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 Challenges in bioinformatics education & training

 Addressing challenges -Education summits

 H3ABioNet & NGS Academy -running a diverse bioinformatics training 

program

 Other applications of trainer resources



General challenges in training

➢ Qualified trainers who are knowledgeable in the topic and 

are good trainers

➢ Developing and updating training materials –lectures, tools 

and practice datasets

➢ Teaching a mixed audience

➢ Keeping the audience engaged

➢ Assessing competency and skills gain

➢ Going virtual



Challenges in bioinformatics training

➢ There is a huge demand for more people with 
bioinformatics skills

➢ Bioinformatics topics are vast, in flux and change rapidly

➢ Audiences are broad and need different levels of 
competency

➢ Competencies often require additional foundational skills 
(statistics, programming)

➢ Training requires theory and hands-on practice

➢ Few trainees have a standard bioinformatics education



Global efforts to address challenges

 Audiences are broad and need different levels of 

competency

 Assessing competency and skills gain

 High demand, not enough trainers

 Qualified trainers who are knowledgeable in the topic and 

are good trainers

 Teaching to a mixed audience, keeping the audience 

engaged

 Developing and updating training materials 

 Bioinformatics topics are vast and in flux 

Challenges:
Solutions:

Develop and use 

competencies

Use different 

training modalities 

Develop Trainer 

portal

Train the Trainer



Education summits

AIM: Bring together Bioinformatics trainers and educators to drive the development 

of standards and guidelines for Bioinformatics training and education globally

➢ Summit I: 14-17th May 2019, Cape Town hosted by H3ABioNet 

➢ Summit II: May 2020 virtual hosted by EBI

➢ Summit III: May 2021 virtual hosted by CABANA

➢ Summit IV: May 2022 virtual hosted by APBioNet

Format:
 Minimal presentations

 Breakout working sessions

 Discussions



Break out groups



Education summit projects

Competencies

Course endorsement

Trainer resources

Train-the-trainer

Going virtual

Training in LMICs



Competencies: what are they?

 https://www.td.org/insights/what-is-a-competency

 something you need to be able to do a specific job

 to demonstrate competence, workers must be able 

to perform certain tasks or skills with a required level 

of proficiency

 A competency is broken down into specific skills or 

tasks

 To achieve competence in a particular job, a person 

should be able to perform various tasks or skills at a 

target proficiency level

Knowledge

Skills

Attitudes

https://www.td.org/insights/what-is-a-competency


Developing competencies

Define 

audience/persona Bioinformatics 
User

Physician

Lab technician

Bioinformatics 
Scientist

Academic life 
science 

researcher

Molecular life 
science 

educator

Bioinformatics 
Engineer

Bioinformatician
in academic or 

research 
infrastructure 
support role

Bioinformatics 
software 

developer/ 
software 
engineer

Ethicist

Biocurator

Academic 
bioinformatics 

researcher

Core facility 
scientist



Developing competencies

Define 

audience/persona

Determine 

competencies required



Developing competencies

Define 

audience/persona

Determine 

competencies required

Define knowledge skills 
& attitudes



Developing competencies

Define 

audience/persona

Determine 

competencies required

Define knowledge skills 
& attitudes

Determine level 

required for persona



Competency hub example

How do we use the competencies?



Designing a new course

Define course 

objectives 

and learning 

outcomes

Identify 

competenci

es needed

Decide on Blooms 

level required for 

each competency

Add proposed 

content to address 

competency 

(knowledge)

Look for overlaps in 

content between 

modules

Flesh out curriculum 

and depth of 

content (consider 

KSAs)

Determine 

assessment 

methods that 

assess skills



Mapping competencies to a course

Get curriculum 

content & 

competencies

Score 

competencie

s for each 

module

Decide on Blooms 

level targeted for 

each competency

Sum up scores and 

look for gaps

Fill gaps with 

additional content 

or modules

Identify and fill 

gaps in content

Map to 

specific KSAs?

DEGREES

COURSES

Guidelines 

document



How we have applied these

H3ABioNet

 Mapping existing courses

 Used to design new courses

NGS Academy

 Development of a recommended curriculum for 

pathogen surveillance

NGS for pathogen surveillance Training program 

for the Africa CDC Pathogen Genomics Initiative

Pan African bioinformatics network for H3Africa –

building bioinformatics capacity



NGS academy curriculum development

Wetlab

scientist

Bioinform

atics 

scientist

Sys Admin

Lab 

manager

Tasks

……

Tasks

……

Tasks

……

Tasks

……

Competencies

……

Competencies

……

Competencies

……

Competencies

……

Knowledge

Skills

Attitudes

Knowledge

Skills

Attitudes

Knowledge

Skills

Attitudes

Knowledge

Skills

Attitudes

Module 4

Content

Module 2

Content

Module 3

Content

Module 1

Content
Existing courses

Staff Job descriptions What they need to do their jobs Curriculum required Map to courses

Existing courses

New courses

Existing courses



Example of the curriculum

Mapping to competencies developed from: job descriptions, 

existing competency frameworks



Using the curriculum

Wetlab
scientist

Bioinformatics 

scientist

Sys Admin

Lab 
manager

Foundational skills

Applied skills

Health & Safety

Ethics & policy

Intro to Genetic Epi

Unix, scripting

Programming

Bioinformatics

Workflows, HPC

Introduction to NGS, Study design

Sample 

preparation

Sequencing

Data QC 

processing

Analysis workflow

Phylogenetics, 

Bioinformatics

Data curation & 

submission

Sample 

preparation

Sequencing

Data QC 

processing

Analysis workflow

Phylogenetics, 

Bioinformatics

Data curation & 

submission

Presenting data for policy/action

Viral pathogens Bacterial pathogens
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Using the curriculum
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Education summit projects

Competencies

Course endorsement

Trainer resources

Train-the-trainer

Going virtual

Training in LMICs

Development of 

process for 

endorsement of 

courses & 

degrees by ISCB



Education summit projects

Competencies

Course endorsement

Trainer resources

Train-the-trainer

Going virtual

Training in LMICs

Training trainers 

in developing & 

delivering 

training



• Developing along with 
EBI, Wellcome
Connecting Science

• Building TtT curriculum 
to be run using remote 
classroom model

Online T-t-T course

•Flexibility in 
delivery

•Empathy with 
trainees

•Understanding 
trainees

•Subject area 
knowledge

•User application 
awareness

•Training 
methodology

•Session planning

•Curriculum 
planning

•Event 
management

•Verbal 
communication

•Written 
communication

•Presentation 
skills

Communication
Planning and 
management

Trainee 
engagement

Expertise and 
knowledge

First course will 
run in November 

2022



Course outline

 Week 1: Training theory and practical aspects

 Theoretical aspects

 Course design elements and factors

 Week 2: Training design elements

 Course design Part 1

 Course design Part 2

 Week 3: Training evaluation

 Assessment and evaluation

 Review and feedback of course designs



H3ABioNet 
Train-the-

trainer



• Focused on developing local trainers throughout by:
• Dedicated T-t-T courses and events

• Building faculty from trainees to TAs to trainers

• Train-the-trainer web resources

• Software & Data Carpentries
• Software (Command Line, Python, Git), Data (R, 

Spreadsheets) & Library Carpentries

• Build up and foster a community of certified Carpentries 
instructors within H3ABioNet

• Teach foundational coding and data analysis skills at local 
and regional institutions

H3ABioNet train-the-trainer activities



Carpentries Instructors

MOROCCO
University Mohamed First (MFU)
Institut Pasteur du Maroc (IPM)

KENYA
International Centre of Insect Physiology and 
Ecology (ICIPE)

SOUTH AFRICA
University of Cape Town (CBIO)

TANZANIA
Muhimbili University of Health and Allied Sciences
(MUHAS)

TUNISIA
Institut Pasteur de Tunis (IPT)

SUDAN
University of Khartoum (UofK)

RWANDA
Carnegie Mellon University Africa

KENYA

TUNISIA

MOROCCO

SUDAN

RWANDA

TANZANIA

SOUTH 

AFRICA

3

1

5

1

1

2
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Education summit projects

Competencies

Course endorsement

Trainer resources

Train-the-trainer

Going virtual

Training in LMICs

Tools for 

delivery;  

challenges, 

assessing 

learning, FAIR

Guidelines; 

building 

infrastructure; 

language 

barriers, EDI



H3ABioNet 
Training 

Environment

Going virtual

Slides: Shaun Aron



Training mode challenges

Online Training

Pros Cons

Cost efficient Challenge to foster sense of 

community

Reach a large audience Challenge to form collaborations

Easy to share material

Live Workshops/Internships

Pros Cons

Dedicated time Costly/unpredictable logistics

Close interaction Limited audience reached

Hackathons

Pros Cons

Defined aims and output Selection of participants crucial

Develop practical skills Base knowledge level required

Cross-disciplinary Limited audience



Training mode requests

 No optimal mode suitable for all 

training

 Learning styles differ between 

individuals from different 

backgrounds

 Live training events are still the 

preferred option

 Live online training has proven 

successful

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Preferred Mode of Learning by Role

Face to Face Self-Study Online Online with defined contact sessions Internships



Distributed classroom model

• Run on specific days over 1-2 months, 

• set contact time per week (3 hours per 

contact session)

• Distance learning model – physical 

classrooms connected to virtual 

classrooms

• Use video conferencing facility

• Course management system, e.g. Sakai 

VIRTUAL 

CLASSROOM

classroom 

site



Remote classroom training

Run successfully for:

• Introduction to Bioinformatics 

(>1000 participants)

• Intermediate Bioinformatics 

(~300-400 participants)

• Genomic Medicine



Findable

Accessible

Interoperable

Reusable

F

A

I

R

Map training materials to 

EDAM Ontology terms

Use BioSchemas for 

training courses and 

materials

Make training materials 

findable with license info 

and available: YouTube, 

TESS, GitHub etc

Make training accessible 

to wide audience

Increasing impact -making training materials FAIR

Slides: Verena Ras



Need to 
curate 
materials and 
make them 
accessible for 
wider reach

Curating training materials

Slides: Verena Ras



Bioschemas example

 Making materials/content 

searchable online

 A lightweight way of structuring data 
online

 Created by a consortium of search 

engines to improve experience and 

search efficacy

 Training:

 Course Instance

 Course

 Training Material



• H3ABioNet delivers a range of training 
courses

• Courses result in a range of training 
materials that could be beneficial to 
the community

• Materials currently only located on 
website, not easy to find or know when 
to re-use

• Aim to curate training materials and 
making them more accessible

www.h3abionet.org  #h3abionet 

Training Material Curation



NGS academy course pages



Education summit projects

Competencies

Course endorsement

Trainer resources

Train-the-trainer

Going virtual

Training in LMICs

Development of 

resources to 

support trainers



Trainer portal

Training skills Design courses Make course materials FAIR 

courses
Create course 

materials

Source course 

software

Course 

evaluation

Advertise course

Trainee 

assessment

Course logistics

Course endorsement or 

accreditation

Trainer 
guide, T-t-T

Competencies 
& guide

Trainer 
portal

ISCB process

https://www.mygoblet.org/training-

portal/trainer-resources/



Trainer portal



Additional resources

 Need to identify suitable trainers

 Requests for longer term support

 Requests for mentorship

 Trainer Database



Additional resources

 Need to identify suitable trainers

 Requests for longer term support

 Requests for mentorship

 Trainer Database

 Trainee Helpdesk



Helpdesk/Trainer database

Submitting a helpdesk ticket

Trainer responses & the 

knowledgebase



• Training guide & support pack

• Starting Bioinformatics from scratch

• Building infrastructure and training in LMICs

Other useful resources



Acknowledgements

Education summit community and project leads

Summit organisers, session chairs, facilitators and participants

H3ABioNet training team & funder (NIH)

NGS Academy training team & funder (BMGF) 

Project leads: Cath 

Brooksbank, Bruno Gaeta, 

Russell Swartz, Sarah 

Morgan, Alice Matimba, 

Dusanka Nikolic, Michelle 

Brazas, Celia van Gelder, 

Verena Ras, Patricia 

Carvajal Lopez, Venkata 

Satagopam


