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Unsupervised Clusters Are Often Semantically 
Wrong

Embedding-based clustering assumes geometry = meaning.
But well-separated clusters are not always semantically coherent.

Incoherent Clusters

Overlapping Clusters

Unlabeled Clusters
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From Geometric Clustering → Semantic 
Validation

Text Data 
Raw documents

Embeddings 
E.g., SBERT, other encoders

Clustering 
E.g., HDBSCAN, K-means

Topic Labels 
Automatically generated

Optimizes: 
• Distance 
• Density 
• Seperation

No semantic 
verification 

Clusters accepted 
as final answers

Clusters are 
hypotheses, not 
final answers.
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Reasoning-Based Refinement

Three Design Principles: 
1. Clustering as proposal. 
2. LLMs as semantic judges.
3. Explicit reasoning checkpoints.
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Vegan Discourse as a Testbed

Decentralized platform

13K posts
💬  conversational discourse
🌐  community-driven

Centralized platform

20K tweets
📢  advocacy-driven discourse
📡  broadcast style

Example from Vegan Discourse Overlapping Semantic Dimensions

Unsupervised clusters often mix multiple semantic dimensions, duplicate ideas, 
or produce vague labels. We need semantic validation and reasoning-based 

refinement to obtain coherent and interpretable structure.

Cross-Platform Datasets.
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Example of Incoherent Cluster
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Example of Merged Cluster Summaries
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LLM Refinement Improves Cluster Quality



Semantic Coherence & Significance
Semantic Coherence: Mean pairwise cosine similarity within each cluster (≥0.85 on sentence embeddings).
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Human Evaluation
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Platform-Specific Discourse Structure

Decentralized platform

🌱 lifestyle-centered 
🌐 community-driven
💬 conversational tone
🎭 humor & culture

Centralized platform

📢 advocacy-driven
📡 broadcast style
✊ mobilization dynamics
⚡ polarized narratives
🏛 political framing



12

Failure Cases and Limitations

⚠ Failure Modes 

😏  Sarcasm: implicit meaning missed

🧠  Implicit Morality: hidden ethical reasoning

🔑  Keyword Over-Reliance 
        lexical similarity ≠ semantic similarity

🔀  Overlapping Themes 
         arguments span multiple dimensions

Reasoning-based refinement improves interpretability, but semantic 
validation remains an open challenge.

🚧  Limitations

🌎  English-only analysis

🌱  Vegan discourse domain

⏱ Temporal mismatch across platforms

🤖  Potential LLM bias in semantic judgments
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Takeaways

🔹 Clustering ≠ semantic validity.

 
🔹 LLMs can act as semantic judges.

 
🔹 Post-hoc refinement improves interpretability.
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