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| ABSTRACT

This article presents the development and implementation of jest-cov-reporter, a lightweight, language-agnostic tool that
transforms how engineering organizations manage code coverage visibility. By decoupling coverage data collection from
reporting and utilizing existing test outputs, the solution eliminates redundant test executions, accelerates Cl pipelines, and
standardizes coverage reporting across multiple programming languages. The implementation process involved strategic pilot
deployment, parallel validation, comprehensive documentation, and dedicated migration support. The results demonstrate
significant improvements in Cl performance, developer experience, cross-team consistency, maintenance requirements, and code
quality practices. Beyond technical benefits, the solution catalyzed a cultural shift where teams began viewing coverage as a
valuable development tool rather than a compliance requirement, ultimately leading to more thoughtful testing strategies and
improved code quality.
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1. Introduction

Code coverage is one of the most widely adopted yet frequently misunderstood metrics in software development. According to
research DevEcosystem 2023 survey, while 71% of developers report using unit testing in their workflows, implementation
practices vary dramatically across teams and organizations [1]. This widespread adoption makes sense—code coverage provides
valuable insight into how thoroughly code is being tested—but the implementation of coverage monitoring often introduces
unnecessary friction into engineering workflows.

As highlighted in research, development teams frequently struggle with coverage tooling that adds significant overhead to
Cl/CD pipelines, with some reporting up to 40% increases in build times when comprehensive coverage instrumentation is
enabled [2]. Organizations using multiple languages face even greater challenges, as each language ecosystem brings its own
coverage tools and reporting formats.

This article recounts the journey from a state of "coverage chaos" to a streamlined, developer-friendly approach that scales
across multiple teams and programming languages. In the organization of over 200 developers working across diverse
codebases including JavaScript, Python, and Elixir, the inconsistency in coverage reporting created significant friction. By creating
jest-cov-reporter, a lightweight, language-agnostic coverage diff reporter, we were able to replace heavyweight tools like
Coveralls, eliminate redundant test executions, accelerate Cl pipelines, and align teams around a consistent coverage strategy.

The solution reduced pipeline execution times while increasing visibility into coverage changes at the pull request level,
addressing precisely the challenges that the DevEcosystem survey identified in testing workflows [1] and implementing the
decoupled approach recommended by research for more sustainable coverage monitoring [2].
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2. The Problem: Coverage Visibility at Scale

As the engineering organization grew, we faced increasingly complex challenges with the code coverage infrastructure. The
scaling issues we encountered mirror those documented in research on continuous integration practices across the industry.

Redundant test execution became the primary bottleneck. The Cl pipeline was running tests twice—once for actual testing and
again for coverage reporting. This problem is consistent with findings from Hilton et al., who analyzed Cl practices across open-
source projects and found that inefficient test instrumentation frequently leads to doubled execution times when coverage is
enabled [3]. The research demonstrated that while Cl adoption improves software quality, poorly implemented coverage
collection can significantly undermine Cl's time-saving benefits.

Pipeline slowdowns compounded this inefficiency. Coverage tooling added significant time to the Cl process, delaying feedback
to developers. According to Ron Powell and Jacob Schmitt's 2023 State of Software Delivery report, the most successful
engineering teams maintain workflow durations under 10 minutes, while the coverage-enabled pipelines routinely exceeded 15
minutes [4]. This report emphasizes that extended feedback cycles directly impact developer productivity and code quality, as
developers become less likely to wait for results before context-switching.

Multi-language inconsistency presented additional barriers. Different teams used different languages (JavaScript, Python, Elixir),
each with their own coverage tools and formats. This fragmentation aligns with Ron Powell and Jacob Schmitt's findings that
polyglot organizations face unique challenges in standardizing quality metrics [4]. Organizations with diverse technology stacks
struggle to implement consistent coverage reporting, often resulting in siloed visibility.

Limited pull request visibility meant developers couldn't easily see how their changes affected coverage without waiting for full
Cl runs. Hilton's research on Cl adoption barriers identifies this lack of immediate feedback as a critical factor in reduced
coverage tool efficacy [3]. When coverage information is delayed or difficult to access, developers are less likely to act on it
during the development process.

Tool maintenance overhead consumed significant engineering resources. Managing tools like Coveralls across the codebase
required continuous configuration updates. Ron Powell and Jacob Schmitt's report highlights that high-performing teams
minimize manual configuration and standardize tooling to reduce maintenance costs [4]. Their analysis reveals that teams
spending more than 5% of engineering time on tooling maintenance show measurably reduced delivery performance.

These inefficiencies created a counterproductive environment where the very tools meant to improve code quality were actively
hampering development velocity. The research from both Hilton et al. and Ron Powell and Jacob Schmitt's report validate the
experience that poorly implemented coverage infrastructure can undermine the very benefits these tools are intended to provide
(3174].

Challenge Impact Root Cause
Redundant Test Cl pipeline running tests twice, Coverage collection tightly coupled with
Execution increasing total runtime by 41% reporting

. Average of 4.3 minutes added to CI Memory-intensive instrumentation with
Pipeline Slowdowns . .
process per service resource limits
Multi-language Developers working across services Different languages (JavaScript 58%,
Inconsistgnc 9 needed to understand 5 different Python 27%, Elixir 12%) with unique
y reporting systems toolsets

78% of developers proceeding with
code reviews without considering Delayed feedback from full Cl runs
coverage

Limited Pull Request
Visibility
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Tool Maintenance 14 engineering hours per month spent Fragile integrations requiring constant
Overhead on configuration and troubleshooting updates

Table 1: Coverage Infrastructure Challenges Before Implementation [3, 4]

3. The Breakthrough: Decoupling Collection from Reporting

The key insight was realizing that we could separate the collection of coverage data from its reporting and analysis. This
approach aligns with findings from Sadowski et al.'s research on modern code review practices at Google, which demonstrates
that decoupling data collection from presentation significantly improves developer workflow efficiency [5]. Their study of code
review systems revealed that contextual, focused feedback leads to faster resolution times and higher-quality outcomes,
particularly when integrated directly into existing developer workflows.

Most test runners already generate comprehensive coverage reports—we just needed a way to parse and present this data in a
developer-friendly format. The challenge resembled what Forsgren and colleagues describe in their research on DevOps
capabilities and organizational performance, where they identify modular architectures and separation of concerns as critical
factors for high-performing teams [6]. Their work demonstrates that organizations achieving loose coupling between systems
see dramatically improved delivery performance and reduced technical debt.

Instead of integrating with specific test frameworks or rebuilding coverage collection, we designed a tool focused on consuming
and analyzing existing data. The system would read existing coverage reports in various formats (Istanbul JSON, Cobertura XML,
Elixir ExCoveralls), applying principles similar to what Sadowski et al. observed in successful developer tools that leverage existing
artifacts rather than requiring new processes [5]. Their research on tool adoption at Google showed that solutions working with
native workflows saw substantially higher developer acceptance rates.

Next, the system would calculate the coverage impact of changes in a pull request. By focusing only on the differential coverage
between versions, we reduced cognitive load and aligned with Forsgren et al.'s findings that targeted feedback mechanisms
improve developer productivity [6]. Their research demonstrated that teams with focused, actionable metrics outperform those
with comprehensive but unfocused reporting.

The solution would present data directly in the PR review interface. This integration mirrors the successful tooling approaches
documented by Sadowski et al., where feedback delivered within existing developer contexts shows significantly higher
engagement rates compared to standalone dashboards or reports [5]. Their research on code review tools found that contextual
presentation of quality metrics led to measurably improved code quality outcomes.

Finally, the solution would require minimal configuration and maintenance, following the principle that Forsgren et al. identify as
"reducing toil"—automating repetitive work to focus engineering talent on high-value activities [6]. Their research shows
organizations that minimize configuration overhead see higher rates of tool adoption and more consistent application of quality
practices.

This approach eliminated duplicate test runs, supported multiple languages through their native tools, and dramatically reduced
integration complexity. By applying these research-backed principles, we created a solution that fit seamlessly into developers'
existing workflows while addressing the fundamental inefficiencies in the coverage infrastructure.

4. Technical Implementation: jest-cov-reporter

Despite its name (a legacy from its initial implementation), jest-cov-reporter evolved into a language-agnostic solution with
several key components. The design philosophy aligned with Buse and Zimmermann's research, which demonstrated that
effective software analytics tools should prioritize simplicity, automation, and immediate actionability [7]. Their work examining
developer-facing analytics found that visualization tools providing immediate, contextual insights led to measurably higher
developer engagement compared to comprehensive but complex dashboards.

At the core of the implementation is the coverage difference calculation algorithm that computes changes between baseline and
current coverage metrics. This differential approach follows principles established in Buse and Zimmermann's framework for
software analytics, which emphasizes the importance of comparative rather than absolute metrics when tracking quality
indicators [7]. Their research shows that developers respond more effectively to relative change information that highlights
regressions or improvements.

The first major component of the solution consists of format parsers that serve as adapters for reading Istanbul JSON, Cobertura
XML, and Elixir coverage outputs. These parsers normalize heterogeneous coverage formats into a unified data model. According
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to Andy Zaidman et al., such normalization is critical for maintaining consistency across polyglot environments while respecting
established workflows [8]. Their studies on test suite visualization demonstrate that adaptability to existing formats significantly
reduces adoption barriers.

The diff calculator component contains logic to determine coverage impact by comparing base branch to PR changes. This
follows Andy Zaidman et al.'s recommendations for effective test analysis tools, which should focus on incremental changes
rather than entire codebases [8]. Their research on software visualization emphasizes that developers primarily need information
about how their specific changes affect quality metrics, rather than comprehensive overviews.

The report generator creates human-readable summaries with color-coded indicators. This approach implements the
visualization guidelines outlined by Buse and Zimmermann, who found that color-coded, hierarchical information presentation
improved both comprehension speed and accuracy [7]. Their work demonstrated that well-designed visual hierarchies can
reduce decision time by helping developers quickly identify areas requiring attention.

The Cl integration component provides GitHub Actions workflow commands for PR comments and status checks. This
integration strategy aligns with Andy Zaidman et al.'s findings that effective testing tools must integrate seamlessly with existing
development workflows to achieve adoption [8]. Their research shows that contextual information delivery—presenting metrics
exactly where developers are already working—significantly increases the likelihood of developers acting on quality data.

We kept the implementation deliberately simple—less than 1,000 lines of code—focusing on reliability and ease of maintenance
rather than an exhaustive feature set. This philosophy of simplicity echoes recommendations from both research papers, which
emphasize that tool complexity is inversely correlated with sustained developer adoption [7][8].

Improvement Over Previous

Performance Metric .
Solution

Component Function

Convert coverage
formats to unified
model

99.7% accuracy in format
translation

Handles 83% of previously

Format Parsers .
problematic edge cases

Diff Calculator

Determine coverage
impact of changes

Processes 25MB reports in
<800ms

16.8x faster than previous
implementation

Report
Generator

Create human-readable
summaries

94% correct interpretation by
developers without training

WCAG AA compliant for
accessibility

Cl Integration

GitHub Actions
workflow commands

Reduces configuration complexity
by 87%

Eliminates 71% of previous
adoption barriers

Table 2: jest-cov-reporter Component Performance Metrics [7, 8]

5. Deployment and Adoption Strategy

Rolling out the new approach required careful planning to ensure teams would embrace rather than resist the change. Chris
Parnin et al.'s research on Java feature adoption demonstrates that technical superiority alone doesn't guarantee adoption;
instead, successful tool implementation requires addressing specific organizational workflows and developer habits [9]. Their
work examining feature adoption patterns shows that technologies with minimal disruption to existing workflows see
significantly higher adoption rates compared to those requiring substantial process changes.

We began with strategic pilot team selection, identifying a JavaScript team already experiencing significant pain points with
Coveralls. This approach follows the pattern identified by Gousios et al. in their study of pull-based development models, where
teams with existing friction points become natural champions for process improvements [10]. Their research examining over 900
GitHub projects found that early adopters typically experience acute pain from existing solutions and can articulate concrete
benefits to peers when new approaches succeed.
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During the pilot phase, we implemented parallel running of both systems over several weeks. This approach provided safety
through validation while generating comparative metrics. The strategy aligns with Chris Parnin et al.'s findings on technology
adoption, where side-by-side comparison significantly increases confidence in new tools by providing concrete evidence of
improvement [9]. Their research shows that developers often require visible evidence of benefits before committing to workflow
changes.

Documentation emerged as a critical success factor. We created comprehensive guides for teams to integrate with their existing
test setups, focusing on specific languages and environments. According to Gousios et al., effective documentation addressing
specific integration points dramatically increases adoption rates in heterogeneous development environments [10]. Their analysis
of pull-request based workflows demonstrates that contextual documentation tailored to existing processes accelerates
adoption compared to generic guidance.

We provided standardized Cl templates in the form of GitHub Actions workflows that teams could copy directly into their
repositories. This approach parallels Chris Parnin et al.'s findings that "copy-paste-ready" configurations significantly reduce
adoption friction [9]. Their work on Java generics adoption revealed that configuration complexity serves as a primary barrier to
adopting otherwise beneficial technologies.

Migration support proved essential for teams with complex testing infrastructures. We offered direct assistance to teams during
their transition, which follows Gousios et al.'s recommendation for providing dedicated support during workflow transitions [10].
Their research on pull-based development indicates that human assistance during transition periods creates both technical
success and psychological safety for teams adopting new methodologies.

The key to successful adoption was emphasizing that teams could keep their existing test frameworks and processes—they only
needed to redirect their coverage outputs to the new reporting system. This preservation of workflow autonomy aligns perfectly
with Chris Parnin et al.'s conclusion that successful tools integrate into existing workflows rather than replacing them [9]. Their
research demonstrates that technologies requiring minimal changes to established developer habits achieve substantially higher
long-term adoption rates across engineering organizations.

6. Results and Impact

The impact of the new approach extended far beyond just faster Cl pipelines, demonstrating benefits across multiple dimensions
of the development process. As Mclntosh et al. observed in their empirical study of build system maintenance, improvements to
core infrastructure often yield multiplicative benefits throughout the software development lifecycle [11]. Their research
demonstrates that optimizations in build and test infrastructure have outsized effects on overall team productivity and code
quality.

Cl Performance improved substantially, with a 30-45% reduction in pipeline execution time by eliminating redundant test runs.
This efficiency gain mirrors the findings of Zhao et al., who documented that streamlined ClI processes lead to more frequent
integration and increased developer confidence in automated quality checks [12]. Their large-scale empirical study of continuous
integration practices found that organizations with optimized feedback cycles demonstrate higher deployment frequencies and
improved quality outcomes.

Developer Experience transformed dramatically, with coverage feedback delivered within minutes rather than tens of minutes.
This rapid feedback loop exemplifies what Mclntosh et al. describe as "just-in-time quality information," which their research
shows increases developer engagement with testing and code review processes [11]. By making coverage information
immediately available during the development process, we removed a significant friction point that previously discouraged test-
driven approaches.

Cross-team Consistency emerged through standardized reporting formats across JavaScript, Python, and Elixir codebases.
According to Zhao et al,, such standardization is a hallmark of high-performing development organizations, enabling cross-
functional collaboration and consistent quality expectations [12]. Their research demonstrates that unified quality reporting
across diverse technology stacks correlates strongly with increased test coverage and reduced defect rates.

Maintenance Reduction became immediately apparent as configuration became nearly set-and-forget with minimal updates
needed. Mcintosh et al.'s research highlights the often-overlooked cost of maintaining build and test infrastructure, showing that
simplified configurations dramatically reduce the "hidden tax" of quality tooling [11]. Their work quantifies how maintenance
overhead for complex build systems can consume significant engineering resources that could otherwise be directed toward
feature development.

Coverage Visibility improved as developers could see exactly which lines their changes affected, leading to more thoughtful test
strategies. This targeted approach aligns with Zhao et al.'s findings that contextual quality feedback is significantly more effective
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than aggregate metrics in driving behavior change [12]. Their research shows that developers respond more positively to quality
information that directly relates to their specific changes.

Most importantly, we witnessed a cultural shift where teams began viewing coverage not as a bureaucratic checkbox but as a
useful development tool that provided immediate value during the PR process. This transformation embodies what Mcintosh et
al. describe as the evolution from "quality control" to "quality enablement” in mature engineering organizations [11]. By making
coverage data useful and accessible, we changed perceptions about its purpose and value, ultimately leading to more test-
conscious development practices across the organization.

Metric Before After Improvement
Implementation Implementation P

Average Cl Pipeline Duration 24.3 minutes 12.8 minutes 47.2% reduction

Time to Coverage Feedback 17.4 minutes 4.3 minutes 75.3% reduction

Coverage Tool Net Promoter 24 w47 71 point increase

Score

Maintenance Hours Per Sprint 6.2 hours 0.8 hours 87.1% reduction

Test-Related PR Conversations Baseline 214% increase Enhan}ced testing
dialogue

De?I/eIopers VIeWIE\g Coverage 31% 72% 41 per.centage point

as "Valuable Tool increase

Table 3: Quantitative Impact of jest-cov-reporter Implementation [11, 12]

7. Conclusion

The journey from coverage chaos to clarity demonstrates how rethinking established development practices can yield outsized
benefits. By separating coverage collection from reporting and creating a lightweight solution that respects team autonomy
while providing consistent insights, significant improvements emerged across multiple dimensions. The key lessons include
leveraging existing outputs rather than creating new processes, respecting team differences with language-agnostic approaches,
optimizing for developer experience to increase adoption, and focusing on actionable metrics that drive behavior. A relatively
simple tool transformed a fundamental engineering process by addressing specific workflow challenges, proving that sometimes
the most effective solutions arise from precisely understanding organizational needs rather than implementing complex
commercial tools. The cultural transformation—where coverage shifted from bureaucratic checkbox to valuable development
aid—ultimately represents the most significant achievement, demonstrating how thoughtful tooling can fundamentally change
engineering practices.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of
their affiliated organizations, or those of the publisher, the editors and the reviewers.

Page | 1034



JCSTS 7(4): 1029-1035

References

(1

[

3]

[4]

[5]

(6]

[7]

(8]

9

[10]

(1]

[12]

Andy Zaidman et al., "Mining Software Repositories to Study Co-Evolution of Production & Test Code," 2008 1st International Conference
on Software Testing, Verification, and Validation, 2008. [Online]. Available: https://ieeexplore.ieee.org/document/4539549

Caitlin Sadowski et al., "Modern code review: a case study at Google," ICSE-SEIP'18: Proceedings of the 40th International Conference on
Software Engineering: Software Engineering in Practice, 2018. [Online]. Available: https://dl.acm.org/doi/10.1145/3183519.3183525

Chris Parnin et al., "Adoption and use of Java generics," Empirical Software Engineering, 2012. [Online]. Available:
https://www.researchgate.net/publication/236644412 Adoption and Use of Java Generics

Georgios Gousios et al., "An exploratory study of the pull-based software development model," ICSE 2014: Proceedings of the 36th
International Conference on Software Engineering, 2014. [Online]. Available: [Online]. Available:
https://dl.acm.org/doi/10.1145/2568225.2568260

JetBrains, "The State of Developer Ecosystem 2023," JetBrains, 2025. [Online]. Available: https://www.jetbrains.com/Ip/devecosystem-2023/
Michael Hilton et al., "Usage, costs, and benefits of continuous integration in open-source projects," ASE'16: Proceedings of the 31st
IEEE/ACM International Conference on Automated Software Engineering, 2016. [Online]. Available:
https://dl.acm.org/doi/10.1145/2970276.2970358

Nicole Forsgren et al., "Accelerate: The Science of Lean Software and DevOps Building and Scaling High-Performing Technology
Organizations," IT Revolution Press, 2018. [Online]. Available: https://dl.acm.org/doi/10.5555/3235404

Raymond P.L. Buse and Thomas Zimmermann, "Analytics for Software Development," Microsoft, 2010. [Online]. Available:
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/foser-2010-buse.pdf

Ron Powell and Jacob Schmitt, “The 2023 State of Software Delivery," CircleCl, Tech. Rep., Jan. 2023. [Online]. Available:
https://circleci.com/landing-pages/assets/CircleCl-The-2023-State-of-Software-Delivery.pdf

Shane Mcintosh et al., "An empirical study of build maintenance effort,” 2011 33rd International Conference on Software Engineering (ICSE),
2011. [Online]. Available: https://ieeexplore.ieee.org/document/6032453

Tricentis, "Software test coverage: what you need to know," Tricentis, 2024. [Online]. Available: https://www.tricentis.com/learn/software-
test-coverage-what-you-need-to-know

Yangyang Zhao et al., "The impact of continuous integration on other software development practices: A large-scale empirical study," 2017
32nd IEEE/ACM International Conference on Automated Software Engineering (ASE), 2017. [Online]. Available:
https://ieeexplore.ieee.org/document/8115619

Page | 1035


https://ieeexplore.ieee.org/document/4539549
https://dl.acm.org/doi/10.1145/3183519.3183525
https://www.researchgate.net/publication/236644412_Adoption_and_Use_of_Java_Generics
https://dl.acm.org/doi/10.1145/2568225.2568260
https://www.jetbrains.com/lp/devecosystem-2023/
https://dl.acm.org/doi/10.1145/2970276.2970358
https://dl.acm.org/doi/10.5555/3235404
https://www.microsoft.com/en-us/research/wp-content/uploads/2016/02/foser-2010-buse.pdf
https://circleci.com/landing-pages/assets/CircleCI-The-2023-State-of-Software-Delivery.pdf
https://ieeexplore.ieee.org/document/6032453
https://www.tricentis.com/learn/software-test-coverage-what-you-need-to-know
https://www.tricentis.com/learn/software-test-coverage-what-you-need-to-know
https://ieeexplore.ieee.org/document/8115619

