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Trustworthy Is Important for LLMs 

• LLMs are increasingly incorporated into our lives in a deeper way 
beyond chatbots

• It is crucial to develop general approaches for human and LLM to 
work together effectively
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Overconfidence of LLMs

• A fundamental weakness of LLMs is they are all overconfident

Overconfidence of LLM

Incorrect



Trustworthy LLM Emable rational decisions

• Developing models that can accurately express their confidence is 
important, particularly in Human-Computer Interaction, as it 
enables humans to make more rational and informed decisions.
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Calibrate Verbalized Confidence of LLMs

• We want to calibrate LLM to expresses appropriate 
uncertainty.  



How to Calibrate Verbalized Confidence?
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Can LLMs be naturally calibrated
without ground-truth confidence?
• Classical machine learning classifiers naturally become well-

calibrated during training when optimized with loss functions 
that are proper scoring rules. such as Brier score.

• Can we use proper scoring rules to calibrate LLMs?

incentivize the classifier to output probabilities that 
reflect the model’s true likelihood of correctness



Proper Scoring Rule on LLMs

• We cannot directly use proper scoring rules to LLMs. 
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Tokenized Brier Score

• Encourages model to express larger confidence levels when 
the answer is correct, and vice versa.
– e.g. when N=100, y=1:

      We theoretically prove it to be a proper scoring rule.
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ConfTuner
Stage 1: Compute Probability Distribution Over Confidence Tokens

Stage 2: Fine-Tune Based on Tokenized Brier Score



Experiments

• Datasets: HotpotQA, TriviaQA, StrategyQA, GSM8K, 
TruthfulQA

• Base LLMs: LLaMA, Qwen, Ministral 
• Evaluation Metrics: AUROC ⬆️, ECE ⬇️



Can ConfTuner Learn Effective Verbalized 
Confidence Estimation Capabilities?

AUROC ↑ ECE↓

• Generalization to unseen datasets.



Can ConfTuner Learn Effective Verbalized 
Confidence Estimation Capabilities?

• Generalization to 
different format of 
confidence scores.
– Specifically, we test 

ConfTuner’s performance 
on high/medium/low 
confidence levels. 

AUROC



Can ConfTuner Learn Effective Verbalized 
Confidence Estimation Capabilities?

• Generalization to implicit confidence expressions.
– e.g. I’m fairly certain, but there’s a chance I could be mistaken



Can ConfTuner Help Build More Reliable 
and Cost-Effective LLM Systems?

• ConfTuner improves the self-correction ability of LLM
– We first instruct LLM to generate answers and confidences, then retain initial 

responses with high confident answers, and instruct LLM to refine low-confident  
answers



Can ConfTuner Help Build More Reliable 
and Cost-Effective LLM Systems?

• ConfTuner achieves higher performance gain at same cost in 
confidence-based model cascade systems
– When base models are uncertain, use a strong model to generate the answer.



Running Time and Training Dataset Size
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Stage 1: Compute Probability Distribution Over Confidence Tokens

Stage 2: Fine-Tune Based on Tokenized Brier Score

Tokenized Brier score


