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ABSTRACT

Technical debt in modern businesses is a serious issue because it has the potential to stifle growth and
innovation. This study investigates the challenges posed by technical debt, identifies its primary causes,
assesses its impact on operations, and proposes viable solutions. The study found that if technical debt is
not properly managed, it can lead to higher maintenance costs, lower productivity, and limited scalability.
In today's fast-paced business environment, striking a balance between innovation and technical debt
management has become critical. The study investigates the complex dynamics of fostering innovation
and dealing with technical debt, emphasizing the importance of a strategic approach that sees technical
debt as a barrier that can be managed proactively to support innovation rather than stifle it. Based on
case studies and expert insights, this article presents practical strategies for identifying, prioritizing, and
mitigating technical debt within organizations. A balanced approach enables businesses to sustain
innovation, maintain a competitive advantage, and ensure long-term technical health, while also
providing actionable advice to business leaders, developers, and IT professionals navigating the
complexities of modern enterprise settings.
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INTRODUCTION

Software companies must manage and refactor Technical Debt issues. As a result, it is critical to
determine whether refactoring Technical Debt should be prioritized over developing features or fixing
bugs [1]. Modern tech companies are frequently pressured to deliver products quickly in order to gain a
competitive advantage, which can lead to the accumulation of technical debt. Technical debt refers to the
future costs incurred when software that is simple to implement in the short term is chosen over a better,
but longer-term solution [3]. Requirements Technical debt refers to the difference between the ideal
value of the specification and the actual implementation of the system, which is caused by strategic
decisions for immediate gains or unintended changes in context [2].This trade-off can result in complex,
difficult-to-maintain codebases that slow development, increase bugs, and necessitate extensive
refactoring efforts. Common wisdom holds that urgent maintenance activities and the pressure to deliver
features while prioritizing time-to-market over code quality are frequently the source of such smells,
defined as symptoms of poor design and implementation decisions [19].In the fast-paced tech ecosystem,
the allure of quick success can overshadow the long-term consequences of technical debt. The purpose of
this paper is to shed light on the prevalence of technical debt in modern technology companies, as well as
its implications and effective management strategies. Understanding these aspects enables modern
technology companies to make informed decisions.
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Statement Of The Problem

In today's fast-paced digital landscape, modern enterprises must balance the need for innovation to
remain competitive with the accumulation of technical debt, which can impair the efficiency, quality, and
maintainability of their systems and processes. To drive business growth and differentiation,
organisations must constantly invest in new technologies, features, and solutions. However, rapid
innovation can frequently lead to the accumulation of technical debt, which refers to the cost of
implementing quick fixes, workarounds, and patches that may not be sustainable or scalable in the long
run.

Need And Significance Of The Study

The significance of this study stems from its ability to provide actionable insights and practical
recommendations for businesses looking to improve their innovation and technical debt management
strategies. By examining the complex interplay between innovation and technical debt, this study seeks to
identify the key factors that contribute to a balanced approach, as well as the consequences of ignoring
one or both. The study's findings will be useful to practitioners, researchers, and policymakers looking to
improve their organization's ability to innovate while reducing technical debt. The significance of the
study extends beyond the immediate benefits to individual organisations. It will contribute to a deeper
understanding of the dynamic relationships between innovation, technical debt, and organisational
performance, ultimately informing more effective decision-making in thecontext of digital transformation
and technological evolution.

Theoretical Groundings

In today's fast-paced and rapidly changing business landscape, the need to balance innovation and
technical debt has grown in importance. To remain competitive and meet changing customer demands,
businesses must constantly innovate and introduce new products, services, and processes. However, this
relentless pursuit of innovation can result in the accumulation of technical debt, stifling the development
of new features, slowing delivery times, and increasing maintenance costs. A lack of a balanced approach
to innovation and technical debt can result in inefficiencies, lower productivity, and, eventually, financial
losses. As a result, there is an urgent need for a deeper understanding of the factors that influence the
balance between innovation and technical debt.The idea behind the innovation-technical debt trade-off is
that modern businesses are constantly trying to strike a balance between the pursuit of innovative
solutions and the maintenance of existing technical infrastructure. On the one hand, innovation is critical
for staying ahead of the competition, meeting evolving customer needs, and driving growth. However, the
process of innovation frequently results in technical debt, which refers to the unintended consequences of
rapid development, such as issues with code quality, complexity, and maintainability. This debt builds up
over time and can stymie future innovation efforts, making it more difficult to introduce new features and
services. The study aims to understand the underlying dynamics of this trade-off, examining how
enterprises can effectively manage their technical debt while also fostering a culture of innovation.

Loss in Revenue due to Technical Debt (2020-2024)
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Fig 1. Loss in Revenue due to Technical Debt

The line chart depicts the revenue loss due to technical debt for various companies from 2020 to the first
quarter of 2024. Each line on the chart represents a different company, and the legend identifies them.
The chart depicts a variety of trends, ranging from stable but continuous losses (Groupon) to increasing
losses over time (Netflix and Facebook). Twitter and Etsy have an initial significant impact, followed by a
decline or stabilization, whereas Uber's impact gradually decreases over time. Dropbox experiences a
consistent loss throughout the period. The chart depicts the varying degrees of financial impact that
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technical debt has on different companies, with some incurring increasing losses and others stabilizing or
declining over time.

METHODOLOGY

To investigate the impact of technical debt on modern enterprises, this study employs a mixed-methods
approach that combines quantitative data analysis with qualitative interviews. Data was collected from a
sample of 50 companies from various industries, with a focus on their development practices, code
quality, and debt management plans. In addition, publically available reports and academic literature
were reviewed to add context and support the findings.

Challenges
faced

Lessons Current
learned practices

Strategies
used to Present
manage technical
technical debt situation
debt

Fig 2. Proposed Methodology

The process of addressing technical debt consists of several stages, including identifying and
understanding the challenges encountered, examining current practices and processes, assessing the
current technical debt situation, developing strategies for managing and reducing technical debt, and
reflecting on lessons learned. During this journey, organizations may face challenges such as legacy
systems, a lack of documentation, and complex codebases. They must also assess their current methods
for tracking, measuring, and addressing technical debt. This allows them to gain a clear understanding of
their technical debt landscape and devise strategies for refactoring code, automating testing, and
implementing new development methodologies. The lessons learned from this process can then be
applied to future practices, as demonstrated by companies such as Groupon, Airbnb, Twitter, and Spotify,
which have all successfully addressed technical debt in their own unique ways.

Balancing-act by Modern Enterprises

Groupon, Airbnb, Twitter, and Spotify have all developed unique approaches to managing technical debt.
Groupon uses automated code review tools such as SonarQube to identify and address code quality issues
early on, and it prioritizes continuous refactoring to improve its codebase. Airbnb has taken a methodical
approach, investing in infrastructure and tooling to increase developer productivity and establishing a
dedicated team to manage technical debt through regular codebase audits. To reduce complexity and
better manage technical debt, Twitter has decoupled its monolithic architecture into microservices, with
monitoring and alert systems in place to address issues as they arise. Spotify promotes "Golden Paths" -
standardized development practices and tools that accelerate development and reduce debt - and
employs automated testing and continuous integration to detect and resolve problems. Spotify also
promotes regular "hack days" for engineers to address technical debt and improve the codebase, fostering
a culture of code ownership and encouraging engineers to take ownership of their areas of the codebase.

Analysis

The bar chart depicts the technical debt ratios of various modern enterprises, with the red dashed line
representing the average ratio of 0.284, indicating that approximately 28.4% of their development effort
is spent on technical debt.
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Fig 4. Corrective Measures to Reduce Technical Debt

While Facebook and Netflix have significantly higher ratios of 0.45 and 0.40, respectively, Etsy and Airbnb
have lower ratios of 0.15 and 0.18, which could be attributed to more efficient initial codebases or
improved debt management practices.

Expected Output

Between 2021 and 2024, the organization's efforts to address technical debt underwent significant
changes. The "Improving Coding Quality” metric has steadily increased from 20% to 50%, indicating a
greater emphasis on improving code quality. Automation and testing as a means of reducing technical
debt have also gained popularity, increasing from 15% to 40%. Meanwhile, the "Technical Debt Backlog"
has steadily increased from 10% to 35%, indicating ongoing efforts to reduce the backlog.
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Fig 5. Corrective Measures to Reduce Technical Debt

Furthermore, knowledge sharing within the organization has steadily increased from 15% to 30%, while
strategic planning to manage technical debt has risen from 10% to 25%.0verall, the graph shows that all
five corrective measures have received increasing attention over time, with the most significant efforts
focused on improving code quality and automation/testing by 2024.

CONCLUSION

To summarize, balancing innovation and technical debt is a delicate dance that modern businesses must
master to remain competitive in today's fast-paced digital landscape. As the examples of Groupon, Airbnb,
Twitter, and Spotify demonstrate, there is no one-size-fits-all approach to managing technical debt, but
rather a variety of strategies and tools that can be tailored to an organization's specific needs and
cultures. Enterprises can free themselves from the shackles of technical debt by recognizing its
importance and adopting innovative approaches to addressing it. Finally, striking a balance between
innovation and technical debt allows businesses to realize their full potential and stay ahead of the curve
in an ever-changing world.

483 Ritesh Amarsela et al 480-484



Journal of Computational Analysis and Applications VOL. 33, NO. 5, 2024

REFERENCES

[1] “A systematic literature review on Technical Debt prioritization: Strategies, processes, factors, and
tools”, Valentina Lenarduzzi, Terese Besker, Davide Taibi, Antonio Martini, Francesca Arcelli
Fontana,The Journal of Systems & Software, ScienceDirect, 2021

[2] "Identification and measurement of Requirements Technical Debt in software development: A
systematic literature review",Ana Melo,Roberta Fagundes,Valentina Lenarduzzi,Wylliams Barbosa
Santos, The Journal of Systems & Software, ScienceDirect,2022

[3] "Identifying self-admitted technical debt in open source projects using text mining”, Empirical
Software Engineering 23(2),2018

[4] "Managing Technical Debt in Software Projects” - Carolyn Seaman, Yuepu Guo, Agile Alliance, 2018

[5] "Technical Debt Management: A Systematic Literature Review and Research Agenda for Digital
Government" - Magnusson et al., SpringerLink, 2018

[6] "Trade-off decisions across time in technical debt management" - Becker et al., TechDebt 2018, 2018

[71 "Investigate, identify and estimate the technical debt: a systematic mapping study” - Benldris et al.,
Int. J. Softw. Eng. Appl.,, 2018

[8] "A framework to aid in decision making for technical debt management" - Fernandez-Sanchez et al,,
IEEE 7th International Workshop Managing Technical Debt, 2015

[91 "Applying Machine Learning in Technical Debt Management: Future Opportunities and Challenges" -
Heckman, Williams, SpringerLink, 2011

0] "A case study in locating the architectural roots of technical debt" - Kazman et al,, IEEE, 2015

1] "Technical debt: from metaphor to theory and practice" - Kruchten et al., IEEE Softw., 2006

2] "A systematic mapping study on technical debt and its management" - Li et al,, ]. Syst. Softw., 2015

3] "An ethnographic approach to design" - Blomberg, Burrell, Human-Computer Interaction Handbook,

2012

[14] "Categorizing Business Goals for Software Architectures" - Kazman, Bass, CMU/SEI, 2005

[15] "Technical Debt tracking: Current state of practice: A survey and... " - ScienceDirect, 2021

[16] "Empirical Analysis of Hidden Technical Debt Patterns in Machine..." - Sculley et al., SpringerLink,
2019

[17] "Calculation and optimization of thresholds for sets of software metrics" - Herbold et al., Empir.
Softw. Eng,, 2011

[18] "A systematic literature review on Technical Debt prioritization" - Avgeriou et al., ScienceDirect,
2016

[19] "When and Why Your Code Starts to Smell Bad(and Whether the Smells Go Away)",Michele Tufano et
al,, IEEE/ACM International Conference on Software Engineering (ICSE 2015),2015

[20] "Current state of practice: A survey and multiple case study in 15 large organizations", A. Martini, T.
Besker, ]J. Bosch. Technical Debt tracking, Science of Computer Programming, Vol. 163, pp. 42-61,
2018

484 Ritesh Amarsela et al 480-484



