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● ESERA 2025 (Copenhagen) – Symposium
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● WCPE 2024 (Kraków) – Oral presentation
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● MPTL 2022 (Wrocław) – Oral presentation

🔹 Bridging engineering background with educational innovation
🔹 Passionate about hands-on teaching, mentoring & 
collaboration

● Background in Electrical Engineering, Automation & 
System Analysis

● Focused on AI in Physics Education, LLMs, and 
Technology-Enhanced Learning

● International experience through research stays and 
conference presentations

● Publications in PR-PER and IJAIED

Publications (selected)

● Multilingual AI in Physics Concept Inventories (PR-PER, 2025)
● Student Interactions with AI in Physics Labs (IJAIED, 2025)
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Sentiment check

Please scan the QR code to connect to 
the interactive part of the presentation.

Question 1 - To what extent do you 
agree with the statement: 'AI tools can 

enhance student learning and 
engagement in physics labs.'
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Context and 
motivation
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Hands-On Practice and the Limits of LLMs
🧪 AI in Lab Settings:

- Chemistry AI assistants: Time-saving speaker systems (Lee et al., 2023)
- Math AI tools: Generate and grade student answers (Tan & Lim, 2023)
- Physics Tutor Interfaces: Customizable feedback systems (Steinert et al., 2023)

🚧 Challenges in Experimental Physics:
- Labs need individualized feedback based on real measurements
- AI lacks context about students' hands-on experience
- Older models are unreliable for comparing student-instructor responses
- LLMs perform best with structured tasks, less so with unpredictable lab outputs
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Motivation & Related Work
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What is an ideal AI lab assistant for you?
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Share your opinion!



Motivation & Related Work
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Reliable and 
context aware

An ideal AI lab assistant is

Context and 
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- Determine the helpful or positive aspects of LLM integration from students’ 
point of view and experts’ assessment of the content of interaction 
between students and LLM.

- Identify the neutral or not helpful aspects of LLM integration according to 
students’ opinions and experts’ assessments of the interaction between 
students and LLM.

- Analyze the accuracy and precision of the LLM responses through expert 
assessment.

🔄 Research Question:
Can an LLM provide productive feedback in a laboratory environment requiring a high 
degree of personalization?
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Study Aims
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Student Web-Interface

Python Web-Framework
● Lab Question
● Prompting
● Answer Key

Transcript
(SQL Database)

GPT-4
(OpenAI API)
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Chatbot Design
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Chatbot setup and prompting
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Fully prompted labs Partially prompted labs Minimally prompted labs

- prompt 
- question 
- correct answer
- PDF manual for 

specific lab

- prompt
- question 
- optionally: correct 

answer 
- PDF manual for 

the entire lab 
course

- prompt
- PDF manual for 

the entire lab 
course

Three types of labs:



Lab question 
selection

Chat history

Answer
field
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Chatbot Design
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Chatbot setup and prompting
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Question-specific promptingFully prompted labs

Role You are a personal Physics tutor.

Task You talk directly to the student in the first person. It is very important that you do not 
reveal the correct answer. The correct answer will be given in the prompt. Use the 
'Correct answer' to verify the student's answer. Guide the student toward the 
correct answer when their answer disagrees. Use information from the lab manual 
for "Lab #7: Moment of Inertia" to guide students to the correct answer.

Style Do not reveal what the student needs to say to be correct. If the student is correct, 
then simply say, 'Good job'. If the student is incorrect, guide them without giving the 
'Correct answer'. Be concise. each of your responses should be no more than 50 
words.

Tools 
(question 
specific)

This question involves a mathematical formula with variables of I,m,r,a,and g. The 
students answer is correct if it is mathematically equivalent to the Correct Answer.



Chatbot Design

Lab related 
documents: 

manual, report 
and student’s data

Chat history

Answer
field
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Question-specific promptingPartially prompted labs

Role You are a personal Physics tutor.

Task You talk directly to the student in the first person. It is very important that you do not 
reveal the correct answer. Guide the student toward the correct answer when their 
answer is incorrect. Use information from "PH216 summer in person Manual" for 
"LAB #4: REFRACTION AND REFLECTION" to guide students to the correct 
answer.

Style Do not reveal what the student needs to say to be correct. If the student is correct, 
then simply say, 'Good job'. If the student is incorrect, guide them without giving the 
'Correct answer'. Be concise. each of your responses should be no more than 50 
words.

Tools 
(question 
specific)

The 'Correct Answer' is a numerical comparison. Write and run code to verify the 
range of uncertainties from the 'Student's Answer' numerically overlap. 



17

Chatbot setup and prompting

Project 
overview

02
STEP

September, 2025 • Babayeva, Kregear, Widenhorn • Using AI for Assessment and Feedback in Physics Labs

One prompt for the entire labMinimally prompted labs

Role You are a personal Physics tutor.

Task You talk directly to the student in the first person. Students will ask questions about 
"LAB #6: CENTRIPETAL FORCE" from the "PH214 in person Manual.pdf". Assist 
students in understanding the the experiment.

Tools Write and run code to create your response when relevant.

Style Be concise. Each of your responses should be no more than 75 words.



PSU lab setup:

- Trials over summer semester
- Three consequent lab courses, eight labs each
- Lab session 2h 50min of undergraduate introduction course
- AI interface as an available tool for students’ classroom work
- Working in groups, but conversing with chatbot individually 
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Fully prompted labs Partially prompted labs Minimally prompted 
labs

Student interaction 0.78 0.79 0.73

AI response and error 0.87 0.72 0.66

- Later coded to 100% agreement

- 164 students used the interface
- 1504 student-LLM interactions
- Randomly selected 2 fully prompted labs (FPL), 2 partially prompted labs (PPL) and 

3 minimally prompted labs (MPL)
- Two graders (PhD student and physics education department researcher)
- Graded 194 interactions for FPL, 207 interactions for PPL, 

131 interactions for MPL
- Cohen's Kappa between two graders:
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Dataset - codes
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Demonstrated Effort/Attempt Encouragement and Praise

Clarification Seeking Constructive Guidance

Off-topic or Irrelevant Responses Vague or Generic Feedback

Eliciting Correct Answer Misleading

Reveals the answer

Numbers

Off-topic answer

Students requests categories LLM responses and errors categories
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Demonstrated Effort/Attempt Responses that show an effort to engage with the material, even 
if they contain inaccuracies or are not fully correct.

Clarification Seeking Responses that ask for further information or explanation of the 
topic or the question, indicating a desire to understand the 
material more thoroughly.

Off-topic or Irrelevant Responses Responses that do not relate to the question and distract from 
the educational focus, failing to contribute meaningfully to the 
discussion.

Eliciting Correct Answer Responses that fully or partially repeat the question, indicating a 
lack of original thought or engagement. Responses that indicate 
an attempt to prompt or solicit the correct answer, showing 
dependence on others for the right information.

Students requests categories
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Encouragement and Praise Feedback that acknowledges the student's achievements 
and boosts their confidence.

Constructive Guidance Feedback that combines praise with tips for improvement, 
focusing on areas where the student can refine their skills or 
understanding.

Vague or Generic Feedback Feedback that does not specifically address the work or 
provide significant value to the student’s understanding.

Misleading LLM's response is ambiguous and confused the student on if 
they had the correct answer or not.

Reveals the answer The LLM told the student the answer in its response

Numbers LLM was not entirely correct with numerical questions

Off-topic answer LLM’s answers to off-topic questions

LLM responses and errors categories
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Students interactions

Fully prompted labs Partially prompted labs Minimally prompted labs

Demonstrated Effort/Attempt

Clarification Seeking

Off-topic or Irrelevant Responses

Eliciting Correct Answer
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LLM responses and errors

Fully prompted labs Partially prompted labs Minimally prompted labs

Encouragement and Praise
Constructive Guidance

Vague or Generic Feedback

Misleading

Reveals the answer

Numbers
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Overall trends
1. Interaction Style Shifts with Prompting Strategy

- Fully prompted labs → more answer-checking.
- Minimally prompted labs → more conceptual and clarification-seeking dialogue.

2. Improved Numerical Accuracy with Code Interpreter
- Integration of a code interpreter led to better handling of formulas and 

numerical comparisons.
3. Chatbot Performance Improved Without Explicit Answers

- Theoretical questions were often already within the LLM’s training data.
- Students provided their own measurements for empirical questions, which the 

AI could evaluate.
4. Reduced Effort, Yet Promising Outcomes in Minimally Prompted Labs

- Despite less guidance, students still engaged meaningfully and received useful 
feedback.
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https://introlab.physics.pdx.edu/
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https://introlab.physics.pdx.edu/
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Website: https://introlab.physics.pdx.edu/

MPTL users:
mptl_group_1@pdx.edu
mptl_group_2@pdx.edu
mptl_group_3@pdx.edu
mptl_group_4@pdx.edu
mptl_group_5@pdx.edu
mptl_group_6@pdx.edu

Password: 2N13zGQHZ0L3
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Time to play!

Google Account for files system:
mptlworkshop@gmail.com
 
Password:
mydjaw-kemfe3-zornIg

https://introlab.physics.pdx.edu/
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Reflection, feedback and discussion

Reflection point: 

One insight + one open question 
I’m leaving with

Feedback point -> see your Menti

Discussion -> feel free to raise your questions
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Sentiment check

Having completed the workshop, to 
what extent do you agree with the 

statement: 'AI tools can play a role in 
student learning and engagement in 

physics labs.'
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Thank you for your attention!

Marina Babayeva
marina.babayeva@matfyz.cuni.cz 

MPTL
September 6, 2025
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Multilingual performance of a multimodal artificial intelligence 
system on multisubject physics concept inventories
Gerd Kortemeyer, Marina Babayeva, Giulia Polverini, Ralf 
Widenhorn, and Bor Gregorcic
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Analysis of Student Interactions with a Large Language Model in 
an Introductory Physics Lab Setting
Travis Kregear, Marina Babayeva and Ralf Widenhorn
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DOI: https://doi.org/10.1007/s40593-025-00489-3 

Enhancing Physics Hand-on Lab through Online Educational 
Tools, Marina Babayeva, 
Pre-print: https://doi.org/10.48550/arXiv.2506.16193 

Translating the Force Concept Inventory in the age of AI
Marina Babayeva, Justin Dunlap, Marie Snětinová, Ralf 
Widenhorn, 
Pre-print: https://doi.org/10.48550/arXiv.2508.13908 
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Presentation

You can access the presentation 
via this QR code
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What else is available out there:
LEAP by LMU
https://ai4physed.physik.uni-muenchen.de/LEAP/ 
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Khanmigo by Khan Academy
https://www.khanmigo.ai/  

I learned about theses options from colleagues and literature.
I am sure there is a lot of research behind these options. 

Of course, there are many more options are available and under 
development. Please explore (with caution). 

If you are interested to collaborate with us, please email me. 

https://ai4physed.physik.uni-muenchen.de/LEAP/
https://www.khanmigo.ai/
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- Only random subset of data was chosen for grading
- We acknowledge that since AI interface was not obligatory to use, the 

students-users might be biased positively towards using AI
- Only one institution was studied, regional differences are not considered
- The language of the interface is English, so the users must have certain level of 

English level proficiency 
- The communication with chatbot is written compared to more natural oral 

communication with teaching assistant in the classroom
- We only see students’ interactions with AI, we do not analyse their final lab reports 

and do not measure the knowledge acquisition. 

Limitations

37
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LLM -> Student Interactions*

*n=416 interactions; excluding one question 
containing a mathematical derivation.

Results from the transcript 

Student -> LLM Interactions*

https://doi.org/10.1007/s40593-025-00489-3 

https://doi.org/10.1007/s40593-025-00489-3

