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As a successful experience, we learned a lot from the Brazilian Python Workshop for Biological Data in terms of organization of such ad hoc initiatives and the educational aspects of teaching programming skills to bioscientists. Although the workshop has been successfully implemented, and the surveys showed promising perspectives, we must mention we are aware that debates exist on the real effect of short-term workshops, which is questionable whether any benefits in graduate research or socialization were directly associated with such initiatives [1]. Garcia-Milian et al. [2] verified that lack of training imposes difficulties to graduate and post-docs researchers in developing their projects. These authors also showed an attendee report arguing the efficiency of training depends on recent usage of the concepts following the event. Feldon et al. [1] also pointed out that learning progression is associated with previous skills required for specific training. To fulfill these expectations in our workshop, we selected participants to make sure their expectation was in alignment with the scope of the workshop, and they had the expected background (i.e., solid training in biology and basic ideas on what biological data are).
There is a second criticism regarding training workshops as a temporary solution for scientific programming, and that organizers should create long-term communities [3]. Our workshop provided a place that permitted the intellectual and personal growth of participants in cases where the students of one edition became an instructor or helper in a novel edition. In fact, a student in 2018, Luiza Zuvanov (an author in the current manuscript), participated in the organization of the event as a competent practitioner. In 2020, she helped to elaborate practical sessions with examples from her own research project, a practice we plan to maintain over the following years and editions.
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Our group was very enthusiastic about the workshop in 2020 and delivering programming skills to bioscientists, since we had great experiences and positive feedback in previous years (data not shown). However, the COVID-19 came as a high selective pressure for the organization since we had to shift from the in-person to the virtual mode this year. Also resulting from the pandemic, private industries and other partners we cultivated over the past years were not willing to sponsor the workshop in online format. On the other hand, we did not have the costs that are usually associated with local events like coffee-break, travel or accommodation expenses for organizers and speakers. Moreover, we used free versions of the available online tools before and during the workshop, and still as a consequence of the pandemic many companies released their online tools for testing or educational purposes. Additionally, having no costs allowed us to keep the philosophy of making the python workshop free to students, like in previous editions.
Another advantage of moving the event to a virtual format was the increased diversity in the group of students, organizers, and speakers. As an interdisciplinary field, data science and analysis of biological data requires knowledge of people with different training backgrounds. Therefore, although the workshop focuses on biological data, having organizers from computer science or engineering to help manage the data manipulation in the background (e.g., data collection via Google forms) is also strongly recommended. Moving to the online mode allowed us to invite speakers from different regions of the country or even Brazilians abroad, who promptly accepted our invitation. Interestingly, speakers were more prone to accept the invitation to join the team virtually, as it is easier to fit their schedules than an in-person workshop, as previously noticed [4]. Regarding the groups of selected participants, online mode helped us to reach different regions of our country. On the other hand, even though the online event enables more diversity among participants, we could not avoid the problem of reduced inclusion associated with requirements that participants have a computer with stable internet connection during the event [5]. Some of the participants and speakers reported internet connectivity issues from time to time, and  hardware malfunctions (e.g., microphone issues).
Representation of participants with different backgrounds and socio-economic status was prioritized in the 2020 edition., We must stress that social aspects are very important in events like this that have high representation of students in general, as well as the concerns about ethics and integrity in science, that are unprecedented to improve future scientists, and must be incorporated at least subjectively. For example, equity, inclusion and diversity must be prioritized in the selection process . Maximizing the geographic locations of participants allowed us to provide inclusion, still ensuring the scientific excellence of participants and justified necessity of programming skills. In the last workshop, we achieved gender balance; however, for the next editions we recognize that a better assessment of the diversity of the participants, including ethnicity, sexual, economic and geographic background should be incorporated into the questionnaire to achieve a better representation of the Brazilian population.
	Lastly, we should mention that we learned a lot about delivering programming skills online in this edition with what we have called “learn with learners”. We learned not only with the questions that were raised over the course of workshop development and with interactions between students and organizers. The daily feedback forms (surveys) also provided substantial material that allowed us to understand the evolution of the construction of the learning process itself. For instance, we identified difficulties associated with the use of concomitant digital platforms and the content of the material each day. Understanding that difficulties were more pronounced in the first two days (while students were still unfamiliar with platforms) helped us think about a better distribution and speed of information transmission and communication for the next workshop..
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We can say for sure that personal interests, interactions, and empirically building the event over the years made great positive impacts in making this initiative successful, with “transferable skills” also playing an important role - also known as “portable skills,” are qualities that can be transferred from one job to another (e.g. organization or strong communication). For instance, the first edition of the workshop was experimental - we had very limited practical experience, but had substantial support from experienced faculties (Dr. Winck and Dr. Riaño-Pachón, co-authors in this manuscript). In addition, Renato Santos and Raniere Silva (both co-authors in this work) brought their experiences in the organization of short workshops that happened before 2017, mainly initiatives by the The Carpentry (https://carpentries.org/) community.
Another example of applications of “transferable skills” in our workshop is the strong research components, mainly due to the fact that all organizers are composed by students somehow involved in research in life sciences, and we were supported by experienced faculties also involved in research with biological data analysis. In 2020, we kept an active collection of literature and used Twitter to broadcast about the discoveries, improving the engagements of organizers and helping the team to bring innovations and real-time improvements to the workshop, visit “virtually” different experiences and raise concerns and discussion in the group. This culture of tweeting research was incorporated into the workshop by the  previous experience of Renato’s internship abroad in Rokas Lab (Vanderbilt University, Nashville, US). Tweeting increased engagement of the organizers over time. For instance, 2020 was the first year implementing forms to collect information from participants (organizers and students) and discussions of the ELIXIR paper [6] that was selected to use in a tweet as a great example of how to conduct this research. During exercises and assignments by students, “transferable skills” were also very important during exchange of information and experience among themselves.
Transferable skills will also be very important to students in the long term. Interestingly, we identified in students’ responses not only evidences that they learned several aspects of programming skills (e.g. programming skills or data visualization) that they will be able to apply in a broader sense in their career, but they also reported more subjective information such as considering as valuable “didactics” (related to teaching and learning skills), “networking” (related to communication skills), or “things they could apply in diverse areas”. In addition, it was nice to notice that one student reported as valuable the “ability to think as a programmer”: one of the transferable skills that we expect that students assimilate is “computational thinking”, in particular because “all biology is computational biology” these days [7]. Reproducibility of research is extremely important in science, not only in experiments/wet-lab, but also in bioinformatics and data analysis in general. An example of initiative that improves reproducibility is the use of Jupyter notebooks [8]. We emphasized the importance of reproducible research during the workshop in 2020, listing some of the good practices during documentation of how data analysis was carried out with the notebooks. We highlight it as another example of “transferable skill” that students will be able to apply in their own research.
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