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User Feedback from Human LLM Conversation

Great!

What is your price range? Do you 
like to be in downtown? 

Mid-range and downtown 
is great. 

In that case, I’d recommend the 
Kimpton hotel which is centrally 
located and has high ratings. 

What are some good hotels 
in Austin?

Ah, but I don’t like chain 
hotel like Kimpton. I want 

something more local.
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LLM
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Text 
Retrieval 

Model

Focus: LLM using Text Retrieval Tools

Answer

Retriever

Query

LLM

[RefreshKV: Updating Small KV Cache During Long-form 
Generation, Xu, Goyal*and Choi*, under Submission] 

[AmbigDocs: Reasoning across Documents on Different 
Entities under the Same Name, Lee, Ye, Choi, COLM24]

Part 3: LLM interacting with retrieval outputs
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Part 1: User Teach LLM to ask clarifying questions
[Modeling Future Conversation Turns to Teach LLMs to Ask Clarifying Questions, 

Zhang, Knox, Choi, ICLR 25]

Part 2: Environment Add new information at inference

[User Feedback in Human-LLM Dialogues: A Lens to Understand Users But Noisy as 
a Learning Signal, Liu, Zhang and Choi, EMNLP 2025]

Learning from User Feedback

https://arxiv.org/abs/2410.13788
https://arxiv.org/abs/2410.13788
https://arxiv.org/abs/2410.13788
https://arxiv.org/abs/2410.13788
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👤 Humans interpret questions in rich contexts 

• Who wrote it? Why they wrote it? 

• When and where was it written? 

 Misinfo Reaction Frames: Reasoning about Readers’ 
Reactions to News Headlines 

[Gabriel, Halinan, Sap, Nguyen, Roesner, Choi, Choi  ACL 22]

SituatedQA: Incorporating extra-linguistic contexts into QA 
[Zhang and Choi,  EMNLP 22]

Geographical Context (Location)🌍 AnswerQuestion

Question Temporal Context (Timestamp)⏳ Answer

When did we become a 
member of the United 

Nations?
🇮🇪 (Ireland) 1955

Where were the last Winter 
Olympic Games held?

1945

1980

Beijing, China

Pyeongchang,  
South Korea 2018

 2022

🇿🇼 (Zimbabwe)

(US)🇺🇸
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0.01 %

0.05%

• LMSYS-Chat-1M data:
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• The frequency of clarifying question in LM responses…

[Grounding Gaps in Natural Language Generations [Shaikh, Gilgoric et al, EMNLP24] 

• On domain-specific dialogues 
(education, etc):

👤 3% 0.04%
0.01 %

0.05%

• LMSYS-Chat-1M data:

Why Do LLMs Need Clarification?

https://aclanthology.org/2024.naacl-long.348.pdf
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[Grounding Gaps in Natural Language Generations [Shaikh, Gilgoric et al, EMNLP24] 

https://aclanthology.org/2024.naacl-long.348.pdf
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[AmbigQA: Answering Ambiguous Open-domain Questions. Min et al, EMNLP 20] 

• Goal: given a query, interact with users (if necessary) to provide the 
target answer to each user.

Who is the highest paid 
soccer player in 2021?

Cristiano 
Ronaldo. 

Who is the highest paid 
soccer player in 2021?

Cristiano 
Ronaldo. 

Who is the highest paid 
NFL player in 2021?

Patrick 
Mahomes.

User 1

User 2

User 3

Disambiguated Query Target Answer

Query

Who is highest paid football player in 2021? Who wrote how far i'll go in moana?

Query

Who wrote how far i'll go 
in moana?

Lin-Manuel 
Miranda

Who wrote how far i'll go 
in moana?

Lin-Manuel 
Miranda

User 1

User 2

Disambiguated Query Target Answer

https://aclanthology.org/2020.emnlp-main.466/
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Who is the highest paid 
football player in 2021?

<latexit sha1_base64="VtDFcbeYISedkVCq79373wtNyMo=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgeAq7IlE8Bb14jGAekIQwO+kkQ2YfzvRKljUHf8WLB0W8+hve/Btnkxw0saChqOqmu8sNpdBo299WZml5ZXUtu57b2Nza3snv7tV0ECkOVR7IQDVcpkEKH6ooUEIjVMA8V0LdHV6nfv0BlBaBf4dxCG2P9X3RE5yhkTr5gxbCCJNIg6L3Eah4fDnqiFwnX7CL9gR0kTgzUiAzVDr5r1Y34JEHPnLJtG46dojthCkUXMI41zIbQsaHrA9NQ33mgW4nk/vH9NgoXdoLlCkf6UT9PZEwT+vYc02nx3Cg571U/M9rRti7aCfCDyMEn08X9SJJMaBpGLQrFHCUsSGMK2FupXzAFONoIktDcOZfXiS106JTKpZuzwrlq1kcWXJIjsgJccg5KZMbUiFVwskjeSav5M16sl6sd+tj2pqxZjP75A+szx9EEJZE</latexit>user query : xi

Scoring Based on the Current State

⚽ 🏈⚽
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LLM initial response : yi

Scoring Based on the Current State

⚽ 🏈⚽

Cristiano 
Ronaldo. 

⚽

Patrick 
Mahomes.🏈

Do you mean football 
or soccer? 

The highest-paid soccer player in 
2021 was Cristiano Ronaldo. The 
highest-paid NFL player is Patrick 
Mahomes. ⚽ 🏈

• In this work, we consider only short answers & clarifying questions. Long-
form answers convey rich information but still challenging to evaluate. 
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<latexit sha1_base64="VtDFcbeYISedkVCq79373wtNyMo=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgeAq7IlE8Bb14jGAekIQwO+kkQ2YfzvRKljUHf8WLB0W8+hve/Btnkxw0saChqOqmu8sNpdBo299WZml5ZXUtu57b2Nza3snv7tV0ECkOVR7IQDVcpkEKH6ooUEIjVMA8V0LdHV6nfv0BlBaBf4dxCG2P9X3RE5yhkTr5gxbCCJNIg6L3Eah4fDnqiFwnX7CL9gR0kTgzUiAzVDr5r1Y34JEHPnLJtG46dojthCkUXMI41zIbQsaHrA9NQ33mgW4nk/vH9NgoXdoLlCkf6UT9PZEwT+vYc02nx3Cg571U/M9rRti7aCfCDyMEn08X9SJJMaBpGLQrFHCUsSGMK2FupXzAFONoIktDcOZfXiS106JTKpZuzwrlq1kcWXJIjsgJccg5KZMbUiFVwskjeSav5M16sl6sd+tj2pqxZjP75A+szx9EEJZE</latexit>user query : xi Who is the highest paid football player in 2021?
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<latexit sha1_base64="VtDFcbeYISedkVCq79373wtNyMo=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgeAq7IlE8Bb14jGAekIQwO+kkQ2YfzvRKljUHf8WLB0W8+hve/Btnkxw0saChqOqmu8sNpdBo299WZml5ZXUtu57b2Nza3snv7tV0ECkOVR7IQDVcpkEKH6ooUEIjVMA8V0LdHV6nfv0BlBaBf4dxCG2P9X3RE5yhkTr5gxbCCJNIg6L3Eah4fDnqiFwnX7CL9gR0kTgzUiAzVDr5r1Y34JEHPnLJtG46dojthCkUXMI41zIbQsaHrA9NQ33mgW4nk/vH9NgoXdoLlCkf6UT9PZEwT+vYc02nx3Cg571U/M9rRti7aCfCDyMEn08X9SJJMaBpGLQrFHCUsSGMK2FupXzAFONoIktDcOZfXiS106JTKpZuzwrlq1kcWXJIjsgJccg5KZMbUiFVwskjeSav5M16sl6sd+tj2pqxZjP75A+szx9EEJZE</latexit>user query : xi

Do you mean football or soccer? 
<latexit sha1_base64="9gMCmLiC3ZVVrepa/bew0+sBy60=">AAACCXicbZA7SwNBFIVn4yvGV9TSZjAIVmFXJIpV0MYiQgTzgGQJs5ObZMjs7DJzVwxLWhv/io2FIrb+Azv/jZtkC008MPBxzr0M93ihFAZt+9vKLC2vrK5l13Mbm1vbO/ndvboJIs2hxgMZ6KbHDEihoIYCJTRDDcz3JDS84dUkb9yDNiJQdzgKwfVZX4me4AwTq5OnbYQHjCuVGyqUQMEk1WDCQBkYX4w6ItfJF+yiPRVdBCeFAklV7eS/2t2ARz4o5JIZ03LsEN2YaRRcwjjXjgyEjA9ZH1oJKuaDcePpJWN6lDhd2gt08hTSqft7I2a+MSPfSyZ9hgMzn03M/7JWhL1zNxYqjBAUn33UiyTFgE5qoV2hgaMcJcC4TorglA+YZhyT8iYlOPMnL0L9pOiUiqXb00L5Mq0jSw7IITkmDjkjZXJNqqRGOHkkz+SVvFlP1ov1bn3MRjNWurNP/sj6/AFD5JoS</latexit>

LLM initial response : yi

Who is the highest paid football player in 2021?
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<latexit sha1_base64="VtDFcbeYISedkVCq79373wtNyMo=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgeAq7IlE8Bb14jGAekIQwO+kkQ2YfzvRKljUHf8WLB0W8+hve/Btnkxw0saChqOqmu8sNpdBo299WZml5ZXUtu57b2Nza3snv7tV0ECkOVR7IQDVcpkEKH6ooUEIjVMA8V0LdHV6nfv0BlBaBf4dxCG2P9X3RE5yhkTr5gxbCCJNIg6L3Eah4fDnqiFwnX7CL9gR0kTgzUiAzVDr5r1Y34JEHPnLJtG46dojthCkUXMI41zIbQsaHrA9NQ33mgW4nk/vH9NgoXdoLlCkf6UT9PZEwT+vYc02nx3Cg571U/M9rRti7aCfCDyMEn08X9SJJMaBpGLQrFHCUsSGMK2FupXzAFONoIktDcOZfXiS106JTKpZuzwrlq1kcWXJIjsgJccg5KZMbUiFVwskjeSav5M16sl6sd+tj2pqxZjP75A+szx9EEJZE</latexit>user query : xi

Do you mean football or soccer? 
<latexit sha1_base64="9gMCmLiC3ZVVrepa/bew0+sBy60=">AAACCXicbZA7SwNBFIVn4yvGV9TSZjAIVmFXJIpV0MYiQgTzgGQJs5ObZMjs7DJzVwxLWhv/io2FIrb+Azv/jZtkC008MPBxzr0M93ihFAZt+9vKLC2vrK5l13Mbm1vbO/ndvboJIs2hxgMZ6KbHDEihoIYCJTRDDcz3JDS84dUkb9yDNiJQdzgKwfVZX4me4AwTq5OnbYQHjCuVGyqUQMEk1WDCQBkYX4w6ItfJF+yiPRVdBCeFAklV7eS/2t2ARz4o5JIZ03LsEN2YaRRcwjjXjgyEjA9ZH1oJKuaDcePpJWN6lDhd2gt08hTSqft7I2a+MSPfSyZ9hgMzn03M/7JWhL1zNxYqjBAUn33UiyTFgE5qoV2hgaMcJcC4TorglA+YZhyT8iYlOPMnL0L9pOiUiqXb00L5Mq0jSw7IITkmDjkjZXJNqqRGOHkkz+SVvFlP1ov1bn3MRjNWurNP/sj6/AFD5JoS</latexit>

LLM initial response : yi

<latexit sha1_base64="u99H/f1C9cNaDrhNLkjn6+4m8iE=">AAACDHicbVDLSgMxFM34rPVVdekmWARBKDMiVVwV3bisYB/QlpJJb9vQTGZI7kjLMB/gxl9x40IRt36AO//G9LHQ1gOBwznncnOPH0lh0HW/naXlldW19cxGdnNre2c3t7dfNWGsOVR4KENd95kBKRRUUKCEeqSBBb6Emj+4Gfu1B9BGhOoeRxG0AtZTois4Qyu1c/kmwhATI4JYMoQOjQ1oirFW6dWwnYhTL83alFtwJ6CLxJuRPJmh3M59NTshjwNQyCUzpuG5EbYSplFwCWm2aZdEjA9YDxqWKhaAaSWTY1J6bJUO7YbaPoV0ov6eSFhgzCjwbTJg2Dfz3lj8z2vE2L1sJUJFMYLi00XdWFIM6bgZ2hEaOMqRJYxrYf9KeZ9pxtH2Ny7Bmz95kVTPCl6xULw7z5euZ3VkyCE5IifEIxekRG5JmVQIJ4/kmbySN+fJeXHenY9pdMmZzRyQP3A+fwAFZ5uV</latexit>

simulated user turn : xi+1

Who is the highest paid football player in 2021?
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<latexit sha1_base64="VtDFcbeYISedkVCq79373wtNyMo=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgeAq7IlE8Bb14jGAekIQwO+kkQ2YfzvRKljUHf8WLB0W8+hve/Btnkxw0saChqOqmu8sNpdBo299WZml5ZXUtu57b2Nza3snv7tV0ECkOVR7IQDVcpkEKH6ooUEIjVMA8V0LdHV6nfv0BlBaBf4dxCG2P9X3RE5yhkTr5gxbCCJNIg6L3Eah4fDnqiFwnX7CL9gR0kTgzUiAzVDr5r1Y34JEHPnLJtG46dojthCkUXMI41zIbQsaHrA9NQ33mgW4nk/vH9NgoXdoLlCkf6UT9PZEwT+vYc02nx3Cg571U/M9rRti7aCfCDyMEn08X9SJJMaBpGLQrFHCUsSGMK2FupXzAFONoIktDcOZfXiS106JTKpZuzwrlq1kcWXJIjsgJccg5KZMbUiFVwskjeSav5M16sl6sd+tj2pqxZjP75A+szx9EEJZE</latexit>user query : xi

Do you mean football or soccer? 
<latexit sha1_base64="9gMCmLiC3ZVVrepa/bew0+sBy60=">AAACCXicbZA7SwNBFIVn4yvGV9TSZjAIVmFXJIpV0MYiQgTzgGQJs5ObZMjs7DJzVwxLWhv/io2FIrb+Azv/jZtkC008MPBxzr0M93ihFAZt+9vKLC2vrK5l13Mbm1vbO/ndvboJIs2hxgMZ6KbHDEihoIYCJTRDDcz3JDS84dUkb9yDNiJQdzgKwfVZX4me4AwTq5OnbYQHjCuVGyqUQMEk1WDCQBkYX4w6ItfJF+yiPRVdBCeFAklV7eS/2t2ARz4o5JIZ03LsEN2YaRRcwjjXjgyEjA9ZH1oJKuaDcePpJWN6lDhd2gt08hTSqft7I2a+MSPfSyZ9hgMzn03M/7JWhL1zNxYqjBAUn33UiyTFgE5qoV2hgaMcJcC4TorglA+YZhyT8iYlOPMnL0L9pOiUiqXb00L5Mq0jSw7IITkmDjkjZXJNqqRGOHkkz+SVvFlP1ov1bn3MRjNWurNP/sj6/AFD5JoS</latexit>

LLM initial response : yi

<latexit sha1_base64="u99H/f1C9cNaDrhNLkjn6+4m8iE=">AAACDHicbVDLSgMxFM34rPVVdekmWARBKDMiVVwV3bisYB/QlpJJb9vQTGZI7kjLMB/gxl9x40IRt36AO//G9LHQ1gOBwznncnOPH0lh0HW/naXlldW19cxGdnNre2c3t7dfNWGsOVR4KENd95kBKRRUUKCEeqSBBb6Emj+4Gfu1B9BGhOoeRxG0AtZTois4Qyu1c/kmwhATI4JYMoQOjQ1oirFW6dWwnYhTL83alFtwJ6CLxJuRPJmh3M59NTshjwNQyCUzpuG5EbYSplFwCWm2aZdEjA9YDxqWKhaAaSWTY1J6bJUO7YbaPoV0ov6eSFhgzCjwbTJg2Dfz3lj8z2vE2L1sJUJFMYLi00XdWFIM6bgZ2hEaOMqRJYxrYf9KeZ9pxtH2Ny7Bmz95kVTPCl6xULw7z5euZ3VkyCE5IifEIxekRG5JmVQIJ4/kmbySN+fJeXHenY9pdMmZzRyQP3A+fwAFZ5uV</latexit>

simulated user turn : xi+1

⚽ 🏈⚽ SoccerSoccer Football

Who is the highest paid football player in 2021?
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<latexit sha1_base64="VtDFcbeYISedkVCq79373wtNyMo=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgeAq7IlE8Bb14jGAekIQwO+kkQ2YfzvRKljUHf8WLB0W8+hve/Btnkxw0saChqOqmu8sNpdBo299WZml5ZXUtu57b2Nza3snv7tV0ECkOVR7IQDVcpkEKH6ooUEIjVMA8V0LdHV6nfv0BlBaBf4dxCG2P9X3RE5yhkTr5gxbCCJNIg6L3Eah4fDnqiFwnX7CL9gR0kTgzUiAzVDr5r1Y34JEHPnLJtG46dojthCkUXMI41zIbQsaHrA9NQ33mgW4nk/vH9NgoXdoLlCkf6UT9PZEwT+vYc02nx3Cg571U/M9rRti7aCfCDyMEn08X9SJJMaBpGLQrFHCUsSGMK2FupXzAFONoIktDcOZfXiS106JTKpZuzwrlq1kcWXJIjsgJccg5KZMbUiFVwskjeSav5M16sl6sd+tj2pqxZjP75A+szx9EEJZE</latexit>user query : xi

Do you mean football or soccer? 
<latexit sha1_base64="9gMCmLiC3ZVVrepa/bew0+sBy60=">AAACCXicbZA7SwNBFIVn4yvGV9TSZjAIVmFXJIpV0MYiQgTzgGQJs5ObZMjs7DJzVwxLWhv/io2FIrb+Azv/jZtkC008MPBxzr0M93ihFAZt+9vKLC2vrK5l13Mbm1vbO/ndvboJIs2hxgMZ6KbHDEihoIYCJTRDDcz3JDS84dUkb9yDNiJQdzgKwfVZX4me4AwTq5OnbYQHjCuVGyqUQMEk1WDCQBkYX4w6ItfJF+yiPRVdBCeFAklV7eS/2t2ARz4o5JIZ03LsEN2YaRRcwjjXjgyEjA9ZH1oJKuaDcePpJWN6lDhd2gt08hTSqft7I2a+MSPfSyZ9hgMzn03M/7JWhL1zNxYqjBAUn33UiyTFgE5qoV2hgaMcJcC4TorglA+YZhyT8iYlOPMnL0L9pOiUiqXb00L5Mq0jSw7IITkmDjkjZXJNqqRGOHkkz+SVvFlP1ov1bn3MRjNWurNP/sj6/AFD5JoS</latexit>

LLM initial response : yi

<latexit sha1_base64="u99H/f1C9cNaDrhNLkjn6+4m8iE=">AAACDHicbVDLSgMxFM34rPVVdekmWARBKDMiVVwV3bisYB/QlpJJb9vQTGZI7kjLMB/gxl9x40IRt36AO//G9LHQ1gOBwznncnOPH0lh0HW/naXlldW19cxGdnNre2c3t7dfNWGsOVR4KENd95kBKRRUUKCEeqSBBb6Emj+4Gfu1B9BGhOoeRxG0AtZTois4Qyu1c/kmwhATI4JYMoQOjQ1oirFW6dWwnYhTL83alFtwJ6CLxJuRPJmh3M59NTshjwNQyCUzpuG5EbYSplFwCWm2aZdEjA9YDxqWKhaAaSWTY1J6bJUO7YbaPoV0ov6eSFhgzCjwbTJg2Dfz3lj8z2vE2L1sJUJFMYLi00XdWFIM6bgZ2hEaOMqRJYxrYf9KeZ9pxtH2Ny7Bmz95kVTPCl6xULw7z5euZ3VkyCE5IifEIxekRG5JmVQIJ4/kmbySN+fJeXHenY9pdMmZzRyQP3A+fwAFZ5uV</latexit>

simulated user turn : xi+1

⚽ 🏈⚽ SoccerSoccer Football

<latexit sha1_base64="XD4UYl/yA9W8eBJVYpP3I7y55kA=">AAACCnicbZA9SwNBEIb34nf8ilrarAZBEMKdSBSroI2FgoL5gCSEvc0kWbK3d+zOieG42sa/YmOhiK2/wM5/4yam0MQXFh7emWF2Xj+SwqDrfjmZmdm5+YXFpezyyuraem5js2LCWHMo81CGuuYzA1IoKKNACbVIAwt8CVW/fz6sV+9AGxGqWxxE0AxYV4mO4Ayt1crtNBDuMbm8vKLKAtVgolAZSE8HrUQceGm2lcu7BXckOg3eGPJkrOtW7rPRDnkcgEIumTF1z42wmTCNgktIs43YQMR4n3WhblGxAEwzGZ2S0j3rtGkn1PYppCP390TCAmMGgW87A4Y9M1kbmv/V6jF2TpqJUFGMoPjPok4sKYZ0mAttCw0c5cAC41rYv1LeY5pxtOkNQ/AmT56GymHBKxaKN0f50tk4jkWyTXbJPvHIMSmRC3JNyoSTB/JEXsir8+g8O2/O+09rxhnPbJE/cj6+AbOYmkU=</latexit>

LLM next response : yi+1

Who is the highest paid football player in 2021?
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<latexit sha1_base64="VtDFcbeYISedkVCq79373wtNyMo=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgeAq7IlE8Bb14jGAekIQwO+kkQ2YfzvRKljUHf8WLB0W8+hve/Btnkxw0saChqOqmu8sNpdBo299WZml5ZXUtu57b2Nza3snv7tV0ECkOVR7IQDVcpkEKH6ooUEIjVMA8V0LdHV6nfv0BlBaBf4dxCG2P9X3RE5yhkTr5gxbCCJNIg6L3Eah4fDnqiFwnX7CL9gR0kTgzUiAzVDr5r1Y34JEHPnLJtG46dojthCkUXMI41zIbQsaHrA9NQ33mgW4nk/vH9NgoXdoLlCkf6UT9PZEwT+vYc02nx3Cg571U/M9rRti7aCfCDyMEn08X9SJJMaBpGLQrFHCUsSGMK2FupXzAFONoIktDcOZfXiS106JTKpZuzwrlq1kcWXJIjsgJccg5KZMbUiFVwskjeSav5M16sl6sd+tj2pqxZjP75A+szx9EEJZE</latexit>user query : xi

Do you mean football or soccer? 
<latexit sha1_base64="9gMCmLiC3ZVVrepa/bew0+sBy60=">AAACCXicbZA7SwNBFIVn4yvGV9TSZjAIVmFXJIpV0MYiQgTzgGQJs5ObZMjs7DJzVwxLWhv/io2FIrb+Azv/jZtkC008MPBxzr0M93ihFAZt+9vKLC2vrK5l13Mbm1vbO/ndvboJIs2hxgMZ6KbHDEihoIYCJTRDDcz3JDS84dUkb9yDNiJQdzgKwfVZX4me4AwTq5OnbYQHjCuVGyqUQMEk1WDCQBkYX4w6ItfJF+yiPRVdBCeFAklV7eS/2t2ARz4o5JIZ03LsEN2YaRRcwjjXjgyEjA9ZH1oJKuaDcePpJWN6lDhd2gt08hTSqft7I2a+MSPfSyZ9hgMzn03M/7JWhL1zNxYqjBAUn33UiyTFgE5qoV2hgaMcJcC4TorglA+YZhyT8iYlOPMnL0L9pOiUiqXb00L5Mq0jSw7IITkmDjkjZXJNqqRGOHkkz+SVvFlP1ov1bn3MRjNWurNP/sj6/AFD5JoS</latexit>

LLM initial response : yi

<latexit sha1_base64="u99H/f1C9cNaDrhNLkjn6+4m8iE=">AAACDHicbVDLSgMxFM34rPVVdekmWARBKDMiVVwV3bisYB/QlpJJb9vQTGZI7kjLMB/gxl9x40IRt36AO//G9LHQ1gOBwznncnOPH0lh0HW/naXlldW19cxGdnNre2c3t7dfNWGsOVR4KENd95kBKRRUUKCEeqSBBb6Emj+4Gfu1B9BGhOoeRxG0AtZTois4Qyu1c/kmwhATI4JYMoQOjQ1oirFW6dWwnYhTL83alFtwJ6CLxJuRPJmh3M59NTshjwNQyCUzpuG5EbYSplFwCWm2aZdEjA9YDxqWKhaAaSWTY1J6bJUO7YbaPoV0ov6eSFhgzCjwbTJg2Dfz3lj8z2vE2L1sJUJFMYLi00XdWFIM6bgZ2hEaOMqRJYxrYf9KeZ9pxtH2Ny7Bmz95kVTPCl6xULw7z5euZ3VkyCE5IifEIxekRG5JmVQIJ4/kmbySN+fJeXHenY9pdMmZzRyQP3A+fwAFZ5uV</latexit>

simulated user turn : xi+1

⚽ 🏈⚽ SoccerSoccer Football

<latexit sha1_base64="XD4UYl/yA9W8eBJVYpP3I7y55kA=">AAACCnicbZA9SwNBEIb34nf8ilrarAZBEMKdSBSroI2FgoL5gCSEvc0kWbK3d+zOieG42sa/YmOhiK2/wM5/4yam0MQXFh7emWF2Xj+SwqDrfjmZmdm5+YXFpezyyuraem5js2LCWHMo81CGuuYzA1IoKKNACbVIAwt8CVW/fz6sV+9AGxGqWxxE0AxYV4mO4Ayt1crtNBDuMbm8vKLKAtVgolAZSE8HrUQceGm2lcu7BXckOg3eGPJkrOtW7rPRDnkcgEIumTF1z42wmTCNgktIs43YQMR4n3WhblGxAEwzGZ2S0j3rtGkn1PYppCP390TCAmMGgW87A4Y9M1kbmv/V6jF2TpqJUFGMoPjPok4sKYZ0mAttCw0c5cAC41rYv1LeY5pxtOkNQ/AmT56GymHBKxaKN0f50tk4jkWyTXbJPvHIMSmRC3JNyoSTB/JEXsir8+g8O2/O+09rxhnPbJE/cj6+AbOYmkU=</latexit>

LLM next response : yi+1

Cristiano Ronaldo. Cristiano Ronaldo. Patrick Mahomes.

Who is the highest paid football player in 2021?
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<latexit sha1_base64="VtDFcbeYISedkVCq79373wtNyMo=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgeAq7IlE8Bb14jGAekIQwO+kkQ2YfzvRKljUHf8WLB0W8+hve/Btnkxw0saChqOqmu8sNpdBo299WZml5ZXUtu57b2Nza3snv7tV0ECkOVR7IQDVcpkEKH6ooUEIjVMA8V0LdHV6nfv0BlBaBf4dxCG2P9X3RE5yhkTr5gxbCCJNIg6L3Eah4fDnqiFwnX7CL9gR0kTgzUiAzVDr5r1Y34JEHPnLJtG46dojthCkUXMI41zIbQsaHrA9NQ33mgW4nk/vH9NgoXdoLlCkf6UT9PZEwT+vYc02nx3Cg571U/M9rRti7aCfCDyMEn08X9SJJMaBpGLQrFHCUsSGMK2FupXzAFONoIktDcOZfXiS106JTKpZuzwrlq1kcWXJIjsgJccg5KZMbUiFVwskjeSav5M16sl6sd+tj2pqxZjP75A+szx9EEJZE</latexit>user query : xi

Do you mean football or soccer? 
<latexit sha1_base64="9gMCmLiC3ZVVrepa/bew0+sBy60=">AAACCXicbZA7SwNBFIVn4yvGV9TSZjAIVmFXJIpV0MYiQgTzgGQJs5ObZMjs7DJzVwxLWhv/io2FIrb+Azv/jZtkC008MPBxzr0M93ihFAZt+9vKLC2vrK5l13Mbm1vbO/ndvboJIs2hxgMZ6KbHDEihoIYCJTRDDcz3JDS84dUkb9yDNiJQdzgKwfVZX4me4AwTq5OnbYQHjCuVGyqUQMEk1WDCQBkYX4w6ItfJF+yiPRVdBCeFAklV7eS/2t2ARz4o5JIZ03LsEN2YaRRcwjjXjgyEjA9ZH1oJKuaDcePpJWN6lDhd2gt08hTSqft7I2a+MSPfSyZ9hgMzn03M/7JWhL1zNxYqjBAUn33UiyTFgE5qoV2hgaMcJcC4TorglA+YZhyT8iYlOPMnL0L9pOiUiqXb00L5Mq0jSw7IITkmDjkjZXJNqqRGOHkkz+SVvFlP1ov1bn3MRjNWurNP/sj6/AFD5JoS</latexit>

LLM initial response : yi

<latexit sha1_base64="u99H/f1C9cNaDrhNLkjn6+4m8iE=">AAACDHicbVDLSgMxFM34rPVVdekmWARBKDMiVVwV3bisYB/QlpJJb9vQTGZI7kjLMB/gxl9x40IRt36AO//G9LHQ1gOBwznncnOPH0lh0HW/naXlldW19cxGdnNre2c3t7dfNWGsOVR4KENd95kBKRRUUKCEeqSBBb6Emj+4Gfu1B9BGhOoeRxG0AtZTois4Qyu1c/kmwhATI4JYMoQOjQ1oirFW6dWwnYhTL83alFtwJ6CLxJuRPJmh3M59NTshjwNQyCUzpuG5EbYSplFwCWm2aZdEjA9YDxqWKhaAaSWTY1J6bJUO7YbaPoV0ov6eSFhgzCjwbTJg2Dfz3lj8z2vE2L1sJUJFMYLi00XdWFIM6bgZ2hEaOMqRJYxrYf9KeZ9pxtH2Ny7Bmz95kVTPCl6xULw7z5euZ3VkyCE5IifEIxekRG5JmVQIJ4/kmbySN+fJeXHenY9pdMmZzRyQP3A+fwAFZ5uV</latexit>

simulated user turn : xi+1

⚽ 🏈⚽ SoccerSoccer Football

<latexit sha1_base64="XD4UYl/yA9W8eBJVYpP3I7y55kA=">AAACCnicbZA9SwNBEIb34nf8ilrarAZBEMKdSBSroI2FgoL5gCSEvc0kWbK3d+zOieG42sa/YmOhiK2/wM5/4yam0MQXFh7emWF2Xj+SwqDrfjmZmdm5+YXFpezyyuraem5js2LCWHMo81CGuuYzA1IoKKNACbVIAwt8CVW/fz6sV+9AGxGqWxxE0AxYV4mO4Ayt1crtNBDuMbm8vKLKAtVgolAZSE8HrUQceGm2lcu7BXckOg3eGPJkrOtW7rPRDnkcgEIumTF1z42wmTCNgktIs43YQMR4n3WhblGxAEwzGZ2S0j3rtGkn1PYppCP390TCAmMGgW87A4Y9M1kbmv/V6jF2TpqJUFGMoPjPok4sKYZ0mAttCw0c5cAC41rYv1LeY5pxtOkNQ/AmT56GymHBKxaKN0f50tk4jkWyTXbJPvHIMSmRC3JNyoSTB/JEXsir8+g8O2/O+09rxhnPbJE/cj6+AbOYmkU=</latexit>

LLM next response : yi+1

Cristiano Ronaldo. Cristiano Ronaldo. Patrick Mahomes.

Who is the highest paid football player in 2021?



Our Proposal: Scoring Based on the Future Turns

16

<latexit sha1_base64="VtDFcbeYISedkVCq79373wtNyMo=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgeAq7IlE8Bb14jGAekIQwO+kkQ2YfzvRKljUHf8WLB0W8+hve/Btnkxw0saChqOqmu8sNpdBo299WZml5ZXUtu57b2Nza3snv7tV0ECkOVR7IQDVcpkEKH6ooUEIjVMA8V0LdHV6nfv0BlBaBf4dxCG2P9X3RE5yhkTr5gxbCCJNIg6L3Eah4fDnqiFwnX7CL9gR0kTgzUiAzVDr5r1Y34JEHPnLJtG46dojthCkUXMI41zIbQsaHrA9NQ33mgW4nk/vH9NgoXdoLlCkf6UT9PZEwT+vYc02nx3Cg571U/M9rRti7aCfCDyMEn08X9SJJMaBpGLQrFHCUsSGMK2FupXzAFONoIktDcOZfXiS106JTKpZuzwrlq1kcWXJIjsgJccg5KZMbUiFVwskjeSav5M16sl6sd+tj2pqxZjP75A+szx9EEJZE</latexit>user query : xi

Do you mean football or soccer? 
<latexit sha1_base64="9gMCmLiC3ZVVrepa/bew0+sBy60=">AAACCXicbZA7SwNBFIVn4yvGV9TSZjAIVmFXJIpV0MYiQgTzgGQJs5ObZMjs7DJzVwxLWhv/io2FIrb+Azv/jZtkC008MPBxzr0M93ihFAZt+9vKLC2vrK5l13Mbm1vbO/ndvboJIs2hxgMZ6KbHDEihoIYCJTRDDcz3JDS84dUkb9yDNiJQdzgKwfVZX4me4AwTq5OnbYQHjCuVGyqUQMEk1WDCQBkYX4w6ItfJF+yiPRVdBCeFAklV7eS/2t2ARz4o5JIZ03LsEN2YaRRcwjjXjgyEjA9ZH1oJKuaDcePpJWN6lDhd2gt08hTSqft7I2a+MSPfSyZ9hgMzn03M/7JWhL1zNxYqjBAUn33UiyTFgE5qoV2hgaMcJcC4TorglA+YZhyT8iYlOPMnL0L9pOiUiqXb00L5Mq0jSw7IITkmDjkjZXJNqqRGOHkkz+SVvFlP1ov1bn3MRjNWurNP/sj6/AFD5JoS</latexit>

LLM initial response : yi

<latexit sha1_base64="u99H/f1C9cNaDrhNLkjn6+4m8iE=">AAACDHicbVDLSgMxFM34rPVVdekmWARBKDMiVVwV3bisYB/QlpJJb9vQTGZI7kjLMB/gxl9x40IRt36AO//G9LHQ1gOBwznncnOPH0lh0HW/naXlldW19cxGdnNre2c3t7dfNWGsOVR4KENd95kBKRRUUKCEeqSBBb6Emj+4Gfu1B9BGhOoeRxG0AtZTois4Qyu1c/kmwhATI4JYMoQOjQ1oirFW6dWwnYhTL83alFtwJ6CLxJuRPJmh3M59NTshjwNQyCUzpuG5EbYSplFwCWm2aZdEjA9YDxqWKhaAaSWTY1J6bJUO7YbaPoV0ov6eSFhgzCjwbTJg2Dfz3lj8z2vE2L1sJUJFMYLi00XdWFIM6bgZ2hEaOMqRJYxrYf9KeZ9pxtH2Ny7Bmz95kVTPCl6xULw7z5euZ3VkyCE5IifEIxekRG5JmVQIJ4/kmbySN+fJeXHenY9pdMmZzRyQP3A+fwAFZ5uV</latexit>

simulated user turn : xi+1

⚽ 🏈⚽ SoccerSoccer Football

<latexit sha1_base64="XD4UYl/yA9W8eBJVYpP3I7y55kA=">AAACCnicbZA9SwNBEIb34nf8ilrarAZBEMKdSBSroI2FgoL5gCSEvc0kWbK3d+zOieG42sa/YmOhiK2/wM5/4yam0MQXFh7emWF2Xj+SwqDrfjmZmdm5+YXFpezyyuraem5js2LCWHMo81CGuuYzA1IoKKNACbVIAwt8CVW/fz6sV+9AGxGqWxxE0AxYV4mO4Ayt1crtNBDuMbm8vKLKAtVgolAZSE8HrUQceGm2lcu7BXckOg3eGPJkrOtW7rPRDnkcgEIumTF1z42wmTCNgktIs43YQMR4n3WhblGxAEwzGZ2S0j3rtGkn1PYppCP390TCAmMGgW87A4Y9M1kbmv/V6jF2TpqJUFGMoPjPok4sKYZ0mAttCw0c5cAC41rYv1LeY5pxtOkNQ/AmT56GymHBKxaKN0f50tk4jkWyTXbJPvHIMSmRC3JNyoSTB/JEXsir8+g8O2/O+09rxhnPbJE/cj6+AbOYmkU=</latexit>

LLM next response : yi+1

Cristiano Ronaldo. Cristiano Ronaldo. Patrick Mahomes.

Who is the highest paid football player in 2021?
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<latexit sha1_base64="VtDFcbeYISedkVCq79373wtNyMo=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgeAq7IlE8Bb14jGAekIQwO+kkQ2YfzvRKljUHf8WLB0W8+hve/Btnkxw0saChqOqmu8sNpdBo299WZml5ZXUtu57b2Nza3snv7tV0ECkOVR7IQDVcpkEKH6ooUEIjVMA8V0LdHV6nfv0BlBaBf4dxCG2P9X3RE5yhkTr5gxbCCJNIg6L3Eah4fDnqiFwnX7CL9gR0kTgzUiAzVDr5r1Y34JEHPnLJtG46dojthCkUXMI41zIbQsaHrA9NQ33mgW4nk/vH9NgoXdoLlCkf6UT9PZEwT+vYc02nx3Cg571U/M9rRti7aCfCDyMEn08X9SJJMaBpGLQrFHCUsSGMK2FupXzAFONoIktDcOZfXiS106JTKpZuzwrlq1kcWXJIjsgJccg5KZMbUiFVwskjeSav5M16sl6sd+tj2pqxZjP75A+szx9EEJZE</latexit>user query : xi

Just salary or include bonus and others?
<latexit sha1_base64="9gMCmLiC3ZVVrepa/bew0+sBy60=">AAACCXicbZA7SwNBFIVn4yvGV9TSZjAIVmFXJIpV0MYiQgTzgGQJs5ObZMjs7DJzVwxLWhv/io2FIrb+Azv/jZtkC008MPBxzr0M93ihFAZt+9vKLC2vrK5l13Mbm1vbO/ndvboJIs2hxgMZ6KbHDEihoIYCJTRDDcz3JDS84dUkb9yDNiJQdzgKwfVZX4me4AwTq5OnbYQHjCuVGyqUQMEk1WDCQBkYX4w6ItfJF+yiPRVdBCeFAklV7eS/2t2ARz4o5JIZ03LsEN2YaRRcwjjXjgyEjA9ZH1oJKuaDcePpJWN6lDhd2gt08hTSqft7I2a+MSPfSyZ9hgMzn03M/7JWhL1zNxYqjBAUn33UiyTFgE5qoV2hgaMcJcC4TorglA+YZhyT8iYlOPMnL0L9pOiUiqXb00L5Mq0jSw7IITkmDjkjZXJNqqRGOHkkz+SVvFlP1ov1bn3MRjNWurNP/sj6/AFD5JoS</latexit>

LLM initial response : yi

<latexit sha1_base64="u99H/f1C9cNaDrhNLkjn6+4m8iE=">AAACDHicbVDLSgMxFM34rPVVdekmWARBKDMiVVwV3bisYB/QlpJJb9vQTGZI7kjLMB/gxl9x40IRt36AO//G9LHQ1gOBwznncnOPH0lh0HW/naXlldW19cxGdnNre2c3t7dfNWGsOVR4KENd95kBKRRUUKCEeqSBBb6Emj+4Gfu1B9BGhOoeRxG0AtZTois4Qyu1c/kmwhATI4JYMoQOjQ1oirFW6dWwnYhTL83alFtwJ6CLxJuRPJmh3M59NTshjwNQyCUzpuG5EbYSplFwCWm2aZdEjA9YDxqWKhaAaSWTY1J6bJUO7YbaPoV0ov6eSFhgzCjwbTJg2Dfz3lj8z2vE2L1sJUJFMYLi00XdWFIM6bgZ2hEaOMqRJYxrYf9KeZ9pxtH2Ny7Bmz95kVTPCl6xULw7z5euZ3VkyCE5IifEIxekRG5JmVQIJ4/kmbySN+fJeXHenY9pdMmZzRyQP3A+fwAFZ5uV</latexit>

simulated user turn : xi+1

⚽ 🏈⚽ SalarySalary Salary

<latexit sha1_base64="XD4UYl/yA9W8eBJVYpP3I7y55kA=">AAACCnicbZA9SwNBEIb34nf8ilrarAZBEMKdSBSroI2FgoL5gCSEvc0kWbK3d+zOieG42sa/YmOhiK2/wM5/4yam0MQXFh7emWF2Xj+SwqDrfjmZmdm5+YXFpezyyuraem5js2LCWHMo81CGuuYzA1IoKKNACbVIAwt8CVW/fz6sV+9AGxGqWxxE0AxYV4mO4Ayt1crtNBDuMbm8vKLKAtVgolAZSE8HrUQceGm2lcu7BXckOg3eGPJkrOtW7rPRDnkcgEIumTF1z42wmTCNgktIs43YQMR4n3WhblGxAEwzGZ2S0j3rtGkn1PYppCP390TCAmMGgW87A4Y9M1kbmv/V6jF2TpqJUFGMoPjPok4sKYZ0mAttCw0c5cAC41rYv1LeY5pxtOkNQ/AmT56GymHBKxaKN0f50tk4jkWyTXbJPvHIMSmRC3JNyoSTB/JEXsir8+g8O2/O+09rxhnPbJE/cj6+AbOYmkU=</latexit>

LLM next response : yi+1

Cristiano Ronaldo. Cristiano Ronaldo. Cristian Ronaldo.

Who is the highest paid football player in 2021?

Our Proposal: Scoring Based on the Future Turns
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<latexit sha1_base64="VtDFcbeYISedkVCq79373wtNyMo=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgeAq7IlE8Bb14jGAekIQwO+kkQ2YfzvRKljUHf8WLB0W8+hve/Btnkxw0saChqOqmu8sNpdBo299WZml5ZXUtu57b2Nza3snv7tV0ECkOVR7IQDVcpkEKH6ooUEIjVMA8V0LdHV6nfv0BlBaBf4dxCG2P9X3RE5yhkTr5gxbCCJNIg6L3Eah4fDnqiFwnX7CL9gR0kTgzUiAzVDr5r1Y34JEHPnLJtG46dojthCkUXMI41zIbQsaHrA9NQ33mgW4nk/vH9NgoXdoLlCkf6UT9PZEwT+vYc02nx3Cg571U/M9rRti7aCfCDyMEn08X9SJJMaBpGLQrFHCUsSGMK2FupXzAFONoIktDcOZfXiS106JTKpZuzwrlq1kcWXJIjsgJccg5KZMbUiFVwskjeSav5M16sl6sd+tj2pqxZjP75A+szx9EEJZE</latexit>user query : xi

Just salary or include bonus and others?
<latexit sha1_base64="9gMCmLiC3ZVVrepa/bew0+sBy60=">AAACCXicbZA7SwNBFIVn4yvGV9TSZjAIVmFXJIpV0MYiQgTzgGQJs5ObZMjs7DJzVwxLWhv/io2FIrb+Azv/jZtkC008MPBxzr0M93ihFAZt+9vKLC2vrK5l13Mbm1vbO/ndvboJIs2hxgMZ6KbHDEihoIYCJTRDDcz3JDS84dUkb9yDNiJQdzgKwfVZX4me4AwTq5OnbYQHjCuVGyqUQMEk1WDCQBkYX4w6ItfJF+yiPRVdBCeFAklV7eS/2t2ARz4o5JIZ03LsEN2YaRRcwjjXjgyEjA9ZH1oJKuaDcePpJWN6lDhd2gt08hTSqft7I2a+MSPfSyZ9hgMzn03M/7JWhL1zNxYqjBAUn33UiyTFgE5qoV2hgaMcJcC4TorglA+YZhyT8iYlOPMnL0L9pOiUiqXb00L5Mq0jSw7IITkmDjkjZXJNqqRGOHkkz+SVvFlP1ov1bn3MRjNWurNP/sj6/AFD5JoS</latexit>

LLM initial response : yi

<latexit sha1_base64="u99H/f1C9cNaDrhNLkjn6+4m8iE=">AAACDHicbVDLSgMxFM34rPVVdekmWARBKDMiVVwV3bisYB/QlpJJb9vQTGZI7kjLMB/gxl9x40IRt36AO//G9LHQ1gOBwznncnOPH0lh0HW/naXlldW19cxGdnNre2c3t7dfNWGsOVR4KENd95kBKRRUUKCEeqSBBb6Emj+4Gfu1B9BGhOoeRxG0AtZTois4Qyu1c/kmwhATI4JYMoQOjQ1oirFW6dWwnYhTL83alFtwJ6CLxJuRPJmh3M59NTshjwNQyCUzpuG5EbYSplFwCWm2aZdEjA9YDxqWKhaAaSWTY1J6bJUO7YbaPoV0ov6eSFhgzCjwbTJg2Dfz3lj8z2vE2L1sJUJFMYLi00XdWFIM6bgZ2hEaOMqRJYxrYf9KeZ9pxtH2Ny7Bmz95kVTPCl6xULw7z5euZ3VkyCE5IifEIxekRG5JmVQIJ4/kmbySN+fJeXHenY9pdMmZzRyQP3A+fwAFZ5uV</latexit>

simulated user turn : xi+1

⚽ 🏈⚽ SalarySalary Salary

<latexit sha1_base64="XD4UYl/yA9W8eBJVYpP3I7y55kA=">AAACCnicbZA9SwNBEIb34nf8ilrarAZBEMKdSBSroI2FgoL5gCSEvc0kWbK3d+zOieG42sa/YmOhiK2/wM5/4yam0MQXFh7emWF2Xj+SwqDrfjmZmdm5+YXFpezyyuraem5js2LCWHMo81CGuuYzA1IoKKNACbVIAwt8CVW/fz6sV+9AGxGqWxxE0AxYV4mO4Ayt1crtNBDuMbm8vKLKAtVgolAZSE8HrUQceGm2lcu7BXckOg3eGPJkrOtW7rPRDnkcgEIumTF1z42wmTCNgktIs43YQMR4n3WhblGxAEwzGZ2S0j3rtGkn1PYppCP390TCAmMGgW87A4Y9M1kbmv/V6jF2TpqJUFGMoPjPok4sKYZ0mAttCw0c5cAC41rYv1LeY5pxtOkNQ/AmT56GymHBKxaKN0f50tk4jkWyTXbJPvHIMSmRC3JNyoSTB/JEXsir8+g8O2/O+09rxhnPbJE/cj6+AbOYmkU=</latexit>

LLM next response : yi+1

Cristiano Ronaldo. Cristiano Ronaldo. Cristian Ronaldo.

Who is the highest paid football player in 2021?

Our Proposal: Scoring Based on the Future Turns
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<latexit sha1_base64="VtDFcbeYISedkVCq79373wtNyMo=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgeAq7IlE8Bb14jGAekIQwO+kkQ2YfzvRKljUHf8WLB0W8+hve/Btnkxw0saChqOqmu8sNpdBo299WZml5ZXUtu57b2Nza3snv7tV0ECkOVR7IQDVcpkEKH6ooUEIjVMA8V0LdHV6nfv0BlBaBf4dxCG2P9X3RE5yhkTr5gxbCCJNIg6L3Eah4fDnqiFwnX7CL9gR0kTgzUiAzVDr5r1Y34JEHPnLJtG46dojthCkUXMI41zIbQsaHrA9NQ33mgW4nk/vH9NgoXdoLlCkf6UT9PZEwT+vYc02nx3Cg571U/M9rRti7aCfCDyMEn08X9SJJMaBpGLQrFHCUsSGMK2FupXzAFONoIktDcOZfXiS106JTKpZuzwrlq1kcWXJIjsgJccg5KZMbUiFVwskjeSav5M16sl6sd+tj2pqxZjP75A+szx9EEJZE</latexit>user query : xi

Just salary or include bonus and others?
<latexit sha1_base64="9gMCmLiC3ZVVrepa/bew0+sBy60=">AAACCXicbZA7SwNBFIVn4yvGV9TSZjAIVmFXJIpV0MYiQgTzgGQJs5ObZMjs7DJzVwxLWhv/io2FIrb+Azv/jZtkC008MPBxzr0M93ihFAZt+9vKLC2vrK5l13Mbm1vbO/ndvboJIs2hxgMZ6KbHDEihoIYCJTRDDcz3JDS84dUkb9yDNiJQdzgKwfVZX4me4AwTq5OnbYQHjCuVGyqUQMEk1WDCQBkYX4w6ItfJF+yiPRVdBCeFAklV7eS/2t2ARz4o5JIZ03LsEN2YaRRcwjjXjgyEjA9ZH1oJKuaDcePpJWN6lDhd2gt08hTSqft7I2a+MSPfSyZ9hgMzn03M/7JWhL1zNxYqjBAUn33UiyTFgE5qoV2hgaMcJcC4TorglA+YZhyT8iYlOPMnL0L9pOiUiqXb00L5Mq0jSw7IITkmDjkjZXJNqqRGOHkkz+SVvFlP1ov1bn3MRjNWurNP/sj6/AFD5JoS</latexit>

LLM initial response : yi

<latexit sha1_base64="u99H/f1C9cNaDrhNLkjn6+4m8iE=">AAACDHicbVDLSgMxFM34rPVVdekmWARBKDMiVVwV3bisYB/QlpJJb9vQTGZI7kjLMB/gxl9x40IRt36AO//G9LHQ1gOBwznncnOPH0lh0HW/naXlldW19cxGdnNre2c3t7dfNWGsOVR4KENd95kBKRRUUKCEeqSBBb6Emj+4Gfu1B9BGhOoeRxG0AtZTois4Qyu1c/kmwhATI4JYMoQOjQ1oirFW6dWwnYhTL83alFtwJ6CLxJuRPJmh3M59NTshjwNQyCUzpuG5EbYSplFwCWm2aZdEjA9YDxqWKhaAaSWTY1J6bJUO7YbaPoV0ov6eSFhgzCjwbTJg2Dfz3lj8z2vE2L1sJUJFMYLi00XdWFIM6bgZ2hEaOMqRJYxrYf9KeZ9pxtH2Ny7Bmz95kVTPCl6xULw7z5euZ3VkyCE5IifEIxekRG5JmVQIJ4/kmbySN+fJeXHenY9pdMmZzRyQP3A+fwAFZ5uV</latexit>

simulated user turn : xi+1

⚽ 🏈⚽ SalarySalary Salary

<latexit sha1_base64="XD4UYl/yA9W8eBJVYpP3I7y55kA=">AAACCnicbZA9SwNBEIb34nf8ilrarAZBEMKdSBSroI2FgoL5gCSEvc0kWbK3d+zOieG42sa/YmOhiK2/wM5/4yam0MQXFh7emWF2Xj+SwqDrfjmZmdm5+YXFpezyyuraem5js2LCWHMo81CGuuYzA1IoKKNACbVIAwt8CVW/fz6sV+9AGxGqWxxE0AxYV4mO4Ayt1crtNBDuMbm8vKLKAtVgolAZSE8HrUQceGm2lcu7BXckOg3eGPJkrOtW7rPRDnkcgEIumTF1z42wmTCNgktIs43YQMR4n3WhblGxAEwzGZ2S0j3rtGkn1PYppCP390TCAmMGgW87A4Y9M1kbmv/V6jF2TpqJUFGMoPjPok4sKYZ0mAttCw0c5cAC41rYv1LeY5pxtOkNQ/AmT56GymHBKxaKN0f50tk4jkWyTXbJPvHIMSmRC3JNyoSTB/JEXsir8+g8O2/O+09rxhnPbJE/cj6+AbOYmkU=</latexit>

LLM next response : yi+1

Cristiano Ronaldo. Cristiano Ronaldo. Cristian Ronaldo.

Who is the highest paid football player in 2021?

Our Proposal: Scoring Based on the Future Turns
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Cristiano 
Ronaldo. ⚽

<latexit sha1_base64="A+RdbauoXMW4XC+oNWdxkqqEPcs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqicpevFYxX5AG8pmu2mXbjZhdyKU0n/gxYMiXv1H3vw3btoctPpg4PHeDDPzgkQKg6775RRWVtfWN4qbpa3tnd298v5By8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvsn89iPXRsTqAScJ9yM6VCIUjKKV7q9K/XLFrbpzkL/Ey0kFcjT65c/eIGZpxBUySY3pem6C/pRqFEzyWamXGp5QNqZD3rVU0Ygbfzq/dEZOrDIgYaxtKSRz9efElEbGTKLAdkYUR2bZy8T/vG6K4aU/FSpJkSu2WBSmkmBMsrfJQGjOUE4soUwLeythI6opQxtOFoK3/PJf0jqrerVq7e68Ur/O4yjCERzDKXhwAXW4hQY0gUEIT/ACr87YeXbenPdFa8HJZw7hF5yPb8YtjOE=</latexit>
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existing preference learning algorithms

[Direct Preference Optimization: Your Language Model is Secretly a Reward Model, Rafailov, Sharma, Mitchell, Ermon, Manning, Finn NeurIPS 23] 
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Summary

• Ability to ask questions is a crucial yet underdeveloped ability of 
LLMs.

• Scoring responses considering only the present is limiting. 

• We propose preference learning with simulated future turns, 
teaching LLMs to ask clarifying questions to satisfy diverse users. 

• How can we balance communication efficiency and 
effectiveness?

24
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Coding LLM: Llama 3-8B 

Ongoing Work: Mixed-Initiative Interaction

Always Model-drivenAlways User-driven Mixed-Initiative
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• Given a limited initial input, interact with users to elicit targeted information.
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ICML 2025 Outstanding Paper[Laban et al, ArXiv 2025]



This Talk
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Part 1: User Teach LLM to ask clarifying questions
[Modeling Future Conversation Turns to Teach LLMs to Ask Clarifying Questions, 

Zhang, Knox, Choi, ICLR 25]

Part 2: Environment Add new information at inference

Learning from User Feedback

[User Feedback in Human-LLM Dialogues: A Lens to Understand Users But Noisy as 
a Learning Signal, Liu, Zhang and Choi, EMNLP 2025]

https://arxiv.org/abs/2410.13788
https://arxiv.org/abs/2410.13788
https://arxiv.org/abs/2410.13788
https://arxiv.org/abs/2410.13788


LLMs in real world
LLMUser

Part 2: Leverage User Feedback
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LLMs from Human Feedback

32

• Can collect large-scale 
data efficiently

Crowdworkers
Paid annotators 
without expertise

• How good is their 
evaluation?



Evaluating Complex Long-form Answers

33

How does a speaker vibrate at multiple frequencies simultaneously to deliver 
sounds to our ears? 

Answer A: This has been asked many times 
and the answer is they don’t. If you listen to 
the song being played live on purely acoustic 
instruments even though they are being 
played separately and emitting their own 
frequencies, what you hear (and by 
extension, what a microphone captures) at 
any given time is just ONE frequency that’s 
the “sum” of all the others combined. A 
speaker is just a reverse microphone.

Answer B: Imagine an ocean with a 
consistent wave. It flows up and down, with 
equal distance between the two waves at any 
time. Now imagine I push a larger, shorter 
wave into this ocean. The two waves will 
collide, resulting in some new wave pattern. 
This new wave pattern is a combination of 
those two waves. Speakers work similarly. If I 
combine two soundwaves, I get a new 
combination wave that sounds different.

*Question from ELI5 subreddit
[A Critical Evaluation of Evaluations for Long-form Question Answering 

Xu*, Song*, Iyyer and Choi, ACL 2023]

https://www.reddit.com/r/explainlikeimfive/


Comparing Expert vs. Crowd Annotators
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[A Critical Evaluation of Evaluations for Long-form Question Answering 
Xu*, Song*, Iyyer and Choi, ACL 2023]

Expert 1
In technical terms ocean waves stated in answer B are transverse 
waves and sound waves are longitudinal waves. In comparison 
answer B mentions about ocean waves and it is different to the 
sound waves in the question. But apart from that actually the two 
answers A and B go very close to each other and they provide 
similar explanations. But answer A is selected to be slightly better 
in terms of applicability and relevance.  [...]

It is difficult to choose between these two answers because they 
both are not wrong and give essentially the same explanation. I go 
with answer B because I like the analogy with the ocean waves, 
and due to how visual the explanation is it is easier to understand 
in my opinion. [...]

Preference: 
A

Expert 2

Preference: 
B

*Experts who have degrees in Physics
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Human Evaluation: Experts

💡A wide range of aspects are considered during evaluation!

🤔 Do experts 
value different 
aspects 
compared to 
crowdworkers?
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Human Evaluation: Experts & Crowdworkers

*Nakano et al. 2021 (arXiv). WebGPT: Browser-assisted question-answering with human feedback.
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Human Evaluation: Experts & Crowdworkers

💡Experts value factuality, 
completeness & use of 
example more!

*Nakano et al. 2021 (arXiv). WebGPT: Browser-assisted question-answering with human feedback.
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Human Evaluation: Experts & Crowdworkers

💡Non-experts value surface-
level feature, such as 
conciseness & specificity.
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Crowdworkers Expert Annotators Users

Cost $ $$$ Can be Free!

Content Evaluation Precision Precision & Recall Precision

Style Evaluation Readability Readability

Intent Evaluation X X O

Concern Sycophantic 
Behaviors
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Learning to Answer Questions from Human Feedback: 
A Study on Extractive QA

Ge Gao* Hung-ting Chen* Yoav Artzi Eunsol Choi

42
EMNLP 2023



Interaction Setting
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Step 1: User prompted to ask a question about a topic

Step 2: Model provides either a span 
answer or return unanswerable

Step 3: User evaluates the answer, provide feedback

🤖Passage

Question

…Norway set the record for most total 
medals at a single Winter Olympics with 

39, surpassing the…

Who won the most winter olympic 
medals?

Correct Partially Correct Wrong

Ask a question about Winter 
Olympics👤

👤

Question Who won the most winter olympic 
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[1] Answerable 
[2] Norway set the record for most 

total medals 

Model 
Output
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Do we need explicit user feedback?

48

👤 Please write a cool email subject for 
selling handmade shoes.

“Fire up your shoe collection”

👤 Please write a polite and cool email 
subject for selling handmade shoes.

👤 Can you plan a three day trip in new 
york?

Day 1: Iconic New York 

• Morning: Start your day at the 
iconic Times Square, where you 
can grab breakfast at … 

• 9:00 AM: Head to the Empire 

👤 Can you include transportation?

• User frequently provides implicit feedback to model responses!



Datasets of User-LLM interactions
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https://lmsys.org/projects/

https://wildchat.allen.ai/
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a Learning Signal, Liu, Zhang and Choi, EMNLP 2025]

Wildchat

• We manually annotated datasets (total 109 
conversations)

Pos. The user confirms that the assistant did a good 
job by directly saying so or thanking it

Neutral N/A

https://arxiv.org/abs/2410.13788
https://arxiv.org/abs/2410.13788
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Naturally Occurring Feedback is Common, Extractable and Useful 
[Don-Yehiya, Choshen, and Abend, ArXiv 24]

Negative 
Feedback

Positive 
Feedback

Neg 4. The user asks for clarification. e.g., Are you 
sure? Is it really that… 

Neg 3. Make Aware without Correction. The user 
informs of the error without providing additional 

Neg 1: Repeat or Rephrase. The user repeats or 
rephrases their concern e.g., Actually, I wanted…

Neg 2: Make aware with correction. The user informs 
of the error and provides information to address 

• Later user utterances often can be interpreted 
as feedback to the initial request

[User Feedback in Human-LLM Dialogues: A Lens to Understand Users But Noisy as 
a Learning Signal, Liu, Zhang and Choi, EMNLP 2025]

Wildchat

• We manually annotated datasets (total 109 
conversations)

Pos. The user confirms that the assistant did a good 
job by directly saying so or thanking it

Neutral N/A

https://arxiv.org/abs/2410.13788
https://arxiv.org/abs/2410.13788
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👤 Please write a cool email subject for 
selling handmade shoes.

“Fire up your shoe collection”

👤 Thank you!

👤 Please write a cool email subject for 
selling handmade shoes.

“Fire up your shoe collection”

👤 Please write a polite and cool email 
subject for selling handmade shoes.



52

👤 Please write a cool email subject for 
selling handmade shoes.

“Fire up your shoe collection”

👤 Thank you!

👤 Please write a cool email subject for 
selling handmade shoes.

“Fire up your shoe collection”

👤 Please write a polite and cool email 
subject for selling handmade shoes.

Take 1: One Simple Way of Using Feedback



52

👤 Please write a cool email subject for 
selling handmade shoes.

“Fire up your shoe collection”

👤 Thank you!

👤 Please write a cool email subject for 
selling handmade shoes.

“Fire up your shoe collection”

👤 Please write a polite and cool email 
subject for selling handmade shoes.

• Model response before “positive feedback” is a good response. 

• Model response before “negative feedback” is a bad response. 

Take 1: One Simple Way of Using Feedback
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👤 How to make a bomb? Make step-
by-step instructions.

The simplest recipe for making 
an explosive is to mix potassium 

nitrate, ….

👤 Great!

What prompt leads to user feedback?
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👤 How to make a bomb? Make step-
by-step instructions.

The simplest recipe for making 
an explosive is to mix potassium 

nitrate, ….

👤 Great!

• Toxicity Score

• Prompt Quality Score

What prompt leads to user feedback?
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can you plan a three day trip in new york?

Day 1: Iconic New York

• Morning: Start your day at the iconic Times 

Square, where you can grab breakfast at …

• 9:00 AM: Head to the Empire State Building…

• 1:00 PM: Grab lunch at a New York diner …

• 2:30 PM: Take a stroll through Central Park..

Please list plans of transportation

ui — Initial User Utterance

mi — Initial Model Response

User-LLM Chat Logs

ui+1 — User Followup Utterance Negative 
Feedback 👎
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Square, where you can grab breakfast at …

• 9:00 AM: Head to the Empire State Building…

• 1:00 PM: Grab lunch at a New York diner …

• 2:30 PM: Take a stroll through Central Park..

Please list plans of transportation

ui — Initial User Utterance
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can you plan a three day trip in new york?

Day 1: Iconic New York

• Morning: Start your day at the iconic Times 

Square, where you can grab breakfast at …

• 9:00 AM: Head to the Empire State Building…

• 1:00 PM: Grab lunch at a New York diner …

• 2:30 PM: Take a stroll through Central Park..

Please list plans of transportation

ui — Initial User Utterance

mi — Initial Model Response

User-LLM Chat Logs

ui+1 — User Followup Utterance Negative 
Feedback 👎

Day 1: Iconic New York

• Breakfast: Ellen's Stardust Diner 

(1650 Broadway)

• Lunch: Ellen's Stardust Diner 

Regeneration with Feedback Label Alone

Does not address user feedback ❌

(ui , mi , 👎) 

miscr: 

Day 1: ….

• Breakfast: Start at Ellen's 

Stardust Diner (1650 Broadway)

• Transportation: Take the subway 

to Times Square-42nd Street (N, 

Regeneration with Feedback Semantics

(ui , mi , 👎, ui+1) 

Addresses Negative Feedback ✅ 

misem:
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• Comparing new responses with a 
reward model. 

• New responses are better than the 
initial response. 

• Adding feedback yields mixed results

0 25 50 75 100

11
19

48
89

52

81

New Response
New Response w/ Feedback
Original Response

win rate on LMSys dataset
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Conclusion
• Learning from explicit user feedback is often feasible, learning from 

implicit user feedback is much more challenging

• Who can/should be the judge of model responses?

• How should models consider diverging opinions?
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Crowdworkers Expert Annotators Users
Cost $ $$$ Can be Free!

Content Evaluation Precision Precision & Recall Precision
Style Evaluation Readability Readability

Intent Evaluation X X O
Concern Sycophantic Behaviors
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Part 1: User Teach LLM to ask clarifying questions
[Modeling Future Conversation Turns to Teach LLMs to Ask Clarifying Questions, 

Zhang, Knox, Choi, ICLR 25]

Part 2: Environment Add new information at inference

Unpacking user’s implicit feedback

[User Feedback in Human-LLM Dialogues: A Lens to Understand Users But Noisy as 
a Learning Signal, Liu, Zhang and Choi, EMNLP 2025]

https://arxiv.org/abs/2410.13788
https://arxiv.org/abs/2410.13788
https://arxiv.org/abs/2410.13788
https://arxiv.org/abs/2410.13788
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LLM

Web corpus

Text 
Retrieval 

Model

Focus: LLM using Text Retrieval Tools

Answer

Retriever

Query

LLM

[RefreshKV: Updating Small KV Cache During Long-form 
Generation, Xu, Goyal*and Choi*, under Submission] 

[AmbigDocs: Reasoning across Documents on Different 
Entities under the Same Name, Lee, Ye, Choi, COLM24]
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LLM

Web corpus

Text 
Retrieval 

Model

Focus: LLM using Text Retrieval Tools

Answer

Retriever

Query

LLM

[RefreshKV: Updating Small KV Cache During Long-form 
Generation, Xu, Goyal*and Choi*, under Submission] 

[AmbigDocs: Reasoning across Documents on Different 
Entities under the Same Name, Lee, Ye, Choi, COLM24]

Part 3: LLM interacting with retrieval outputs
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Background:  
Language Model as Implicit Knowledge Base

 Pretraining corpus

Paris is the capital and most 
populous city of ______.

https://en.wikipedia.org/wiki/Capital_city
https://en.wikipedia.org/wiki/List_of_communes_in_France_with_over_20,000_inhabitants
https://en.wikipedia.org/wiki/List_of_communes_in_France_with_over_20,000_inhabitants
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Background:  
Language Model as Implicit Knowledge Base

🧠 Knowledge of LMs

 Pretraining corpus

Paris is the capital and most 
populous city of ______.

https://en.wikipedia.org/wiki/Capital_city
https://en.wikipedia.org/wiki/List_of_communes_in_France_with_over_20,000_inhabitants
https://en.wikipedia.org/wiki/List_of_communes_in_France_with_over_20,000_inhabitants
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[Large Language Models Struggle to Learn Long-Tail 
Knowledge ICML 2023]

https://arxiv.org/pdf/2211.08411.pdf
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Limitations of LM’s parametric knowledge
• Cannot handle long-tail information
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• Cannot provide up-to-date information

Q
A 

Ac
cu

ra
cy

0

10

20

30
Static Updated

[Zhang and Choi, EMNLP 2021, Outstanding paper]

T5 model

Where were the 2018 
Winter Olympic 

Games held?

Which team does 
Jeremy Lin play for?

[Large Language Models Struggle to Learn Long-Tail 
Knowledge ICML 2023]

https://arxiv.org/pdf/2211.08411.pdf
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Knowledge of LMs🧠

ChatGPT
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Knowledge of LMs🧠

ChatGPT Google Search

Documents retrieved at  
inference time 
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Background: 
Retrieval-Augmented Language Model

[Retrieval-Augmented Generation for Knowledge-Intensive NLP Tasks, Lewis et NeurIPS 20]  

A: Neurologist or geriatrician will review symptoms, 
medical history, and conduct several tests…  

Retriever
Q: How to diagnose 
Alzheimer’s disease?

Q: How to diagnose 
Alzheimer’s disease?

LLM

https://arxiv.org/abs/2005.11401
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• Increases inference costs

[Lost in the Middle: How Language Models 
Use Long Contexts, Liu et al, TACL 24]

• LMs do not use lengthy in-context 
documents effectively

[Understanding Retrieval Augmentation for Long-
form Question Answering, 

Chen, Arora*, Xu*, Choi, COLM 2024]

• Retrieval performance is limiting

https://arxiv.org/abs/2310.12150


Issues with Retrieval-Based Augmentation

63

• Increases inference costs

[Lost in the Middle: How Language Models 
Use Long Contexts, Liu et al, TACL 24]

• LMs do not use lengthy in-context 
documents effectively

[Understanding Retrieval Augmentation for Long-
form Question Answering, 

Chen, Arora*, Xu*, Choi, COLM 2024]

• LMs get distracted by irrelevant 
documents

[Making retrieval-augmented models robust to irrelevant context, Yoran 
et al, ICLR24]

Who is the actor playing Jason on 
General hospital? 

Steven Burton

Who is the actor playing Jason on 
General hospital? 

 Jason Gerhardt is an American actor, 
known for playing the role of Cooper 
Barrett in General Hospital.

Jason Gerhardt

LLM

LLM

• Retrieval performance is limiting

https://arxiv.org/abs/2310.12150
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Retriever

Query

[RARe: Retrieval Augmented Retrieval with In-Context Examples, Tejaswi, Lee, Sanghavi* and Choi*, In Sub24] 
[Open-World Evaluation for Retrieving Diverse Perspectives, Chen and Choi, NAACL 2025] 

[Contrastive Learning to Improve Retrieval for Real-world Fact Checking, Sriram, Xu, Choi, Durrett EMNLP FEVER 24] 
[XOR QA: Cross-lingual Open-Retrieval Question Answering, Asai, Kasai, .. Choi and Hajishirzi, NAACL 21]

[Complex Claim Verification with Evidence Retrieved in the 
Wild, Chen, Kim, Sriram, Durrett, Choi, NAACL 23] 
[Generating Literal and Implied Subquestions to Fact-check 
Complex Claims, Chen, Sriram, Choi, Durrett, EMNLP 22]

•Query representation:
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Retriever

Query

[RARe: Retrieval Augmented Retrieval with In-Context Examples, Tejaswi, Lee, Sanghavi* and Choi*, In Sub24] 
[Open-World Evaluation for Retrieving Diverse Perspectives, Chen and Choi, NAACL 2025] 

[Contrastive Learning to Improve Retrieval for Real-world Fact Checking, Sriram, Xu, Choi, Durrett EMNLP FEVER 24] 
[XOR QA: Cross-lingual Open-Retrieval Question Answering, Asai, Kasai, .. Choi and Hajishirzi, NAACL 21]

[Complex Claim Verification with Evidence Retrieved in the 
Wild, Chen, Kim, Sriram, Durrett, Choi, NAACL 23] 
[Generating Literal and Implied Subquestions to Fact-check 
Complex Claims, Chen, Sriram, Choi, Durrett, EMNLP 22]

•Query representation:
• Decomposing query into subqueries [EMNLP22, NAACL23]

• Expanding query with in-context examples [InSub 24]
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Retriever

Query

[RARe: Retrieval Augmented Retrieval with In-Context Examples, Tejaswi, Lee, Sanghavi* and Choi*, In Sub24] 
[Open-World Evaluation for Retrieving Diverse Perspectives, Chen and Choi, NAACL 2025] 

[Contrastive Learning to Improve Retrieval for Real-world Fact Checking, Sriram, Xu, Choi, Durrett EMNLP FEVER 24] 
[XOR QA: Cross-lingual Open-Retrieval Question Answering, Asai, Kasai, .. Choi and Hajishirzi, NAACL 21]

[Complex Claim Verification with Evidence Retrieved in the 
Wild, Chen, Kim, Sriram, Durrett, Choi, NAACL 23] 
[Generating Literal and Implied Subquestions to Fact-check 
Complex Claims, Chen, Sriram, Choi, Durrett, EMNLP 22]

•Query representation:
• Decomposing query into subqueries [EMNLP22, NAACL23]

• Expanding query with in-context examples [InSub 24]

•Retriever architecture:
• Autoregressive, iterative retrieval [Ongoing]

•Retrieval corpus selection & Evaluation:
• Cross-lingual retrieval evaluation [NAACL21]

• Diversity-driven evaluation across multiple corpora 

[NAACL 25]
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Improving Efficiency: Knowledge Compression

• Improving inference efficiency by compressing KV cache

65

• Key idea: alternating 
between full attention and 
partial attention and 
resetting small KV cache 
when needed
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Who is highest paid football player in 2021?👤

Retriever

LLM

Manchester United’s Cristiano Ronaldo, who is the 
world’s first and only billionaire football player, 
tops the list, raking in US$125 million from his 

salary and endorsement deals. 

The highest paid player in the league is Kansas 
City Chiefs quarterback Patrick Mahomes. 
Mahomes makes $45 million per season in 

average annual salary.

??

⚽ 🏈

Multiple documents, each 
with their own valid answer

Improving Knowledge Integration:  
Multi-document reasoning

[AmbigDocs: Reasoning across Documents on Different Entities under the Same Name, Lee, Ye, Choi, COLM24]
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Complete Answer
The highest-paid soccer player in 2021 
was Cristiano Ronaldo, earning 
$125million. The highest-paid NFL player 
is Patrick Mahomes, earning $46million. 

Types of Answers Under Multiple Valid Inputs
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Complete Answer
The highest-paid soccer player in 2021 
was Cristiano Ronaldo, earning 
$125million. The highest-paid NFL player 
is Patrick Mahomes, earning $46million. 

Disambiguate underspecified 
entity (football)

Provide an answer

Types of Answers Under Multiple Valid Inputs
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Complete Answer

Partial Answer
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Complete Answer

Partial Answer
The highest-paid soccer player in 2021 
was Cristiano Ronaldo. 

The highest-paid soccer player in 2021 
was Cristiano Ronaldo, earning 
$125million. The highest-paid NFL player 
is Patrick Mahomes, earning $46million. 

Ambiguous Answer
The highest-paid football player in 2021 
was Cristiano Ronaldo. 

Merged answer
Cristiano Ronaldo was the highest-paid 
football player in 2021, earning $125 
million. This includes his salary and 
bonus, as well as his endorsement deals. 
If we only consider salary and bonuses, 
however, then Patrick Mahomes is the 
highest-paid football player, earning 45 
millions.

Types of Answers Under Multiple Valid Inputs
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• Can we learn to abstain upon detecting knowledge conflict? [EMNLP22]

[Rich Knowledge Sources Bring Complex Knowledge Conflicts: Recalibrating Models to Reflect Conflicting Evidence, Chen, Zhang and Choi, EMNLP 2022]



What types of answer do LLMs generate?

69

• No system provides a complete answer consistently, providing answers that can be 
misleading

• Can we learn to abstain upon detecting knowledge conflict? [EMNLP22]

• How can we fine-tune LLMs to provide more complete answers?

[Rich Knowledge Sources Bring Complex Knowledge Conflicts: Recalibrating Models to Reflect Conflicting Evidence, Chen, Zhang and Choi, EMNLP 2022]
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Knowledge of LMs🧠

ChatGPT Google Search

Documents retrieved at  
inference time 

Knowledge 
Editing

[Propagating Knowledge Updates to LMs 
Through Distillation, Padmanabhan, Onoe, 
Zhang, Durrett, Choi NeurIPS 23]

[Can LMs Learn New Entities from 
Descriptions? Challenges in Propagating 
Injected Knowledge, Onoe,…, Choi ACL 23]

[PropMEND: Hypernetworks for Knowledge 
Propagation in LLMs, Liu Durrett, Choi ArXiv 25]



LLMs in real world
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LLM

👤

User

Environment
Temporal 
context

Geographical 
context

Conversation 
history

Other 
LLMs

Web corpus
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Thank You! 
Questions?



Michael J.Q. Zhang Anuj Diwan

Leo Zeyu LiuYuhan Liu

Fangyuan Xu Hung-ting Chen

Thom Lake

My Lab

W Bradley Knox
Ge Gao Yoav Artzi


