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• Simulate a model of a system or 

a process

• Visualize some invisible features 

of science phenomena 

• Help students experience 

scientific discovery process
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Simulation & Science learning



• Modeling-based learning

– Students uses appropriate representation to capture important

features of a science phenomenon (Sengupta & Clark, 2016).

– Students “use, create, share, and evaluate models to explain scientific

phenomena (Shen, Lei, Chang, & Namdar, 2014).”
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Simulation & Science learning
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Simulation & Science learning
Jeremy Roschelle, 1992



• Problem-solving game

– Students learn through solving a challenging task in a simulation
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Simulation & Science learning

(1)

(2)

(3)

begin

int count=0;

while(true)

{

  if(TrainPassMe()){

count++;

print (count);

}

 if(count==3){

train0.Break(30);

print "Train0 Break[30]";

print("Train is 

stopping");

}    

}

The program governs the 

behavior of the track in (3)



• Problem-solving game

– Students learn through solving a challenging task in a simulation
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Simulation & Science learning

Tan & Biswas, 2007



• PhET (https://phet.colorado.edu/)

– 150+ high quality simulations for physics, biology, chemistry, earth

science>

– Flash-based, now transferring to HTML5
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Simulation & Science learning



• Molecular Workbench (http://mw.concord.org/)

– Java-based simulations for 

physics, chemistry, biology.., 

– Now transferring to HTML5 

– Simulation development tool

– Activity development tool 
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Simulation & Science learning



• Go-Lab (https://www.golabz.eu/labs)

– An EU exchange platform for

simulations. 

– Welcome all contributions 

from different countries

– Activity development tool
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Simulation & Science learning



• EJS(Easy Java Simulation) 

EJSS(Easy JavaScript Simulation) 

(http://fem.um.es/Ejs/)

– Application to build science simulations 

(by Prof. Francisco Esquembre)
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Simulation & Science learning



• Virtual Physics Lab Since 1996

– By Prof. Fu-Kwun Hwang

– Hundreds of science simulations 

built with EJS

– Collected by MERLOT, National 

Science Teacher Association, etc.

– Java-based simulations
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Simulation & Science learning

HTML5



New Simulation Platform
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Launch a new project in 2011
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Launch a new project in 2011

Scientist

Mathematician 

Computer Scientist

Fu-Kwun Hwang

Francisco Esquembre

Chen-Chung Liu 
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New features 

Collaboration

Learning 

analytics

Pedagogical 

design
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Collaboration
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Pedagogical design

1) Select a specific simulation

2) Design a series of learning 

tasks 

3) Provide prompt questions in 

each task
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Learning analytics

Member contribution in a group

Activity statistics by groups

Activity statistics by groups

Activity pattern  (LSA)



100+ Simulat ions

A platform supporting scientists, 

teachers, and students to develop 

and apply computer simulations for 

the learning of physics. 
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CoSci

https://CoSci.TW/



Teachers 
Students

Teachers
Students 

Scientist Teachers 
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Teachers 
Students

Teachers
Students 

Scientist Teachers 
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100+ Simulations
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100+ Simulations

Buoyancy

Pressure
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100+ Simulations

Velocity & Acceleration

Friction
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100+ Simulations

Free falling / Projectile
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100+ Simulations
Circular motion

Momentum and Energy



27SMIC, 2020

100+ Simulations

Collision



28SMIC, 2020

100+ Simulations

Harmonic motion

Thermodynamics



29SMIC, 2020

100+ Simulations

Waves

Optics
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100+ Simulations

Electromagnetic



Pedagogical Design
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• Simply providing simulations does not guarantee positive learning 

effect

– Students do not know how to interact with simulations (Holzinger, 

Kickmeier-Rust, Wassertheurer, and Hessinger, 2009).

– Interact with simulations on a superficial and playful level (Mayer, 

2004; Swaak & de Jong, 2001)

� Students need different levels of supports in using simulations.
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Pedagogical design



Leveraging multiple resources and extrinsic 

constraints including time, curriculum relevance, 

discipline constraints, and assessment constraints.

Orchestration

( From The special issue in Computers & Education 2013 by 

Pierre Dillenbourg ) 
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“ “

simple and feasible 



• Modeling-based learning with games

• Guided inquiry with simulations

• Critique on the inquiry with simulations

• Light-weight inquiry in classrooms
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Pedagogies using simulations



Modeling-based learning 

with games
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Modeling-based learning 
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Problem-solving simulation game 

Momentum + Collision

High school students constructed the 

model of collision of two objects.
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• Pedagogical design

– Play: student understand the goal of the 

game.

– Simulation: students operate simplified 

simulation displaying how the velocities 

of two objects change after collision. 

38SMIC, 2020

Problem-solving simulation game 



• Pedagogical design

– Play: student understand the goal of the 

game.

– Simulation: students operate simplified 

simulation displaying how the velocities 

of two objects change after collision. 
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Problem-solving simulation game 



• Model construction: students obtain a quantitative model of 

collisions to precisely solve the problem given by the game.
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Problem-solving simulation game 



• Test model: Students use the model 

they built to solve the game. To avoid 

trial-and-error they were only allowed 

to play the game three times.

• Writing report: Students write a 

report regarding the task they 

achieved in that session. 
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Problem-solving simulation game 



• To understand how 25 high school students build their own 

model in the inquiry activity.

• The modeling-based learning activity was implemented in a 

90-minute session. 

– Initial and final models
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The experiment and analysis
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Model change

43



Guided inquiry activity 

with simulations
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Scientific literacy



• Scientific literacy has been emphasized in science education 

standards globally (e.g., NGSS Lead States, 2013).

• The ability to “do science” (OECD, 2016). 

– to explain phenomena scientifically

– to design scientific inquiry

– to interpret data scientifically
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Scientific literacy



The cookbook-style laboratory instruction has 

unfavorable effect on science learning.

(Blanchard et al.,2010; Scalise et al., 2011).
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Cookbook style laboratory instruction



Guided 
inquiry with 
simulations

In one class period, the teacher instructed the students 
how to use the CoSci simulation and demonstrated how 
to conduct virtual experiments using the simulation.

Then the students were allowed to conduct their own 
inquiry with the simulation for two class periods. 

The students’ inquiry was guided by the system through 
provided inquiry questions and prompting hints and 
questions.
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Guided inquiry with simulations

Buoyancy + Scientific literacy 

Middle school students investigate why 

objects sink or float in the liquid and the 

phenomenon of buoyancy.
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Students configured their own inquiry plan.



• A comparative study

– One class was taught by the teacher 

– The other learned by the guided inquiry

• Both classes participated in a 100-minute learning session. 

• Data set 

– School science test scores 

– Scientific literacy test scores
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Guided inquiry with simulations



OECD Scientific literacy framework

• Explaining phenomena 

scientifically(SC-A)

• Design of scientific inquiry (SC-B)

• Interpretation of the data (SC-C)
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Scientific literacy test
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Scientific literacy test



Predicted learning curve by Horton (2001)

Modeling-based approach

Traditional teaching

53

better long-term learning effect on 

scientific literacy
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Critique on the inquiry 

with simulations
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Scientific literacy



• The practice of critiquing helps students develop integrated 

understanding of science concepts (Chang & Chang, 2013; 

Chang & Linn, 2013).

• Critiquing helped students improve their scientific explanations

(Matuk et al., 2019).
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Critique on the inquiry with 

simulations



Student complete the critique 
worksheets. 

The teacher led the whole class 
discussions of the critiques. 

Inquiry with the simulation 

The Student Critique Design
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Problematic cases
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Student Critique Worksheets 
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Students took part in the inquiry with the simulation 

and inquiry map.



• A comparative study

– Traditional group

– Teacher demonstration group

– Student critique group

• All classes participated in a 100-minute learning session. 

• Data set 

– Scientific literacy test scores
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The experiment and analysis



Conventional 

No-Simulation 

Teaching

The traditional lecture treatment 

also involved three class periods 

but teaching through textbook-

based lectures with no simulation.

It involved teacher lectures about 

the concepts, and student practice  

on assessment items relating to 

sinking and floating. 

2020/08/06SMIC, 2020 60
SMIC, 2020 60



The Teacher 

Demonstration 

Design

In one class period, the teacher instructed the students 

how to use the CoSci simulation and demonstrated 

how to conduct virtual experiments using the 

simulation. 

Then the students were allowed to conduct their own 

inquiry with the simulation for two class periods. 

The students’ inquiry was guided by the system 

through provided inquiry questions and prompting 

hints and questions.
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The Student 

Critique 

Design

The students worked on worksheets prepared by the 

science teachers that asked the students to critique 

fictitious experiments with the CoSci sinking and floating 

simulation. 

The teacher also led whole class discussions to engage the 

students in discussing their critiques. 

Then the students were allowed to conduct their own 

inquiry with the simulation for two class periods. The 

students’ inquiry was guided by the system through 

provided inquiry questions and prompting hints and 

questions.
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Results

• The ANCOVA result indicates that 
there is a significant treatment effect 
(F=7.908, p=0.001). 

• Paired comparisons with a modified 
Bonferroni correction reveal 
significant differences between the 
Student Critique treatment and the 
traditional teaching treatment, but no 
significant difference between any 
two of the others.
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Cohen’s d 

0.49

0.32

0.67

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Student Critique/
Teacher Demo

Teacher Demo/
Tradition

Student
Critique/Tradition

The critique approach showed medium effect size over the 

traditional approach.
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Reflections 
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• The three designs improved science 

learning effect.

• However, the three designs assume the high 

readiness of technology use in schools 

– Modeling-based learning with games

– Guided inquiry with simulations

– Critique on the inquiry with simulations

Easy and Simple 

One student 

One computer



Light-weight inquiry in 

classrooms
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Easy and Simple inquiry 
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Light-weight inquiry with computer 

simulations 

Buoyancy + Scientific literacy 

Middle school students investigate why 

objects sink or float in the liquid and the 

phenomenon of buoyancy.
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Classroom orchestration

• Minimalism principle: only 5 

iPads and a projector were used

• Teacher-led collaboration: 

teacher guided students 

through worksheets

• Students went through the 

inquiry steps to build the 

science knowledge of buoyancy.

• They shared their group 

conclusion on the white board.
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• A comparative study

– 24 in the Light-weight inquiry group

– 25 in traditional teaching approach

• Both groups learned Buoyancy in 4 45-minute sessions

• Data collection

– Pre- and post-test for the scientific literacy

– Pre- and post-test for the science knowledge
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The experiment and analysis
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Science knowledge

The two groups did not show significant difference in their science 

knowledge.
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Scientific Literacy

The light-weight inquiry approach is helpful for improving students’ 

ability in interpreting data.

Explaining phenomena scientifically (SC-A)

Design of scientific enquiry (SC-B)

Interpretation of the data (SC-C)



• Dream-based research 

– telling teachers a dream

– rather than practically helping them transform 

teaching/learning 
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Practice-driven 
innovation research

Dream-based research vs. 

Practice–driven innovation 

research



• Practice-driven innovation research

– Create innovations practically transforming 

teaching/learning in the context

– Working with schools and teachers

– Address teachers’ orchestration 

requirements

– Demonstrate practical impacts
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Practice-driven 
innovation research

Dream-based research vs. 

Practice–driven innovation 

research



• CoSci platform

– 100+ simulations

– Learning activity design

• Being collaborating with 8 schools in 

Taiwan to bring these simulations to 

schools
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Dream-based research vs. 

Practice–driven innovation 

research

Practice-driven 
innovation research
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Practice-driven 
innovation research

• The four simple and feasible pedagogical 

designs were tested in schools 

– Guiding students in model-based learning

– Developing scientific literacy

Dream-based research vs. 

Practice–driven innovation 

research
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We hope: 

The tool, content, and pedagogical 
method we create can practically 
improve the teaching and learning 
in schools. 

Practice-driven 
innovation research



Collaboration Network

SMIC, 2020 79



THANKS
Chen-Chung Liu

ccliu@cl.ncu.edu.tw

SMIC, 2020 80

Presentation template designed by Slidesmash

Photographs by unsplash.com and pexels.com

Vector Icons by Matthew Skiles

Special thanks to all people who 

made and share these awesome 

resources for free:



References

• Wen, C. T., Liu, C. C., Chang, H. Y., Chang, C. J., Chang, M. H., Chiang, S. H. 
F., ... & Hwang, F. K. (2020). Students’ guided inquiry with simulation and its 
relation to school science achievement and scientific literacy. Computers & 
Education, 103830.

• Chang, C. J., Liu, C. C.*, Wen, C. T., Tseng, L. W., Chang, H. Y., Chang, M. 
H., ... & Yang, C. W. (2020). The impact of light-weight inquiry with 
computer simulations on science learning in classrooms. Computers & 
Education, 146, 103770. 

• Wen, C. T., Chang, C. J., Chang, M. H., Chiang, S. H. F., Liu, C. C.*, Hwang, F. 
K., & Tsai, C. C. (2018). The learning analytics of model-based learning 
facilitated by a problem-solving simulation game. Instructional science, 
46(6), 847-867.

SMIC, 2020
81


