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Automated Visual Test Exploration for 3D Unity Games Using Vision-Language

Models

iwarinlaaduil

Automated game testing often relies on brittle, pre-scripted navigation tools that fail
when level layouts change. This Master's thesis proposes a vision-driven automated
testing framework for 3D Unity games that leverages Vision-Language Models
(VLMs) to achieve high visual test coverage without source code access. The
framework integrates a VLM into Unity to parse gameplay frames and identify testable
elements like pathways and terrain boundaries. An autonomous agent then uses VLM
visual reasoning to dynamically explore 3D scenes and simulate human playtesting.
Finally, the system is evaluated on visual state coverage and boundary exploration

efficiency against traditional random-walk and scripted testing baselines.
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Code Cloning in Quantum Programs
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As quantum computing matures, quantum software development using frameworks
like Qiskit and Cirq is becoming increasingly prevalent. However, code duplication in
quantum programs degrades software maintainability, while classical clone detection
techniques fail to account for unique quantum circuit structures and semantics. This
research proposes an automated code clone detection framework specifically designed
for quantum software. The approach analyzes quantum abstract syntax trees (ASTs)
and circuit representations to identify both syntactic and semantic clones. Finally, a
detection tool is developed and evaluated on open-source quantum repositories to
assess its accuracy, scalability, and effectiveness in identifying duplicated quantum

code.
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Testing Al Coding Agents using Metamorphic Testing
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While Al coding agents are increasingly adopted across software engineering tasks like
code generation and code review, they remain highly sensitive to minor input
perturbations, leading to inconsistent outputs. This research proposes applying

Metamorphic Testing (MT) to systematically evaluate the robustness of Al coding agents




without relying on traditional test oracles. The framework defines domain-specific
metamorphic relations, such as semantic-preserving prompt rephrasing and context
reordering, to transform input prompts and assess whether the agent's generated code
maintains functional and structural consistency. Finally, the approach is evaluated on state-
of-the-art Al coding agents to quantify robustness degradation and identify prompt

sensitivity vulnerabilities.
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Java Code Proficiency Tool
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Applying the CEFR language proficiency framework to programming allows for
structured measurement of code complexity and developer skill progression. While
proficiency tools have been established for languages like Python and JavaScript, a
standardized framework and automated tool for Java, a widely used object-oriented
language, remain undeveloped. This research proposes defining Java code construct
proficiency levels based on language complexity, syntax, and object-oriented features. An
automated static analysis tool is then developed to evaluate Java source code and classify
software repositories according to these proficiency tiers. Finally, the tool is evaluated on
open-source Java codebases to demonstrate its accuracy, classification reliability, and

utility in software engineering education and assessment.
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