
CS 293/EDUC 473

Simulations & 
Biases in the LLM Training Pipeline



Heads up
● Peer feedback due this Friday, Feb 7

○ Instructions on Ed
● Weʼll start with the reading discussion next Monday – Scott will join at 3:30pm
● Experimental protocol due Feb 17
● Audience design: keep in mind that the audience for your pitch are teachers!



Todayʼs class

● Quick share-out on focusing question activity
● ~15 minute lecture on LLM bias/fairness & 

simulations
● Group discussion
● Reading discussion on He-Yueya et al. (2024) 

by Gordon, Josh and Yijia



How are LLMs used as simulators in education?

Classrooms Student 
populations

Teachers

Their Interaction

Students



What approaches are used for simulation?

● Persona-based prompting (e.g., He-Yueya et el., 2024)

Pretend that you are an 11-year-old student. 
Your gender is female. You are eligible for free 
school meals due to being financially 
disadvantaged.
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What approaches are used for simulation?

● Persona-based prompting (e.g., He-Yueya et el., 2024)
● Knowledge profile based prompting (e.g., Lu & Wang, 2024)
● Multi-step prompting (e.g., Shaikh et al., 2024)
● Role-playing the teacher (e.g. Lu & Wang, 2024)
● Ensembling multiple LLMs (e.g., He-Yueya et el., 2024)
● Few shot examples (e.g., He-Yueya et el., 2024)
● Fine-tuning on student response data (e.g., He-Yueya et el., 2024)
● Using LLM agents (e.g. Zhang et al., 2024)



Using LLM Agents (Zhang et al., 2024)

https://arxiv.org/pdf/2406.19226?


So, does it work??



Challenges

● Not representative of teacher/student populations 
○ e.g. misalignment with human knowledge distributions; lack of pedagogical knowledge

● Lack of diversity 
● Lack of a model for learning: Inability to represent specific student behaviors / 

knowledge gaps / learning trajectories 
○ Inconsistency: goes from not understanding a concept to suddenly deriving a complex 

theorem; lack of coherence: 
● Lack of real human (student or teacher) adaptivity 

○ Skips over key parts of the learning trajectory (e.g. goes from easy to hard concepts)
○ Over-accepting of bad teaching

● Rigidity vs naturalness trade-off



So, does it work??

Depends on what you use it for, and how. 



Discuss

You are asked to consult White House officials on the following: under what 
conditions it is okay to simulate students or teachers. What do you say?

Group A: Simulating students Group B: Simulating teachers



So, does it work??

Depends on what you use it for, and how. In any event, itʼs worth 
being conscious on why itʼs the way it is. 



Under the hood: LLM training pipeline

[Source: Mina]

https://ai.gopubby.com/the-training-pipeline-of-large-language-models-afd5fa57df46


Under the hood: LLM training pipeline

[Source: Mina]

what is this “generic data”?

https://ai.gopubby.com/the-training-pipeline-of-large-language-models-afd5fa57df46


Pre-training

Zero transparency about what data these models were pre-trained on… and the little 
evidence we have does not look great!

???

Data





Not data (?)



Pre-training data processing pipeline

[Source: AI2 Dolma]

https://allenai.org/blog/dolma-3-trillion-tokens-open-llm-corpus-9a0ff4b8da64


“Monolingual” bias“Academic” language bias Topic bias



??!



Check out Rose’s slides to learn more about pre-training data biases and 
play around with this Colab related to language and quality filters…!

https://web.stanford.edu/class/cs329x/slides/s5_data.pdf
https://colab.research.google.com/drive/1EhHV3wZEjCltcm4idXdX1TnmEgdV1QhG?usp=sharing


Under the hood: LLM training pipeline

[Source: Mina]

https://ai.gopubby.com/the-training-pipeline-of-large-language-models-afd5fa57df46


Reinforcement Learning from Human Feedback (RLHF)
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much
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Reinforcement Learning from Human Feedback (RLHF)

Bias Why this is a problem for 
teacher/student simulations

Verbosity (e.g. Park et al., 2024) Neither most students, nor good teacher talk 
much

Human annotators are not representative of 
the general population, and they make 
mistakes

They are not representative of any particular 
body of students or teachers

Sycophancy: Models are trained to tell you 
what you want to hear (Sharma et al., 2023)

Good teachers donʼt tell you what you want to 
hear

Intersubjectivity: Humans have diverse, 
contradictory preferences

Even if you did RLHF with expert teachers or 
with students, they would not agree

https://arxiv.org/pdf/2403.19159
https://arxiv.org/pdf/2310.13548


🤔 
What could it look like to do RLHF well for 

teacher/student simulations?



Reading discussion on He-Yueya et al. (2024) 


