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Software Testing Methods

Prof. Dr. Chunyang Chen (TUM) | Chair for Software Engineering & AI | SE’2026



3

False positives, and low-value bugs 
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Impossible-to-perform-by-humans event sequences:

- Monkey rotates the screen 5–10 times per second while the 
app is initializing a Fragment

- Enter→back→enter in millisecond intervals

- Monkey fires BACK and MENU at the same time while 
touching two points outside the visible region.
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Also apply to other testing methods 



• Test Coverage: requirement, test 
case, code coverage…

• Defect Metrics: Defect density, 
defect leakage, defect removal 
efficiency reopen rate…

• Test Execution: Test execution rate, 
pass/fail ratio, blocked test cases, 
test completion percentage...

• Not all software need expensive 
thorough testing

• Software are developed for human
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Metric-driven Testing

Over testing?!  Or insufficient testing?!  



“We don’t see things as 
they are; we see them 
as we are. ” 

--Anaïs Nin



Beyond Software Behavior: Unexpected Human Behavior
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Human-centric Testing 
On-demand Testing



Human testing is still expensive
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Automated Human-like Testing
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AI Agents Encoding Human Behavior

Generative agents: Interactive simulacra of human behavior, UIST’24, 

Deepmind AlphaGo

OpenAI’s Dota play
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LLM-driven Automated Human-like App Testing

Android 
App App-LLM interaction

[ICSE’24/25]

Memory encoding
[ASE’25] 
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Multi-agent testing
[ICSE’26] 
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1. App-LLM interaction

Liu, Z., Chen, C., Wang, J., Chen, M., Wu, B., Che, X., ... & Wang, Q. (2023). Make LLM a Testing Expert: Bringing Human-like 
Interaction to Mobile GUI Testing via Functionality-aware Decisions. ICSE’24, arXiv:2310.15780.

Inspired by ChatGPT, we formulate the GUI testing problem as 
a questions & answering (Q&A) task, i.e., asking the LLM to 
play the role as a human tester to test the target app.
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App-LLM interaction

Liu, Z., Chen, C., Wang, J., Chen, M., Wu, B., Che, X., ... & Wang, Q. (2023). Make LLM a Testing Expert: Bringing Human-like 
Interaction to Mobile GUI Testing via Functionality-aware Decisions. ICSE’24, arXiv:2310.15780.
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App-LLM interaction

Liu, Z., Chen, C., Wang, J., Chen, M., Wu, B., Che, X., ... & Wang, Q. (2023). Make LLM a Testing Expert: Bringing Human-like 
Interaction to Mobile GUI Testing via Functionality-aware Decisions. ICSE’24, arXiv:2310.15780.



• App activity coverage: 0.71
• 135 real-world bugs from 216 apps
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App-LLM interaction for GUI Testing
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Computer use agent
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Better Model Human User Behavior

Experience

Interaction



Humans grow up with diverse experiences
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AI-generated



AI agents with memory
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promptingguide.ai/agents/introduction
nb-data.com/p/advancing-ai-lifelong-learning-roadmap



• Interaction-Level Episodic Memory
• Function-Level Reflective Memory 
• App-Level Strategic Memory
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2. Memory construction for GUI testing agent

Chen, M., Liu, Z., Chen, C., Wang, J., Wu, B., Hu, J., & Wang, Q. (2025). Beyond Static GUI Agent: Evolving LLM-based GUI Testing via 
Dynamic Memory. ASE’25, 
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Memory construction for GUI testing agent



On-Demand Memory Invocation:
• cold start: strategic memory
• mid-testing stagnation: call reflective 

memory when exploration stalls
• functional transitions: fetch episodic 

units matching the current page.
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Memory construction for GUI testing agent
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Memory as a plugin for GUI testing tools
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More experience à better performance



Memory across versions
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More discussions

Memory across platforms

Chen, M., Liu, Z., Chen, C., Wang, J., Wu, B., Hu, J., & Wang, Q. (2025). Beyond Static GUI Agent: Evolving LLM-based GUI Testing via 
Dynamic Memory. ASE’25, 



Agents with memory for software engineering
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Multi-user interactive feature is a 
component of software that enables 
multiple users to interact with each other 
in nearly real-time within a software.
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3. Multi-user Interactive Feature



40.31% (3,172 out of 7,870) of the 
feature testing tasks in TikTok involve 
multi-user interactive features.

Writing record-and-replay script for 
testing multi-user interactive feature 
is challenging.

• Device independent

• Action coordination
29

Motivation



A multi-agent framework 
powered by the LLMs to emulate 
users interacting with GUI 
screens, collaboratively achieving 
GUI automation of multi-user 
interactive tasks.
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Approach

S Feng, C Du, H Liu, Q Wang, Z Lv, G Huo, X Yang, C Chen. Breaking Single-Tester Limits: Multi-Agent LLMs for Multi-User Feature 
Testing. ICSE’26, arXiv:2506.17539



Device Allocation from Farm
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Coordinator



Evaluation
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Comparison with the State-of-the-Art

• 41 multi-user interactive tasks from 16 apps collected manually
• An average of 2.87 actions per device to complete the task

S Feng, C Du, H Liu, Q Wang, Z Lv, G Huo, X Yang, C Chen. (2026). Breaking Single-Tester Limits: Multi-Agent LLMs for Multi-User 
Feature Testing. ICSE’26, arXiv:2506.17539



Application to real-world industry
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We build a virtual device farm for this feature testing

• 5,918 virtual devices using Android emulators 
distributed across 395 ARM-based commodity servers

• CPU, Storage, Bandwidth, etc. 
• Smartphone vendors and services

Device1 Device2 Devicen
Regular 
expressi
on

S Feng, C Du, H Liu, Q Wang, Z Lv, G Huo, X Yang, C Chen. (2025). Agent for User: Testing Multi-User Interactive Features in TikTok. ICSE’25, 
arXiv:2504.15474
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LLM-driven Automated Human-like App Testing

Prof. Dr. Chunyang Chen (TUM) | Chair for Software Engineering & AI | SE’26

Android 
App App-LLM interaction

[ICSE’24/25]

Memory encoding
[ASE’25] 

Multi-agent testing
[ICSE’26] 



Scalability 
& efficiency

35

Limitations of Human-like GUI Testing

Visual perception 
of Multimodal-LLM

Oracle 
missing
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Testing 
thoroughness
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Beyond software testing: personalized AI 
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