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Introduction

« Tight timelines and limited resources risk inadequate testing and failures.
* Proposes an Al-enabled, requirements-based test generation framework.
* Al and human engineers generate test cases independently.

* Blind evaluation using common quality criteria.
« Compares Al vs. human test performance.

« Aims to reduce effort, speed delivery, and improve mission assurance.
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Methodology

Compare Al- generated (AI4SE) and handwritten test cases
* 10 Al-generated and 10 handwritten test cases written in similar format were
given to experts randomly without indicating which one is which
« Handwritten: ~2 hours (=120 min)
 AI4SE- generated: ~5 seconds to create + ~10 minutes to validate = 10 min total

* Time saved: = 92 % (120 min — 10 min, about 12x faster)

« Expert evaluators rated each case on a 1- 5 Likert scale in the following quality
dimensions:
* Traceability
Reproducibility
Objectivity
Precision
Robustness
« Likert scale responses
« 1 (Strongly Disagree) | 2 (Disagree) | 3 (Neutral) | 4 (Agree) | 5 (Strongly Agree)

 AI4SE- generated test cases match the quality of handwritten test cases and reduce
effort by roughly 92 %, offering a high- impact and low- cost alternative
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e Requirement: The SoS shall implement configurable governance controls that enforce role-based access to incident, tasking, and patient-related data,
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and shall require that all interoperating constituent systems exchange this data using documented interface control specifications that define message

formats and semantics approved by the governing authority.

* Primary interoperability/data-exchange concern: Consistent application of access-control rules and common data standards across all participating
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Example 1 (Al4SE-Generated) ‘ ‘ Example 2 (Handwritten)

1. Test Case Identifier

TC-HFR-SOS-NNN

2. Requirements Addressed

SFR-SOS-NNN — Rescue Zone Prioritization Products

Requirement: The SoS shall generate prioritized rescue/evacuation
zones within 60 seconds of COP refresh.

3. Preconditions

» S0S deployed in test environment.

» Dispatch and incident command accounts exist.
» Active incident present.

4_Test Inputs

Simulated prioritized zone data.

5. Test Steps

* Log in as dispatch and incident command.
» Navigate to COP.

» Record zone data and refresh timing.

6. Expected Results

* Prioritized list displayed.

» Accurate priority and constraints.

» Refresh = 60 seconds.

7. Pass/Fail Criteria

Pass: Accurate prioritized list = 60 seconds.
Fail: Inaccurate or delayed.

1. Test Case |dentifier

TC-AFR-SOS-NNN

2. Requirements Addressed

SFR-SOS-NNN — Rescue Zone Prioritization

Requirement: The SoS shall generate prioritized rescue zone lists
within 60 seconds of COP refresh.

3. Preconditions
» COP refresh interval set.
* Prioritization engine active.
» Dispatch and ICS subscribed.
4_Test Inputs
CORP refresh with increased flood risk in Zone A.
9. Test Steps
» Trigger COP refresh.
* Record T_COP.
» Capture listreceipt timestamps.
 Verify priority ordering.
6. Expected Results
» Exactly one prioritized list produced.
 Correct zone priority ordering.
 Latency < 60 seconds.
7. Pass/Fail Criteria
Pass: Correct prioritized list delivered within limit.
Fail: Missing or incorrect list.
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Example Use Case:

Group (Mean *

organizations and systems.

conformance tests), and demonstration (multi-agency exercise with cross-organization access).

Test Case ID

#*TC-SFR-001+%#

| *#*TC-SFR-002+#%

#*TC-SFR-003++*

| #*TC-SFR-004%3

#*TC-SFR-005+

| *#*TC-SFR-006**

+*TC-SFR-007+*

| #*TC-SFR-008%x

#*TC-SFR-009+%*

| #*TC-SFR-010+%

Download

Enter your request...

Requ

irement Addressed Preconditions

Test Inputs Test Steps

Expected Results

e Verification method: Inspection (governance policies, role definitions, and interface control documents), test (access-control and data-exchange

Pass/Fail Criteria |

**SFR-505-001 - Flood Event Detection and Alerting#*<br>Requirement: The Smart Flood Response 505 shall,

......

SFR-S0S-002 - Common Operating Picture (COP) Creation**<br>Requirement: The SoS shall provide authori:

**SFR-505-003 - Rescue Zone Prioritization Products**<br>Requirement: The S50S shall generate and make a\

......

......

SFR-505-004 - Coordinated Tasking of Response Units**x<br>Requirement: The S0S shall provide machine-re
**SFR-505-005 - Field Status and Task Progress Visibility*#<br>Reguirement: The SoS shall collect task ¢

SFR-505-006 - Medical Triage Data Availability to Receiving Facilitiesx*<br>Requirement: The SoS shall

**SFR-S05-007 - Hospital Capacity and Resource Status Picturexx<br>Requirement: The SoS shall provide ar

......

SFR-S0S-008 - End-to-End Response Timeliness**<br>Requirement: The SoS shall support workflows such tt

**SFR-505-009 - 505 Resilience to Single-Segment Failures*#<br>Requirement: The 505 shall maintain the ¢

......

SFR-505-010 - Governance, Access Control, and Data Standards**<br>Requirement: The So0S shall implement

Standard étl:eEr;te 4 Handwritten
Deviation)

Traceability 5.00£0.00(5.00 £ 0.00
Reproducibility (4.00 £ 0.78|3.93 £ 0.69
Objectivity 440+ 0.67|4.28 £0.75
Precision 3.38 £0.90(3.18 £ 0.93
Robustness 245 +0.82|2.45+0.85
Overall 3.85+£0.38(3.77 £ 0.47

Summary of Findings and Conclusions

* Al4SE-generated test cases mean overall score: 3.845

« Handwritten test cases mean overall score: 3.765

« Wilcoxon p-value: 0.25 (No statistically reliable evaluator-consistent differences
found)

« Mann-Whitney p-value: 0.3093 (Not enough evidence that the overall distributions
are statistically different)

« Cliff's Delta: 0.131 (AI4SE-generated test case evaluation scores tend to exceed
handwritten ones with small effects)
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Traceability: Al4SE-Generated vs Handwritten

AMSE-Generat ed Handwritten
Group

Objectivity: Al4SE-Generated vs Handwritten

Al4SE-Generated Handwritten

Robustness: Al4SE-Generated vs Handwritten

A smart disaster rescue systems-of-systems for a metropolitan area including flood
detection, response coordination, rescue and medical treatments using interoperable data
interfaces and real-time operational updates.

Reproducibility: Al4SE-Generated vs Handwritten
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Precision: Al45E-Generated vs Handwritten

|
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Overall Quality Score: Al4SE-Generated v

Handwritten

s Handwritten

No statistically significant differences detected between the Al4SE-generated and
human written test cases.
Al4SE-generated and handwritten test cases are comparable (negligible effect).
More expert evaluation data collection and beta testing is in the planning.
Our goal with this analysis is primarily exploratory: to see whether there is any clear
signal of a difference between human and Al outputs and to get a sense of the

magnitude of that difference. Our next steps are performing power tests.




