geTTE—_———_ Y

Bringing science simulations/games to
science classrooms:
the pedagogy and orchestration issues

Chen-Chung Liu
Department of Computer Science and Information Engineering
National Central University
Taiwan

SMIC, 2020 1



Simulation & Science learning

Simulate a model of a system or
a process

* Visualize some invisible features
of science phenomena

« Help students experience
scientific discovery process




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

Jeremy Roschelle, 1992
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/ FIGURE 1 The Envisioning Machine (labels added).



Simulation & Science learning

* Problem-solving game

— Students learn through solving a challenging task in a simulation

begin

int count=0;

while (true)

{

if (TrainPassMe ()) {

count++;
print (count);

}

if (count==3) {
train0.Break (30);
print "TrainO Break[30]";
print ("Train is
stopping") ;

}
}
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Simulation & Science learning

* Problem-solving game

— Students learn through solving a challenging task in a simulation

pe—— ) = 01 ¥ .
Ranger Joe's Fish Tank Simulation Tan & BlSW&S, 2007
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Simulation & Science learning
 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/)

wcase

_ J ava- based S i m u I ati O n S fo r ;’laﬂl.:e ;'ne simulations available on this siie below There are many other simulations that are not shown here but can be found in the
physics, chemistry, biology..,

Library of Models within Molecular Workbench.

I ALL FEATURED | PHYSICS CHEMISTRY BIOLOGY BIOTECH NANOTECHNOLOGY.

Physics: Mechanics

— Now transferring to HTMLS
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Physics: Fluid Mechanics and Dynamics

— Activity development tool

4 ﬂ’:‘:’"ﬂ.. e
. R 2
* : :{:’;J.v? o f
" i B 8’{ = : [
s - o
Y L - L
Archi r'wces 335 al's Pressure Pouring Liquid Water Fiow Particle Flowina Controlling
Principle Conveyance When a Dam Rotating Drum  Flow ina Be
thrnnbh Eb il Cnllancac hlvwor ruir Einnar

o XX __ 1|

Electrostcooes Uniform The Lorentz Reversina Electrostatic Electrosta

-



Simulation & Science learning

« Go-Lab (https://www.golabz.eu/labs)

GO-LAE labs Apps Spaces Authoring Support News  About M Q EN ~

Online Labs 0o;
Find online labs to enrich your classroom activities with

20

— An EU exchange platform for
simulations.

— Welcome all contributions
from different countries

— Activity development tool

g

exciting scientific experiments.

Online labs provide your students with the possibility to conduct scientific experiments in an enline environment.
Remotely-operated labs (remote abs) offer an opportunity to experiment with real equipment from remote
locations. Virtual labs simulate the scientific equipment. Data sets present data from already performed lab

experiments. Please use the filters on tha right to find appropriate online labs for your class. Labs can be combined Propose Lab
with dedicated Apps to create Inquiry Learning Spaces (ILSs). U0

Most Viewed v

.
L L pon 87 Electrical Circuit Lab
A7 [ ;‘: - In the Elecirical Circuit Lab students can create their own elecirical circuits and do
- b4

L

Publish Lab

If you are looking for online labs especially suitable for the curricula of Benin, Kenya or Nigeria, please visit our
Collections page.

measurements on it. In the circuits the students can use resistors, light bulbs, switches,

T' $ ™" capacitors and coils. The circuts can be powered by a AG/DC power supply or batteries, ~ A510n0mY (32
I (. Bialogy (57)
0 Chemistry (22)
ne Engineering (25)

Environmental Education (37)
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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)

EfsWiki Recent Changes - Search: | 1[Ca]
Information Idain / View Edit Histery Print
Foreword EJS Home Page
What is EjsS?
E_‘E‘lf‘“ Welcome to the wiki pages for Easy Java/Javascript Simulations!
inks
EjsS license NOTE: Due to a gracious change in the server, | need to rebuild these Wiki pages. Some links may be incorrect for some time. Sorry about that. The author.
Installation
Download About Easy JavalJavascript Simulations

Reader Apps

EjsS Workspaces
Running EjsS
Documentation
How to create Apps
EjsS Console

EjsS Interface

Easy JavalJavascript Simuations, aiso known as EJS {or Ejs, or EjsS), is a free authoring tool writen in Java that helps create interactive
EJS has been created by Francisca Esquembre and is part of the Open Source Physics project

in Java or Javaseript, mainly for teaching or learning purpeses.

The Javascript flavour of EJS is possitle thanks to the collaboration of E&lix Jesds Garcia Clemente, coautnor with Francisco of the Javascript library that supports this fiavour and main developer of the Reader Apos.

A brief historical and naming remark: Before release 5.0, EJS could only create Java simulations. Hence, its former name was "Easy Java Simulations” and its acronym just "EJS" Now, since release 5.0, E4S can create
(also) simulations that use Javascript and HTMLS, and hence tan be run on tablets and smariphones (see our Reader App). This major change explains why we have renamed EJS as Easy JavalJavascript Simulations, and its

Description Panel acronym can be efther EJS or Ejs8
Model Panel

View Panel In this wiki

Deployment , .
Bt Filsarios: + Theidea of Zasy Jau it
Einsie + Instaliation of EJS

Reference "

Advanced Topics .

Moedle Support
Discussion Forum
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Simulation & Smence Iearnmg

+ Virtual Physics Lab Since 1996 ==& lw'“”“
— By Prof. Fu-Kwun Hwang & - :i| 
— Hundreds of science simulations gl -
built with EJS o ' J _
— Collected by MERLOT, National s

Science Teacher Association, etc.

— Java-based simulations
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New Simulation Platform

<
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Launch a new project in 2011
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Launch a new roject in 2011

Fu-Kwun Hwang

Scientist
Francisco Esquembre

Chen-Chung Liu

Mathematician

Computer Scientist

SMIC, 2020



New features

Learning
analytics

Collaboratio
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Pedagogical design
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Learning analytics
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Fig. 5. The problem solving pattern associated with flow experience.
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CoSci

100+ Simulations

A platform supporting scientists,
teachers, and students to develop
and apply computer simulations for

the learning of physics.

https://CoSci. TW/

e el
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CoSci
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Interface
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100+ Simulations

Buoyancy
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100+ Simulations

Velomty & Acceleration




100+ Simulations

Free falling / Projectile
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100+ Simulations

Circular motion




100+ Simulations

Collision
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100+ Simulations

Harmonic motion
o _

Thermodynamics




100+ Simulations

Waves
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100+ Simulations

Electromagnetic




Pedagogical Design
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Pedagogical design

« 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.



Orchestration

“ Leveraging multiple resources and extrinsic
constraints including time, curriculum relevance,

discipline constraints, and assessment constraints. 7J

( From The special issue in Computers & Education 2013 by
Pierre Dillenbourg )

simple and feasible

SMIC, 2020



Pedagogies using simulations

Modeling-based learning with games

Guided inquiry with simulations

Critique on the inquiry with simulations

Light-weight inquiry in classrooms



Modeling-based learning

Modeling-based learning
with games

SMIC, 2020 35




Problem-solving simulation game

CIECED

WVxa U 20 velocity of the ghost (mvs)

Ma D 2 mass of the ghost (kg)
3

Momentum + Collision

mass of the pumpkin (kg)

High school students constructed the
model of collision of two objects.
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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.

o | G | s

Vxa H 20 velocity of the ghost (mys)

Ma & 2 mass of the ghost (kg)

3

mass of the pumpkin (kg)



Problem-solving simulation game

» Pedagogical design MMRL@‘J P B
. Mb =EREE(L
— Play: student understand the goal of the - oo %@Ma,m
game. Vb g o |mmEmomm)

— Simulation: students operate simplified
simulation displaying how the velocities
of two objects change after collision.

Ma= 1 Mb=1




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 biun | reet | Bsnapsno |
they built to solve the game. To avoid Ll jﬂ__lr::f:::i::;j:j;fs’
trial-and-error they were only allowed g )
to play the game three times.

3

mass of the pumpkin (kg)

* Writing report: Students write a
report regarding the task they
achieved in that session.



The experiment and analysis

« 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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Scientific literacy

Guided inquiry activity
with simulations

SMIC, 2020 44



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



Cookbook style laboratory instruction

The cookbook-style laboratory instruction has
unfavorable effect on science learning.

(Blanchard et al.,2010; Scalise et al., 2011).



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.

Guided
inquiry with
simulations

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.




Guided inquiry with simulations

| Play || Reset | simutation pescrptic
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Middle school students investigate why
objects sink or float in the liquid and the
phenomenon of buoyancy.
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Guided inquiry with simulations

* 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



Scientific literacy test
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Scientific literacy test

Table 5. Means and standard deviations of the posttest, delayed-test, and post achievement scores

Scientific Literacy Scientific Literacy Post School Science
Posttest Delayed-test Achievement Score
M S.D. M S.D. M S.D.
The treatment group 1492 6.23 19.08 6.53 64.20 15.01
The control group 1373 594 1444 0.58 63.44 15.75
=0.689, p=494 =2.522, p=015 =0.177, p=.860

/ ‘ Independent sample ¢ ests

S 2020
N

52

P
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A better long-term learning effect on

scientific literacy Proficiency \, . ..
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Scientific literacy

Critique on the inquiry
with simulations

SMIC, 2020 54



Critique on the inquiry with
simulations

* 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).




The Student Critique Design

Student complete the critique
worksheets.

The teacher led the whole class
discussions of the critiques.
roblematic casesfy
Inquiry with the simulation




Buoyant ||.
rhoS - M - V . rhoA - Vu - Vs = scalel scale2 .| scale3 r
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- According to the results above, Hsian-Hsian claims that “I hypothesized
that the buoyant force equal to the weight of the fluid displaced by the
- object. The experiment results support my hypothesis. So, | will not change
scale

- cam

my hypothesis. This is because the weight of the fluid displaced by the
object is equal to the volume of the object under the fluid. The volume of
the object under the fluid is equal to the buoyant force received by the
object. So the weight of the fluid displaced by the object is equal to the
volume of the object under the fluid.” s this claim reasonable, if not, how
do you revise the claim?

Student Critique Worksheets
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The experiment and analysis

* 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



Conventional

No-Simulation
Teaching

SMIC, 2020

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.

SMIC, 208 2020/08/06



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.

The Teacher
Demonstration

Design 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.



The Student
Critique

Design

SMIC, 2020

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
qguestions.
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Teacher Demo Student Critique

Traditional

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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The critique approach showed medium effect size over the
traditional approach.
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Reflections

Easy and Simple

* The three designs improved science
learning effect.

 However, the three designs assume the high
readiness of technology use in schools

R —

— Modeling-based learning with games

— Guided inquiry with simulations — One

— Critique on the inquiry with simulations

—

SMIC, 2020




Easy and Simple inquiry

Light-weight inquiry in
classrooms

SMIC, 2020 66




Light-weight inquiry with computer
simulations

| Play || Reset | simutation pescrptic

mos O [ R
v g j@a;fﬁﬁﬁifgﬁ
A s - RRG 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

Interactive whiteboard Reflective activity

— * Minimalism principle: only 5
R 3\ ~\ ~\ . . .
iPads and a projector were used

Group4
N

Inquiry activity

* Teacher-led collaboration:
teacher guided students
through worksheets

e 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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The experiment and analysis

* 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



Science knowledge

Table 1. The repeated measure analysis (ANOVA) of the science knowledge

Group N Pre-test Post-test F P
M SD M SD

Traditional 24 3.79 1.64 6.21 2.34 2.58  .115

Light-weight 25 3.36 1.44 5.44 1.66

The two groups did not show significant difference in their science
knowledge.

4 W
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Scientific Literacy

Scientific Group N Adjusted Std. err. F P
Literacy Mean
Overall Trad. 24 1.47 14 2.38 13
et Ligh-W. 25 1.85 14
Trad. 24 .63 .07 1.29 26
SC-A Ligh-W. 25 55 .07
Trad. 24 45 .06 .10 76
SC-B Ligh-W. 25 44 .05
SC.C Trad. 24 .64 .05 7.34%% <.01
Ligh-W. 25 74 .05

* p<.05; ** p<.01

Explaining phenomena scientifically (SC-A)
Design of scientific enquiry (SC-B)

Interpretation of the data (SC-C)

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

ability in interpreting data.

g
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Dream-based research vs.
Practice—-driven innovation Practice-driven

Innovation research

research

* Dream-based research

— telling teachers a dream

— rather than practically helping them transform
teaching/learning
‘ “




Dream-based research vs.
Practice—-driven innovation Practice-driven

Innovation research

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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Dream-based research vs.

Practice—-driven innovation Practice-driven

Innovation research

research

» CoSci platform

— 100+ simulations

— Learning activity design .

« Being collaborating with 8 schools In
Taiwan to bring these simulations to
schools

4 m




Dream-based research vs.

Practice—-driven innovation Practice-driven

Innovation research

research

« The four simple and feasible pedagogical
designs were tested in schools

— Guiding students in model-based learning

— Developing scientific literacy

SMIC, 2020 77




Practice-driven
Innovation research

We hope:

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