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Background

• User often start the conversation with partial or vague information.

˃ “My laptop won’t start. What’s wrong?” 

• Effective problem-solving requires identifying and acquiring 

missing information.

• Goal-oriented dialogue systems must ask the right questions to 

reach the answer efficiently.

• Poor questioning leads to long, unhelpful interactions.
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Motivation

Existing planning methods struggle with:

˃ Uncertainty – large space of possibilities

˃ Lack of adaptation to historical interaction patterns

Tree-based planning is powerful but expensive.

˃ Can we balance exploration-exploitation?

˃ Can we learn from prior interactions?
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Proposed Solution

MISQ-HF:  Monte Carlo Tree Search for Information Seeking Questions
  with Hierarchical Feedback

Combines

• LLMs for generating candidate questions

• MCTS to efficiently plan under uncertainty

• Similarity-based feedback to reuse questioning 

strategies from past conversations .
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Workflow
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Method 

Decision Tree Construction:

• LLM generates candidate questions to split the current possibilities.

• Node attributes: Question, Answer, Remaining possibilities,
         Total reward, Cluster-based Bonus reward

MCTS Phases:

• Selection: Based on a modified UCT (Upper Confidence Bound for Trees).

• Reward: Expected information gain (uncertainty reduction)

• Expansion: Generate new questions if needed.

• Simulation: Simulate random rollouts to estimate long-term reward.

• Backpropagation: Update rewards and visit counts of ancestor nodes.
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Method

• After a successful conversation, update bonus rewards for nodes along the 
successful questioning path.

• Bonus rewards are specific to clusters.

• Early-stage questions (high-level, broadly applicable) get higher bonus (reward 
decays with depth).

Adaptation: System learns which questions work best for similar problems.

Hierarchical Feedback Mechanism
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Experimental Setup

Domains: Medical Diagnosis, Troubleshooting, 20 Questions

Baselines

• Direct Prompting (DP): No planning
• Uncertainty of Thoughts (UoT): Exhaustive tree expansion. [1]

• MISQ: Our method without feedback

Metrics
• Success Rate (SR)
• Mean Conversation Length in Successful Cases (MSC)
• Question Generation Calls (QGC): Number of LLM calls for planning

[1] Hu, et al. "Uncertainty of thoughts: Uncertainty-aware planning enhances information seeking in large language models." NeurIPS 2024
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Ω = {dead display, loose display connector, 
system crash, drained battery, water damage}

Ω → {dead display, loose connector, 
system crash}

Ω = {dead display, loose connector, 
system crash}

Ω → {loose connector}

My phone’s screen stays black 
even though I hear notifications.

Yes, it vibrates.

Yes, it rebooted but still black.

I replaced the screen last week.

Does it vibrate or react when 
you press the power button?

Have you tried holding power + 
volume down to force a restart?

Any drops or repairs recently?

Diagnosis: display connector 
likely not seated properly



Results

  Domain: General                   20-Questions  Domain:                  Medical Diagnosis (MD)                        Troubleshooting (TS)

12% better Success Rate on average
~10x lesser LLM calls for planning
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Results

+8% improvement 
in Success Rate 
when starting with 
a constrained set 
of possibilities at 
the root node as 
compared to using 
the full set.
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Conclusion

MISQ-HF .
• Enables adaptive, efficient information-seeking.
• Learns from historical successes using cluster-based feedback.
• Reduces computational cost without sacrificing accuracy.

Future Directions:
• Multi-dimensional Reward for better questions.
• Collect data for RLHF: train policies  with positive and negative 

interactions 
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Thank you. 

Harshita Chopra
PhD Student
hchopra3@cs.washington.edu Scan to view 

our paper!


