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Abstract

Regression testing is an essential component of software maintenance, aimed at ensuring that
newly introduced changes do not negatively impact the existing functionality of a system. In
today's fast-paced industrial environments, particularly those employing agile methodologies and
Continuous Integration/Continuous Deployment (CI/CD) pipelines, the choice of regression
testing technique significantly influences project timelines, resource allocation, and product
quality. This research investigates and compares five widely adopted regression testing types:
Corrective, Retest-All, Selective, Progressive, and Complete Regression Testing. This study's
primary objective is to assess each technique's industrial suitability based on key evaluation
metrics such as time efficiency, cost of execution, test coverage, automation/tool support,
scalability, and risk of fault omission. We adopted a qualitative scoring methodology, grounded in
a comprehensive review of several scholarly articles and industry reports. Each testing type was
critically analyzed and benchmarked using a comparison matrix to highlight its strengths and
limitations. The analysis reveals that while each regression testing method serves distinct use
cases, Selective Regression Testing strikes the best balance between efficiency and coverage for
modern industrial needs, particularly in projects with frequent releases and constrained testing
budgets. The novelty of this study lies in its holistic, literature-backed comparative framework,
explicitly tailored to the industry context aspect often overlooked in prior academic evaluations.
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Introduction

Regression testing is a crucial quality assurance practice that ensures new changes such as feature
additions, bug fixes, or enhancements do not disrupt existing functionality. It plays a vital role in
the maintenance phase of the software development life cycle, preserving software integrity and
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stability over time (Yoo & Harman, 2012). With the rise of agile methods and CI/CD pipelines,
efficient and scalable regression testing has become more critical, yet full test suite execution after
every update is costly and time-consuming, especially in large-scale systems. Studies indicate that
regression testing can account for up to 50% of overall testing efforts during maintenance, with
challenges such as high execution time, increasing costs, limited coverage, and lack of scalability
becoming more prominent in larger codebases and shorter release cycles (Do et al., 2010).

In industry, comprehensive regression testing is often unfeasible due to strict timelines,
limited resources, and high costs. While full retesting ensures coverage, it is impractical in agile
and DevOps settings, creating a challenge to balance cost, coverage, and speed. Prior studies
(Rothermel & Harrold, 1997; Gruslu et al., 2017) highlight the need for scalable approaches suited
to real-world demands. Over time, methods such as Corrective, Retest-All, Selective, Progressive,
and Complete Regression Testing (Saha & Palit, 2019) have emerged, yet comparative analysis of
their industrial suitability remains limited.
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Figure 1. Types of Regression Testing

The choice of regression testing method depends on factors such as project size,
development methodology, available resources, and release frequency. Figure 1 shows the types
of regression testing. Corrective regression testing re-executes existing test cases when
specifications or architecture remain unchanged, offering a cost-effective solution for stable
software (Maspupah et al., 2021; Pighin & Marzona, 2005) but may miss hidden defects
(Microsoft, 2025). Retest-all regression testing involves re-running the entire test suite, ensuring
maximum coverage but at a high cost and time consumption (Rothermel & Harrold, 1996; Lou et
al., 2019), typically used before major releases (Gupta et al., 2011). Selective regression testing
executes only relevant test cases, reducing execution time without significantly compromising
fault detection (Rothermel & Harrold, 1997; Yoo & Harman, 2012), and can save up to 60% of
test execution time in agile environments (Poliarush, 2025). Progressive regression testing is
applied when both code and tests are modified, ensuring backward compatibility and enhancing
defect detection in continuous integration pipelines (Elbaum et al., 2003; Das, 2025). Complete
regression testing validates the entire application, ensuring both functional and non-functional
aspects are covered. It is resource-intensive but essential in safety-critical domains such as
aerospace or healthcare (Leung & White, 1990; IEEE, 2008; Powell & Smalley, 2025).
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This study compares five regression testing types based on execution time, cost, resource
use, tool support, and agile compatibility. The aim is to identify the most suitable method for
modern software development and propose a technique that balances efficiency and effectiveness
in practical industrial settings.

Regression testing ensures software quality during frequent updates. Research highlights
trade-offs in efficiency, cost, and scalability, with academics focusing on optimization and industry
addressing resource, tool, and automation challenges. These findings reveal gaps, stressing the
need for industrially relevant comparative analyses. Regression testing has been widely studied
due to its critical role in software quality. Prior work has focused on test case selection,
prioritization, and minimization to reduce cost and time without sacrificing effectiveness. A
seminal contribution by Rothermel & Harrold (1997) introduced a safe regression test selection
technique, enabling execution of only affected test cases. Subsequent studies examined challenges
and advances: Yoo & Harman (2012) classified regression testing into minimization, selection,
and prioritization but noted limited industrial applicability; Do & Rothermel (2006) highlighted
cost-benefit trade-offs in prioritization; Elbaum et al. (2002) and Kim & Porter (2002) proposed
dynamic and history-based prioritization, respectively. More recent works explored Al and deep
learning (Sharif et al., 2021; Tufano et al., 2019) for prioritization, showing potential in CI contexts
but limited by data and tooling. Empirical comparisons (Do et al., 2005) and process maturity
reviews (Gruslu et al., 2017) further emphasized challenges of adoption. Industrial studies
(Garousi et al., 2016a; Feldt et al., 2008; Saha & Palit, 2019) reveal that regression testing is widely
practiced but often ad-hoc, constrained by resources, insufficient automation, and skill gaps.
Recent research revisited prioritization for Cl (Cheng et al., 2024) and mapped performance
regression testing challenges (dos Santos et al., 2024).

Despite these advances, few works holistically compare regression testing approaches such
as Corrective, Retest-All, Selective, Progressive, and Complete in terms of real-world criteria like
cost, time, scalability, and tool support. This study addresses that gap by evaluating these
techniques from both literature and industry perspectives.

Despite the variety of regression testing approaches available, there remains a lack of
structured comparative analysis focused on their applicability and efficiency in industrial
environments. Specifically, little research has investigated how different regression testing types
perform in practice under constraints such as cost, execution time, scalability, and support for agile
workflows.

This study aims to fill this research gap by:

e Providing a comparative evaluation of five regression testing techniques: Corrective,
Retest-All, Selective, Progressive, and Complete.

e Assessing their suitability based on practical industrial criteria such as time efficiency, cost,
scalability, and tool support.

e Offering a data-supported recommendation for the most suitable regression testing type for
industrial adoption.

By bridging the gap between academic theory and industrial application, this paper intends
to guide practitioners in selecting efficient and context-appropriate regression testing strategies.
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Methodologies

This study uses a comparative analytical approach to evaluate five regression testing techniques:
Corrective, Retest-All, Selective, Progressive, and Complete, focusing on their industrial
applicability. Each method is assessed using standardized evaluation criteria derived from
literature and industry best practices.

Research Design

To ensure real-world relevance, this study uses qualitative and semi-quantitative criteria from
literature and industry to evaluate regression testing. The workflow, from problem identification
to conclusion, integrates review, data collection, evaluation, and comparative analysis, ensuring
clarity, transparency, and reproducibility. Figure 2 shows the complete workflow.
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Motivation
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(8 Industry-Relevant
Dimensions)

Comparative Scoring &
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Data Collection &
Synthesis (Literaturo +
Case Studies + Tool Docs)
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Figure 2. Overall workflow of the study

As illustrated in Figure 2, the workflow begins with identifying the research gap and
establishing clear objectives, followed by an in-depth literature review. The process then moves to
the selection of regression testing types and definition of evaluation criteria, which guide data
collection and synthesis from both academic and industrial sources. Comparative scoring and
analysis are subsequently performed to assess each testing type, culminating in discussions,
recommendations, and a conclusion that align with the study’s goals.

Evaluation Criteria

The five regression testing types were compared across the following eight industrially relevant
dimensions, identified from prior research (Yoo & Harman, 2012; Gruslu et al., 2017; and Do &
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Rothermel, 2006): time efficiency, cost of execution, test coverage, tool support and automation,
setup complexity, suitability for Agile/CI-CD environments, scalability in large projects, and the
risk of missing faults. These dimensions collectively form the comparative analysis framework
used in this study, as illustrated in Figure 3.

Time
Efficlency
Cost of Risk of
Execution Missing Faults
L - QP ——
Yest Comparative
—— labil
Cove - Analysis Scalability
‘ Framework A ‘
Tool Support & Aglle/CI1-CD
Automation Sultability
Setup
Complexity

Figure 3. Evaluation Framework

Time Efficiency - How quickly the testing type can be executed after changes.

Cost of Execution - Human and computational resource costs involved in running the test
suite.

Test Coverage - The degree to which the testing approach validates modified and
unmodified code.

Tool Support and Automation - Availability of tools and frameworks to automate the
testing type.

Setup Complexity - Technical difficulty in setting up and maintaining the testing process.
Suitability for Agile/CI-CD - Alignment with modern agile workflows and continuous
integration pipelines.

Scalability in Large Projects - Ability to function efficiently in large, complex codebases.
Risk of Missing Faults - The likelihood of undetected bugs due to limitations in scope.

Data Collection Approach

The evaluation draws upon:

Literature Review: A detailed study of several peer-reviewed papers covering regression
testing practices, techniques, and their performance in research and industrial
environments.

Expert Knowledge Synthesis: Insights synthesized from published industrial case study
(Gruslu et al., 2017) and tool documentation (e.g., Selenium, JUnit, Jenkins).

Analytical Scoring: Each testing type was qualitatively rated (e.g., "High", "Medium",
"Low") across the eight criteria, informed by referenced empirical studies and expert
discussion.
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Results and Discussion

This section reviews five regression testing approaches: Corrective, Retest All, Selective,
Progressive, and Complete. They are evaluated on factors such as cost, execution time, coverage,
tool support, scalability, and fault detection. Levels are used instead of percentages since test case

sizes are not specified.

Table 1. Comparative Analysis of Regression Testing Types with Referenced Justifications

Table Criteria Corrective  Retest-  Selective  Progressive  Complete Supporting References
1 All
1 Time Efficiency High Very Low High Medium Low (Yoo & Harman, 2012; Rothermel
& Harrold, 1997; Garousi et al.,
2016b; Reinisch et al., 2008)
2 Cost of Low High Medium Medium Very High (Yoo & Harman, 2012; Do &
Execution Rothermel, 2006; Elbaum et al.,
2002; Garousi et al., 2016b;
Reinisch et al., 2008)
3 Test Coverage Medium Very High Medium High Very High (Yoo & Harman, 2012; Rothermel
& Harrold, 1997; Do & Rothermel,
2006; Kruchten et al., 2002)
4 Tool Support & Moderate High High High Moderate (Yoo & Harman, 2012; Garousi et
Automation al., 2016b; Reinisch et al., 2008;
Garousi et al., 2018)
5 Complexity of Low Low Medium High Very High  (Elbaum et al., 2002; Garousi et al.,
Setup 2016b; Reinisch et al., 2008; Ren et
al., 2019)
6 Suitability for Moderate Poor Excellent Excellent Poor (Yoo & Harman, 2012; Garousi et
Agile/CI-CD al., 2016b; Elbaum et al., 2002;
Garousi et al., 2018)
7 Scalability in Medium Low High High Medium Elbaum et al., 2002; Garousi et al.,
Large Projects 2016b; Reinisch et al., 2008; Ren et
al., 2019)
8 Risk of Missing Medium Low Medium Low Very Low (Yoo & Harman, 2012; Rothermel

Faults

& Harrold, 1997; Do & Rothermel,
2006; Kruchten et al., 2002)

Table 1 presents a comparative analysis of regression testing types based on efficiency,

cost, coverage, scalability, and Agile/CI/CD suitability. Retest-All and Complete strategies
provide very high coverage but incur significant time and cost, making them less practical for fast
development. Selective and Progressive approaches balance efficiency, automation, and
adaptability, fitting modern CI/CD pipelines. Corrective testing is the most cost-effective but
limited in scalability and fault detection. Overall, no single strategy is universally optimal,
selection should consider project scale, development context, and organizational priorities.
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Graphical Comparison

A comparative analysis was conducted to evaluate the strengths and weaknesses of different
regression testing approaches. The assessment considered execution time, cost, test coverage, tool
support and automation, setup complexity, Agile/CI-CD suitability, scalability for large projects,
and fault detection risk. Each testing type, including Corrective, Retest-All, Selective, Progressive,
and Complete, was rated on a five-point scale from 1 (Very Low/Poor) to 5 (Very High/Excellent)
based on literature and expert opinion.

Comparative Analysis of Regression Testing Types
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Figure 4. Comparison Analysis of Regression Testing Types

As shown in Figure 4, no single regression testing type excels across all criteria. Retest-
All and Complete approaches offer the highest test coverage but have low efficiency and high cost,
limiting their use in large-scale or Agile environments. Selective and Progressive methods provide
better scalability and efficiency, with slightly lower coverage. Corrective testing delivers balanced
performance but may not suit environments requiring rapid iteration. These results indicate that
selecting a regression testing strategy should be context-driven, balancing coverage, cost, and
adaptability to project needs.

Reference Mapping

To ensure credibility and industrial relevance, this study synthesizes insights from peer-reviewed
research and industry case studies. Table 2 maps the cited references to their contributions in
regression testing, tracing the origin of concepts, methodologies, and findings. This mapping
supports transparency, reproducibility, and ensures that the comparative analysis is grounded in
both established literature and validated industrial practices.

Table 2. Reference Mapping

Ref. Authors Contributions
1 (Yoo & Harman, 2012) Comparative survey of regression testing methods in industry
2 (Rothermel & Harrold, 1997) Test coverage and safe regression testing selection
3 (Do & Rothermel, 2006) Cost analysis and prioritization strategies
4 (Garousi et al., 2016b) Industrial adoption, scalability, and limitations
5 (Garousi et al., 2018) Automation and Cl-based prioritization
6 (Elbaum et al., 2002) Empirical prioritization vs. setup complexity
7 (Reinisch et al., 2008) Execution time and automation challenges
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8 (Renetal., 2019) Data-driven test case selection
9 (Kruchten et al., 2002) Impact analysis and fault detection coverage

Survey Findings and Recommendation

The comparative analysis shows that each regression testing type has distinct advantages and
limitations depending on the industrial context. Corrective Regression Testing is simple and cost-
effective, suitable for small to medium projects with infrequent bug fixes. Retest-All Regression
Testing provides high reliability but incurs significant time and cost, limiting its use in agile or
continuous delivery environments. Selective Regression Testing balances efficiency and coverage,
fitting well with DevOps and CI/CD pipelines. Progressive Regression Testing is effective for
projects with evolving requirements and iterative development. Complete Regression Testing
delivers maximum coverage but is feasible only in high-budget, high-criticality systems such as
aerospace or medical software. Overall, cost efficiency and time-to-market are key factors, with
agile organizations favoring Selective and Progressive approaches, while safety-critical domains
rely on Complete Regression Testing despite its high resource demands.

Based on the analysis, Selective Regression Testing is recommended as the most industrially
suitable approach for the majority of modern software development environments. This
recommendation is grounded in its ability to:

Reduce execution time by focusing only on impacted modules.

Maintain a high level of fault detection accuracy.

Support automation tools and C1/CD workflows effectively.

Offer a cost-performance balance suitable for both SMEs and large enterprises.

For safety-critical systems (e.g., aerospace, healthcare, autonomous driving), Complete
Regression Testing remains the most reliable option, whereas Progressive Regression Testing is
highly beneficial in rapidly evolving product environments.

Limitations and Future Scope

This semi-empirical study is based on literature and industrial reports rather than experiments.
Findings may vary with project-specific factors such as domain, budget, and tool availability. No
primary data were collected, and the evaluation assumes access to modern automation frameworks.
Future research should emphasize large-scale industrial validation and the development of hybrid
or adaptive regression testing strategies. Promising directions include Al-driven method selection,
emerging architectures such as microservices and DevOps pipelines, and detailed cost-benefit
analysis. Improving tool interoperability and integration is also crucial for scalability and practical
adoption in evolving software ecosystems.

Conclusion

Regression testing ensures that system changes do not introduce faults. This study compared five
strategies, including Corrective, Retest-All, Selective, Progressive, and Complete, using academic
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insights and industry data. The analysis shows that Selective Regression Testing offers the best
balance of coverage, efficiency, and cost for agile and CI/CD environments. Progressive
Regression Testing is valuable for projects with evolving requirements, while Complete
Regression Testing is essential in safety-critical domains where reliability outweighs cost and time.
No single strategy is universally optimal; suitability depends on project scale, domain criticality,
budget, and development methodology. Organizations should adopt context-driven approaches,
and future research should explore hybrid or adaptive models leveraging automation, Al-driven
test selection, and predictive analytics to improve efficiency and fault detection.
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