the beginning of the developmental
process. A study by Aljawarneh et al. (2023). found that
static analysis tools could detect up to 70% of buffer
overflow vulnerabilities before runtime.

3. Memory-Safe Languages: When possible, using
memory-safe languages like Rust or modern versions of
Java can significantly reduce the risk of buffer overflow
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vulnerabilities. A comparative study by [10] showed that
projects written in memory-safe languages had 90% fewer
buffer overflow vulnerabilities compared to equivalent
projects in C or C++.

3.1.3 Balancing Security with Agility

One of the key challenges in software development is
balancing the need for agility with the need for security. In
cyber security, attaining the needed equilibrium between
system performance and system security for agility in
dynamical risk conditions is an enduring obstacle for cyber
protectors. Characteristically, increasing system security is
achieved at the expense of reduced system performance,
and the other way around, simply producing systems that
are skewed to user definite necessities for security and
performance of the system as the risk setting changes [11].
The tension between rapid development cycles and
thorough security practices remains a significant challenge.
Research by [12] indicates that 62% of organizations
struggle to maintain security standards while adhering to
agile development methodologies.

DevSec Ops practices have emerged as a powerful solution
to integrate security into agile development processes. The
advent of DevSecOps signifies a substantial standard
alteration in software development, concentrating on
incorporating security procedures effortlessly into the
DevOps pipeline. By incorporating security beforehand
and constantly through the software development lifecycle,
DevSecOps is meant to pro-actively detect and decrease
hazards with no hindrance of the agility and speed of
DevOps practices [12]. This aligns with the predictions
made by [13] about the potential of DevSecOps to improve
software security. The success of DevSecOps in reducing
security incidents suggests that it may be a key approach in
resolving the tension between agility and security.
According to[14], alert software developing method and
DevOps, simultaneously, had facilitated the organization to
attain alertness and speed in releasing time-to-market
services and applications. They add that key DevSecOps
practices include the following:

1. Mechanizing security testing and incorporating it into
the CI/CD channel

2. Implementing infrastructure-as-code with built-in

security controls

3. Conducting regular security training for all team
members

4. Using threat modelling in sprint planning

5. Implementing continuous monitoring and feedback
loops for security issues

3.1.4 Lack of Security Awareness and Skills

Security consciousness is highly crucial for the presence of

organizations. Although several corporations devote
significant sums of money, labour, and time to guarantee
the security of their data, the risks to their security still
represent an enormous challenge. The security of
information of various corporations remains to be
bargained by hackers utilizing new methods[15]. As
revealed by a contemporary questionnaire administered to
over 4000 software designers, “fewer than 50% of creators
can identify security gaps”. Consequently, software goods
exhibit a little-security  property conveyed by
vulnerabilities which might be manipulated by cyber-
offenders [16]. This absence of security as well as quality
is specifically threatening in case that the software that
includes the wvulnerabilities is adopted in important
organizations. There is a significant skills gap in the
industry concerning secure coding practices. According to
a survey by[17], 73% of software developers reported
feeling underprepared to handle security issues in their
code.

Security Training and Awareness Programs are suggested
as a solution to the challenge of lacking security awareness
and skills. Investing in developer education and creating a
security-aware  culture has demonstrated positive
outcomes. A study by [18] revealed that employees
training has an optimistic effect, decreasing security
occurrences and promoting a philosophy of cyber security
awareness. Adapting training for distant work augments
the company's strength. A complete protection policy
incorporating practical actions and plans is fundamental.
Via investment in thorough and continuing cybersecurity
recognition instruction, organizations can positively
protect assets and preserve a protected stand in the digital
era. In this respect, the following training programs would
be effective:

1. Regular workshops on secure coding practices

2. Hands-on exercises in identifying and mitigating
common vulnerabilities

3. Training on using security tools and frameworks

4. Awareness programs concerning the newest security
hazards and mitigation policies

5. Gamification elements to increase engagement (e.g.,
capture-the-flag contests)

3.1.5 Emerging Technologies and New Vulnerabilities

The hasty adoption of emergent technologies like the
social media, Internet of Things (loT), wireless
communication, cloud computing, and cryptocurrencies are
rising safety worries in cyberspace. Lately, cyber offenders
had begun to employ cyber-outbreaks as a facility to
computerize outbreaks and increase their effect. Hackers
manipulate weaknesses existing in software, interaction
layers and hardware. Several sorts of cyber-attacks

International Journal of Intelligent Systems and Applications in Engineering

JISAE, 2024, 12(4), 4769 - 4776 |4771



comprise (DDoS), distributed denial of service man-in-the-
middle, phishing, password, licence acceleration, remote,
and malware[19]. According to[20], technical revolution is
grave as loT increases with artificial intelligence.
Nevertheless, further threats also exist to online security
consequently. When Al and 10T are fused, it's as though
hacks are invited in to rob information. Several types of
vulnerabilities were associated with these emerging
technologies in the past five years.

Specialized security approaches and continuous learning
can help tackle the problems of emerging technologies and
new vulnerabilities. These approaches include the
following:

1. 10T Security: Implementing secure boot processes, over-
the-air update mechanisms, and device authentication
protocols. The OWASP IoT Security Verification Standard
provides a comprehensive framework for securing loT
devices.

2. Cloud-Native Security: Adopting cloud-native security
practices, such as implementing least-privilege access,
using container security tools, and employing cloud
security posture management (CSPM) solutions. Research
by Cloud Security [21] indicates that organizations with
cloud-native security approaches experience 25% fewer
data breaches compared to those using traditional security
methods adapted for the cloud.

3. Al and Machine Learning Security: Implementing
techniques to prevent adversarial attacks, ensuring data
privacy in machine learning models, and using explainable
Al methods for security-critical applications. [22] show
that Al-assisted code review can identify up to 20% more
potential security issues compared to traditional methods.

4. Continuous Learning: Establishing processes for
constant learning and adjustment to new security dangers.
This includes subscribing to threat intelligence feeds,
participating in industry forums, and regularly updating
security practices based on new research and guidelines.

By addressing these challenges with their corresponding
solutions, organizations can significantly improve their
secure software development practices. However, it's vital
to notice that security is a continuing practice that needs
continual alertness, adaptation, and improvement.

4. Emerging Trends and Their Implications

Several trends in the domain of secure software
development have emerged to help achieve software
security, for example, Al-Assisted Security Analysis. The
potential of Al in identifying security vulnerabilities
represents a significant advancement in the field [23]. This
aligns with predictions made by [24] about the future role
of Al in cybersecurity. The early success of Al-assisted
code review suggests that this could be a transformative

technology in secure software development. There is also
the application of the technology of blockchain for
software integrity. The use of blockchain technology to
enhance software integrity is an innovative approach to a
persistent problem [25]. This development builds on earlier
work by [26], who proposed blockchain as a solution for
software supply chain security. The positive results from
pilot studies suggest that blockchain could play a
significant role in future secure development practices.

Finally, there is cloud-native security. The evolution of
cloud-native security practices and their effectiveness in
reducing data breaches [27] reflects the changing
landscape of software deployment. This trend aligns with
the predictions made by[28] about the future of cloud
security. The success of cloud-native security approaches
suggests that traditional security methods may need to be
fundamentally rethought for cloud environments.

5. Discussion

The results of our systematic literature review reveal
several key insights into the current state of secure
software development, highlighting persistent challenges,
effective solutions, and emerging trends. This section will
discuss the implications of these findings, their relationship
to existing research, and their potential impact on the field.

To begin with, the difficulty in incorporating security
through the Software Development Lifecycle (SDLC)
remains a significant challenge.  Integrating robust
protection methods through the software development
lifecycle is critical in the currently exiting digital
environment. The increasing complexity of cybersecurity
fears requires establishments to prioritize security from the
outset of their development processes This aligns with
earlier research by Espenes (2024), who noted that security
is frequently treated as an "add-on" instead of a
fundamental part of the developmental process. The
persistence of this challenge suggests that despite increased
awareness, practical implementation of protection
procedures through the SDLC remains problematic.

Further, the reported lack of security awareness among
developers (Kamal et al., 2017) is concerning but not
surprising. This finding echoes the "2019 State of
Cybersecurity Study" by ISACA, which reported a
significant cybersecurity skills gap in the industry. The
continued presence of this skills gap indicates that current
educational and training programs may be insufficient in
preparing developers for the security challenges they face.
Additionally, the tension between maintaining security
standards and adhering to agile methodologies (Winterrose
et al. 2017) reflects a broader industry challenge. This
struggle aligns with the observations of Poller et al. (2017),
who noted the difficulties in reconciling agile practices
with traditional security approaches. The persistence of
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this challenge suggests that more innovative solutions are
needed to bridge the gap between agility and security.

6. Implications for Practice

The outcomes of this review have numerous significant
suggestions for software development measures. These
implications are:

1. Organizations need to prioritize the incorporation of
security through the SDLC, potentially through wider
adoption of SDL frameworks and DevSecOps practices.

2. There is a critical need for improved security training
and education for developers, both in academic settings
and through continuous professional development.

3. The adoption of automated security testing tools should
be accelerated to improve wvulnerability detection and
reduce the burden on developers.

4. Emerging technologies like Al and blockchain should be
carefully considered and integrated into secure
development practices where appropriate.

5. As cloud adoption continues to grow, organizations
must prioritize the development of cloud-native security
approaches.

7. Limitations and Future Research

While this review provides precious perceptions, it has
some limitations. The quickly developing nature of
technology means that some findings may become
outdated quickly. In addition, the review principally
focused on published academic literature, which may not
always display the latest industry practices. Upcoming
attempts should pay attention to:

1. Longitudinal studies to track the long-term effectiveness
of secure development practices.

2. Experimental studies on the incorporation of Al and
blockchain in secure software development.

3. Examination of helpful methods for closing the security
skills gap among developers.

4. Investigation of secure development practices
particularly for emerging technologies like 10T and edge
computing.

Thus, while significant challenges remain in secure
software development, the field is evolving rapidly with
promising solutions and emerging technologies. The key to
improvement lies in a complete method that includes
technological solutions, organizational practices, as well as
human considerations.

8. Conclusion

Recently, technology has progressed significantly due to
the integration of several developments incorporating

progressed robotics, vast data analytics, machine learning,
cloud computing, and many more. The aim of the present
paper is to give thorough review of secure software
development. Such review has clarified the complex
landscape of challenges, solutions, and emerging trends in
the field. As cyber threats continue to progress and the
dependence on software systems grows across all sectors,
the importance of vigorous secure development practices
cannot be overstated. The methodical literature review in
the present paper has revealed several critical insights.

Persistent challenges in secure software development
include the integrating security into the Software
Development Lifecycle (SDLC) remains a significant
hurdle for many organizations. There is also the continuing
struggle to balance agile development methodologies with
thorough security practices, fastened with a pervasive
skills gap in security expertise among developers, remains
to establish considerable challenges to the industry.

The suggested effective solutions include the adoption of
structured approaches such as Security Development
Lifecycle (SDL) frameworks and DevSecOps practices has
shown promising results in developing software security.
These methodologies, when executed efficiently, have
yielded substantial reductions in security vulnerabilities
and incidents. Computerized security testing tools,
involving (DAST) Dynamic Application Security Testing,
Static Application Security Testing (SAST) have proven to
be influential in detecting liabilities immediately in the
developmental process. The shift-left approach, which
underlines early integration of security practices, has
demonstrated significant benefits in terms of both security
and cost-effectiveness.

Concerning emerging trends and technologies, it can be
stated that the domain of secure software development is
on the tip of transformation with the advent of Al-assisted
security analysis, blockchain technology for guaranteeing
software integrity, and cloud-native security approaches.
These innovations show great promise in tackling both
existing and future security challenges. Further, the
importance of security awareness and training programs
cannot be underestimated. Organizations that invest in
cultivating a security-minded culture and providing
ongoing education for their development teams have seen
marked improvements in the security of their software
products.

9. Implications and Future Directions

The outcomes of this review emphasize the necessity of
developing a complete methodology to safeguard software
development that incorporates technological solutions,
organizational practices, and human factors. Since the
digital environment continues to evolve, so too must our
methods to software security. Looking ahead, several key
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areas warrant further attention. These are:

1. Bridging the Skills Gap: There is a critical need for
heightened security education and training programs for
developers, both in academic sites and as part of
permanent professional improvement in the workplace.

2. Incorporation of Emerging Technologies: Further
research and practical applications are needed to fully
leverage the potential of Al, blockchain, and cloud-native
technologies in improving software security.

3. Adapting to New Paradigms: As software development
paradigms continue to evolve (e.g., serverless computing,
edge computing), secure development systems must adapt
consequently. This calls for enduring research and
improvement in the field.

4. Consistency and Best Practices: While various
successful solutions exist, there is a need for extreme
standardization and spreading of best practices across the
industry to safeguard constant application of secure
development principles.

5. Assessing Security Usefulness: Developing more
vigorous metrics and evaluation methodologies for
assessing the usefulness of secure development practices
continues an important area for future work.

In conclusion, while substantial strides have been made in
the field of secure software development, it remains a
dynamic and challenging domain. The constant cat-and-
mouse game between security experts and mischievous
actors demands continuous alertness, modernization, and
adaptation. By tackling the challenges recognised in this
review and leveraging the promising solutions and
emerging technologies, the software development
community can work towards a future where security is not
just an addition, yet an essential and seamless part of the
development process. As we move forward, it is
fundamental that academia, industry, and policymakers
collaborate to drive advancements in secure software
development. Only through such intensive efforts can we
hope to create a digital ecosystem that is robust, trusty, and
capable of supporting the progressively software-
dependent world of tomorrow.

10. Future Works

In the future, we might also integrate "Continuous
Learning in Machine Learning Systems" to let our system
be more flexible and productive and continuously update
itself without any retraining. We also plan an extension of
the support on iOS and Android platforms.
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