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TheCoScPlatform

A simulation platform by Chen
Chung Liu, FKkwun Hwang,

Franciscdesquembreand
colleagues
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. Starting point

AVirtual Physics Lab Since 1996 ==
I BY Prof. Fu-Kwun Hwang

e iR Ve diens Lo L R o o) BN

I Hundreds of science simulations L
built with EJS by Professor
Franciscdesquembre

| Collected by MERLOT, National
Science Teacher Association, etc.

I Javabased simulations



http://www.phy.ntnu.edu.tw/java/hwang.html
http://www.phy.ntnu.edu.tw/java/hwang.html
http://www.phy.ntnu.edu.tw/java/hwang.html
http://www.phy.ntnu.edu.tw/java/hwang.html

Starting point

AAnN informal meeting of SIG meeting efearning of NSTC, on Pong

Hu island, 2011
JAVA simulations can not be run on Tablets or mobile phones

INTNUJAVA Virtual Physics Laboratory
s .
October 10, 2018, 01:02:28 pm =
Welcome, Guest. Pl C L S
Comceptiai Lsoming {1 Science

Did you miss your &

Forever *| Login
Login with usemame, password and session length
r

| [OMEY HELP SEARCH LOGIN REGISTER |
NTNUJAVA Virtual Physics Laboratory
‘Enjoy the fun of physics with simulations!
Backup site http://enjoy.phy.ntnu.edu tw/ntnujava/ > JDK10.2 simulations (1996-2001) > ki

Pages: [1] Go Down

This board || Search

Replies _ Views _Lastpost »

0 Members and 3 Guests are viewing this board.

1 1oagsy October 20, 2016, 06:48:06 pm
by m onsur

Interesting properties of projectile mation

30, 2016, 12:34:30 pm

# Fu Kinun Hwang 201 603930 gﬁ”fe

Traffic Light System « 12 ... 57 »
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Founders and core physics engine




HTMLS5 version of EJS
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A child and subset of EJS/EJSS
hanks tdPacoand FuKwun
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WebEJS1.2 Byanciscd=squembre
https://www.um.es/fem/wikis/runwebejs

<« c 23 supermath.inf.um.es/hss/webejs/56bfcOcb-97b6-46b6-bbc3-7703cbd96ada

f??é?_'z\‘i"ebEJS ‘ Description | Model | = ‘ [ &

Tree of elements

g2 Simulation view
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PREVIEW: Simulation Live model
i

Your view 1s empty

To populate your view:

1. Select the View panel on the top left group of buttons (see figure.)

"“’;‘:".WebEIS | Description ‘ hlodnl' = || B8 ‘ = |

2. Drag and drop an element from the Compound or Containers
palettes onto the Simulation view.

The image shows the SingleDrawing compound element being dragged onto the
simulation view. This creates a nice initial setting for a simulation with a two-
dimensional scene.

=4, WebEJS | Description | Model | View | [ = | [ @ | &

Tree of elements Elements for the view

S e e . M
Clear output

WebEJS 15 ready!

Jile successfully read!



Simulation development team
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Simulation Development Team

PLAY RESET SIMULATION DESCRIPTION
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Il 100+ Simulations Since 2012
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Simulation requested/translated by a
Hungariarteacher

AChinese —

chain of decays I bomlas () 2bomias () 3 bomlas (8) 4 bomlas

AEng“Sh :'l az 1. bomlas felezési ideje
z

a 2. bomlas felezési ideje

AI ndoneSia T3 a 3. bomlas felezési ideje

T4 a 4. bomlas felezési ideje

AThai
AMelayu
AMagyar

Radioactive decay A ettty
https://cosci.tw/run/?name=ky29pA164242467 740G
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Bl New features

Collaboration

Learning
analytics

Pedagogica

15
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Il Customizable guiding prompts
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Simulation | | .
BN GMER

T 1. Divide complex inquiry into

[T W o Vo e Bl Mgt Vi Vb e =
R T e A ]

.

A8 00 Sbd 000G MM 000 e Wikl EiA Ma= 1 Mo=1 SII I lpler taSkS
T

QI 100 B0 I00RG MMM | 080 .

bt 2. Provide prompt guestions in
R each task

Q40 100 MO0 10000 MMM 0 s
o R TR« LR ST AT AR R

e e CTTTTTTTTTT | (TR mmanE) 3. Guide student to go through

A% 100 Map0  1000d BME 08 REFIeE

[] the whole inquiry process
Play/ Model —
Test Model

Construction =
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analytics
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Activity statistics by groups

23-310-32“2

BT m2 3 md m5 M6 m7 M8 mo

Activity statistics by groups. -

=i

Member contribution in a group

20



Bl The Al tutor

How Generative Al can be integrated with
simulations to help students learn science?

21



The Standalone approach

DL - 15 + ERGEE

s i ¢ GPT-40 8!
DR - 1 + AEREE

Bhit £Z8 Hi, I am GPT-40, what do you

want to ask me?

GenAlsimulated scenario

ASimulations and@enAlaretwo standalone systems.
ANo teacher pedagogical knowlediywolves.

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




Focusedutor approach

Q

ASimulationsand the Al tutor are still R s _-
two standalone systems. Hl. o your Al e, d
ATeacher pedagogical knowledge and
the key simulation featurare

transcribed into prompts to
Implement the Al tutor.

AThe Al tutor presents the learning task = lJ
andt 2 Odza a U dzR SmyawayQ | UG0Sy UA 2y Prompts:

that is specific enough to orient ¢SHOKSNRQ LISRI 3
students and key simulation features

[Type a message here

B




ACT1-0Q3.
[Student executes the simulation] -
[ Student executes the simulation] -

Student submits answer: The amount of an object's motion. -

AT assistant: Do vou know that momentum is related to an object's mass and velocity? Let's look
at a simulation together! In the simulation. if a person's mass is 50 kilograms and their velocity is

100 cm/s, what would their momentum be? .

Student: 5,000 .

AT assistant: Very good! Do yvou know how momentum is related to mass and velocity? If yvou
know, please share yvyour thoughts. -

Student: P — mv.

AT assistant: That's right! The formula for momentum is p = mv., which means that momentum is
related to an object's mass and velocity. When mass increases, momentum also increases: when
velocity increases, momentum also increases. Can yvyou give an example from daily life to illustrate

the change in momentum®? -

Student: A 1-ton truck mowving at a speed of 36 kim/h. -

AT assistant: Great! So, if the truck's speed increases to 72 km/h, how will its momentum change?

Y ou can use the momentum formula to calculate it. -

Student: It will double. -

AT assistant: Correct! When the speed doubles, the momentum also doubles. This example nicely
demonstrates the proportional relationship between momentum and velocity. Do yvou have any
other thoughts or questions about momentum? -

-

Figure 7. Excerpt displaying how the AT assistant interacted with a student with the simulation and

1" £~ @ m oo 1 -



Focused tutor approach

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

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 concepasitestscore
with thepretestscore as the covariate
*< .05



However, the tutor Is not aware of
0KS aAiydz | u)\zy O 2
moves In learning science!



Simulation

—VW\
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| rg-chiang

Expain now aunoas-sey

m) Velocity (mi)s)
position \M

B

GenAlsimulated scenario



Cognitive apprenticeshigtresses

the critical role of the tutoin the

oo S 3 contextto (Collinset al., 1991):
- a.hodaSNIWS aiddzRSy

b.Help students reflect on the

earning process

c. Model the problem solving

process
d. Engage students in articulatior

GenAlsimulated scenario

The Cognitive Apprenticeshiptor



The Cognitive Apprenticeship Approach

ABuildingbridge between the
e . Alwor Al tutor and the simulation

bl v, g Ui Hi, I am your Al tutor, do A

AAl tutorunderstand the =~
simulation anca G dzZR S Y U
actionsand the results of

the actions
rl'ype a message here
Srompis ATeachempedagogical
¢S OKSNEQ LISRI 32 3akinowladgearedranscribed
Computational simulation model Into prompts to imp|ement

the Al tutor.



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

Memory

(Learning
content) . Formative assessment

and feedback in the
context
. Experiment design
. Critical observation
. Data analysis

Conversation
history

Peqlagogical . Conceptualization
ideas . Demonstration
(modeling)

Text
Simulation Student Simulation Simulation

descriptions actions Results Screenshots




Demonstration https://reurl.cc/x3WR5e

PLAY SIMULATION DESCRIPTION AIBHE COOPERATION MODE v ramp and friction-which one goes first (Robot version) ® he a o -

100% +
us sy _ 0.45 + coefficient of friction DATASHEET
c@® - 20 + ramp angle(degree) VARIABLE COMMENTS VALUE UNIT
O weight [J normal force [J sliding force [J friction [J trajectory c ramp angle 20.00 | degree
tanc tan(c) 0.364

coefficient of static friction between the ramp

EIf tb=0.00 e and the people tane
Ma mass of Santa 80.00 kg
Fga weight of Santa 800.00 Newton
Fna normal force of Santa 751.75 Newton
Santa ta=0.00 Ffa friction of Santa 338.29 Newton
Fsa sliding force of Santa 273.62 Newton
Mb mass of EIf 40.00 kg
Fgb weight of EIf 400.00 Newton
Fnb normal force of EIf 375.88 Newton
Ffb friction of EIf 169.14 Newton
Fsb sliding force of EIf 136.81 Newton
ta The time it takes for Santa to slide to the 0.00 second
bottom
tb The time it takes for EIf to slide to the bottom 0.00 second

Registratiomandlogging inCoScrequired!


https://reurl.cc/x3WR5e

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

AMe: | don't know! can you explain it with the simulation?(3)
ATutor: Let me demonstrate it with the simulation.

—
[ = [ el | | ° xa

weight (& normal force sliding force triction [ trajectory
{ f tb=3.25
f:
ta=3.25



#

AL

sy
- COSCI About Us Simulations Al Assistants  w Activities  w Inquiry & Practice Help Design ® o

COOPERATION . . .
MODE

ADMIN SNAPSHC 100% <+
us coefficient of friction DATASHEE
c.. .......... — 20 + ramp angle(degree) VARIABLE COMMENTS VALUE UNIT
@3 normal force @@ sliding force friction [ trajectory C ramp angle 20.00 degree
tanc tan{c) 0.364
tb= 3.25 . coefficient of static friction between the ramp 0.300
3 and the people
Ma mass of Santa 80.00 kg
Fga welght of Santa 800.00 Newton
Fna normal force of Santa 751.75 Newton
Ffa friction of Santa 22553 Newton
Fsa sliding force of Santa 273.62 Newton
Mb mass of EIf 40.00 kg
Fgb welght of EIf 400.00 Newton
Fnb normal farce of EIf 375.88 Newton
Fiby friction of EIf 112.76 Newton
Fsb sliding force of EIf 136.81 Newton
1a The time it lakes for Sanla to slide lo the bollom 3.25 second
tb The time it takes for EIf to slide to the bottom 3.25 second

Connithn/ae annranticachin® demonectratinn



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

AMe: How can | know the sliding force?(5)

ATutor: The sliding force tse 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 anlgle, or and .yThis is what causes
the object to accelerate down the slope. Does that help clarify?(5)

AMe: Where | can find the magnitude of the sliding force in the
simulation?(9

ATutor: You can find the magnitude of the sliding force in the datasheet
on the rlght side of the simulation. Look for the rows labéetding
force of Santa' and 'sliding force of'Hdf see their respective values.
Let me know If you find |t!(%6)



S

= N COSCI About Us Simulations v Al Assistants v Activities v Inquiry & Practice Help Design ® ;
g (]
RESET SIMULATION DESCRIPTION AIBNE (EOOHEHTIIL v ramp and friction-which one goes first (Robot version) ® s a O —
MODE o

ADMIN S

SHOT 100% +

us coefficient of friction DATASHEET
@ - 20+ ramp angle(degree) VARIABLE COMMENTS VALUE uNIT
weight normal force sliding force fricion [J trajectory € ramp angle 2000 @ degree
tanc tan(c) 0.364

coefficient of static friction between the ramp

tb=3.25 us and the people 0500

Ma mass of Santa 80.00 kg

Fga weight of Santa 800.00 Newton
Fna normal force of Santa 751.75 Newton
Ffa friction of Santa 22553 Newton
Fsa sliding force of Santa 27362 Newton
Mb mass of EIf 40.00 kg

Fgb weight of EIf 400.00 Newton
Fnb normal force of EIf 375.88 Newton
Ffb friction of EIf 12.76 Newton
Fsb sliding force of EIf 136.81 Newton
ta The time it takes for Santa to slide to the bottom 3.25 second
tb The time it takes for EIf to slide to the bottom e second

Cognitive apprenticeship: guidance in the context



Demonstration

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

AYou can find the magnitude of the friction force in the datasheet on
the right side of the simulation. Look for the rows labeledtion of
Santa' and 'friction of Elfo see their respective values. Let me know
If you find it!(7)

ASo, | think the Santa will slide down more quickly ttiaelf.(8)

AActually, 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

AMe: So, how can | verify this with the simulation?(9)

ATutor: To verify, look at the datasheet in the simulation fat (time
for Santa) and 'th' (time for the elfRun 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!j9

AX X



QM

COSCI About Us Simulations v Al Assistants v Activities  ~ Inquiry & Practice Help Design () L]

Tapn -,

RESET SIMULATION DESCRIPTION AlBIE EEIHERANLL] v ramp and friction-which one goes first (Robot version) ® e a O —
MODE e
ADMIN S 100% +

us coefficient of friction DATASHEET
- 20 4+ ramp angle(degree) VARIABLE COMMENTS VALUE UNIT
weight normal force sliding force friction [J trajectory ® ramp angle 20.00 degree
tanc tan(c) 0.364

coefficient of static friction between the ramp
us 0.300
and the people

Ma mass of Santa 80.00 kg

Fga weight of Santa 800.00 Newton
Fna normal force of Santa 75175 Newton
Ffa friction of Santa 22553 Newton
Fsa sliding force of Santa 27362 Newton
Mb mass of EIf 40.00 kg

Fgb weight of EIf 400.00 Newton
Fnb normal force of EIf 375.88 Newton
Fib friction of EIf 112.76 Newton
Fsb sliding force of EIf 136.81 Newton
ta The time it takes for Santa to slide to the bottom 3.25 second
tb The time it takes for EIf to slide to the bottom 3.25 second

[ 23YAGAGS | LIIINBYUIAOSaKA LI



Comparison obtandalone tutoand CAutor

@ AStandalone tutor
A Acting aChatGPWith background
- knowledge of the simulation
B AThe background knowledge of the
simulation (friction, forces acting or
& A= a block on a slide) were given to
aﬂﬁ\\\\ i e G PT4O
-

At KS (dzi 2N NBaLRy
guestions based on the knowledge
given.



Comparison of Standalotior and CAtutor

:w Coscl ARER SR v EPR v REREE 88 &t
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ACA tutor knows the context of
the simulation and students

A Proactively guiding students in
the use of the simulation

A Monitoring students actions
and the simulation

A Discussingvith students the
simulations

AEvaluatinghi 0 dzZRSY G & Q
understanding
A Demonstratinghe simulation



Learning gains

Pretest Posttest
Group N M SD M SD MD t df p
Standal 22 3.7/ 3.32 T7.27 460 3.50 4.071* 21 0.001
netutor

CAtuto 22 2./3 260 6.61 386 3.88 3.906~ 21 0.001

**p<.01



Evaluation of student understandiby
human and Al

ASources:
Al 0dzRSYy(1aQ FFOiA2ya YR OSNDI €

AHuman tagging of Knowledgenstructionevidence
AKnowledge transformation
AKnowledge telling/ following/restate/acknowledge
A Asking information
A Critical thinking

'.F

(0p)

(0p)

(@]



Evaluation of student understandiby
human and Al

Al LGhain of Thoughbefore providing feedback to students
A Student understanding of the concept
AMis-conception
APedagogical strategy
AReasoning
AApproach




Discourse and action analysis

Standalontitor CA tutor

Group N M SC M SC MD t df p
Asking questions 22 8.5k 6.07 6.1€ 5.54 -2.37 -1.24 21 0.23
Knowledge following 22 0.0% 0.21 2.1€ 1.5€ 2.18 6.33*** 21 <.001
Knowledge telling 22 0.0t 0.21 7.14 4.0¢ 7.0¢ 8.06** 21 <.001
Knowledge 22 0 0 0.82 0.91 082 423" 21 <.001
acknowledgement

Knowledge restate 22 0.0¢ 0.2¢ 1.4t 1.65 1.3€ 3.69** 21 0.001
Knowledge 22 0.32 0.4€ 3.41 2.6¢ 3.0¢  5.20% 21 <.001
transformation

Critical thinking 22 0.0t 0.21 0.5¢ 1.22 0.54 2.32* 21 0.0S
Ignore/Unfocused 22 1.5 4.17 3.64 3.4¢ 2.14 1.8z 21 0.08:¢

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



Relation between knowledg®nstruction
discourse and learning outcomes

Knowledge Knowledge

transformatiKnowledge |Knowledge |acknowledg¢Knowledge |[Critical Ignoring /  |Asking

on telling following |ment restate thinking Unfocus information

r=.58 r=0.14 r=0.05 r=-0.25 r=-0.15 r=-0.07 r=-0.004 r=-0.02
Posttest 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 gairnp<.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 Abrmative evaluation and
andlearning outcomes

LO L1 L2 L3 L4
Posttest r=-0.10 r=0.05 r=0.35 r=0.24 r=0.4]

P=0.6¢ pP=0.81 p=0.11 pP=0.2§ pP=0.0¢

LearningGain r=0.2( r=0.06 r=0.2¢9 r=0.21 r=0.25

P=0.3¢ P=0.78 P=0.1¢ P=0.33 p=0.2]

Correlation between Al evaluations and learning outcomes



Summary

Technically

ALLMcan providdn-context feedbacHor students when context information
and student actions were included.

AD S y lfotm@tive assessmemhay reflect highetevel learning outcome.

Knowledge Construction

A Students demonstratechore knowledge construction evidences with CA
tutor than the passive tutor.

AGenerativeAl guided in completing the learning task through the
predefined questions and iachieving a higher score for conceptual

guestions



Points of consideration

AAgency Transference
AAIA & y Quliit castslmdniey and impacts the environment

ATeachers in théoop!
AThink with Theoretical Depth!
ADoit right before others get it wrong!



Future works

Al as
simulation
(3 developersg

Students as
simulation
developer

Enabling
teachers



Al tutor development tools for teachers

1.Creating a new Al tutor or modifying an existing one

Create Chatbot

2. Name of the tutor
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Al tutor development tools for teachers

AGenerating simulation description fro@0ScISON file

Automatic generation of

1. Upload snapshot file

BhR B —k—RLEERH
mERAZAIR E - ATBUR B
SR AT 218 it

2. Describing the simulation
snapshot as detail as
possible

simulation description

3. Generating simulatios

—

1. Editing the simulation
description

B RRRAILEmR - 7]
MNEDIFrEERERE
ERRAERBRES

Automatic generation of
simulation description

ELNERBERARERBEUTERX
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Al tutor development tools for teachers

AAdding background knowledge and snapshots for GPT



