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Definitions 

Synthetic Biology “aims to design and engineer biologically based parts, novel devices and 

systems – as well as redesigning existing, natural biological systems” (Kitney and Freemont 

2012).  

Distance learning takes place in a learning environment in which “learners and teachers are 

separated by geographical and/or temporal distance”, while “a form of mediated learning 

can be achieved using a combination of technologies” (Wheeler 2012a). 

Digital learning accounts for “a set of technology-mediated methods that can be applied to 

support student learning and can include elements of assessment, tutoring, and instruction.”, 

also referred to as technology-enhanced learning or E-learning (Wheeler 2012b). 

Emergency Remote Teaching “is a temporary shift of instructional delivery to an alternate 

delivery mode due to crisis circumstances. It involves the use of fully remote teaching 

solutions for instruction or education that would otherwise be delivered face-to-face or as 

blended or hybrid courses and that will return to that format once the crisis or emergency 

has abated.” (Hodges et al. 2020) 

Student-centred learning “is an approach to education, which aims at overcoming some of 

the problems inherent to more traditional forms of education by focusing on the learner and 

their needs, rather than being centred around the teacher's input” (Bologna Follow-Up 

Group).  
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Table 1: Overview of delivery modes for digitally enhanced teaching and respective strengths and shortcomings. 2 

Delivery mode Strengths Shortcomings 

 

Virtual 

Lectures 

  

Synchronous 
Teaching fundamental knowledge while 

remaining interactive 
Potentially overstimulating 

Asynchronous 
Teaching fundamental knowledge, increased 

accessibility 
Socially isolating, low interactivity 

Virtual Mobility 

Lowered barriers to engage in mobility 

programmes, expert lectures from across the 

globe, language and cultural exchange 

Less immersive than physical mobility 

MOOCs 
Mostly free of charge, flexibility in space, time 

and choice of content 

Dependence on self-management, low 

interactivity 

YouTube Playlists and Podcasts Free and easily accessible educational resources Limited choice, variable quality 

Online Debates 
Peer-to-peer interaction, practice of 

communication skills 

Moderator needed, multitude of online options 

available without curation of content posted 

Social Media Omnipresent, easily accessible, user-friendly 

Potential imbalance of work/private life, 

potential problems in regards to intellectual 

property laws, privacy and cyberbullying 

Virtual Labs 

Practical and interactive experience based on 

simulations leading to higher student 

engagement and acquiring competencies related 

to laboratory skills 

Often advanced computational skills and 

infrastructure needed 

Gamification Effective motivation, soft skills teaching 

Limited choice and relevance for curricula, 

potential requirement of technical skills on the 

students’ and educators’ side 

Student Competitions 

Interdisciplinarity, real life applications, soft 

skill teaching, acquirement of skills along the 

full research life cycle 

Time and resource consuming 
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Table 2: Selection of YouTube playlists and podcasts related to SynBio education. In addition to this table, the reader is referred to the article of Dy, Aurand and Friedman (2019) that 4 
compiled a comprehensive playlist of SynBio educational YouTube videos. 5 

Name Type of resource Knowledge/skills 

EMBO/iBiology 

Synthetic Biology 

Course 

YouTube playlist Lecture videos about SynBio basics and 

applications, presented by experts from the field 

Synthetic Biology One YouTube channel Videos providing small online courses 

explaining simple experiments, presented by 

Jake Wintermute 

Genetics Unzipped Educational Podcast Podcast explaining concepts and examples in 

the field of genetics 

SynBioBeta Podcast Podcast  Podcasts containing interviews with different 

experts from the SynBio field 

Talking Biotech Podcast Podcast Podcasts containing interviews with different 

experts in the field of biotechnology 

6 



   
 

4 
 

Table 3: Overview of resources for online debates and discussions. 7 

Online forum Type of 

platform 

Knowledge/skills url  

IndieBiotech.com Discussion forum Forum for discussion about democratised 

biotechnology 

https://www.indiebiotech.com/ 

DIYBio Mailing list Finding tips and tricks to perform 

biology/biotechnology at home, open for ethical 

discussion 

https://groups.google.com/g/diybio?pli=1 

Biology Online Forum Discussion forum World’s most comprehensive database of biology 

terms and topics 

https://forum.biologyonline.com/ 

ResearchGate Social media 

network 

Social media network to share articles and 

opinions, large Q&A section covering technical 

support 

https://www.researchgate.net/ 

Biology.StackExchange Discussion forum Q&A site for biology researchers, academics and 

students 

https://biology.stackexchange.com/ 

SynBio.StackExchange Discussion forum Q&A site for synthetic biology researchers, 

academics and students 

[upcoming] https://area51.stackexchange.com/proposals/125068/synthetic-

biology?phase=commitment&conf=1 
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Table 4: Overview of resources for virtual lab experiments. 9 

Virtual lab  Knowledge/Skills url  Ref 

Serial Cloner, 

Benchling 

Virtual PCR and cloning http://serialbasics.free.fr/Serial_Cloner.html 

https://benchling.com/signin/welcome 

(Benchling; Serial Cloner; 

Fellermann et al. 2018) 

Virtual Enzymology Enzyme kinetics  https://github.com/vqf/kinetics (Quesada 2020) 

GelBox Gel electrophoresis http://douglaslab.org/gelbox/ (Gingold and Douglas 2018) 

Aipotu:  Links genetics, biochemistry and molecular biology with 

evolution 

http://en.bio-soft.net/biocai/aipotu.html (Katsaros and Stasinakis 2020) 

BioNetwork Virtual 

Microscope 

Interactive virtual 3D microscope http://www.ncbionetwork.org/iet/microscope/ (NCBioNetwork) 

Augment app  3D protein structure in Augmented Reality https://molecularweb.epfl.ch/ (Hoog et al. 2020) 

Labster SynBio routine from building the genetic circuit, the cloning 

thereof through plasmid extraction and transformation 

https://www.labster.com/simulations/synthetic-

biology/ 

(Labster) 

COVID Moonshot Modelling of potential inhibitors targeting the main protease 

of the SARS-CoV-2 virus 

https://covid.postera.ai/covid (Brandt and Novak 2021) 
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Table 5: Fully online educational games with elements useful for SynBio teaching.  11 

Name Knowledge/skills url Ref 

Geniventure Virtual game environment teaching basic genetic 

concepts through puzzle-like challenges 

https://geniventure.concord.org (Henderson et al. 2020) 

Mission 

Biotech 

Virtual game environment in which the player 

represents a scientist studying an emerging epidemic 

http://www.virtualheroes.biz/MissionBiotech (Eastwood and Sadler 2013) 

    

Hero.Coli First-person simulator of a bacteria incorporating 

genetic elements to gain new properties 

http://herocoli.com (Goujet 2018) 

SynMod Game for mobile devices, the player learns about 

amino acids and their properties and aims to use this 

knowledge to develop new antibiotics 

https://www.biofaction.com/portfolio/synmod-game (Schmidt, Radchuk and Meinhart 2014) 

FoldIt Multiplayer competitive game that simulates protein 

folding  

https://fold.it (Cooper et al. 2010) 

Nanocrafter Virtual game environment in which the learner can 

simulate the assembly of DNA fragments to construct 

novel genetic devices 

Unavailable (Barone et al. 2015) 
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