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Motivations and Objectives
• 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 2



Simulations VS Animations/Videos
• Although they look similar, there are indeed difference 

between simulations and animations/videos:

3

Animations/Videos Simulations

• Passive learning
• No control on 

experimental setting
• Does not encourage 

exploration
• Homogeneous outcome

• No or less data 
generated

• Active learning
• Self-control of 

experimental setting
• Encourage exploration

• Outcomes can be 
heterogeneous

• More data generated 
(can by used by learner 
for data analyses)

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


Advantages of simulation in science ed.
• 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

• Active, hands-on learning

• Group-collaboration

Applications:

• Lectures (visualization, demonstrations, experiments, 
discussions)

• Pre-lab

• Group projects 4

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


Simulated Science experiments
• Course: SCP2015 Electricity and Energy

• Lecturer: Dr YEUNG Chi Ho Bill

• Number of students: 27

Experiment 1a
Experiment 1b

Experiment 2a

Experiment 2b

Experiment 1
Experiment 2
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https://www.multisim.com/content/DKoebAmw4bEC89jSdVzod4/experiment1_part1a/
https://www.multisim.com/content/uen3oR8HaXTHHwKphhhahK/experiment1_part1b/
https://www.multisim.com/content/EsHMLY9uLbC54eJkvZmbR5/experiment1_part2a/
https://www.multisim.com/content/VsazRkPiWkk54zmqwdjEB9/experiment1_part2b/


Lab manuals and demo videos
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Moodle 
course page

Lab manual



Example of demo video
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Simulated Circuit Experiments (1)
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Simulated Circuit Experiments (2)
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Simulated Physics/Chemistry 
Experiments (3)
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Examples of students’ lab reports
• Students worked on their lab reports based on the 

simulated experiment results
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Students’ feedback
• Positive comments from students:

✓ It was interesting to play with both set of simulated experiments

✓ They can re-try and repeat the experiments many times for investigation 
without concern on wasting resources

✓ Some aspects of the experiments are very realistic

✓ Given the pandemic situation, the simulated experiments seem to be a 
good choice as it allows them to hands-on conduct the experiments; such 
real experiments would be difficult at home

✓ In terms of learning, they prefer simulated experiments than only watching 
experimental videos, since they have the room for exploration and learn-
by-doing

✓ The simulation platforms for both set of experiments work on both 
computers and tablet computers, and even mobile phones

• Potential issues:

 Workload of using simulated experiments may seem larger compared to 
only watching experimental video

 More advanced circuits can be explored 12



Can simulations replace hands-on 
experiments in teaching science?

• Simulations are good complement to hands-
on experiments, not replacement 13

Simulations Hands-on experiment

Pros Please refer to the points 
listed on the last page

• Real experience, e.g. 
smell, feel, etc

• Experimental skills 
learnt

Cons • Limited by programmers’
interpretation

• Low degree of realism 
(may improve in the 
future) 

• Dangerous /infeasible 
/expensive experiments

• Inaccurate data and 
measurement

Nico Rutten presentation
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Summary

• Simulated experiments have been adopted in an online 
physics course, these include

1. Simulated circuit experiments

2. Simulated experiments on measuring heat capacity

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

• Students have mostly positive feedback on the 
simulated experiments
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