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Abstract 

As the generation of data in the life and health sciences expands rapidly, there is a growing need for 
professionals and students in these fields to master core bioinformatics skills, particularly those 
relating to Unix-like systems, most commonly used in bioinformatics. This paper introduces two key 
contributions to address this need: (1) a detailed Unix competency framework tailored for 
bioinformatics, which uses the revised Bloom cognitive taxonomy to define progressive and 
operational skill levels; and (2) a series of interactive online tutorials deployed through Sandbox.bio, 
an open-source platform for learning bioinformatics that embeds a command-line in the browser, 
which removes barriers related to software installation and access. Tested in multiple educational 
and professional settings, the tutorials have received highly positive feedback. This inclusive, 
sustainable approach provides widespread access to essential bioinformatics skills for students and 
professionals alike. 

Keywords: bioinformatics education; e-learning; web assembly; competency framework 
 

Introduction 

As data generation continues to accelerate, the life science and health communities are facing a 
growing need to master core bioinformatics skills. These communities encompass a diverse range of 
profiles from university undergraduates to professionals in research and medical institutions, eager 
to learn new analysis techniques [1–4]. Training such a large and diverse community raises significant 
challenges, especially regarding content design, trainer availability and access to computational 
resources [5,6]. Unix, Python and R are commonly identified as core competencies in data science in 
general and also in many bioinformatics training programs [7,8]. One notable example is the Software 
Carpentry initiative [9], which has been playing a key role in providing high-quality training and 
open material to the community (see: https://software-carpentry.org). However, this initiative largely 
depends on face-to-face training, which creates a bottleneck due to the need for a sufficient number 
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of trained instructors. It also requires using a commercial cloud (Amazon Web Services) or installing 
several bioinformatics tools locally (using the command-line interface!). 

In recent years, self-paced learning has emerged as a key pillar of education, offering flexible, 
learner-centered approaches that allow individuals to progress at their own pace, manage their 
schedules, and revisit foundational concepts as needed [10]. This format is particularly well suited 
for acquiring prerequisites ahead of in-person courses, managing large student cohorts, and 
supporting lifelong learning in professional environments. To meet this demand, several platforms—
such as DataCamp [https://www.datacamp.com], Katacoda [now closed] and Killercoda 
[https://killercoda.com]—have contributed to democratizing self-paced learning in fields like data 
science and programming. However, these solutions remain proprietary, raising concerns about 
long-term availability (e.g., Katacoda was discontinued in 2022 [11]), and are generally not designed 
for bioinformatics. More broadly, many free and open educational resources have been developed to 
support training in computational biology. For instance, the Galaxy Training Network [12,13] is a 
prominent collaborative platform offering open-source tutorials tailored for both scientists and 
trainers across a wide range of topics. TeSS, the ELIXIR Training eSupport System, has a dedicated 
section to discover existing e-learning materials (https://tess.elixir-europe.org/elearning_materials). 
Additionally, an increasing number of bioinformatics tools now come with dedicated tutorials for 
educators and beginners, facilitated by the accessibility and collaborative features of platforms like 
GitHub and GitLab. Yet, they often assume access to sufficient computing infrastructure—whether 
local machines or remote clusters—and a minimum level of system configuration skills. These 
technical requirements pose a significant barrier for learners with limited prior experience, especially 
in institutional settings and countries where access to resources is uneven. 

In this context, WebAssembly (Wasm) technologies offer a transformative alternative by 
enabling programs to run directly within the user’s browser. This approach harnesses the user’s own 
computing power, eliminating the reliance on large centralized computational infrastructures. 
Moreover, software installation and local configuration are handled seamlessly, enabling effortless 
deployment and a smooth user experience. As most introductory tutorials make use of small datasets 
for demonstration purposes, a basic web browser serving basic files for a website (e.g., HTML, CSS, 
Javascript) together with Wasm-compiled programs should be generally sufficient for training. 
Wasm thus appears as a promising solution to meet the needs of online training for bioinformatics 
core competencies where complex toolchains and system dependencies often hinder early learning. 
For instance, JupyterLite [https://jupyterlite.readthedocs.io/en/latest/], a Wasm implementation of 
JupyterLab, allows running a fully-fledged JupyterLab in the browser without the need of any 
external server. 

Relying on this innovative technology, Sandbox.bio [https://sandbox.bio] represents a forward-
looking step in bioinformatics education. At the initiative of one of the authors of this article (RA), it 
has now become an open-source online platform specifically designed for bioinformatics training. 
This platform leverages the use of the Wasm technology to provide self-paced guided tutorials for 
popular bioinformatics programs such as BLAST, SeqKit or fastp. Sandbox.bio also provides virtual 
playgrounds where learners can experiment with Unix tools such as Grep, Awk or Sed. 

Despite the consensus that Unix is a fundamental skill in bioinformatics, the specific 
competencies required in the field of bioinformatics are rarely defined beyond a generic level like 
“basic”, “intermediate” or “advanced”, rarely attached to any precise operational competencies. For 
example, does a biology student learning Unix need to know all or only some of the Unix commands 
related to data manipulation (like, grep, cut, count, awk...)? Does he/she need to learn to write a 
complete Bash script or rather only need to understand how a given script is working and be able to 
adapt it to his/her needs? It has become crucial to go beyond generic levels to truly unlock self-paced 
learning, and globally facilitate learning of Unix competencies for the life sciences. 

In this work, we address two issues: Firstly, we define Unix competency levels in bioinformatics 
that go beyond the three generic basic, intermediate and advanced levels. Secondly, we propose 
sustainable online tutorials to help biologists master these competencies. We propose two 
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complementary resources. The first is a core Unix competency skill framework that details and 
organizes each individual Unix competency in coherent and progressive categories. This framework 
can be used for various purposes, such as self-assessing student competencies, designing a training 
curriculum based on learner profile, or specifying target competencies to be acquired upon 
completion of the training. Secondly, we propose a series of interactive online tutorials based on the 
WebAssembly technology and hosted on the open-source sandbox.bio platform. This enables access 
without installation and supports a large number of trainees. 

These two resources can be used independently, yet they were designed to be complementary, 
with the tutorials directly covering the competencies outlined in the skill framework. Designed for 
biologists, these resources enable the progressive learning of bioinformatics with biology-specific 
examples. Hosted by the sandbox.bio platform, they are inexpensive in terms of computing resources 
and can be deployed on a large scale without posing any beginner-related risk to computing 
infrastructures, such as breaking something on shared servers. 

Material and Method 

Unix Skill Levels in Bioinformatics 

To define the skill levels, we first described Unix relevant skills for bioinformatics within the 
framework of the revised Bloom cognitive taxonomy framework [14]. Bloom’s taxonomy classifies 
educational objectives into six different categories: Remember, Understand, Apply, Analyze, 
Evaluate, and Create. We used these categories to compile a list of increasing complexity abilities 
within the competency framework. These abilities were also grouped into themes, ranging from 
understanding what a command-line interface is, to running a genomics analysis software in the 
terminal. 

Tutorial Implementation 

Based on the Unix skill levels, we created step-by-step tutorials to guide learners in acquiring 
competencies defined for each skill level. Each tutorial consists of a couple of steps interspersed with 
quizzes, and covers at least one of the categories from Bloom’s taxonomy. The tutorials were written 
in Markdown format and parametrized with a JSON file. 

Tutorial Deployment 

The tutorials were deployed on our own instance of the Sandbox.bio platform 
[https://github.com/sandbox-bio/sandbox.bio]. This platform offers command-line emulation based 
on the v86 project [https://github.com/copy/v86], a Wasm-compiled x86 emulator that runs in the 
browser. We built the Docker image that powers the command-line interface on an Ubuntu 22.04.5 
LTS virtual machine with 8 GB of RAM and 2 CPUs, and Node.js was used as the web server. We 
adapted the code so that the folder tree mimics the one of the ELIXIR-FR/IFB high-performance 
computing infrastructure. This ensures that users learning on these tutorials are well-prepared for 
moving afterwards on the infrastructure. 

Once deployed, each tutorial is accessible as a “scenario” on a public web page hosted by the 
French Institute of Bioinformatics (ELIXIR-FR/IFB), which is part of the European Elixir 
infrastructure. 

Results and Discussion 

A Unix Competency Matrix for Learning Bioinformatics 

We designed a competency matrix that thematically groups bioinformatics Unix competencies 
and uses Bloom’s taxonomy to classify the required skills (see Figure 1). The level of difficulty 
increases, with the skills becoming cumulative: those acquired at one level are necessary to reach the 
next. We have defined four level of competencies (see Figure 2): U1 (terminal, shell and Unix 
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commands), U2 (structure and operation of a command in the file system), U3 (advanced exploration 
of the file system, and workspace), and U4 (motifs, redirection, pipe, flux). Figure 2 includes examples 
of the learning outcomes for each level. The full competency matrix is freely available in Zenodo in 
French [15] and in English [16]. 

 
Figure 1. Application of Bloom’s revised taxonomy activities to define groups of Unix competencies of increasing 
difficulty. The left-hand side of the figure shows the revised Bloom’s taxonomy. The columns at the top describe 
the groups of Unix skills that are mandatory for bioinformatics, classified by theme and ordered by increasing 
difficulty. These groups are named S1 to S5, in reference to the scenarios developed in the sandbox.bio tutorials. 

 

Figure 2. The four competency levels and learning outcomes for bioinformaticians (U1 to U4). The table 
presents examples of learning outcomes for each level; refer to the complete documents to view the full extent 
[15,16]. U5 to U7 refers to three additional levels that will be defined in future versions. 

Online Tutorials for Practical, Self-Paced and Autonomous Learning of Unix 

We used the Unix competency matrix to design five Unix tutorials. Table 1 illustrates the 
complementary nature of the competency framework and the tutorials, which are deeply 
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interconnected yet can be used independently for specific purposes. The competency framework 
structures skill development, while the interactive tutorials provide accessible, hands-on practice. 
Together, they form a coherent learning ecosystem. Table 1 summarizes the key features of this 
complementarity, regarding format, target audience, use cases, and access. 

Table 1. Relations between the Unix competency framework and the interactive online tutorials. The table 
illustrates the complementarity of the two resources regarding description, format, target audience, use cases, 
and access. 

 Unix competency framework Interactive online tutorials 

Description A themed, judo-belt-inspired tool to 
guide the progressive learning of core 
Unix skills in bioinformatics 

Open-access Unix tutorials focused 
on common bioinformatics 
applications, flexible and accessible 
without installation 

Format Textual framework / PDF Web-based interactive 

Target 
audience 

Trainers, instructional designers and 
learners 

Learners (beginners to intermediate) 

Use cases  Curriculum design, learner self-
assessment, certification 

Self-training, classroom support, 
flipped classroom formats 

Access Downloadable / Shareable via Zenodo Online (sandbox.bio) 

Unix tutorials are freely available on github [https://github.com/IFB-
ElixirFr/sandboxbioscenarios/tree/master] and via a dedicated Sandbox.bio instance at the French 
Institute of Bioinformatics (ELIXIR-FR/IFB): https://sandboxbio.france-bioinformatique.fr. Figure 3 
shows an example of the website interface and tutorial content. Each tutorial includes pedagogical 
support, with explanations of concepts and commands on the left, and a Linux terminal for running 
Unix commands in a secure environment on the right side. 

The implemented scenarios have been tested in multiple real contexts with the following 
settings: 
• Pre-class activities in autonomy for professional bioinformatics training: “Introduction to the 

processing of genomic data obtained by high-throughput sequencing” at the French 
Bioinformatics Institute (EB3I 2023 and EB3I 2024, with 39 trainees in each session), a one-week 
intensive training session for life scientists. 

• Pre-class activities in autonomy for a professional diploma at Université Paris Cité: 
“Production, analysis, and valorization of biological omics data” (DU omiques 2023 and DU 
omiques 2025, with 14 trainees in each session). 

• Pre-class activities in autonomy for biologists and interns (14 participants) at the Institute for 
Integrative Biology of the Cell (I2BC) at Université Paris-Saclay 

• Self-assessment of Linux competencies by 30 students of the IMALIS life science master’s 
program at the École Normale Supérieure (Paris). 

• Self-assessment of Linux competencies by 40 students of the Polytech graduate school of 
engineering (specialty in Biological Engineering) at Aix-Marseille University. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 October 2025 doi:10.20944/preprints202510.0395.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.0395.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 11 

 

 
Figure 3. Unix tutorials released at the French Institute of Bioinformatique (IFB/ ELIXIR-FR) (a) List of the 
five tutorials currently available on the IFB sandbox.bio instance (b) An example of the user interface when 
running the first tutorial “Basics of the Unix command line interface” (also named Scenario 1). 

We evaluated the online tutorials through a survey with a group of EB3I trainees after the 2023 
EB3I training: 90% of participants found the tutorials clear, and 95% considered them to be of an 
appropriate length. In the EB3I 2024 edition, these figures increased to 97% and 92%, respectively, 
indicating overall positive feedback of the tutorials. Participants quoted: “I loved it, very 
instructive.”, “Very practical, it allows me to learn about command lines and Bash.”, “ [This online 
training] is essential because it lays the necessary foundations for the week. I found this pre-training 
very appropriate and well-guided, with the option of typing command lines in parallel.” One key 
valuable advantage of our training resources is that they combine a text tutorial with a terminal that 
enables trainees to practice in a safe environment and at their own pace. 
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In light of the highly positive responses to this evaluation of tutorials, which can be used by 
students and professionals alike at their convenience without the need to install any software, we 
plan to extend their use to other scenarios. For example, we are considering a tutorial to help users 
access the ELIXIR-FR/IFB high-performance computing cluster. 

Interestingly, our work meets several of the grand challenges in bioinformatics education and 
training recently pointed out by Işık et al. [5]: GC1: Identifying fundamental knowledge and skills, 
GC2: supporting lifelong training, GC6: Practicing inclusivity and equity in bioinformatics education 
and GC7: Ensuring the sustainability of bioinformatics education. 

At this stage, the developed training resources are limited to the basic Unix core skills required 
for using bioinformatics tools. While this alone does not provide a full bioinformatics training, it 
serves as an essential first step toward becoming a bioinformatics user, as defined in [6]. This 
approach meets a significant demand within the Life Sciences, Agronomy and Medical Research 
communities. Moreover, additional tutorials and resources are available for those wishing to further 
develop their Unix skills. For instance, the sandbox.bio platform and other facilities offer additional 
tutorials, such as “How to write a bash script” and “Data exploration with awk” (available at 
https://sandbox.bio/tutorials). At I2BC-University Paris-Saclay, GameShell 
(https://github.com/phyver/GameShell) was used to go deeper after the Sandbox tutorials. Although 
this tool requires local installation, it guides participants through Unix commands with a dungeon 
discovery adventure. Going forward, we intend to continue developing free online tutorials to 
promote the large-scale development of bioinformatics skills. 
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