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The CoSciPlatform

A simulation platform by Chen-
Chung Liu, Fu-Kwun Hwang, 
Francisco Esquembreand 
colleagues

CoSci



Starting point

ÅVirtual Physics Lab Since 1996

ïBY Prof. Fu-Kwun Hwang

ïHundreds of science simulations 

built with EJS by Professor 

Francisco Esquembre

ïCollected by MERLOT, National 

Science Teacher Association, etc.

ïJava-based simulations
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http://www.phy.ntnu.edu.tw/java/hwang.html
http://www.phy.ntnu.edu.tw/java/hwang.html
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http://www.phy.ntnu.edu.tw/java/hwang.html


Starting point

ÅAn informal meeting of SIG meeting of e-learning of NSTC, on Pong 
Hu island, 2011 

ÅJAVA simulations can not be run on Tablets or mobile phones



Launch a new project in 2011
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Physics

Mathematics 
Computer Science
& Learning Science



Founders and key technician 

Founders and core physics engine

Francisco Esquembre
University of Murcia, Spain

Chen-Chung Liu
NCU, Taiwan

Shih-HsunFan Chiang 
NCU, Taiwan

Fu-Kwun Hwang
NTNU, Taiwan



HTML5 version of EJS
A child and subset of EJS/EJSS
Thanks to Pacoand Fu-Kwun  



WebEJS1.2 By Francisco Esquembre
https://www.um.es/fem/wikis/runwebejs/



Simulation development team

Simulation development team

Ming-Hua Chang, NCU, Taiwan Chen-Chung Liu
NCU, Taiwan

Wayne ChuangHsin-Fang HsiehJhen-Hao Li Strong Huang

Fu-Kwun Hwang
NTNU, Taiwan



Simulation Development Team
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100+ Simulations Since 2012
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Simulation requested/translated by a 
Hungarianteacher
ÅChinese

ÅEnglish

ÅIndonesia

ÅThai

ÅMelayu

ÅMagyar 

Radioactive decay 
https://cosci.tw/run/?name=ky29pA1642424677400



CoSci

Founders and core physics engine

Francisco Esquembre
University of Murcia, Spain

Chen-Chung Liu
NCU, Taiwan

Shih-HsunFan Chiang 
NCU, Taiwan

School teachers

Pedagogy and system development team 

Chia-Hui ChengCai-Ting Wen Ying-SiouChen Chia-Jung Chang Po-Yao Chao

Simulation development team

Ming-Hua Chang, 
NCU, Taiwan

Chen-Chung Liu
NCU, Taiwan

Wayne ChuangHsin-Fang HsiehJhen-Hao Li Strong Huang

Fu-Kwun Hwang
NTNU, Taiwan

Fu-Kwun Hwang
NTNU, Taiwan



New features 
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Collaboration

Learning 

analytics

Pedagogical 

design

AI Tutors



Everyone-is-needed
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Pedagogical 

design
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Customizable guiding prompts
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1. Divide complex inquiry into 
simpler tasks

2. Provide prompt questions in 
each task

3. Guide student to go through 
the whole inquiry process



Learning 

analytics
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Activity statistics by groups

Activity statistics by groups Member contribution in a group



The AI tutor

How Generative AI can be integrated with 
simulations to help students learn science? 
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The Standalone approach

ÅSimulations and GenAIare two standalone systems. 

ÅNo teacher pedagogical knowledge involves. 

ÅStudents are required to translate what they see in the simulation 
and need to understand what they need to know.

GenAIsimulated scenario



Focused tutor approach

ÅSimulations and the AI tutor are still 
two standalone systems. 

ÅTeacher pedagogical knowledge and 
the key simulation featureare 
transcribed into prompts to 
implement the AI tutor. 

ÅThe AI tutor presents the learning task 
and ŦƻŎǳǎ ǎǘǳŘŜƴǘǎΩ ŀǘǘŜƴǘƛƻƴ in a way 
that is specific enough to orient 
students

Prompts:
¢ŜŀŎƘŜǊǎΩ ǇŜŘŀƎƻƎƛŎŀƭ ƪƴƻǿƭŜŘƎŜ 
and key simulation features 

AI tutor
Hi, I am your AI tutor, do 
you see.. 





Focused tutor approach

N Adjusted mean Std. error F p
Control 29 10.86 .37 6.05 .02*
Experimental 33 12.12 .35

Table 5. The ANCOVA analysis of the science conceptual post-testscore 

with the pre-testscore as the covariate 

* < .05

Control group learned with the same system. 
-- text descriptions of the science concepts were provided
-- without the access to the AI tutor  



However, the tutor is not aware of 
ǘƘŜ ǎƛƳǳƭŀǘƛƻƴ ŎƻƴǘŜȄǘ ŀƴŘ ǎǘǳŘŜƴǘǎΩ 
moves in learning science! 



GenAIsimulated scenario



The Cognitive Apprenticeship Tutor

Cognitive apprenticeship stresses 
the critical role of the tutor in the 
contextto (Collins et al., 1991):
a.hōǎŜǊǾŜ ǎǘǳŘŜƴǘǎΩ ŀŎǘƛƻƴǎ 
b.Help students reflect on the 

learning process
c. Model the problem solving 

process 
d.Engage students in articulation

GenAIsimulated scenario



The Cognitive Apprenticeship Approach 
ÅBuilding bridge between the 

AI tutor and the simulation.

Å

ÅAI tutor understand the 
simulation and ǎǘǳŘŜƴǘǎΩ 
actions and the results of 
the actions. 

ÅTeacher pedagogical 
knowledgeare transcribed 
into prompts to implement 
the AI tutor. 

Prompts:
¢ŜŀŎƘŜǊǎΩ ǇŜŘŀƎƻƎƛŎŀƭ ƪƴƻǿƭŜŘƎŜ
Computational simulation model

AI tutor

Hi, I am your AI tutor, do 
you see.. 



Cognitive Apprenticeship (CA) Tutors
supporting reflection -in-action in context

Student 
actions

Conversation 
history

Prompt
Pedagogical 

ideas

Memory 
(Learning 
content) 1. Formative assessment 

and feedback in the 
context

2. Experiment design
3. Critical observation
4. Data analysis
5. Conceptualization
6. Demonstration 

(modeling)

LLM

Simulation 
Results

Simulation 
Screenshots

Text 
Simulation 

descriptions

LLM



Demonstration

Registration and logging in CoScirequired! 

https://reurl.cc/x3WR5e

https://reurl.cc/x3WR5e


ÅTutor: In this experiment, which forces do you think affect Santa and 
the elf as they slide down? For example, how might gravity, friction, 
and normal force influence their sliding?(2)

ÅMe: I don't know! can you explain it with the simulation?(3)

ÅTutor: Let me demonstrate it with the simulation.



Cognitive apprenticeship: demonstration



ÅTutor: Looking at the simulation, what do you notice about the forces 
acting on Santa and the elf? How do you think gravity, friction, and 
normal force play a role in their sliding? Let's discuss how these forces 
interact to affect the sliding behavior.(4)

ÅMe: How can I know the sliding force?(5)
ÅTutor: The sliding force is the component of the gravitational force 

that pulls an object down the slope. It's calculated as the gravitational 
force times the sine of the slope angle, or mg ǎƛƴʻ. This is what causes 
the object to accelerate down the slope. Does that help clarify?(5)

ÅMe: Where I can find the magnitude of the sliding force in the 
simulation?(6)
ÅTutor: You can find the magnitude of the sliding force in the datasheet 

on the right side of the simulation. Look for the rows labeled 'sliding 
force of Santa' and 'sliding force of Elf' to see their respective values. 
Let me know if you find it!(6)



Cognitive apprenticeship: guidance in the context



Demonstration

ÅMe: oh I see !! And where I can find the friction in the simulation? (7)

ÅYou can find the magnitude of the friction force in the datasheet on 
the right side of the simulation. Look for the rows labeled 'friction of 
Santa' and 'friction of Elf'to see their respective values. Let me know 
if you find it!(7)

ÅSo, I think the Santa will slide down more quickly than the elf.(8)

ÅActually, both Santa and the elf slide down at the same rate in the 
simulation. Why do you think mass would cause Santa to slide faster 
than the elf? Let's explore this further.(8)



Demonstration

ÅMe: So, how can I verify this with the simulation?(9)

ÅTutor: To verify, look at the datasheet in the simulation for 'ta' (time 
for Santa) and 'tb' (time for the elf). Run the simulation and check if 
these times are the same. This will show that they slide at the same 
rate. Let me know what you find!(9)

ÅΧΧ



/ƻƎƴƛǘƛǾŜ ŀǇǇǊŜƴǘƛŎŜǎƘƛǇΥ /ƻǊǊŜŎǘ ǎǘǳŘŜƴǘǎΩ ƳƛǎǳƴŘŜǊǎǘŀƴŘƛƴƎ



Comparison of Standalone tutor and CA tutor

ÅStandalone tutor
ÅActing as ChatGPTwith background 

knowledge of the simulation

ÅThe background knowledge of the 
simulation (friction, forces acting on 
a block on a slide) were given to 
GPT4o 

Å¢ƘŜ ǘǳǘƻǊ ǊŜǎǇƻƴŘŜŘ ǘƻ ǎǘǳŘŜƴǘǎΩ 
questions based on the knowledge 
given.



Comparison of Standalone tutor and CA tutor

ÅCA tutor knows the context of 
the simulation and students
ÅProactively guiding students in 

the use of the simulation

ÅMonitoringstudents actions 
and the simulation

ÅDiscussingwith students the 
simulations

ÅEvaluatingǎǘǳŘŜƴǘǎΩ 
understanding 

ÅDemonstratingthe simulation



Learning gains

Pre-test Post-test

Group N M SD M SD MD t df p

Standalo
ne tutor

22 3.77 3.32 7.27 4.60 3.50 4.071** 21 0.001

CA tutor 22 2.73 2.60 6.61 3.86 3.88 3.906** 21 0.001

**p<.01



Evaluation of student understanding by 
human and AI
ÅSources: 
Å{ǘǳŘŜƴǘǎΩ ŀŎǘƛƻƴǎ ŀƴŘ ǾŜǊōŀƭ ŦŜŜŘōŀŎƪ

ÅHuman tagging of Knowledge construction evidence
ÅKnowledge transformation

ÅKnowledge telling/ following/restate/acknowledge

ÅAsking information

ÅCritical thinking 

2025/10/5 42



Evaluation of student understanding by 
human and AI
Å!LΩǎ Chain of Thoughtbefore providing feedback to students
ÅStudent understanding of the concept

ÅMis-conception

ÅPedagogical strategy

ÅReasoning 

ÅApproach

L0. Unknown
L1. Observation-driven
L2. Concept germination
L3. Basic connection 
L4. Robust understanding



Discourse and action analysis 

Standalone tutor CA tutor

Group N M SD M SD MD t df p

Asking questions 22 8.55 6.07 6.18 5.54 -2.37 -1.24 21 0.23

Knowledge following 22 0.05 0.21 2.18 1.56 2.13 6.33*** 21 <.001

Knowledge telling 22 0.05 0.21 7.14 4.09 7.09 8.06*** 21 <.001

Knowledge 

acknowledgement
22 0 0 0.82 0.91 0.82 4.23*** 21 <.001

Knowledge restate 22 0.09 0.29 1.45 1.65 1.36 3.69** 21 0.001

Knowledge 

transformation
22 0.32 0.48 3.41 2.68 3.09 5.29*** 21 <.001

Critical thinking 22 0.05 0.21 0.59 1.22 0.54 2.32* 21 0.03

Ignore/Unfocused 22 1.5 4.17 3.64 3.49 2.14 1.82 21 0.083

Comparison of knowledge transformation when interacting with the passive and CA tutors



Relation between knowledge construction 
discourse and learning outcomes

Knowledge 

transformati

on

Knowledge 

telling

Knowledge 

following

Knowledge 

acknowledge

ment

Knowledge 

restate

Critical 

thinking

Ignoring / 

Unfocus

Asking 

information

r=.58 r=0.14 r=0.05 r=-0.25 r=-0.15 r=-0.07 r=-0.004 r=-0.02

Post-test p<.01 p=0.54 p=0.82 p=0.25 p=0.51 p=0.77 p=0.98 p=0.92

r=.62 r=0.001 r=0.09 r=-0.30 r=-0.14 r=0.04 r=-0.17 r=0.18

Learning gainp<.01 p=0.99 p=0.67 p=0.17 p=0.54 p=0.85 p=0.44 p=0.41

Correlation between knowledge transformation discourses and learning outcomes



Relation between AI formative evaluation and 
andlearning outcomes

L0 L1 L2 L3 L4

Post-test r=-0.10 r=0.05 r=0.35 r=0.24 r=0.41

p=0.68 p=0.81 p=0.11 p=0.28 p=0.06

LearningGain r=0.20 r=0.06 r=0.29 r=0.21 r=0.25

p=0.36 p=0.78 p=0.19 p=0.35 p=0.27

Correlation between AI evaluations and learning outcomes



Summary

Technically 

ÅLLM can provide in-context feedbackfor students when context information 
and student actions were included.

ÅDŜƴ!LΩǎformative assessment may reflect higher-level learning outcome. 

Knowledge Construction 

ÅStudents demonstrated more knowledge construction evidences with CA 
tutor than the passive tutor.

ÅGenerative AI guided in completing the learning task through the 
predefined questions and in achieving a higher score for conceptual 
questions.
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Points of consideration 

ÅAgency Transference 

ÅAI ƛǎƴΩǘ ŦǊŜŜτit costs money and impacts the environment.

ÅTeachers in the loop!

ÅThink with Theoretical Depth!

ÅDo it right before others get it wrong!



Future works
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Enabling 

teachers 

Students as 

simulation 

developers

AI as 

simulation 

developers



AI tutor development tools for teachers 





AI tutor development tools for teachers 

ÅGenerating simulation description from CoSciJSON file



AI tutor development tools for teachers 

ÅAdding background knowledge and snapshots for GPT


