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Motivations and Objectives €

e Due to pandemic, all courses are delivered online;

science courses with experiments face extra challenges =

 Since science experiments require special apparatus, chemicals,
laboratory spaces, etc., it can be difficult or dangerous for learners
to conduct experiments at home in online lessons

* In this project, we aim

1. To identify problems encountered by learners in online science
courses with experimental components

2. To identify strategies, mechanism or platforms which enable
learners experience experimental components and acquire
experimental skills in online science courses

3. To identify and devise good practices of conducting experimental
components with learners for non-face-to-face course delivery ,



Simulations VS Animations/Videos

* Although they look similar, there are indeed difference
between simulations and animations/videos:


https://www.pngmart.com/image/301179

Advantages of simulation in science ed.

e Simultaneous different representation of the same
concepts (e.g. movie, graph, etc.)

* Visualize and understand abstract science concepts

* Replace dangerous/infeasible/expensive experiments
* Change in time-scale, size-scale —

e Active, hands-on learning N

* Group-collaboration

Applications:

* Lectures (visualization, demonstrations, experiments,
discussions)

* Pre-lab
¢ Group prOjECtS Reference

R. Lindgre , Spatial learning and computer simulations in science (2009)
D. Gende, Science Simulations: A Virtual learning environment (2011)


http://www.clker.com/cliparts/d/I/3/Z/x/C/bacteria-md.png
http://www.clker.com/cliparts/Q/y/Q/4/Q/k/beaker-with-molecules-md.png
http://www.clker.com/cliparts/9/d/2/8/11949863841895463575saturn_dan_gerhards_01.svg.med.png
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Adopting existing
simulations:in‘your.own.way
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(1) Molecular Workbench (free)

* Molecular Workbench is free and open software — “a
modeling tool for teachers and students to create their own
simulations and share them with collaborators”:

http://mw.concord.org/modeler/

http://mw.concord.org/nextgen/ E

=

* Developed Concord Consortium, a non-profit -
educational research and development
organization based in Concord, Massachusetts E

53 s, s

Selected Curriculum Modules

4 B

Hundreds of Simulations Embedded Assessments Create and Customizjie
Explore physics, chemistry, biology, Real-time reports provide a complete view of Customize any model or create one|
biotechnology, and nanotechnology. student leamning progression. with powerful modeling tools.


http://mw.concord.org/modeler/
http://mw.concord.org/nextgen/

STUNIT6: MATTER AS PARTICLES

6.5 Gas Pressure

° ?
In this online module, we will adjust parameters in the following simulated experiments, and

e Teachers can set Up online o e etime s presare o
learning platform (e.g.

Class overview

google sites), embed the o | TR e
simulated experiments, | s BN
and incorporate questions YN
for students to adjust e
parameters T -
¢ Example: Experiment 1
8

https://sites.google.com/view/s1ljuniorscience-bill



How to make it?

* |[tisindeed very simple:

Paste this link in email or IM.

https://lab.concord.org/embeddable.html#interactives/jsmol/jsmol-dna.json

%

Paste HTML to embed in website or blog.

Select S@E v

<iframe width="618px" height="418px" frameborder="no" scrolling="no"
allowfullscreen="true" webkitallowfullscreen="true"
mozallowfullscreen="true"
src="https://lab.concord.org/embeddable.html#interactives/jsmol/jsmol-

The Concord
o8 Consortium

bout

Placeholder
YouTube

Calendar

Docs

-]
=
O wop
8
[}

Slides

B Fforms

Charts

Experiment 2 /

\/

Paste the HTML code from the site you want to embed.

Cancel

B Balloon

Insert form in Google

] Molecular workbench next-generation

Google site



Method, 2

Creating your own
experiments'in feasible
platforms
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(2) MultiSim Live (free) =] 3]

* Developer: Originally Electronic Workbench,
now National Instruments (NI)

* Goal: circuit simulation and design program E

* Origin: the software SPICE released in 1973 developed by
UC Berkeley

* MultiSim is widely used in Universities, high school as well
as the industry to design circuit; MultiSim Live is free!

*Untitled Circuit




Interactive v

X1

‘D‘|‘ Schematic

20V

R1 Outof date
o i 9.3750mA

3.50V

V1 Voltage:

3.50V

SCP 2015 Electricity and Energy
Experiment 1 — Simple Circuits
Dr. YEUNG Chi Ho Bill

Due to pandemic, the following experiment will be conducted through online circuit
simulation platform “Multisim Live”. Since this is a web-based simulation platform, so there
is no need for you to download any software to your computer. You can alse conduct the
experiment without account registration, but if you want to save your simulated file, you need
o register an account.

Part 1 - Ohmic and non-Ohmic electronic components

Part 1a — A circuit with a light bulb

nt1 Partla

Figure 1 The “Multisim Live” simulation platform with a simple circuit consisting of a set of
batteries and a light bulb

-

. Open the above simple circuit with a set of batteries and a light bulb by
dlicking the following hyperlink or scan the QR code:

hitps./éwwe myltisim com/content /DK dvzoda/ imentl partla’

. Click the “Run simulation” icon u on the row above the simulatien platform

r

. Move your cursor to point to “5V” in Figure 1, click the setting icon Hon the top right
hand carner, and a grey panel on the right (like the one in Figure 1) will pop up

w

1

Simulated Circuit Experiments

Ll

Change the voltage of the batteries from 5V to 1V, by either changing the number "SV” in
DC_mazg 5 W

the grey panel on the right , or by dragging the blue

panel underlying "SV".

0

The current of the circuit is found here 1 s next to the symbol /e,

L&

L

Record the current of the circuit with different voltage of the batteries as shown in the
table below, and observe how brightness of the light bulb changes with voltage of the
batteries:

Voltage of the batteries (V)
1
2
3
5
10
15
20

Current of the circuit (Unit=

)

Table 1a

13




Simulated Circuit Experiments (2)

Interactive ¥ It Schematic ™\ Grapher SN Split

i -39.352mA 52 53 54 S5
-
lpp 181.54mA | o— —o/o— —o/o— —o/o— —o/o—
Ipms 64.283mA
lny -17.692fA X2 X3 X4 X5
PRIf  50.000Hzwy
0 I 3 4 5 6
V1 220V 220V 220V 220V 220V
+
6)220\1
— 50Hz
0° 14

5. Record the current Igys and Ipp in the circuit with different number of closed switches
as shown in the table below, and observe how brightness of the switched-on light bulbs
changes with the number of closed switches:

Number of closed switches Inys (Unit= ) Ipp (Unit= )
1

| &= W~

Table 2a




How to make it?
* |t is again very simple:

ﬁMultisimLive FEATURES PRICING  CIRCUITS - RESOURCES LOGIN -

FEATURES PRICING CIRCUITS RESOURCES ‘ HELLO, CHBYEUNG
Discover Electronics

i . - . . Chb eun Circuits

wi Online SPICE Simulation ASHE

Bill Yeung

Professor/Instructor Favorites

¢ EEHOW IT WORKS

Groups

Interactive v [N ESNSUES "\, Grapher

SCP 2015 Electricity and Energy
Experiment 1 - Simple Circuits
Dr. YEUNG Chi Ho Bill

Due to pandemic, the following experiment will be conducted through online circuit
" I:m N el simulation platform “Multisim Live". Since this is a web-based simulation platform, 5o there
Interactive ¥ /\/ Grapher 2N Split is no need for you to download any software to your computer. You can also conduct the

‘you want to save your simulated file, you need

1o register 2n account.

Part 1~ Ohmic and non-Ohmic electronic components

R 1| Out of date Te St it ! Part 1a - A circuit with 3 light bulb

20V 0 i 9.3750mA
1’

1 12

w1 oY

8LED Bar Buzzer

[ a |
o
L
®
A

ITII:

3.50V Figure 1 The “Multisim Live” simulation platform with a simple circuit consisting of a set of

V1 Voltage: 3.50V batteries and a light bulb

1. Open the above simple circuit with a set of batteries and a light bulb by =]
clicking the following hyperlink o scan the QR code:

x10 &

Dt

2. Click the “Run simulation” .m..u on the row above the simulatien platform:

3. Move your cursor to point to “5V" in Figure 1, click the setting icon Bl on the top right

Make lal manaat:———

BH
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Model Chemlab

* Developer: Model Science Software

* Goal: allow students to perform chemistry
operations and experiment via the simulated piatrorm

* Teachers can tailor-make chemicals and chemical
reactions, to allow students mixing the chemicals and
observe the reaction in the simulated platform

(untitled) - Hea

Ele Edi Egupment Chemcas Brocedues frange Gpbions beb

1IPHELEs R-OFldilacscel il &-+1 00

iroaxten | prscedure | Observatens

Moot vxszIutIi‘

Introduction

I this 1ab you wil examine the heat of neutralizaion for
ihe reaction of bydrochlonic acid with sodum hydromd.
[The heat of neutrahration s defined as the quanty of
heat evalved when ene mole of acid or base is exactly
neutralized. When an acid and & base react, the net resilt
i the production of a salt and water. In ths e
{Ma0H wil newrralize the HCl i  reaction that produces
sodum ehloride (sakt) and water:

HCl + NaOH -> NaCl 4 HzO + heat

[Exthalpy (H) is a property of a system and is equal to T1
[+ BV, where T0i¢ the mtereal enesgy of the system, P is
ihe pressure, and V'is the vohime

H=T4RYV
In & chermical renction, the eathalpy change i equal o the

ot ershalpy of the products mirws the exchalpy of the
reactants This i known as Hess's Law. The folowing

ne.

F i Procedure  Observation

Acid-Base Titration Introduction:

Water dissociates (self-ionizes) into H +
(hydrogen ion) and OH - (hydroxide ion)
ions naturally to a very small extent:

H20 -> H+ + OH-

In a neutral solution the concentration of [ H
+]and[OH -] areequalat 1.0x 10 -7 M.

titration, adding small quantities of a base to
an acid and recording the rise of pH. We can
plot the pH against the amount of base
added producing a titration curve. The
steepest point on the curve occurs at the
equivalence point, when the acid is exactly
neutralized. Because the titration curve is so

e &)@ 4)(a)i) &S]S

@& L

Titration

Titration Data

hro e S An acidic solution is one in which the 14
ok concentration of [H+]> [OH-],and in an 13
“”m'd::?:':fxfim“'mmm““‘“ basic solution the [H+ ] < [OH-]. pH isa 12 —1
Ei s measure of the concentration of [ H+ ] and is 1" il
thie amount of heat releated or absotbed in a chenical defined as : 10
reaction per mole of reacting substance. 9
pH = -log[ H+ ]
First Law of Thermodynamics is the law of conservation i 8
of energy “Energy can neither be created ner deswoyed, In a neutral solution pH = 7. A pH < 7 v 7
ol changed from one fam o another* indicates an acidic solution and pH > 7 6
signifies a basic solution. s
[For a closed constant mass system the first law of 4
thermodynamics 1 often expressed as: An acid-base reaction is one in which H+ 4
o ion are transferred from an acid to a base: 5
1 e |
[orbere AT i the change fmernal energy, Qi the hest HA +B -> A- + BH+, whereHAisan .
acded to the system and W is the work done by the acidand 8 is an base 6 s 10 1s 20 25 30 35 45
yctem pH: 12.4725
In this experiment we will explore the use of mi of titrant

17



Simulated Physics/Chemistry
Experiments (3)

File Edit Equipment Chemicals Procedures Arrange Options Help

IAHLDE<-Beidlieacocee il HE | @&-+
Varlett vz v|B I ule== ||

Introduction  Procedure Observations

15. Record the final temperature of the mixture in the following table

50g water | 100g water | 200g water

The final temperature of the mixture of

100°C iron (100g)
+

20°C water (different amount)

Table 1




2 Chemiab - (untited)

File Edit Equipment Chemicals Procedures

DBHXBEs

How to make it?

. - décolHE | Z-4tODoo [«

Marlett V|12 lelH\tii‘

Introduction  Procedure  Observations

ChemLab Simulation Modules X
LabModules  Lab Wizards

Title UDL File Module Description

mm:iﬂlase Titration Acidbase.dl  This lab examines acid-base titration of strong .
Fractional Crystalkization Lab FRACCRY.... This lab examines the properties of chemical sq
Gas Compression Compress....  stoic_uldll Examine the relationship between Volume and
Generic Lab GENLAB.D... Basic Lab, to allow the examination of lab equi
Gravimetric Analysis of Chloride Gravmtrc.dl  This lab uses gravimetric analysis to determine
Reaction Kinetics in redox reaction ~ RATERED... STOIC_UL.. Investigate the reaction kinects involved in oxi

e Specfic heat lab CALORMT. This lab uses a calorimeter to determine the sp

< >

List o al avaiable labs (Web) o] Cancel Help

Make lab manual

SCP 2015 Electricity and Energy
Experiment 2 — Specific Heat Capacity
Dr. YEUNG Chi Ho Bill

Due to pandemic, the following experiment will be conducted through online drcuit
simulation platform “Model ChemLab™. Please download the free evaluation version of Model
ChemLab frem the hyperlink below:

https://www.modelscience com/software_html

t ]
B TEERE TV LY e IR F AW A=l L b

iy B T

ES———

Lo o et

Figure 1 Simulation platform of Model ChemLab

Part 1 - Specific heat capacity of iron

1. Open Chemlab, and in the pop-up window with different experiments, choose “Specific
heat lab”; or alternatively, open ChemlLab, select “Options”™ = “Labs” = “Specific heat
lab™
MNOTE: Most of the following procedures can be found in the “Procedures” column on the
left hand side [1]

2. Add a test tube by using the test tube HH button

3. Add 100g of iron to the test tube by right-clicking the test tube and choose chemical;
select 100g iron shot; a label “Fe” can be added to the test tube

4. Add a thermometer by right-clicking the test tube and select "thermometer™

5. Adda 250ml beaker by selecting “equipment” at the top toelbar; add 150ml of water into
the beaker

6. Select both the test tube and the beaker and right-click to select “combine”

1




Method 3

Creatingyour-own new
experiments



(1) Molecular Workbench (free)

* Molecular Workbench is free and open software — “a
modeling tool for teachers and students to create their own
simulations and share them with collaborators”:

http://mw.concord.org/modeler/

http://mw.concord.org/nextgen/ E

=

* Developed Concord Consortium, a non-profit -
educational research and development
organization based in Concord, Massachusetts E

53 s, s

Selected Curriculum Modules

4 B

Hundreds of Simulations Embedded Assessments Create and Customizjie
Explore physics, chemistry, biology, Real-time reports provide a complete view of Customize any model or create one|
biotechnology, and nanotechnology. student leamning progression. with powerful modeling tools.


http://mw.concord.org/modeler/
http://mw.concord.org/nextgen/

(2) PhET Interactive Simulations
* A completely free platforms with &)

University

ma ny EXiSting Simu Iations INTERACTIVE SIMULATIONS o poraca

Boulder

e Users can create a completely new simulations using html5

Over 1.1 billion simulations delivered

PHYSICS CHEMISTRY MATH EARTH BIOLOGY

SCIENCE
NS
S

Z

HTML5 Prototype X |

Center and Variability Number Play Greenhouse Effect
= E
Tew “[":9?);‘;
F'¥\/ l\l — S

Tlltite =
# PHET §




Can simulations replace hands-on
experiments in teaching science?

o Simulations ____Hands on experiment

Pros Please refer to the points
listed on the last page

Cons .

Biblioteca d'Onda / CC-BY-SA-4

2
)
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* Simulations are good complement to hands-
on experiments, not replacement

Nico Rutten presentation


https://creativecommons.org/licenses/by-sa/4.0/

Summary

* The following platforms of simulated experiments are
shown

1. Molecular Workbench
2. MultiSim Live

3. Model ChemlLab

4. PhET

* Instead of just playing with this online module, students
are required to record data like real experiments, and
submit homework or lab reports

e Students have mostly positive feedback on the
simulated experiments

24



