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Abstract 

Background:  The Eastern Africa Network for Bioinformatics Training (EANBiT) 
has matured through continuous evaluation, feedback, and codesign. We highlight 
how the program has evolved to meet challenges and achieve its goals and how expe‑
riential learning through mini projects enhances the acquisition of skills and col‑
laboration. We continued to learn and grow through honest feedback and evaluation 
of the program, trainers, and modules, enabling us to provide robust training even 
during the Coronavirus disease 2019 (COVID-19) pandemic, when we had to redesign 
the program due to restricted travel and in person group meetings.

Results:  In response to the pandemic, we developed a program to maintain “resi‑
dential” training experiences and benefits remotely. We had to answer the follow‑
ing questions: What must change to still achieve the RT goals? What optimal platforms 
should be used? How would we manage connectivity and data challenges? How 
could we avoid online fatigue? Going virtual presented an opportunity to reflect 
on the essence and uniqueness of the program and its ability to meet the objective 
of strengthening bioinformatics skills among the cohorts of students using different 
delivery approaches. It allowed an increase in the number of participants. Evaluating 
each program component is critical for improvement, primarily when feedback feeds 
into the program’s continuous amendment. Initially, the participants noted that there 
were too many modules, insufficient time, and a lack of hands-on training as a result 
of too much focus on theory. In the subsequent iterations, we reduced the num‑
ber of modules from 27 to five, created a harmonized repository for the materials 
on GitHub, and introduced project-based learning through the mini projects.

Conclusion:  We demonstrate that implementing a program design through detailed 
monitoring and evaluation leads to success, especially when participants who are 
the best fit for the program are selected on an appropriate level of skills, motivation, 
and commitment.
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Background
The Eastern Africa Network for Bioinformatics Training is a collaboration between 
universities (Makerere in Uganda and Pwani in Kenya) and five research institutes 
in Kenya and Uganda. EANBiT offers a two-year Master of Science (MSc) in Bioin-
formatics training and research project placement. Since 2018, EANBiT has hosted 
a 5-week residential training (RT) as an integral component of the MSc in Bioinfor-
matics programs at Pwani University in Kenya and Makerere University in Uganda, 
which it helped establish. The RT aims to strengthen bioinformatics skills among the 
cohorts of students who have completed the coursework in preparation for research 
project placement. EANBiT is part of the Human Heredity and Health in Africa Con-
sortium (H3Africa) training program to develop bioinformatics and genomics exper-
tise in Africa through postgraduate training to support the capacity building for the 
analysis of genomic data generated by the consortium and other programs [1].

A critical skill shortage in Africa to support genomic data analysis is widely 
acknowledged [2–6]. The H3Africa Bioinformatics Network (H3ABioNet) and simi-
lar programs address this shortage through short-term training [1, 7] including an 
introduction to bioinformatics training, which uses a blended learning approach [8]. 
However, these efforts provide only narrow niche skills. They cannot generate a pool 
of genomic experts to lead research efforts [1, 3], as they run over a short time.

Developing a critical mass of research leaders on any subject requires a large start-
ing pool of high-quality trainees [2]. Standard masters programs immerse students 
in theoretical concepts with practical exposure and project-based learning during 
research work [9]. Some masters programs, especially in Africa, are knowledge-ori-
ented and exam-oriented and do not offer the depth of technical expertise needed 
to prepare students for research projects [10, 11]. Short-term training (less than a 
week) can introduce only a few concepts [12]. Therefore, there is a need for much 
longer training programs, boot camps, summer training, or RT that focuses on cru-
cial skills [7]. Therefore, as a component of MSc programs at partner universities, we 
introduced a RT program that fills technical skill gaps to prepare for the project phase 
after coursework and exposes them to a collaborative research environment through 
group projects with the soft skills needed to succeed. The RT does not form part of 
the credit system at Pwani University and Makerere University.

EANBiT-RT has matured through continuous evaluation, feedback, and code-
sign over the four years. However, 2020 challenged and tested the program due to 
the COVID-19 pandemic, which restricted in-person travel and group activities. We 
could not offer EANBiT-RT in person, a significant change in the design and imple-
mentation of the program. Since trainees and trainers could not converge on site, 
virtual training was the only option. There are three main learning modes: face-to-
face, hybrid, and online; each form has strengths and weaknesses [13]. Face-to-face 
is the traditional form that has matured through years of pedagogical research, with 
individualized touch, close interaction between trainers and trainees, and immediate 
feedback. EANBiT-RT initially adopted face-to-face to immerse students in a collab-
orative and peer learning environment. Online learning increases access to train-
ing and is cost-effective, but Internet connectivity remains a significant challenge, 
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especially in Africa [8]. The hybrid approach model used by H3ABioNet, a blended 
multi-delivery mode learning approach, combines the best of both worlds [5, 14].

Methods
EANBiT‑RT design and implementation

2018: ‘train the trainer’

The first iteration of EANBiT-RT was hosted at multiple sites sequentially from 11 June 
to 13 July 2018: International Centre of Insect Physiology and Ecology in Nairobi, the 
KEMRI Welcome Trust Research Program (KWTRP), and Pwani University in Kilifi. 
The "train the trainers" RT aimed to strengthen the technical capacity in bioinformat-
ics of individuals working in collaborating EANBiT universities and research institutes 
as project supervisors. The 2018 RT program started with an introduction to bioinfor-
matics, molecular biology programming, NGS bioinformatics, population genetics and 
soft skills, including scientific writing, ethics, and open science (Table  1). Under this 
umbrella, 27 topics were taught by 25 trainers who decided on the course content and 
the mode of delivery. This approach did not provide the best learning outcomes for the 
training participants but ensured a broad introduction to the topics.

Table 1  2018 EANBiT-RT program

Date Course

11–15 June 2018 (Week 01) *Introduction lectures on bioinformatics
*Introduction lectures on molecular biology
*Introduction Lectures on Computing for Biology
*Presentation of the recent history (since Sanger Sequencing) of sequencing 
technologies

18 July–06 July 2018 (Week 02–04) *Basic experimental design, biostatistics, manipulation of tabular data in R, 
and basic visualization (Scatter plots, box plots, regression lines)
*Sequence alignments, BLAST tools, motifs, homology modeling (HMMs), 
profile databases (Pfam, Prosite, etc.)
*Introduction to NGS data (Illumina short reads technology), their vocabu‑
lary (coverage, clusters, reads, etc.), and their different uses: RNAseq, whole 
genome assembly, amplicon sequencing
*Whole genome assembly (de novo and reference-based)
*Genome annotation
* Barcodes, markers, and 16S rRNA analysis, Metagenomics/Microbiomes
*Molecular evolution and phylogenetics, selection pressure (dN/dS analyses)
*Population structure, Population genetics
*Polymorphisms, variant calls, and genome-wide analysis studies (GWAS)
*Genomic selection, marker-assisted selection
*Transcriptomics
*Protein structure, folding
*Advanced UNIX command line (Bash scripting, sed, awk, etc.)
*Advanced Python
*Detailed analysis of Oxford Nanopore data sets

09–13 July 2018 (Week 05) *Scientific writing (papers and proposals)
Scientific communication (to an audience of non-specialists)
*Grant writing
*Project management (Gantt charts, monitoring, evaluation, etc.)
*Pedagogy
*Academic integrity, authorship, collaboration management (MoU), supervi‑
sion, leadership skills, and conflict resolution
* Research ethics (responsible conduct, research on human subjects, etc.)
*Literature management (references, online journal databases) and paper 
critique
*Open Science, Issues of Reproducibility, Open Source Data, and Publications
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Although well received, the key weakness of this iteration was the inadequate hands-
on components due to the limited time available for each module. We learned a lot from 
these weaknesses through feedback received from participants and trainers. Despite the 
weaknesses, the continuous evaluation and feedback of the program allowed us to learn 
and adapt: a success of the pilot.

The trainers came from both Africa and Europe: Kenya (14), Uganda (4), Tunisia (4), 
France (2), the United Kingdom (1), South Africa (1), and Sweden (1). They taught vari-
ous modules according to their preferences and areas of expertise. Although originally 
designed to be delivered sequentially, the availability of trainers changed the course 
order. Since the trainers could not coordinate to harmonize the content, there were 
overlaps and omissions, compounded by the considerable number of modules and train-
ers, which limited the time allocated for each course and made RT more theoretical, 
with limited opportunity for practical skills training. The main recommendations of the 
evaluation were the need for practical training with adequate time allocation, including 
central organization of the course materials. However, the students praised the program 
organization, especially for hosting training in two venues (Nairobi and Kilifi), which 
helped to minimize locational monotony.

2019: redesign of the program

The second year of the EANBiT-RT was significantly different from the first year. The 
Curriculum Development and Implementation Workgroup (CDIwg) designed the pro-
gram, drawing lessons and recommendations from feedback and evaluations from the 
first year to design a program that meets the objective of EANBiT RT (Table 2). For this 
second iteration, our focus shifted to participants who had completed their first year of 
MSc in bioinformatics coursework and already had a background in bioinformatics and 
programming. What skills would they need for their projects, and what skills gaps in 
the course work could the RT fill? We needed to immerse students in a bioinformat-
ics research environment through practical modules, joint mini projects, and daily cod-
ing exercises. This approach, called experiential or active learning, involves learning by 
doing and is ideal for the diverse participants [15] attracted to EANBiT-RT to instill col-
laboration and improve learning outcomes and confidence in applying knowledge in the 
real world. Our program design was also informed by the need to instill open, repro-
ducible, collaborative research practices and open science in our trainees. Finally, learn-
ing from the disconnected training in the previous year, we created a GitHub repository 
where all trainers could host their training materials and collaborate on module design 
and delivery.

The second year RT learned from the evaluation of year 1. We developed learning 
objectives and outcomes and mapped the program to ISCB bioinformatics competen-
cies [16, 17] to fill the training gap after coursework and enable them to apply the skills 
according to Bloom’s taxonomy [18] (Table 3). We wanted to produce all-round bioinfor-
matics trainees through soft skills training in scientific writing and a purpose roadmap, 
with a key emphasis on mentorship. The program had four tracks: technical training 
focused bioinformatics and genomics, seminars for talks around various themes, daily 



Page 5 of 16Kibet et al. BMC Bioinformatics          (2024) 25:150 	

coding exercises to sharpen programming skills, and projects. The technical training 
track had 12 modules to cover in three weeks. The same year, participants benefited from 

Table 2  2019 EANBiT-RT program designed with four tracks: technical training, seminars, daily 
coding, and mini projects. The key modules are in bold

Week Course Allocated (HRS)

1 Technical: Version control and collaborative development (Git & GitHub & Slack) 6

Technical: Advanced Scripting 5

Coding: Linux command line 1

Technical: Gene models and annotation 6

Coding: HPC SSH (SLURM scheduler) 1

Technical: Biological databases and API 2

Technical: Submission to public databases 2

Project: Presentation of mini projects 2.5

Assign groups 1

Coding: Bash (sed, Awk, Regex) 1

Soft skills: Scientific Writing and Presentation Skills 3

Project: Review of mini project methods Weekend

2 Technical: Reproducibility: package management and workflow languages 
(Nextflow, Snakemake)

3

Coding: Python 1

Coding: Jupyter Notebooks 1

Technical: Specialized databases (VectorBase, EupathDB) and APIs 1

Technical: Practical proteomics (domain databases, GO) 2

Technical: Pathways, Gene Regulation Networks (KEGG) 2

Project: Develop a mini project methodology 1

Meetings with mentors 1

Technical: Phylogenomic (Visualization and Annotation) 3

Project: Present mini project group concepts 0.5

Seminars: Human health 1

Project: Research Consultations 1

3 Technical: Metagenomics (16S and whole genome shotgun sequencing) 3

Coding: Practice R 1

Coding: R-markdown 1

Technical: Machine Learning and Modeling for Big Data (fuzzy strings, HMM) 5

Coding: Shiny Apps 1

Project: Meetings with mentors 1

Seminar: Marine Sector 1

Project: Implementation of mini projects 7

4 Project: Implementation of mini projects 7

Seminar: Agricultural sector 1

Project: Meetings with mentors 1

Soft skills: Introduction to the Purpose Roadmap-PRM 2

5 EU PATH DB TRAINING

Project: Implementation of mini projects Four days

6 Project: Presentations of mini project reports One day

Project: M.Sc. project presentations Throughout the week

Soft skills: Student presentations on PRM 2
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a week-long VEuPathDB training in icipe. Although there was a significant improvement 
over the previous year, the trainers could not comprehensively cover all the modules.

2020: going virtual

In February 2020, the CDIwg met and designed an improved program, with feedback 
from previous years, which changed when we could not offer the training in person: 
we had to redesign a virtual program. The team met again in March 2020 to redesign 
the program. The redesign adjusted the program to focus only on some key modules, 
make the training eight weeks long to avoid online fatigue from long hours and agree 
on the technology to use (Table 4). The training was only done in the morning, with the 
afternoon reserved for group work, practical or presentations. We selected key mod-
ules around reproducibility (GitHub, workflows, and containers) and Next-Generation 
Sequencing (whole genome, metagenomics, long-read sequencing). The team also raised 

Table 3  Mapping of EANBiT-RT modules to ISCB competencies and Blooms

Module ISCB competency Blooms taxonomy

Technical: Version control and collabora‑
tive development (Git & GitHub & Slack)

F: Bioinformatics tools and their use
J: Scripting and programming appropriate 
to the discipline

Application

Technical: Advanced scripting (including 
SED, AWK, and REGX)

F: Bioinformatics tools and their use
G: Fundamentals of Computer Science 
Systems
J: Scripting and programming appropriate 
to the discipline

Application

Technical: Advanced R, tidyverse, R- mark‑
down, Shiny apps (with practical)

F: Bioinformatics tools and their use
J: Scripting and programming appropriate 
to the discipline

Application

Technical: Reproducibility (incl. notebooks) 
and package management: workflow 
languages (Nextflow, Snakemake) and 
containerization (Docker and Singularity)

H: Computing requirements appropriate 
to solve a given scientific problem
J: Scripting and programming appropriate 
to the discipline
K: Construction of software systems of 
varying complexity based on design and 
development principles

Knowledge
Application

Technical: Whole genome genomics: 
Assembly, Metagenomics

C: Biological data generation technologies
F: Bioinformatics tools and their use

Knowledge
Application

Technical: Long-read sequencing and its 
applications, with data analysis

C: Biological data generation technologies
F: Bioinformatics tools and their use

Knowledge
Application

Project: Mini projects O: Effective teamwork to achieve a com‑
mon scientific goal
G: The ability of a computer-based system, 
process, algorithm, component, or pro‑
gram to meet desired needs in scientific 
environments/problems

Application

Soft skills and Seminars: Ethics, Scientific 
communication, open science

L: Local and global impact of bioinformat‑
ics and genomics on individuals, organiza‑
tions, and society
N: Effective communication of bioinfor‑
matics and genomics problems, issues, 
and topics with various audiences, includ‑
ing, but not limited to, other bioinformat‑
ics professionals
M: Professional, ethical, legal, security, 
and social issues and responsibilities of 
bioinformatics and genomics
Data in the workplace

Knowledge
Synthesis to Evaluation
Knowledge
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three key training requirements for moving online: video conferencing, collaboration, 
and resource sharing.

The EANBiT’s curriculum development and training working group reviewed all 
standard tools. They proposed the most preferred tool or platform based on the fea-
tures used by the various user groups, i.e., trainers and students, and the desire to over-
come online training challenges. Other options that we considered are highlighted in 
Additional file 1. For the 2020 EANBiT virtual training, we decided on a combination 
of tools. Zoom for live training [19, 20], GitHub for content management and collabora-
tion, and Slack [21, 22] for discussions, Q & A, and long-term interactions. All sessions 
were recorded and shared privately and securely with users through the cloud. There-
fore, participants who drop out due to internet or power issues could catch up on the 
training.

In addition, teaching assistants could help those with technical difficulties using 
breakout rooms, especially for installation debugging. Without in-person interac-
tion for quick communications, we needed a platform that allowed organizers to share 

Table 4  EANBiT-RT program for 2020, 2021 and 2022

The same program was used in subsequent offerings, with only dates changing

Week Modules Day and Date

1 Technical: Version control and collaborative development (Git & GitHub & Slack) 6 July

Technical: Reproducibility and package management: workflow languages (Next‑
flow, Snakemake) and containerization (Docker and Singularity)

8–10 July

Project: Presentation of mini projects by the mentors and assign groups 10 July

2 ISMB Conference 13 to 17 July

3 Technical: Advanced scripting (including SED, AWK, and REGX) 20–21 July

Soft skills: Introduction to the Purpose Roadmap—PRM 22 July

Technical: Advanced R, tidyverse, R- markdown, Shiny apps (with practical) 23–24 July

Project: Present mini project group concepts (how they plan to tackle them) 24 July Afternoon

4 Soft skills: Scientific writing and presentation skills 27 July

Technical: Whole genome genomics: Metagenomics (16S and whole genome 
shotgun sequencing) + reference mapping + RNA sequence

28–31 July

Seminars: Open Science 29 July

Project: Research Consultation 31 July

5 Technical: Long-read sequencing and its applications, with data analysis 3 August–5 August

Project: Implementation of mini projects 6 August

Soft skills: Peer Coaching for Personal Career Development 7 August

Project: Research Consultation 7 August

6 Project: Implementation of mini projects 10–11 August

Seminar: Bioinformatics and Society Benefits 11 August

Seminar: Privacy, Ethics, and Data Protection in Health Research and Data 12 August

Soft Skills: Work Ethics 13 August

Project: Implementation of mini projects 14 August

Project: Research Consultation 14 August

7 Project: Implementation of mini projects 17–18 August

Soft skills: Feedback on the Purpose Road Map—PRM 19 August

Project: Implementation of mini projects August 20–21

Project: Research Consultation 21 August

8 Project: Implementation of mini projects 24–27 August

Project: Final presentation 28 August
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announcements, trainers to interact with participants and share links, and participants 
to interact. Students spend considerable time on mini projects. Therefore, we could 
create separate Slack channels to share ideas, tools, and files. We created a channel for 
each module: genomics, reproducibility, Linux command line, advanced r, seminars, and 
soft skills. We also had channels for announcements, recordings, mini projects, feedback, 
a private channel for the trainers, and each mini project group. We used collaborative 
notes to share details to access recordings and keep track of attendance. Finally, we cre-
ated the EANBiT-RT GitHub organization to communicate course material and content 
and manage mini projects, where each group had a repository. Using GitHub enabled 
project team members to collaborate on a mini project, with seamless code reviews by 
multiple team members working on a single project.

2021 and 2022: hybrid approach

Initial iterations, program goals, trainee composition, and, recently, delivery mode and 
feedback have continued to shape the design of the RT through subsequent offerings. 
The mature program used in 2021 and 2022 is the same as the virtual program (Table 4). 
However, it ran for 5 weeks, with the first three weeks of taught modules offered virtu-
ally, while the last two weeks of the project phase offered in person. It used practical 
technical training, soft skills, seminars, and collaborative mini projects. Each component 
of the program aimed to fill a skill gap in reproducibility and genomics, prepare stu-
dents for research projects, and advance their bioinformatics careers. As the program 
matured, it also became cost-efficient, recognizing the in person mini project phase as 
the most important component of implementing a blended approach without losing 
quality.

Participants selection process

The first iteration made open calls for applications since the MSc programs at Pwani 
and Makerere University had not been established. Three reviewers reviewed each 
application: the EANBiT Steering Committee and Curriculum Development and Imple-
mentation Work Group members. For this train-the-trainer phase, those selected were 
lecturers, Ph.D. and MSc students. In year 2, we closed the call to the EANBiT partner 
institutions, selecting M.Sc. or Ph.D. students at the same level as Makerere and Pwani 
University students. From year three onward, the program was limited to participants 
undertaking M.Sc. at Pwani University and Makerere University; all available and inter-
ested students attended the training (Fig. 1).

Mini projects

The trainers designed mini projects around the modules to ensure the participants 
could gain a sufficiently deep understanding and apply the skills gained (Table 5). The 
projects are based on ongoing work by the mentors and collaborators or on repro-
ducing a published research article. The project concepts are posted to the GitHub 
repository, and participants are asked to choose at least two projects by responding 
to the GitHub issue in order of preference. In consultations with the training coor-
dinator, 4–6 students are assigned to each project using GitHub issues. We created a 
private GitHub repository for each project and added participants as collaborators. 
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Participants are expected to document all their code and, where possible, convert it to 
a workflow language and use containers. Participants are encouraged to use GitHub 
projects to manage their work and to employ best practices in Git collaborations. 
At the end of the second week, participants present how they planned to tackle the 
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Fig. 1  Evolution of the program as observed by the number of modules/courses, trainers, and trainees

Table 5  Mini projects designed for EANBiT-RT

Cohort Mini project topic

5 NextFlow pipeline for ONT long read meta-transcriptomic data analysis

Stingless Bees Metabarcoding

ONT Whole Genome Assembly—E. Coli

Sea turtle immunogenetics

Antelope phylogenetics

Chelonid Alphaherpervirus 5 phylogeny

4 Whole Genome Assembly and Annotation of SARS-CoV2

Machine Learning for Genomics

ONT Metatranscriptomics Mini project

3 Reproducing a Machine Learning paper

Reproduce published ONT pipeline

Genomic Characterization of E-coli Isolates from Rural Drinking Water Systems

Interrogating Public Data Sets and Paths to Results on Covid19 in East Africa

Origin of antimicrobial resistance E-Coli isolates in a pastoralist community using whole 
genome sequence data

Develop: RNA-Seq data processing and gene expression analysis workflow

Variant call from NGS data of two accessions of Lablab purpureus

2 Microbiome of Seagrass species on the Kenyan coast

Microbiome Metagenomics Analysis of Kilifi Creek Mangrove Sediments

Reproduce: Metagenomic analysis of viruses associated with maize lethal necrosis in Kenya

Develop a variant call-to-action workflow pipeline

Whole Genome Assembly, Annotation, and Phylogenetic Analysis of Rice Fungus
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project, collaborate, and document their work. Throughout the implementation of the 
project, the mentors are available in person and/or virtually for consultation. A men-
tor was always available in the training room (physical or Virtual); the project leads 
scheduled consultation sessions with the project mentors.

Monitoring and evaluation

The program included continuous evaluation and feedback for all the iterations. Stu-
dents evaluate the training through anonymous feedback forms administered before, 
weekly, and after training (Additional files 2, 3 and 4). Before training, we assessed the 
level of skills and expectations of participants; during training, we assessed their satisfac-
tion; and at the end of the training, we assessed their skills again to determine improve-
ment and seek feedback. After training, the organizers spent time with the participants 
to reflect on the implementation of the program and receive oral feedback.

Results
We describe a Project-based and hands-on learning implementation for EANBiT, a criti-
cal component in preparing students for research. The students are better prepared for 
research by offering RT as a bridge between the course and project work. EANBiT-RT 
delivery and implementation has evolved to meet the needs and adapt to emerging chal-
lenges, such as COVID-19. We also discuss how monitoring and evaluation have been 
critical to the project’s success, the role of mini projects in enhanced learning and make 
some recommendations for adopting project-based learning.

Monitoring and evaluation are critical to the maturity of the program

The design and delivery of RT evolved and matured through feedback from students and 
trainers. We note the need to evaluate each stage of program design and implementa-
tion. It is easy to overlook the process of selecting participants or trainers and moni-
toring the implementation of the program as designed. Post-workshop surveys revealed 
a marked improvement in proficiency and confidence in applying technical concepts 
(Fig. 2).

Numerical feedback does not tell the entire story or provide useful feedback: topics 
covered relevance (100% positive), use of the skills gained (84% strongly agree), train-
ers’ understanding of content (84.2% strongly agree, 15.8% partially agreed) point to the 
successful 2018 iteration. However, the question that sought recommendations from 
participants revealed the weaknesses of the iteration, supporting the observation that 
the numerical rating can be misleading or have a negative impact, especially without a 
recommendation [15, 23]. The question “What aspects of the training did you like and 
benefit from the most?” highlights the program’s critical components: trainers, training 
approach, or content. The best feedback leads to change for improvement; otherwise, it 
will be simply a punitive exercise and nothing different from the guesswork of designing 
without evaluation [23].

Virtual learning can be hands‑on

Virtual training differs from in-person meetings. With a mature RT program, CDIwg 
(Curriculum Development and Implementation workgroup) discussed how to replicate 
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the RT experience virtually. It had to answer the following questions: What should 
change to achieve RT goals, what optimal platforms are available to use, how to man-
age connectivity and data challenges, and how to avoid online fatigue? Narrowing down 
these critical questions, the team refined the design focusing on what makes training 
unique and successful. Reduced the training modules to five and spread the training over 
eight weeks to allow enough time to learn and avoid ’zoom fatigue.’ We further reduced 
the seminars from the original 6 to two, hosted as panel discussions, bioinformat-
ics careers through EANBiT independent Scientific Advisory Board (iSAB) and Open 
Science. As the last component, we retained three lead trainers, also members of the 
CDIwg, responsible for coordinating the technical modules, including sourcing addi-
tional trainers. Participants were supported with cash to purchase mobile internet bun-
dles, while recorded sessions allowed those who lost connectivity to catch up on course 
content.

Remote practical training requires competency in the collaborative tools chosen for 
the program. Therefore, the first week of training aimed to impart reproducible and col-
laborative research tools, including Git and GitHub, workflow languages, and containers. 
The evaluations showed that “practical learning was highly informative” and that “the 
mini project was also a highlight, especially the collaboration with students from other 
institutions.” Another noted that they learned the most from the mini project part of 
the training, first because of that experience working collaboratively remotely with other 
members during the projects and incorporating the tools and soft skills taught during 
the training to solve real problems. Although online, we could provide an experiential 

Fig. 2  Improvement after residential training in Command line, Git and GitHub, tidyverse, and workflow 
languages. The score is based on a rating of how comfortable they were with the topic/tool between 0 
(not at all) and 5 (Very comfortable); the number of responses is 40, 12 and 15 for 2020, 2021 and 2022, 
respectively
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learning experience for our students due to design, tools, and closely monitored imple-
mentation. A member of the CDIwg was present throughout the training, along with a 
technical support team available via Slack.

Mini projects are an integral part of enhanced learning

The mini projects designed for the program, hosted on GitHub Repo, were well received 
as highlights of the RT. They were designed to allow trainees to use all their learned 
skills. They required them to work closely using people skills in groups of 4–6 individu-
als. Groups work together using collaborative tools, present their findings using commu-
nication skills, and analyze data using technical bioinformatics skills. It allowed them to 
strengthen their concepts. The importance of the mini projects was a recurring theme in 
the feedback: “… I also enjoyed working on the mini project; it was a new collaboration 
experience and worked flawlessly. I learned many things working with long reads and 
the tools used for long reads: the hands-on aspect and the mini project enhanced their 
understanding.” The participants mentioned Mini projects on 11/40, 2020, 6/12 for 2022, 
and 10/15 for 2022 way more than any other training components. Participants chose 
projects based on interest and skills and thus could fully engage.

Some teams worked on a manuscript and a further analysis for the project after the 
RT. These observations agree with the literature that project-based learning allows learn-
ers to drive learning, collaborate, and impart soft skills such as problem-solving, critical 
thinking, and time management [12, 24].

Challenges and opportunities

The EANBiT RT course is designed to be immersive with a standardized training envi-
ronment, direct contact with the trainers, and access to high-speed internet and com-
puter infrastructure. The main challenges highlighted by the trainees were the cost of 
internet access, the long training hours, and the lack of personal experience (Fig.  3). 
“Sometimes, the network connectivity was down, and trying to reconnect and catch 
up, especially during hands-on exercises, was devastating and discouraging. However, 
I followed the Zoom recordings after the session.” Others observed that network issues 
would derail the flow of information. Then the pace would sometimes be too fast. You 
cannot discuss an issue comfortably and be on the same page as others. Some trainers 
also found the training to be tiring and the pace slow.

Despite the challenges, we have met our goals with RT through the completely virtual 
training in 2020 and subsequent hybrid RT. As a participant noted, “the training shaped 
my research approach and exposed me to more tools and solutions to problems that I 
had faced for a long time in bioinformatics.” Others found the training eye-opening by 
shedding light on the career paths and expectations of a bioinformatician. Participants 
left the training knowing how to chart their careers in bioinformatics, how to collabo-
rate effectively, and the technical skills to tackle genomic research projects. Hosting the 
training virtually had some opportunities. We were able to train a much larger number 
of participants. As one participant stated, “I am only grateful to the organizers of this 
training for allowing us to train with them virtually in the middle of a pandemic. Initially, 
I could not attend this training if everything remained normal (no lockdowns). I have 
learned a lot!”.
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Additionally, hosting the RT virtually allowed us to incorporate the ISMB (Intelligent 
Systems for Molecular Biology) conference, also held online, into the program. EANBiT 
paid the registration fee for EANBiT fellows to attend and prepare a presentation to the 
rest of the participants on lessons learned and experience from the tracks they attended. 
This further gave them conference exposure and experience to network and learn new 
research in computational biology. This was possible due to cost savings from hosting 
training remotely.

Discussion
Residential training is integral to the MSc programs at EANBiT partner universities. It 
offers the participants an opportunity to acquire practical and real-world skills neces-
sary to execute the MSc research and prepare them for a career in bioinformatics. We 
have experienced tremendous growth in the participants after the program. Participants 
maintained a close relationship with EANBiT, some of whom taught students at partner 
universities, including returning to RT as trainers, demonstrating the quality of train-
ing they received. We continued to learn and grow through evaluating the program, the 
trainers, and the modules, enabling us to provide robust training during a pandemic. 
Evaluating each program component is critical for improvement, primarily when feed-
back feeds the program’s improved design. The Pandemic challenge presented an oppor-
tunity to reflect on the essence of the program, what makes it unique, and to focus on 
delivering on its objective: strengthening bioinformatics skills among the cohorts of stu-
dents who come through the program.

Fig. 3  Major challenges in the word cloud gathered from 2020 fully virtual training. The word cloud was 
generated from 39 responses to the question, “What are some challenges that you faced while participating 
in the training?” Internet and connection issues were the main barriers to the smooth running of virtual 
training
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It takes a village to raise a child [25]. Through RT, we strengthened our working rela-
tionships with BReCA (https://​breca.​mak.​ac.​ug/) and H3ABioNet, and H3Africa to sup-
port the program as trainers, speakers, and as part of panels. We have achieved a good 
balance between local and guest trainers, including bringing former participants on 
board to assist with the training. A well-designed program is not useful when it is not 
closely monitored and implemented. The working group involved in the design should 
be involved in the implementation. Virtual training was successful due to close monitor-
ing of the implantation design, the participants’ attendance, timely sourcing of the mini 
projects from the trainers, and close supervision of their implementation. The trainers 
supervised the mini projects, allocated compute resources required through their sys-
tem administrators, and answered the questions from the participants on Slack.

A program is designed with a particular group of participants [26]. Therefore, a suc-
cessful program must select the best fit for the program: an appropriate level of skills, 
motivation, and commitment [10]. Since we offered training to all students in the bio-
informatics programs at Pwani University and Makerere University, some did not fully 
commit to the training. One group out six undertaking the mini project in 2020 com-
prised participants who did not select a preferred project as required and ended up 
being assigned the remaining project, indicating a lack of commitment to the program. 
This group did not achieve the project objectives, as participants did not consistently 
attend training, in contrast with the previous year, when all participants had undergone 
a competitive selection process. All attendees in subsequent years were from Pwani and 
Makerere University, and the project phase was in person. Therefore, having a diverse 
background among the trainee level derails the implementation, forcing the trainers to 
recap introductory content to disadvantage those in advanced stages and vice versa.

We have success stories from the program, including virtual training. Five members 
of the 2019 iteration established the Bioinformatics Hub of Kenya Initiative (BHKi) 
[27] with advisory, mentorship, and support from EANBiT management. This dynamic 
group is involved in developing a community of students and early-career researchers 
interested in bioinformatics through online workshops, meetups, seminars, and net-
working. The organization is fully registered and has attracted grants for its activities. 
This output demonstrates the impact of RT beyond the duration of training. Participants 
have continued to form close collaboration and working relationships after training, 
including manuscripts [28].

Conclusion
Through EANBiT-RT, we have demonstrated and collected evidence of the benefit of 
project-based learning in improving skill acquisition and real-world soft skills, includ-
ing communication, time management, and collaboration. We also show that it is pos-
sible to deliver RT using virtual space and reap the benefits of immersive learning with 
the right tools. But there were challenges, including poor internet connection and the 
cost of data bundles, which reduced efficiency. Some trainers also struggled with talk-
ing to the screen without seeing the participants, walking around the class, helping with 
technical issues, and effectively gauging the learning experience. The pedagogy of online 
training is different, and most trainers have not been trained. Programs such as The Car-
pentries [29] Instructor Training offer these skills [30], and we recommend that trainers 

https://breca.mak.ac.ug/
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be exposed to these concepts to improve virtual training delivery. Although forced by 
the pandemic this time, online training is expected to become more prevalent; thus, we 
must adapt to the change. It is necessary to redesign and adjust the curriculum, content, 
evaluation, and pedagogy to meet virtual training needs.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12859-​024-​05680-2.

Additional file 1. Moving residential training online. Additional file describes the tools and platforms agreed 
upon for moving the EANBiT residential training online. It captures three critical issues for the training: video confer‑
encing, collaboration, and resource sharing.

Additional file 2. Sample pre-wokshop survey.

Additional file 3. Sample post-wokshop survey.

Additional file 4. Sample weekly workshop survey.

Acknowledgements
The authors acknowledge all the EANBiT-RT trainers who have contributed to the program’s success, including Sonal 
Henson and Rosaline Macharia. We are also grateful to members of the Independent Scientific Advisory Board of EANBiT 
(iSAB) (Professors Erik Bongcam-Rudlof of the Swedish Agricultural University, SLU; Nicky Mulder—University of Cape 
Town; Alan Christoffels—University of The Western Cape; Audrey Mbogho, United States University—Africa; and Russel 
Schwartz—Carnegie Mellon University), who contributed to the training while on site to attend their Board meeting. The 
authors thank the training participants for providing candid feedback to help improve the program design and imple‑
mentation. We thank H3ABioNet for supporting trainers, curriculum development, and infrastructure for our residential 
training.

Author contributions
DM, JBD, SD, ED, DJ, and SK were involved in the conceptualization and design of the study, and they also sourced 
funding for the project. CK conducted the data analysis and wrote the first draft of the manuscript. KW was responsible 
for project management, monitoring, and evaluation of the study. All authors reviewed the manuscript and made signifi‑
cant contributions to its content.

Funding
The research reported in this publication was supported by the Fogarty International Center for the National Institutes of 
Health under the award number U2RTW010677. In addition, we gratefully acknowledge core financial assistance to icipe 
provided by the Swedish International Development Cooperation Agency (Sida); the Swiss Agency for Development and 
Cooperation (SDC); the Australian Centre for International Agricultural Research (ACIAR); the Federal Democratic Repub‑
lic of Ethiopia; and the Government of the Republic of Kenya. The views expressed herein do not necessarily reflect the 
official opinion of the donors. The funders had no role in study design, data collection, analysis, publication decision, or 
manuscript preparation. The content is solely the authors’ responsibility and does not necessarily represent the official 
views of the National Institutes of Health.

Availability of data and materials
Additional material is in Additional file 1 and Sample forms are included in Additional files 2, 3 and 4. The training 
resources are available from https://​github.​com/​eanbit-​rt.

Declarations

Ethics approval and consent to participate
Approvals were obtained from the International Centre of Insect Physiology and Ecology, and survey participants pro‑
vided an informed consent before being allowed to participate in the study voluntarily.

Consent for publication
Not applicable.

Competing interests
None declared.

Received: 15 April 2023   Accepted: 29 January 2024

References
	1.	 Mulder N, Abimiku A, Adebamowo SN, de Vries J, Matimba A, Olowoyo P, et al. H3Africa: current perspectives. 

Pharmgenom Pers Med. 2018;10(11):59–66.

https://doi.org/10.1186/s12859-024-05680-2
https://github.com/eanbit-rt


Page 16 of 16Kibet et al. BMC Bioinformatics          (2024) 25:150 

	2.	 Masiga DK, Isokpehi RD. Opportunities in Africa for training in genome science. Afr J Biotechnol. 2004;3(2):117–22.
	3.	 Bishop ÖT, Adebiyi EF, Alzohairy AM, Everett D, Ghedira K, Ghouila A, et al. Bioinformatics education-perspectives 

and challenges out of Africa. Brief Bioinform. 2015;16(2):355–64.
	4.	 Karikari TK, Quansah E, Mohamed WMY. Developing expertise in bioinformatics for biomedical research in Africa. 

Appl Transl Genom. 2015;1(6):31–4.
	5.	 Mulder NJ, Adebiyi E, Alami R, Benkahla A, Brandful J, Doumbia S, et al. H3ABioNet, a sustainable pan-African bioin‑

formatics network for human heredity and health in Africa. Genome Res. 2016;26(2):271–7.
	6.	 Jongeneel CV, Achinike-Oduaran O, Adebiyi E, Adebiyi M, Adeyemi S, Akanle B, et al. Assessing computational 

genomics skills: Our experience in the H3ABioNet African bioinformatics network. PLoS Comput Biol [Internet]. 
2017. https://​doi.​org/​10.​1371/​journ​al.​pcbi.​10054​19.

	7.	 Jjingo D, Mboowa G, Sserwadda I, Kakaire R, Kiberu D, Amujal M, et al. Bioinformatics mentorship in a resource 
limited setting. Brief Bioinform [Internet]. 2022;23(1):1–8. https://​doi.​org/​10.​1093/​bib/​bbab3​99.

	8.	 Gurwitz KT, Aron S, Panji S, Maslamoney S, Fernandes PL, Judge DP, et al. Designing a course model for distance-
based online bioinformatics training in Africa: the H3ABioNet experience. PLoS Comput Biol [Internet]. 2017. https://​
doi.​org/​10.​1371/​journ​al.​pcbi.​10057​15.

	9.	 Emery LR, Morgan SL. The application of project-based learning in bioinformatics training. PLoS Comput Biol. 
2017;13(8):e1005620.

	10.	 Herrington J, Oliver R, Reeves TC. Patterns of engagement in authentic online learning environments. Australas J 
Educ Technol [Internet]. 2003;19(1):59–71.

	11.	 Bell S. Project-based learning for the 21st century: skills for the future. Clear House A J Educ Strateg Issues Ideas 
[Internet]. 2010;83(2):39–43.

	12.	 Sims D, Ponting CP, Heger A. CGAT: a model for immersive personalized training in computational genomics. Brief 
Funct Genom. 2016;15(1):32–7.

	13.	 Carrol N, Burke M. Learning effectiveness using different teaching modalities. Am J Bus Educ. 2010;3:65–76.
	14.	 Ras V, Botha G, Aron S, Lennard K, Allali I, Weitz SC, et al. Using a multiple-delivery-mode training approach to 

develop local capacity and infrastructure for advanced bioinformatics in Africa. PLoS Comput Biol. 2021;17(2):1–11.
	15.	 Theobald EJ, Hill MJ, Tran E, Agrawal S, Nicole Arroyo E, Behling S, et al. Active learning narrows achievement gaps 

for underrepresented students in undergraduate science, technology, engineering, and math. Proc Natl Acad Sci U 
S A. 2020;117(12):6476–83.

	16.	 Welch L, Lewitter F, Schwartz R, Brooksbank C, Radivojac P, Gaeta B, et al. Bioinformatics curriculum guidelines: 
toward a definition of core competencies. PLoS Comput Biol. 2014;10(3):e1003496.

	17.	 Mulder N, Schwartz R, Brazas MD, Brooksbank C, Gaeta B, Morgan SL, et al. The development and application of 
bioinformatics core competencies to improve bioinformatics training and education. PLoS Comput Biol [Internet]. 
2018. https://​doi.​org/​10.​1371/​journ​al.​pcbi.​10057​72.

	18.	 Anderson LW, Krathwohl DR, Bloom BS. A taxonomy for learning, teaching, and assessing: a revision of Bloom’s 
taxonomy of educational objectives [Internet]. 2001 [cited 2023 Oct 2]. 352 p. https://​www.​jstor.​org/​stable/​42926​
529.

	19.	 Archibald MM, Ambagtsheer RC, Casey MG, Lawless M. Using zoom videoconferencing for qualitative data 
collection: perceptions and experiences of researchers and participants. https://​us.​sagep​ub.​com/​en-​us/​nam/​
open-​access-​at-​sage.

	20.	 Zoom. Video conferencing, web conferencing, webinars, screen sharing—zoom. Zoom [Internet]. 2019 [cited 2021 
Jan 28]. https://​zoom.​us/.

	21.	 Johnson HA. Slack, vol. 106. Journal of the Medical Library Association. Medical Library Association; 2018. p. 148–51.
	22.	 Slack. Where work happens | Slack [Internet]. Slack. 2019 [cited 2021 Jan 28]. https://​slack.​com/​intl/​en-​ke/.
	23.	 Benton SL, Young S. Best practices in the evaluation of teaching. IDEA Pap [Internet]. 2018;69(June):1–18.
	24.	 Lee J, Jean S, Galindo E, Enrique G-M. Chapter 1: an inquiry-based approach: project-based learning [Internet]. The 

National Council of Teachers of Mathematics, Inc.; 2021 [cited 2023 Jun 26]. 215 p. https://​pubs.​nctm.​org/​displ​ay/​
book/​97816​80540​680/​c01.​xml.

	25.	 Mohamed ER. It takes a whole village to raise a child. Int J Phytoremediat [Internet]. 1996;21(1):57–63.
	26.	 Larsen S. Designing and implementing training programs. In: Human resources Management [Internet]. 2012 [cited 

2021 Jan 28]. p. 52.0–52.20. https://​www.​msh.​org/​sites/​msh.​org/​files/​mds3-​ch52-​train​ing-​mar20​12.​pdf.
	27.	 BHKi. BHKi: bioinformatics hub of Kenya initiative [Internet]. [cited 2022 Sep 8]. https://​bhki.​org/.
	28.	 Obura HO, Mlay CD, Moyo L, Karumbo BM, Omar KM, Sinza EM, et al. Molecular Phylogenetics of HIV-1 Subtypes in 

African Populations: A Case Study of Sub-Saharan African Countries. bioRxiv [Internet]. 2022 May 20 [cited 2023 Jan 
26]. https://​doi.​org/​10.​1101/​2022.​05.​18.​49240​1v1.

	29.	 The Carpentries [Internet]. [cited 2022 Sep 8]. https://​carpe​ntries.​org/.
	30.	 Duckles BM. Value of software carpentry to instructors report [Internet]. 2016 [cited 2021 Jan 28]. https://​softw​are-​

carpe​ntry.​org/​files/​bib/​duckl​es-​instr​uctor-​engag​ement-​2016.​pdf.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1371/journal.pcbi.1005419
https://doi.org/10.1093/bib/bbab399
https://doi.org/10.1371/journal.pcbi.1005715
https://doi.org/10.1371/journal.pcbi.1005715
https://doi.org/10.1371/journal.pcbi.1005772
https://www.jstor.org/stable/42926529
https://www.jstor.org/stable/42926529
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://zoom.us/
https://slack.com/intl/en-ke/
https://pubs.nctm.org/display/book/9781680540680/c01.xml
https://pubs.nctm.org/display/book/9781680540680/c01.xml
https://www.msh.org/sites/msh.org/files/mds3-ch52-training-mar2012.pdf
https://bhki.org/
https://doi.org/10.1101/2022.05.18.492401v1
https://carpentries.org/
https://software-carpentry.org/files/bib/duckles-instructor-engagement-2016.pdf
https://software-carpentry.org/files/bib/duckles-instructor-engagement-2016.pdf

	Designing and delivering bioinformatics project-based learning in East Africa
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Methods
	EANBiT-RT design and implementation
	2018: ‘train the trainer’
	2019: redesign of the program
	2020: going virtual
	2021 and 2022: hybrid approach

	Participants selection process
	Mini projects
	Monitoring and evaluation


	Results
	Monitoring and evaluation are critical to the maturity of the program
	Virtual learning can be hands-on
	Mini projects are an integral part of enhanced learning
	Challenges and opportunities

	Discussion
	Conclusion
	Acknowledgements
	References


