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Background

As Al tools become more common in performing everyday coding tasks, it becomes increasingly
common to use Large Language Model (LLM) tools like ChatGPT or Copilot to write unit tests in an
automated way. For development teams at all stages of their unit testing efforts, it is valuable to
review and evaluate how LLMs can best be leveraged during test creation by comparing pure LLM
tools to proprietary Al solutions and the combination of both.

Abstract

This study evaluates the performance and quality of unit tests generated by two Al-enabled tools:
Parasoft Jtest Unit Test Assistant (UTA) and GitHub Copilot. Several example Java projects were
chosen for which a suite of unit tests were generated using each tool’s documented process.
Generated tests were then evaluated using multiple metrics including coverage, initial test quality (for
example, compilation errors or whether fixups were required), test execution results, and time spent
creating the tests.

Although pure LLM tools like Copilot make it easy to leverage the current and growing power of
LLMs for unit test generation, they are also hindered by inherent limitations and produce tests which
require lots of fixing. Tools which perform their own proprietary code analysis to generate tests can
avoid these issues and excel at deep processing of lots of code, resulting in tests which are ready out
of the box. By combining the strengths of both types of tools, Parasoft Jtest UTA produces superior
results more quickly than Copilot or LLM directly.
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Methodology

We selected two example projects to evaluate our chosen tools:
1. libGDX
2. Parabank

For Parabank we generated tests for the entire project, but since libGDX is a large codebase, we
chose to focus on the com.badlogic.gdx.math package. Tests were created for each concrete class
(not interfaces or abstract classes) and all accessible methods (not declared private).

In Visual Studio Code with Copilot installed, we asked Copilot to generate tests at the class level
using the gpt-40 model and the default prompt “/tests”. The result was accepted as-is and saved to
the default location for tests in the project. Once all tests were generated, compilation issues were
fixed, tests were executed, and line coverage and other metrics were collected.

In Eclipse with Parasoft Jtest installed, we asked the Jtest Unit Test Assistant to create a test suite
for all files in scope at once. Since the Unit Test Assistant can enhance generated tests with LLM,
we performed test generation twice: once with LLM features disabled, and again with LLM enabled
using the gpt-4o0 model. Tests were then executed, and line coverage and other metrics were
collected.

Metrics and Evaluation Process

We prioritized the metrics that development teams look for in evaluating a unit testing solution:

» Initial test generation time » Line coverage
» Number of test classes and methods »  Test execution success ratio
generated
» Total test creation time spent, and time
» Compilation error count, type, and time to per test
fix them


https://libgdx.com
https://github.com/parasoft/parabank
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Results
libGDX
. . Jtest UTA
Metric Copilot Jtest UTA With LLM
Tests generated 342 tests in 33 classes 814 tests in 49 classes 776 tests in 49 classes
Compilation errors 49 0 0
Line coverage 47% 74% 78%
Execution success ratio 86.5% 90.7% 96.4%
Initial test creation time 12m 7m 26s 9m 20s
Time to fix issues 8m 30s No issues No issues
Total time spent 20m 30s 7m 26s 9m 20s
Time per test 3.6s 0.5s 0.7s

Compilation Issues

Every file that Copilot produced had the package declaration after imports, and therefore didn’t
compile. Additionally, there were three cases of missing imports, two incorrect argument types
passed to methods called in the test, and one call to an inaccessible method in an assertion.

Observations

» Parasoft Jtest UTA generated more tests in total because it drives test generation with its own
internal proprietary Al-based analysis to find all code paths to cover.

» Parasoft Jtest UTA ran faster since it runs as an automated batch for an entire package. This
required less effort for the user since we could just start the job and walk away, whereas Copilot
required lots of manual interaction.

» Even without LLM features enabled, Parasoft Jtest UTA achieved significantly better coverage
and test success ratios. Although UTA generates more tests, the suite is optimized for higher
coverage with fewer tests.

» Parasoft Jtest UTA uses LLM to fix tests which fail and to generate test parameters. This increases
test generation time, but results in improved coverage, test success ratios, and readability.
Additionally, because this process creates more tests that run and pass, UTA with LLM achieves
better code coverage with fewer tests.



Other Notes
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1. Copilot has a limitation on the number of tests that you can generate at a time. This means that
for large classes Copilot did not generate tests for all methods or all code paths within each
method in the class. In one case, Copilot didn't generate tests for any methods other than the
constructors. The reason for this is unknown.

2. Since Parasoft Jtest UTA analyzes not just the class under test but other connected classes and
libraries, it can generate tests which maximize coverage across multiple classes at once. For
instance, no tests were directly created in either tool for the abstract class Interpolation - but the
tests from UTA covered 77% of this class anyway because it prioritized test cases which would
also cover this abstract class.

3. Both tools successfully created fully configured and readable tests, including mocks and
assertions. Both tools created tests that looked like a developer wrote them.

Parabank

Metric

Tests generated
Compilation errors

Line coverage
Execution success ratio
Initial test creation time
Time to fix issues

Total time spent

Time per test

Copilot

659 tests in 134 classes
1048
56%
71.3%
50m
1h 43m
2h 33m

14s

Compilation Issues

Jtest UTA

1151 tests in 134 classes
0
69%
86%
34m
No issues
34m

1.8s

Jtest UTA
With LLM

1090 tests in 134 classes
0
69%
89%
49m
No issues
49m

2.7s

Once again, all files created by Copilot placed the package declaration in an invalid place.
Additionally, tests were created for this project with JUnit 5, despite the project having only JUnit
4 libraries on the classpath. There were cases of missing or invalid imports, calls to non-existent
methods or constructors, attempted access of inaccessible fields, unhandled exceptions, mocking of
void methods, and incorrect parameters passed to methods.
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Observations

» Parasoft Jtest UTA with LLM has similar initial test generation performance to Copilot. However,
UTA produces far more tests without compilation issues.

» Generating tests with Copilot resulted in lots of compilation issues which needed to be manually
fixed. It's likely that this happens when the context provided to LLM by Copilot does not include
details which would be needed to prevent such issues.

»  As with libGDX, Parasoft Jtest UTA has better coverage and success ratios than Copilot and
improves more when LLM features are enabled.

Other Notes

1. When multiple classes with the same name in different packages exist, Copilot doesn’t place
new tests in the correct place. They are added to the existing test files in the wrong package and
placed in a second test class with the same name in the original file. We worked around this by
moving folders out of the project and then back in.

2. Parasoft Jtest UTA does a better job at inspecting the project and environment where tests will
be generated. Test files are always put in the right place and formatted so they will compile. UTA
uses the classpath of the project to ensure available libraries are used properly and runs the
generated tests to add real assertions and attempt to auto-fix failing tests.

Analysis

Often, the primary goals of adopting a unit testing tool include:
» Saving developers time in generating and maintaining tests
» Detecting bugs and regressions

» Achieving code coverage goals

Parasoft Jtest UTA is faster at generating more tests out of the box that compile, pass, and have
better coverage. UTA has more capabilities for maintaining tests, such as analyzing runtime behavior
and providing recommendations, filling coverage gaps, auto-fixing failing tests, performing test
impact analysis, and more.
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Test Generation Time

Because tests generated with Copilot do not compile without additional work, we separately tracked
the time spent fixing compilation issues to illustrate how much effort this adds to the process.

Test Generation Time (sec) - libGDX Test Generation Time (sec) - Parabank
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m Initial Generation @ Compilation Fixing m Initial Generation @ Compilation Fixing

Copilot also only generates tests for one class at a time and not as a batch, so developers must drive
the test generation process. This adds to the time spent on each test file generated (clicking the
action, waiting for Copilot to finish, accepting and saving the result). When you add the fix-up time to
manually correct compilation issues, the total generation time is much higher.

Parasoft Jtest UTA processes the entire selected scope as a batch, so you can start the job and then
come back later when it is completed.

Code Coverage

Because of the limitations of LLMs and actions available in Copilot, the number of tests generated
per method under test can vary widely. This leads to inconsistencies and gaps in coverage. Parasoft
Jtest UTA does not have these limitations and consistently generates tests regardless of class or
method size.

Some factors, such as tests pass/fail ratio, can affect the final realized coverage rate. In this study,
we didn't spend the time to make 100% of tests pass; if we had, this may affect the final coverage
numbers.

Line Coverage %

libGDK Parabank

mCoPilot mUTAwithout LLM  mUTAwith LLM
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Test Success Ratio

For generated tests to be useful in detecting bugs and regressions, they must be maintained in a
passing state. When generated tests do not run properly, developers should fix these failures before
committing them. This process takes extra time for each test, so a higher pass/fail ratio for a given
set of generated tests is highly preferable.

In our study, we found that both tools were able to achieve a high success rate, in some cases over
90%. Parasoft Jtest UTA consistently had a higher success rate because it uses its own proprietary
Al for a deep analysis of the code under test, resulting in more completely and properly configured
tests. When LLM features are enabled, tests which fail after creation are improved further using
LLM in a post-processing step. In practical terms, this translates to less time spent fixing failing tests
before committing them to source control.

Test Execution Success (% passing)
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Limitations of Pure LLM Tools

There are inherent limitations to be aware of when using an LLM-based unit testing tool. First,

LLM is token-limited and priced. This means tools must carefully choose the context (source code,
explanations, and other information) to send to the LLM. Because the LLM doesn’t have access to

the full code base, it makes assumptions that need to be corrected later. This leads to compilation
issues, failing tests, and hallucinations in generated code. Parasoft Jtest UTA has full access to the
source code and uses its own proprietary Al-based analysis to drive test generation, so tests are more
accurately built and configured even when LLM features are disabled.

Second, LLMs are limited in how much code they can generate per-interaction. With Copilot, you're
more likely to get complete passing tests for a small or simple class than for very large classes. You can
get better results going method by method, but this takes a lot more time and manual effort. Parasoft
Jtest UTA fully analyzes each method to be tested, regardless of the size of the codebase, resulting in
more complete and consistent test suites with better coverage and without additional effort.
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Third, LLMs cannot run generated tests after creation to improve them based on real execution
results. Tests may have incorrect assertions based on assumptions that the LLM makes, and duplicate
tests may be present. Parasoft Jtest UTA runs tests after creation to generate assertions based

on real runtime data, optimize which tests to keep based on your chosen testing strategy, such as
coverage or execution success optimization, and post-processes them to make further improvements.

It's also worth noting that Parasoft Jtest UTA is capable of a lot more than the test generation
workflow we've compared here. UTA can also:

» Generate tests based on modified or uncovered code.

» Automatically find and run tests which are impacted by local code changes with Live Unit Testing
in the IDE and Test Impact Analysis in a Cl/CD pipeline.

» Analyze test runtime data to recommend a variety of improvements, including recommendations
to update tests when application behavior changes.

» Customize test creation with configuration for test templates, mocking, and factory methods.

» Interface with other Parasoft products, such as Parasoft DTP.

Conclusions

Pure LLM-based tools like Copilot certainly have their strengths. For example, they are good at
understanding the purpose of code in addition to the structure and provide good names and values
in generated code. Also, because they have a large database of example code to draw from, they
can understand a wide range of coding constructs and patterns and find the “best” solution when
interacting with well-known libraries. New models are
published regularly, keeping these tools up to date.

Parasoft Jtest UTA, even without LLM integration, is very
good at generating a full and minimized suite of tests

that cover nearly all execution paths, even with large

and complex codebases. UTA runs tests after creation to
examine coverage, runtime data, and application behavior
to generate real validations and enhance test stability.

When you enable LLM integration in Parasoft Jtest UTA,
you get the best of both worlds. Tests are complete,
stable, readable, and maintainable—and they are
generated quickly and with minimal effort. After tests are
generated, UTA provides both built-in and Al-enhanced
actions for improving and updating tests as application
code changes.



https://www.parasoft.com/products/parasoft-dtp/
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TAKE THE NEXT STEP

Contact us to learn more about Parasoft’s unit testing solutions.

Parasoft helps organizations continuously deliver high-quality software with its Al-powered
software testing platform and automated test solutions. Supporting the embedded, enterprise, and
loT markets, Parasoft's proven technologies reduce the time, effort, and cost of delivering secure,
reliable, and compliant software by integrating everything from deep code analysis and unit testing
to web Ul and API testing, plus service virtualization and complete code coverage, into the delivery
pipeline. Bringing all this together, Parasoft’s award-winning reporting and analytics dashboard
provides a centralized view of quality, enabling organizations to deliver with confidence and succeed
in today’s most strategic ecosystems and development initiatives—security, safety-critical, Agile,
DevOps, and continuous testing.
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