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Abstract. An efficient test process can detect failures earlier in software development, contribut-
ing to the quality of software produced by governmental entities and bringing the potential to
improve government service delivery. Due to the high cost and the reduced resources available,
the automation of the test activities plays a strategic role in improving testing efficiency. Design-
ing test cases from user stories is a common approach to assessing the quality of a system under
testing. This paper reports on the research, implementation, and evaluation of a tool that automat-
ically generates system test designs from user stories with the support of Generative Pre-trained
Transformer 4 (GPT-4) in the context of a public sector organization. The tool has been conceived
to match the needs and particularities of the organization’s test process. Such a tool reads user
stories from the Redmine tool, interacts with GPT-4 using a prompt that outputs test cases, and
stores the automatically designed tests in the Squash TM test management tool. Organization test
analysts stated that the tool produces good quality tests and reduces the effort to create tests. As
a consequence, analysts can put more energy into other activities related to testing. Moreover,
comparing the tests designed manually by test analysts with the tests designed by the tool shows
that both have the same functional coverage. The paper discusses the impacts of the approach in
the process, limitations, and related and future work.
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1. Introduction

Software solutions are an essential part of the services provided by public sector organizations. In such a
context, software testing (Myers & Sandler,[2004) is necessary to assess the quality of software products and
reduce operational costs due to software failures. Failures detected later cost much more to be corrected than
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those detected earlier (Kushwaha & Misra, [2008). Improving the quality of software produced by govern-
mental entities has the potential to improve government service delivery. The cost of software testing may be
higher than 50% of the total cost of software development (Myers & Sandler,2004). Due to such high costs and
reduced testing resources, the automation of test activities plays a strategic role in improving testing efficiency.
Surveys (Garousi & Varma,2010; Ng et al.,[2004)) conducted in the public sector show that automation of test
activities is a demand to make the testing process more efficient. Moreover, testing methodologies (Nomura
et al.,[2013; Sivaji et al,,[2011)) and quality models (Kushwaha & Misra, 2008} S Al- Tarawneh & Al-Tarawneh,
2022) have been proposed to improve the effectiveness of testing in the public sector. Propositions recom-
mend the use of automation as a tool to improve the test process.

Test cases are vital in testing (Myers & Sandler, 2004); each test is an experiment that defines the inputs
provided during test execution and the expected outputs produced by the System Under Testing (SUT). The
demand for tests increases proportionally to the size of the application. Test design is a critical activity in soft-
ware testing that focuses on creating test cases; it is not trivial and demands specialized skills. It is present in
almost all testing levels and testing types (Sommerville,|2007). A well-designed test case increases the chance
of finding important issues in the system’s behavior. The automation of test design is a relevant approach to
improving test effectiveness. System testing is a testing level where the test cases mimic the final test analyst
interaction with the SUT. At such a level, tests are created based on the system’s specifications (black box ap-
proach). Thus, system testing design requires interpreting existing documentation that functions as the test
basis. Notably, user stories (Sommerville,2007) are a fundamental component of agile software development;
they are lightweight for capturing and managing requirements. User stories are a standard test basis for test
design in agile processes.

The context of the current research is the software development process of a public sector organization that
works with auditing and accountability, namely Tribunal de Contas do Estado de Pernambuco (TCE-PE)EI Such
an organization produces web systems that support its services to the population. In the TCE’s software de-
velopment process, test analysts receive user stories as the main input for the design of system-level test cases
that are executed to validate the correct behavior of the produced software. Furthermore, the organization
lacks sufficient resources to design and execute tests for its systems. The demand for testing is greater than
the number of existing human resources (Lins et al.,[2023). The partial automation of test design would re-
duce the effort in the design so that test analysts would put more effort into running the tests and detecting
defects to be corrected as early as possible.

Previous works have explored test generation from user stories for producing system tests (Chinnaswamy
et al,, [2024; Granda et al,,2021; Mollah & van den Bos, |2023; Pallavi Pandit,|2015). However, the existing
solutions differ in the format for the user stories, the format and the purpose of the produced tests, and the
approach used for test generation. Moreover, related work has not been motivated or evaluated in the context
of a public organization, as in the current work.

The current paper addresses three research questions.

R1 How to build a tool that reads user stories and automatically designs system test cases?
R2 How do the test cases designed by the tool compare to the tests designed by the test analysts?
R3 What are the test analysts’ perceptions of the tool and the automatically designed test cases?

To answer the first question, we created a prototype for a tool that uses an LLM to automate the design of
system tests for manual execution, considering the tools used for testing the software produced by the public
organization of this study. The proposed prototype interacts with (“GPT-4",/2025) to obtain system tests by
inputting user stories. The interaction uses a prompt following the few-shot technique crafted with examples
of user stories and the respective test cases in the desired format; then, original test cases are yielded by
the LLM based on user stories that have not been provided as examples. Such a tool has been implemented
in Python and provides a command line interface that allows test analysts to generate system test designs
from user stories that are read from the Redmine tool, and the automatically designed tests are stored in the
Squash TM (Squash TM,[2025)) test management tool. To answer the second question, we compared the tool-
designed tests with the existing ones with respect to the number of tests, steps, and functional coverage. It
could be verified that the functional coverage of the tests designed by the tool is similar to that designed by the
analysts. Moreover, the number of tests and steps is very similar to those created by the analysts. To answer

1https://www.tcepe.tc.br/internet/
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the third question, we created an anonymous questionnaire to collect the perceptions of the test analysts and
also conducted a meeting to collect complementary feedback for the tool. After using the tool to support test
design in their habitual process and environment for about a month, test analysts stated the tool reduced the
overall effort for test design by 60% significantly improving efficiency. It also simplifies the use of Squash TM
by automating mechanical tasks, which are often a significant obstacle for analysts, as noted in their feedback.
The feedback also included points for improving the tool.

The remainder of this paper is organized as follows. The next section introduces the organizational context
of this work and the main concepts that outline this work. Section |[3| overviews the steps of the research
method. It describes our eight-step process followed in this research. Subsequently, Section[4]details the tool’s
architecture and the tool workflow from the point of view of the test analyst. Afterward, Section [5]presents
details on the evaluation and key findings supported by collected data. Then, Section[6|discusses the research
questions in light of the evaluation results and their implications. Finally, Section[7]summarizes contributions,
presents related work, and discusses future work.

2. Context and conceptual background

This section overviews the relevant portion of the testing process of the organization in the public sector that
contextualizes this research. In such a process, the project is organized as sprints, as shown in (Augustine,
2005). On each sprint, requirement analysts create user stories and store them in Redmine. Then, developers
and test analysts use the stories as the basis for coding the application and for designing test cases using
Squash TM, respectively. Moreover, Squash TM is used by test analysts to create an execution plan with a list
of tests to be executed. After the developers release a version for testing, the test analysts execute the tests
following the execution plan and keep a record of the status of each individual test. Failed tests are reported
to the developers to fix the software. Failing tests are re-executed after the fixes. After releasing a software
version that passes the tests, the product owner validates the new version, which can lead to new bugs and
fixes. After successive interactions, the software has all its features implemented and can be deployed for the
end users of the public organization. In what follows, we show the format for user stories and test cases and
the tools used to manipulate these artifacts.

This paper does not exhibit internal artifacts of the TCE-PE software development process for confidentiality
reasons. The user story and test cases presented in this section follow the format of the real artifacts; however,
they do not relate to a real system.

2.1. User stories and Redmine

A user story (US) facilitates communication between technical teams and end test analysts, ensuring that the
development process remains user-centric and aligned with stakeholder needs. The Redmine tool (Redmine,
2006) is an open-source project management and issue-tracking tool that supports agile workflows and effi-
ciently organizes sprints and user stories. Also in Redmine, it is possible to define user stories and link them
to sprints, creating an organized flow.

Figure[I]shows a sample US, a simplified version of the format used in the public organization that contains the
relevant fields for test case design. The US in Figure[I]specifies the behavior for the system login page. Each
US is identified by a unique ID, in the sample, the ID equals 00001. This information is relevant for relating
tests to the respective source US. The US title (displayed in the first line of the figure offers a quick reference
to the purpose of the US, helping to identify the area of functionality the tests will cover. The title is preceded
by the PROJ prefix, which is a sample acronym for the project that the US belongs to. The description provides
context about the user’s goal and the functionality’s purpose. The scenarios field outlines the flows of the SUT
behavior. In the sample US, there are two scenarios, the first scenario evaluates the system’s ability to authen-
ticate a registered user with valid credentials, ensuring successful login and redirection to the homepage. The
second scenario tests the system’s response to invalid credentials, verifying that an appropriate error message
is displayed, preventing unauthorized access while providing clear user feedback. Acceptance criteria specify
the expected outcomes and requirements that must be met; in the sample, there are four. A test analyst must
design test cases to verify the condition described in each criterion of a US.
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User Story #00001

PROJ - As a registered user, | want to be able to log in to the platform to access my profile and exclusive content.

Description
This feature enables registered users to securely log into the platform, providing access to personalized content and their profiles. If
users enter incorrect credentials, a clear error message is displayed, and if they forget their password, a reset option is available.

Scenarios
1. Successful login with valid credentials:
o Given a registered user with valid credentials, when the user enters their correct username and password and clicks
the login button, then the user is successfully authenticated and redirected to the platform's homepage, where
exclusive content is accessible.

2. Login with invalid credentials:
o Given a registered user attempts to log into the platform, when the user enters an incorrect username or password
and clicks the login button, then a clear error message is displayed, indicating that the login information is incorrect.

Acceptance Criteria

a) As a registered user, | want secure access to the platform to view my profile and personalized content.

b) | want to enter my username and password to log into my account.

c) After successfully logging in, | want to be redirected to the platform's homepage, where | can begin exploring the exclusive
content available to me.

d) If I enter invalid credentials, | expect to receive a clear error message indicating that my login information is incorrect.

Fig. 1 - User Story

2.2. Test cases and Squash TM

A classical format for a test case design for system testing (Sommerville,2007)) specifies preconditions (pre-
requisites) and execution steps. Preconditions specify the necessary conditions (setup actions) to start the
test. Each step contains the inputs provided to the SUT and the expected outcomes. The execution of a test
case is an experiment to verify that the SUT meets its specification. If some step fails during the execution,
we say the test fails and the execution evidences a defect in the SUT. A defect is a deviation from the expected
behavior described in the US. If no step fails, the SUT passes the test.

Key requisites for a good test case include clarity, repeatability, and traceability to user stories. A set of test
cases covers the functionality of a set of user stories if there is at least one test case to verify the scenarios and
criteria specified in the stories. Figures [2]display tests in the interface of Squash TM that cover the US shown
in Figure [1]

Figure [2| presents the key fields of tests in Squash TM, with non-essential fields omitted. At the top of the
figure, the title field is highlighted in green. The title should clearly identify a test. Each test has a unique
ID that appears in the Figure [2]as CT-PROJ-2. This tag is the composition of the prefix CT with the project
acronym (in the sample PR0OJ) and a number. The test status and prerequisites are displayed below the title;
they are followed by the actions (inputs) and the expected results. The test analyst is responsible for verifying
that these actions comprehensively cover the scenarios and meet the acceptance criteria established in the
related US.

In Squash TM, test cases can be organized in folders. A helpful structure is to create a folder of test cases for
each Sprint. There is also the Requirement field, which includes a reference to the user stories that are used
as the basis for writing the test case. This field allows linking tests to user stories, ensuring traceability.

3. Overview of the research method

This research seeks to answer the three research questions listed in the introduction. For this purpose, it
followed eight steps.

1. Selection of existing user stories and test cases to be used as references.
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Login with valid credentials

CT-PROJ-1 Requirement:
US - 00001

To be updated \ ¥ Low \

Prerequisites test steps

WPREREQUISITES
The user must be registered on the platform with a valid username
and password.

Login with invalid credentials

CT-PROJ-2 Requirement:
US - 00001

To be updated | ¥ Low |

Prerequisites test steps

¥ PREREQUISITES
The user must be registered on the platform but use incorrect
credentials when trying to log in.

WACTION WEXPECTED RESULT W ACTION WEXPECTED RESULT
1 | Access the platform’s login | The login page is displayed 1 | Access the platform’s login | The login page is displayed
page. correctly. page. correctly.
YACTION WEXPECTED RESULT ¥ ACTION WEXPECTED RESULT
2 Enter the correct username | The fields are filled in without 2 Enter an incorrect username |  The fields are populated with the
and password in the errors. or password. incorrect credentials.
appropriate fields.
¥ ACTION WEXPECTED RESULT W ACTION WEXPECTED RESULT

Click the login button User is successfully authenticated
to the platform’s homepage, where

exclusive content is accessible.

Click the login button A clear message is displayed,
indicating that the login

information is incorrect.

Fig. 2 - Tests created by the US2Test Tool for US 00001

. Implementing the tool US2Test to automatically design tests from user stories using LLM.

. Comparing the test cases designed by the tool to the existing test cases.

. Sharing comparison results with test analysts to collect feedback about the automatically designed
tests.

. Distributing US2Test to the test analysts.

. Collecting feedback from test analysts using an anonymous survey.

. Scheduling a meeting with the test analysts to collect direct feedback.

. Analysis of the results.

=W N

[o BN e RN,

We explain the above step. First, the organization’s quality assurance team provided reference artifacts con-
sisting of well-designed test cases created to cover a predefined set of user stories. The reference artifacts
follow the organization patterns and guidelines for having good-quality user stories and test cases. Such ar-
tifacts have been used in previous versions of software developed by the organization. The second step was
to develop the US2Test tool that uses LLM to generate tests from the US. The implemented tool interacts with
GPT-4 using OpenAI API to design test cases. The third step focused on using the tool to design tests automat-
ically and compared this suite to the test suite designed by test analysts (provided in the first step).

The fourth step consisted of sharing the comparison results with analysts to gather their impressions before
they start using the tool. Based on the feedback received, we could enhance the tool and distribute the bina-
ries to the test analysts (fifth step) for their daily use. In this way, they could design tests using the tool by
themselves. The sixth and seventh steps involved collecting further feedback after the analysts had actively
used the tool. Initially, feedback was gathered anonymously, and the forms were distributed approximately
one month after the test analysts gained access to the tool. About two months after accessing the tool, a meet-
ing was scheduled to collect more direct and detailed insights. Finally, we analyzed all the data and started
writing this paper.

4. Tool for automatic test design using LLM

The automatic test generation approach introduced in this section is tailored for use in the test process of TCE-
PE (presented in Section[2). Therefore, the development follows the particularities of the organization’s test-
ing process. Figure[3|illustrates the proposed test generation approach implemented by a tool called US2Test.
In the figure left-hand side (in cyan) are the primary inputs for test generation: examples of user stories stored
in Redmine (Example US (Redmine)) with their respective test case (Example US (Redmine)) and the user
stories that we want to generate new tests (Input user stories (Redmine)). Examples are retrieved from
Redmine and Squash TM using the APIs for such tools. User stories and tests follow the format introduced in
Section[2] (refer to Figures[I|and[2). The inputs are translated into JavaScript Object Notation (JSON) format
(blue color) and processed by a Python script that creates a prompt that is the input for the GPT-4 API The
GPT-4 model processes the prompt and yields a set of test cases encoded in JSON format for the desired user
stories. The set of test cases is then pushed to the appropriate location in the API of the Squash TM tool.
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Example US |:> Example US
(Redmine) (JSON)

Example

Example Test Test cases for f‘l’est c?;"le'ts "‘_"'T
Case Input USs raceability info

for Input US
(JSON) (JSON) (Squash TM)

Test Case
(Squash TM)

Input USs Input US
(Redmine) (JSON)

Fig. 3 - Workflow for the US2Test tool

The tool performs (Bahrami et al.,[2023) to guarantee that the automatically designed test cases follow the
classical test case format, which is one of the formats accepted by the Squash TM tool. Moreover, by providing
examples of user stories and test cases, we help the model understand the match between the user stories and
test cases so that tests designed for the input user stories follow a predefined style for the tests.

Listing [I] illustrates the prompt used in our approach to generate tests. This prompt follows the RTF (Role
Task Format) format, which instructs the prompt on its role, the task it will perform, the rules it will follow,
the format for the inputs, and the format for the expected response. The prompt specifies rules to maintain
consistency, such as ensuring that each test step has a corresponding expected result. Additionally, each test
case must have preconditions, and only the JSON with the test cases should be returned without extra informa-
tion. The placeholders <EXAMPLE USER STORIES>,<EXAMPLE TEST CASES>,and <USER STORIES>represent,
respectively, the sample user stories, test cases for the sample user stories, and the stories we want to gener-
ate new tests. Such placeholders are replaced by JSON objects representing content retrieved from Redmine
and Squash TM. Likewise, the prompt instructs the model to use specific black-box testing techniques, such as
Equivalence Class and Boundary Analysis (Myers & Sandler,|2004). These techniques are employed to design
tests that verify significant cases and edge cases for the scenarios described in the input user stories.

Listing 1 - Few-shot Prompt

You will act as a test case creator. You will receive a user story in JSON format and should

return enough test cases to cover the user story, considering the use of black-box techniques
such as equivalence class and boundary values. The result must be returned in JSON format (

RFC 8259). Some rules: For each test step, there must be an expected result; The number of
steps and expected results must be the same, so that an expected result is linked to a step;
Steps that consist of verifying something must be in the expected result field; Each test
case must contain preconditions; You should return only the JSON with the Automatically
designed test cases, without any additional information.

Here is an example of a user story: <EXAMPLE USER STORIES>

The test cases for this user story are: <EXAMPLE TEST CASES>

Generate test cases for the following use stories: <USER STORIES>

The code snippets in Listings [2] and [3] are JSON objects that represent the US and the test cases introduced
in Section The snippets are abbreviated for conciseness. The placeholders OTHER CRITERIA, OTHER
SCENARIO, and SECOND TEST HERE indicate the points that have been omitted. The omitted criteria require
successful login, redirection upon authentication, and access denial for incorrect credentials. The concealed
scenario specifically examines failed login attempts, while the hidden test verifies that access is denied follow-
ing this scenario.

Listing 2 - Sample US enconded in JSON

{
"title": "As a registered user, I want to be able to log in to the platform to access my
profile and exclusive content.",
"description": "This feature enables registered users to securely log into the platform,

providing access to personalized content and their profiles. If users enter incorrect
credentials, a clear error message is displayed, and if they forget their password, a reset
option is available.",
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"acceptance_criteria": [
"As a registered user, I want secure access to the platform to view my profile and
personalized content.",
< ~0THER CRITERIA~ >
1,
"scenarios": [ {
"title": "Successful login with valid credentials",
"Given a registered user with valid credentials, when the user enters their correct username
and password and clicks the login button, then the user is successfully authenticated
and redirected to the platform's homepage, where exclusive content is accessible."
1,
{ ~OTHER SCENARIO~ } ]

Listing 3 - Sample Test Case enconded in JSON

"UsS00001": {
"test_cases": [ {
"title": "Login with valid credentials",

"pre_conditions": ["The user must be registered on the platform with a valid username and
password."],
"steps": [
"Access the platform's login page.",
"Enter the correct username and password in the appropriate fields.",
"Click the login button."
Jg
"expected_result": [
"The login page is displayed correctly.",
"The fields are filled without errors.",
"User is successfully authenticated and redirected to the platform's home page where the
exclusive content is accessible."
]
}, { ~SECOND TEST HERE~ } 1 }

The tool stores generated tests in a particular folder of Squash TM as exhibited in Figure[4] The tests in this
figure represent the tests depicted in Figure[2]

If more US are present, it
proceeds to the next one.

Define Input Test Generation Test Storage and Upload
Input US or Sprint ID > ‘Waits for the model's — Tests are saved locally on the computer
response and then uploaded to Squash TM

[

If no further US remain, it
prompts the user to restart
the process.

Fig. 4 - Test analyst workflow

We explain the steps to use the tool. The tool’s command line interface follows a structured process, as outlined
in Figure[4] Before starting to use the tool, the test analyst needs to include the credentials for Redmine and
Squash TM in a configuration file. As the first step, the test analyst needs to define the inputs for the test
design. It can choose between generating tests from individual user stories or sprints. Using the first option,
the test analyst can manually input one or more IDs for user stories. In the second option, the test analyst can
provide a sprint ID, and the tool will yield tests for all user stories associated with the sprint.

After the test analyst defines the inputs, the tool initiates the test generation process for each US. This step

is typically the most time-consuming, as it relies on the LLM. Errors can occur during the generation, even if
the inputs respect all formatting rules. The model generates malformed outputs, so the tool needs to verify
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whether the tests are syntactically valid. If errors are detected, the tool automatically initiates a new interac-
tion with the model to redesign the tests, with up to five attempts.

Once the test generation has finished successfully, the test cases are locally stored on the computer and then
uploaded to Squash TM. For the upload, the test analyst should provide the target folder in Squash TM (manda-
tory) and, optionally, the project acronym (default value is PROJ if not specified) and the test number (default
value is one if not provided).

Finally, after processing one US, the tool checks if there are more user stories to process. If so, it proceeds to
the next one and starts a new iteration for preparing new tests. Otherwise, it restarts the process by asking
the test analyst to provide new inputs.

5. Evaluation

This section presents the execution of the evaluation as well as its results in the public sector organization,
which is the context of this work. It further details the third to the seventh steps of the research method
presented in Section|[3]

5.1. Evaluating the tests designed by the tool

A very relevant part of the evaluation is to compare the test cases designed by the LLM to the existing test
cases and to collect feedback for the automatically designed tests from the test analysts. This section reports
on both parts.

The comparison used as a reference the set of seven US provided by the quality assurance team (see Section|3)).
Such a set was split into two disjoint subsets: a set with three user stories (and its respective test cases) to
be used as examples for the prompt (see Section [4), and the second set containing four user stories used as
input to create new tests using the tool US2Test. The tests designed by the tool have been compared to those
designed by the test analysts.

For each reference US, we collected two measures and one metric to compare tests produced by the tool and
those created by the analysts.

Number of Tests Records the total number of tests designed for a particular US. The number of tests indicates
the number of separate test cases developed to verify the user stories. It reflects the test suite’s depth
to cover different scenarios through distinct tests. A very small number of tests would increase the
risks of potential defects not being detected (Myers & Sandler,2004). On the other hand, many tests
are not welcome since they cannot be feasible for test execution due to resource availability.

Number of Steps This measure represents the sum of the number of steps of the tests designed for a particu-
lar US. The number of steps in each test case provides insight into the level of detail and granularity of
the actions required to carry out each test. This measures the complexity and thoroughness of each
test case, reflecting how procedural actions are broken down.

Test suite coverage Stands for the coverage of a test suite. Let 7'S be the sum of the number of scenarios
and acceptance criteria for a particular US, and C'S represent the number of test scenarios covered
by a test suite created for the same US. This metric is obtained by the expression C'S/T'S * 100 that
records the percentage of scenarios and criteria of a given US that are addressed by at least one test
in the test suite. This metric is essential to evaluate the quality of a test suite. Complete (100%) or
near-complete coverage ensures that the test cases address all functional paths and requirements,
minimizing the risk of missed defects.

Table[I|shows the measures for the tests designed by the analysts (MDT — Manually Designed Tests) and for
those designed using the tool (ADT — Automatically Designed Tests). The table consists of four columns: US,
Manually designed tests, Automatically designed tests, and Difference. The US column represents the ID of
each US used in the evaluation. The columns Manually designed tests and Automatically designed tests refer
to tests created by analysts and the tool, and the Difference column refers to the difference in the metrics
between MDT and ADT. The last three columns are further divided into two sub-columns: Test and Steps.
These sub-columns refer to the total number of tests and steps.
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US | Manually designed tests | Automatically designed test Difference
Tests Steps Tests Steps Tests | Steps
1 2 4 2 6 0 2
2 2 4 4 16 2 12
3 2 2 2 7 0 5
4 2 2 2 6 0 4
Sum 8 12 10 35 2 23

Tab. 1 - Tests comparison table

Table[I]shows differences in the number of tests and steps in MDT and ADT. The difference shows that while
the test quantity typically remains consistent between the two methods, the number of steps is often higher
in the ADT. Despite this difference, all tests and steps in ADT are related to some tests and steps in MDT. We
report the main differences noted between the number of test steps in ADT and MDT.

1. Tests in MDT benefit from the analyst’s knowledge of the system’s user interface (UI), enabling the
definition of optimized sequences of actions to execute. In contrast, tests in ADT are solely based
on the US content since the prompt is not fed with Ul information; thus, designed tests occasionally
include intermediate navigation steps the LLM deems necessary to reach the appropriate screen.

2. Testsin ADT systematically include a final step to confirm the save operation to persist changes. While
save actions are left implicit in the analyst-created tests.

Similar observations can explain the difference in the number of tests in ADT and MDT for US 2. The first suite
contains four tests, and the second two. Putting the tests of both suites side by side, we could observe that the
four tests in the first suite, if merged, would yield the two tests in MDT. Such tests could be merged since they
can be executed on the same application page. The model does not have information about the Ul and created
independent tests that could form a unique test to be executed on the same application page.

These differences highlight how the LLM prioritizes a detailed and explicit description of each action, even at
the cost of increasing the number of steps. This approach contrasts with the optimized methodology adopted
by analysts, who leverage system knowledge to streamline the test execution process.

The coverage metric is not included in Table[I]since MDT and ADT achieved 100% coverage for each US listed
in the table. The collection of coverage was conducted by one of the authors of this paper, who looked for
each criterion and scenario in each US and looked for the tests in the suite to find if some steps were referring
to the criterion and scenario. This leads to the calculation of 100% coverage of the user stories by ADT and
MDT. This means both test suites have completely covered the input user stories used for designing the tests.
Consequently, both test suites demonstrate adherence to the acceptance criteria and defined scenarios for
each US.

In the meeting to collect feedback with the test analysts (refer to step four in Section, despite the differences
noted in the number of tests and steps, the analysts considered the tests in ADT as "good tests”, since they are
coherent to user stories, are easy to follow and have a clear language. Test analysts reported being motivated
to use the tool in their daily activities to better assess its functionality and the quality of the generated test
cases.

Despite not interacting directly with the system’s interface, the approach proved highly effective, accurately
executing and validating actions, including screen interactions.

5.2. Collecting survey data

As part of our research method, an evaluation was conducted through an anonymous survey answered by
analysts who used the tool US2Test. The survey included questions to assess the tool’s usability, effectiveness,
and impact on their workflow. Additionally, it has questions to collect the perception of the test cases designed
by the tool. The questions in the survey are:

Q1 Does the US2Test tool have any impact on the efficiency of your daily work?
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Q2 How much do you consider the tool facilitates the manual test creation process?

Q3 How much do you consider the tool facilitates the process of sending to Squash TM?

Q4 List points you liked and disliked about the tool.

Q5 Are the automatically designed tests clear and easy to understand?

Q6 The automatically designed tests adequately cover the user story scenarios?

Q7 The automatically designed tests can help identify potential errors or issues?

Q8 What aspects of the automatically designed tests could be improved to better meet your needs?

The first four questions assess the tool’s effectiveness, while the last four questions evaluate the quality of the
automatically designed tests. Two questions are open-ended (questions four and eight), and the others are
multiple-choice. The multiple-choice questions were designed following the (Likert scale, 2006, a popular
method for measuring attitudes or opinions. On this scale, respondents rate each statement on a scale from
one to five, where one means they completely disagree or find it unhelpful, and five means they agree entirely
or find it highly helpful. Number three means a neutral opinion.

The survey was distributed by email to a group of four test analysts: this is the total number of test analysts
available to use US2Test. Represents the analysts of a particular project inside the public organization. More-
over, filling out the survey was not mandatory. The answers for the multiple-choice questions of a group of
three test analysts are recorded in Table[2] The responses to the open-ended questions are exhibited in the
Appendix.

Questions | Testanalyst1 | Test analyst 2 | Test analyst 3
01 4 3 5
Q2 4 3 5
Q3 5 3 5
Q5 4 4 5
Q6 4 4 5
Q7 4 4 5

Tab. 2 - Test analysts’ opinion about the tool and its tests

Each column in the table represents the opinion of a different test analyst, with responses based on a Likert
scale. Analyzing the responses to the first three questions, we observed that most of the feedback was positive
or neutral. One test analyst was neutral and totally agreed that the tool offered significant assistance. There-
fore, concerning the tool’s effectiveness, we can observe that it is helpful but not a complete paradigm shift
in daily routines. In the subsequent three questions, two-thirds of the respondents indicate that the tests are
clear and beneficial, while one-third find them exceptionally clear.

Reading the responses to Q4 and Q8 in the Appendix, we identify different test analyst perspectives. Test
analysts state the tool is useful, and at the same time, there is a consensus on the need for improvements,
especially regarding fixing errors during the automatic creation of tests. For the eighth question, the feedback
highlights that the effectiveness of test creation is closely tied to the quality of user stories. There is room for
improvement in the tools’ ability to cover all scenarios in more complex user stories.

Data in Table [2]indicates significant potential for improvement in the tool. The automatically designed tests
are currently satisfactory, adhering to predefined scenarios, aiding in error identification, and being clear and
comprehensible.

5.3. Feedback meeting

To complement the anonymous feedback, we conducted a meeting to gather additional feedback from the
test analysts. This meeting was about one month after the responses to the survey had been collected. Thus,
reflects a possible more mature opinion about the tool’s impacts. During the meeting, it was clearly stated that
the tool prototype had demonstrated productivity gains and is frequently used by at least two team members.
After that, one analyst reported that the tool reduces up to 60% of the effort in creating tests. Although the
tests designed by the tool require further adjustments to be ready for test execution, it was agreed that the
tests are a quality starting point for creating tests with quality.
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Addressing environmental issues that prevent some analysts from using the tool (for instance, an anti-virus
that blocks the tool from working properly) and fixing defects was identified as a priority. Furthermore, during
the meeting, the analysts emphasized the desire for the tool to create tests for all the sprints in a given project.
Currently, the tool generates tests for all user stories in a sprint but does not generate tests for all sprints in a
project.

Finally, implementing a simple graphical user interface was proposed to enhance the overall test analyst ex-
perience by reducing repetitive data entry. The meeting concluded with a consensus that the specific require-
ments for this interface will be discussed with the tool test analysts later.

6. Discussion

Considering the evaluation presented in Section[5} we can go back to discuss the research questions introduced
in Section

6.1. [R1] How to build a tool that reads user stories and automatically designs system test cases?

The response to this answer is detailed in Section[4] Thanks to the capabilities of LLMs in natural language
processing, the automation of tasks that involve input and output of textual content is facilitated by the current
LLMs, such as GPT-4, which has been used in this research. We made a relatively small effort to set a prompt
and refine it until we got to the version presented in this study. A greater amount of time was dedicated to the
automation of the approach presented in Figure[3] which requires integration with Redmine and Squash TM
and the construction of a simple command-line tool. From this experience, we believe LLMs can facilitate the
construction of different tools to support software testing activities.

6.2. [R2] How do the test cases designed by the tool compare to the tests designed by the test analysts?

The results exhibited in Section[5.1|bring interesting points for discussion. It could be observed that all ADT
tests are related to some MDT tests and that ADT has complete coverage in the same way as MDT does. Despite
that, there are differences in the number of tests and steps in both suites. The test cases automatically designed
by the tool (ADT) produce a larger number of test cases and steps compared to the tests designed by the test
analysts (MDT). As reported in Section [5.1} some tests in ADT, if merged, would bring similar tests in MDT.
The increase in the number of steps is justified by the fact that the tests in ADT have detailed and explicit
descriptions that add extra steps for the tests. While tests in MDT are more concise since they leave some
points implicit. Even considering the differences, test analysts considered tests in ADT to be acceptable since
they are coherent with user stories, easy to follow, and have a clear language.

A point for future investigation is to analyze the effect on the tests of ADT if UI information is provided as
context information to the model. A hypothesis to be observed would be to observe whether the model would
produce a smaller number of tests: possibly, individual tests would be put together because they can be exe-
cuted on the same page of the SUT.

A positive aspect of the ADT tests that was not explored in the study is that the ADT tests do not contain
grammatical or spelling errors. This is a positive aspect of the tests generated by the model that contributes
to the quality of the tests. Moreover, due to the rules in the prompt and the format validation performed by
the tool, designed tests consistently match the expected format for test cases, ensuring uniformity of tests.

6.3. [R3] What are the test analysts’ perceptions of the tool and the automatically designed test cases?

Data presented in Sections[5.2|(survey answers) and[5.3|(feedback meeting) help in the discussion of the third
research question. We have two dimensions to consider in this question: the perceptions about the impacts
of adopting the tool and the perceptions about the tests produced by the tool.

Impacts of adopting the tool Looking at the survey answers, two-thirds of the test analysts agreed the tool

has positive impacts on the efficiency of their activities, in the creation of tests, and in the process of publishing
the tests into Squash TM. Considering there was a month between the initial contact with the tool and the
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answers in the survey, it was a very short period for the respondents to formulate an opinion about the tool.
An indication of this is the answer of Test Analyst 3 to the eighth question in the survey (refer to Appendix).
This respondent explicitly states that he has just started using the tool. Conversely, by the time of the feedback
meeting, the test analysts had been in contact with the tool for about two months. During the meeting, they
expressed that the tool reduces up to 60% of the effort in creating tests. Also, they provide a rationale for this
reduction: the tests designed by the tool are a very good starting point, but require further adjustments to be
ready for test execution. This reinforces the feeling that LLMs are productivity tools rather than substitutes
for human skills (Ross et al.,[2023)).

Perceptions about the produced tests In the last four questions on the survey, all respondents agreed that
the tests designed by the tool were clear and easy to understand, they covered scenarios and acceptance cri-
teria of the user stories, and they helped identify issues in the SUT. Regarding coverage of the tests, the re-
spondents’ perception matches with the complete coverage reached by the automatically designed test in the
evaluation reported in Section[5.1] By the time test analysts answered the survey, they had the opportunity to
use the tool to input user stories of different projects and reach adequate coverage for the tests. It gives a com-
plementary indication that the tests generated by the tool have good coverage for a variety of user stories. The
issue reported by test analysts when attempting to generate test cases occurred in user stories that present a
specific character. Following test analyst feedback, the root cause was identified and fixed in the new version
of the tool.

7. Conclusion

The paper introduces US2Test, a tool designed to automate the generation of system test cases from user sto-
ries using Large Language Models. It integrates with existing systems to suit the test process of a particular
public organization. The empirical evaluation of the tool involving the organization’s test analysts demon-
strated that the tool effectively helps the design of test cases. A more effective test process can contribute
to the quality of software produced by governmental entities and has the potential to improve government
service delivery.

7.1. Related work

Previous works have considered user stories for the derivation of tests. For instance, the authors in (Pallavi
Pandit, 2015) propose a systematic approach to manually design acceptance tests from the user stories. Ad-
ditionally, the work (Granda et al.,|2021)) introduces a model-driven framework that inputs user stories, such
that the acceptance criteria are described using the GWT (Given-When-That) structure, and produces auto-
matic test scripts for desktop applications. The authors in (Mollah & van den Bos,2023|) present a step-by-step
method to manually transform user stories into automatic test cases. The format for the user stories and the
tests that are produced for these related works differs from ours, which accepts a less structured story and
produces system tests in the format of a test management tool.

Domain-specific textual formats have also been used to produce tests. The works (Carvalho et al., 2015)
and (Nogueira et al.,[2019) follow a model-based testing approach (Dias Neto et al.,2007). The authors in (Car-
valho et al.,|2015) proposed a strategy to automatically generate test cases from Natural Language require-
ments (NAT2TEST - NATural language requirements to TEST cases). This approach inputs requirements in
a Controlled Natural Language (CNL) that follows a well-defined grammar and vocabulary to allow the ex-
traction of a formal model for automatic verification of requirements and the extraction of test cases. A test
case is a sequence of test vectors that is the input for some external tool that formats the test for a particular
context. The work (Nogueira et al.,|2019) proposes a model-based approach to generate test cases for man-
ual execution from well-structured use-case models with well-defined semantics. Use case flows are defined
using a tabular format and specified as a mix of natural language and a special CNL. The produced test cases
are suitable for manual execution and follow a format very similar to the format proposed by this work.

Natural language processing (NLP) Raharjana et al.,|2021 has been extensively used to analyse user stories.
One of the applications of NLP is to produce tests (Chinnaswamy et al.,2024; Leotta et al.,2024). More recently,
large language models (LLM) have been explored to generate tests from different textual formats (Ng et al,,
2004). For instance, the work (Mathur et al.,[2023) proposes an approach that uses machine learning models
like T5 and GPT-3 to automate the test case generation process. The input for the approach is a statement in
natural language. Such a statement is not structured as a US. Moreover, the output is an unstructured test.
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7.2. Threats to validity

We discuss some of the threats to the validity of this research.

Construct Validity: The proposed approach for test generation (introduced in Section [4) feeds the GPT-4
model with a fixed prompt with a fixed set of examples of user stories. The prompt structure can influence the
results. Moreover, this prompt contains examples that can potentially influence test generation and limit the
generalization of the results.

Internal Validity: Since analysts frequently discussed the tool before and during the evaluation, there is the
possibility of an unstructured knowledge transfer between them. This informal learning process may have
biased how analysts used and evaluated the tool, as their understanding was shaped by prior interactions
rather than independent exploration. Consequently, this could influence perceived usability and effectiveness,
potentially limiting the objectivity of the evaluation.

Conclusion Validity: The absence of statistical tests directly resulted from the small and homogeneous set
of user stories. Thus, no statistical analysis could be performed in the evaluation, as the dataset lacked suffi-
cient samples and variation to support meaningful statistical analysis. Another threat to conclusion validity
is that LLM produces varying outputs for the same input, and the evaluation in this study did not control the
temperature parameter, nor collected several responses.

7.3. Future work

So far, the quality of the designed test has been evaluated solely on its static properties (clarity, coverage, etc).
Validating the efficacy of the designed test suites in detecting bugs is a complementary and essential aspect
of the evaluation. Furthermore, recording and comparing the differences in the effort while adopting the tool
needs new investigations.

We chose the GPT-4 model because it was the one made available to us by the public service. Possibly using
different models such as (Gemini,2025)) and (Claude,|2025)) could lead to diverse results. This is left as a future
investigation.

Another future direction is to identify and control the factors that influence the quality of the tests. A comple-
mentary effort is to plan a more robust evaluation with a significant number and variety of user stories. Such
alarger amount of input would facilitate the application of comprehensive statistical analysis.

The tool was designed to operate solely in the Redmine and Squash TM tools settings, so it must be updated to
operate in different settings. Despite the setting’s particularity, the core methodology may be applied to other
settings. Adaptations to different environments and reusing the core methodology are important for future
work.
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Appendix A

Answers for Q4

+ Test analyst 1: "Iliked the integration it has with Squash TM and Redmine, the formatting of the test
case (this helps a lot since it creates the steps and prerequisites). I liked how it generates multiple
test cases for the same story, considering both positive and negative scenarios. What I didn't like is
that sometimes the tool doesn't generate test cases for all the stories.”

- Testanalyst 2: "The tool manages to create some scenarios, but it presents many errors before doing
so. I believe it requires some improvement in certain areas.”

+ Test analyst 3: "Very useful”

Answers for Q8

+ Test analyst 1: "In my opinion, the tool effectively explores test creation based on what is written in
the stories. This highlights the need to continuously improve the content of the stories themselves.
Just as a suggestion, it could enhance the created prerequisites, perhaps by providing more informa-
tion and training to better identify these conditions.”

+ Testanalyst2: "I'm not sure ifit could be improved, but in some scenarios, only the basics are created,
even when the story is very detailed.”

+ Test analyst 3: "I recently started using it, and I'm still testing it in my activities.”
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