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Abstract
This manuscript aims to share some tips on implementing a flipped classroom, with examples from biology
and computational biology. The proposed rules are:
- Inverttime and Say It,
- ldentify (or create) resources for learning at home,
- Be explicit on the acquisition of knowledge and engage students at home,
- Explore active learning in class,
- Develop skills of cooperation and sharing,
- Evaluate,
- Differentiate,
- Take care of the logistic and your posture,
- Document your flipped classroom,
- Share.

Introduction

This manuscript aims to share some tips on implementing a flipped classroom, with examples from biology
and computational biology. The original idea of the flipped classroom is to reconsider the place of the work
done at home and in class in order to reach a more effective learning experience (Schell & Mazur, 2015).
It is important to note that there are many practices that are associated with the generic term ‘flipped
classroom’. We will not detail here all the different forms, but we rather refer readers to comprehensive
articles on the subject (Bishop & Verleger, 2013; Lebrun & Gilson, 2016). A question often raised is that
of their effectiveness. On this subject we can formulate some preliminary remarks:

e |t is difficult to make an overall assessment of flipped classrooms because this wording refers to
many practices, very different from each other.

e Studies have shown positive effects of some protocols (Casasola et al., 2017; Crouch & Mazur,
2001; Freeman et al., 2014), including the case of students facing difficulties (Lage et al., 2000).
For the specific case of computational biology classes, Compeau published a detailed and positive
feedback on this pedagogy (Compeau, 2019).

e A series of meta analysis identified by John Hattie (Visible Learning - Flipped Classrooms Details,
2020), suggests a significant efficiency of flipped classrooms (Chen et al., 2019; HEW & LO, 2018;
Karagol & Esen, 2019; Tan et al., 2017)).

e The research is far from over and several research articles call for more studies on this topic
(Abeysekera & Dawson, 2015; Bishop & Verleger, 2013; Lo & Hew, 2017).

These 10 rules

The rules presented below are inspired by the French national conference on flipped classrooms called
CLIC, that takes place in Paris since 2015. They derived from the presentation of one of the authors (MB)
at CLIC2018, augmented by the remarks of the audience during the presentation, recommendations of
one of the references (Lo & Hew, 2017) and re-analysed in our practitioner's point of view and from the
perspective of the current literature.
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Rule 1. Invert time and Say It

The basic principle of flipped classroom invites considering the articulation of teaching and learning time
(Schell & Mazur, 2015). While school has long worked on a transmissive model, it was a question of no
longer doing only a frontal course (Crouch & Mazur, 2001). Importantly, knowledge transmission outside
of the class is as efficient as inside the class room (DeLozier & Rhodes, 2017).

The spread of the practice was accompanied by a reflection on the nature of the tasks self-directed by
learners. It's not about giving more (Lo & Hew, 2017), but to slide out of the classroom activities of lower
cognitive level, and to perform in class tasks that require greater support from the teacher (Lebrun &
Gilson, 2016) (Table 1). With this model, the transmission of knowledge is done remotely, but its
assimilation can be done face-to-face, via sessions of active pedagogy (Freeman et al., 2014). The
inverted class then makes it possible to maximize the ‘active’ time in the classroom by moving the
discovery of knowledge outside the classroom (DeLozier & Rhodes, 2017).

When preparing a course, the teacher also needs to define activities that can support the acquisition of
elements of knowledge by students in autonomy. For instance:

1. At the beginning of a course series, prerequisites can be reactivated or introductory concepts can be
addressed.

2. Before a patrticular class, activity can prepare the learners to confront a complex task.

3. Along the course, the teacher can also provide learners a synthesis of the knowledge to be mobilized
to answer a complex task;

4. At the end of a course series, students could work on a summary of the course.

Flipped classrooms modify how teaching is traditionally performed. Teachers need to explain the rules,
for instance by providing detailed instructions in their syllabus. One way to enforce being explicit on what
students are expected to do at home and in class is to clearly define pedagogical objectives also termed
‘learning outcomes’. In designing pedagogical objectives for flipped classrooms, teachers have to keep in
mind that activities performed at home by the students should be related to cognitive categories
‘Remember’, ‘Understand’ or ‘Apply’ (see Table 1).

Cognitive categories ‘Traditional’ classroom Flipped classroom
from Bloom’s taxonomy

Create | Evaluate | Analyse Home University
Apply Home/University Home/University
Understand University Home
Remember University Home

Table 1. The analysis of activities performed at home and at the university (right panel) are related with
Bloom's taxonomy (left panel) (Anderson & Krathwohl, 2001; Bloom, 1956; Sarawagi, 2014).

Rule 2. Identify (or create) resources for learning at home

Having some work to do at home means having something to read, to watch, or even to interact with. Most
teachers will first try to generate their own media. This could be time consuming and sometimes
discouraging, especially if the teacher aims to produce high quality video content steadily. We advocate
for the reuse of resources openly available on-line or in the physical world. These can be textbooks, books,
web-documentaries, handouts, video clips, MOOC excerpts, Wikipedia articles, etc ... The choice can be
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made according to students’ needs and pedagogical objectives. Some selection criteria could be chapter
or video length, presence of detailed plan, presence of companion exercises... However, after a careful
assessment, the teacher will have to appropriate the selected material and, if needed, comment or expand
it. In other terms, he/she will have to integrate this resource to her/his pedagogical mindset.

For video resources, a study (Guo et al., 2014) recommends choosing or creating short videos, 6 minutes
or less, with a "Khan academy" style in which the teacher draws on the screen. Many detailed
recommendations are available on this subject (Mayer & Mayer, 2005). It should also be made clear that
multiple resources are now freely available online, i.e. open education resources, whether they have been
created by publishers or colleagues.

Whatever the chosen strategy, try to implement the change gradually (Lo & Hew, 2017). Instead of creating
something new from scratch, it is useful to use resources / protocols / lesson plans shared by others, i.e.
start from something that worked elsewhere.

There are many ways to share resources with students. According to the context and material availability,
teachers can share material:
- In a closed face-to-face system (for example, a handout distributed in class). No digital tool are
required here.
- In a closed remote online system, for example with a learning management system (LMS) like
Moodle, Blackboard, Canvas or with shared cloud drives.
- In aremote open system, e.g. a class blog or a website.

Regarding digital means to distribute teaching materials, some aspects need to be emphasized:

- ltis crucial to ensure access to all students (Lo & Hew, 2017). Students need to have the right
equipment at home (internet connection, computer or tablet) or access to a library properly
equipped.

- If sharing material through an open system is not imperative, it has several positive effects. Not
only does it make available resources for other colleges and teachers, but it also provides a way
to receive feedback from the community.

- ltis also necessary to accompany learners for each new approach and tool used (Lo & Hew, 2017).

Rule 3. Be explicit on the acquisition of knowledge and engage students at home
At the start of the semester it is advisable to be explicit about how the students will be working at home.
In addition to clarify those aspects in the syllabus, it is useful to make a first session dedicated to the setup
of the flipped classroom and during which students can be acquainted on the tools with the help from the
teacher or teaching assistant (TA). Teachers also need to be patient during the first weeks, so that the
students become confident about the method and the tools.
Before class, teachers must ensure that the resources made available have been consulted (Lo & Hew,
2017). One has also to keep in mind that even if the activity performed at home is of relatively low cognitive
level, support is usually required to limit the socio-academic inequalities associated with work done outside
the class (Rayou, 2010).
Several types of activities can be considered to support the acquisition of knowledge:
- Take quizzes (possibly self-correcting) on the proposed material. Tools such as traditional LMS,
Learning Apps, Educaplay, Education and Digital, Google Form, etc... could be used.
- Write down open questions on paper or through digital means.
- Participate in questions and answers sessions through LMS or messaging applications (Slack,
Mattermost, Messenger...).
- Write a summary of the studied material. The produced summary can later be reviewed by peer
students.
- List one thing the student found interesting and another one he/she wants clarifications on.
- Enrich collectively a course trail or share the results of a search on a collaborative writing
document. Notwithstanding, this kind of activity is subject to limited support which must be followed
by a class exchange session to make sure that the main elements are well acquired.
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The introduction of a flipped classroom is likely to be destabilizing or associated with misunderstandings
about the objectives and / or above methods employed. It is therefore crucial to communicate effectively
(Lo & Hew, 2017) and to straighten rule #1. Teachers need support from an efficient communication
system (e-mails, social networks, LMS). A forum could allow students to ask questions whose answers
can then be provided by the peers and / or the teacher before, during or even after class. It can also be
useful to define an interaction protocol (who answers to who, and when). Office hours as implemented in
the English-speaking world could be of great help toward this goal.

Rule 4. Explore active learning in class

One of the key idea of flipping a class is to make room for active learning during the lecture (DeLozier &
Rhodes, 2017). In active learning, students are involved and engaged with the course material into a large
range of activities, such as discussions, quizzes, problem solving...

Active learning has been observed to improve students' achievements compared to traditional lecture-
based teaching (Freeman et al., 2014) and some researchers suggest that the performance of flipped
classrooms could actually be explained by the use of active learning (Jensen et al., 2015).

Many types of active learning strategies can be explored, from summarizing a book chapter to teaching
part of the course (Fiorella & Mayer, 2016). Among the activities that can be recommended in class, a
recent review (DelLozier & Rhodes, 2017) suggests: 1) testing outside and inside the class, with systems
such as hands up, Plickers cards, clickers or any online voting systems (WooClap, Mentimeter, Kahout,
Socrative...), 2) group discussions, 3) student presentations or teaching. More original methods can also
be used like simulation games (Taly et al., 2018) or working side by side with students on research
guestions (Mazzanti et al., 2017). The time outside the class should not be left passive however, as any
activity can be adapted in a more active manner (Chi & Wylie, 2014).

In table 1, we highlighted the interest in analysing the tasks and activities students have to perform in their
learning path. Most challenging tasks should be conducted in class with the guidance of the lecturer and
through active learning. In the field of computational biology, a typical example of learning objectives
difficult to reach via traditional lecturing but that strongly benefits from active learning is programming.
Using more interactive material such as Jupyter notebooks (Le et al., 2020; Teaching and Learning with
Jupyter, 2019) or the Rosalind auto-correcting exercise collection (Compeau & Pevzner, 2018) are even
more beneficial. Finally, it is possible to engage students working as teams on open research challenges
(Abdollahi et al., 2018).

When it comes to choose a pedagogical approach, and latter when evaluating it (see rule #6), it should be
kept in mind that errors are acceptable. Many interactions could be necessary to obtain an acceptable
pedagogical scenario (Compeau, 2019). In that regard, one interesting and encouraging observation is
the ‘teacher effect’, i.e. that enthusiastic teachers have a positive effect just by trying (Hattie, 2008). We
do interpret this observation as a right to tinker!

Rule 5. Develop skills of cooperation and sharing

A potential advantage of flipped classrooms is that they could develop cooperation skills (Strayer, 2012).
It has also been observed that cooperation is an important parameter allowing the efficiency of a flipped
classroom (Foldnes, 2016).

A typical example of activity that can be done in teams is the edition of wikipedia pages (Logan et al.,
2010). In this perspective, many tools now have a "collaborative" mode to promote team production
(Framapad, Prezi, Quizizz, Wiki, etc.). In the field of computational biology, it is also possible to share and
document computer code (Abdollahi et al., 2018) with the help of version control systems and online
collaborative development plateformes such as GitHub, Gitlab and others.

To the extent that it is an objective, it is appropriate to assess the nature of collaborative work (Lebrun &
Gilson, 2016). One way to do this is to involve peers in evaluation (Lopez et al., 2018).

Rule 6. Evaluate
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In all cases, an assessment of the knowledge acquired during these preparatory activities is useful not
only to ensure that activities have been seriously realized by the students, but also in order to make a
diagnosis and bring targeted and immediate remediation with regard to statistical results. Voting systems
such as Plickers, Quizizz, Woolcap, Kahoot, Socrative, etc. allow indeed to evaluate in class and just in a
few minutes the knowledge acquired by the students.

Beyond the assessment of students and their learning, it is important to evaluate the devices / protocols
used. This will naturally lead to the definition of performance indicators.

Among the success indicators for evaluating protocols (see Rule 5), it is interesting not to consider only
grades, but also broader criteria such as absenteeism, conflict, autonomy, cooperation, etc.

The need for research being important (Abeysekera & Dawson, 2015; Bishop & Verleger, 2013; Lo & Hew,
2017), studies conducted by teachers could provide a basis for participatory research.

Rule 7. Differentiate

Lo and Hew recommended individualized learning objectives (Lo & Hew, 2017). Although flipped
classrooms are not sufficient alone to perform differentiation, they facilitate its implementation enormously.
Indeed, all of the active teaching activities listed above provide a record of student learning and progress
(rule #6). These information provided by these tools make possible diagnosis by question and by student,
thus facilitating differentiation and remediation.

The flipped classroom requires being explicit (rule #3), both in terms of material and guidelines provided.
This also benefits students with special needs. Given that the transmissive part is studied individually by
students it can in principle be proposed in more than one version, e.g. using different fonts or colour
schemes.

Rule 8. Take care of the logistic and your posture

Engaging students to work on teaching material outside the classroom requires teachers to anticipate a
broad, inclusive and seamless access to their material. Some technical solutions have already been
provided above.

In class, material will be needed to allow group/team work such as paperboard, sticky notes, etc. In order
to favor learning situations in teams, the need for a reorganization of the space within the class quickly
becomes apparent. This arrangement aims to facilitate exchanges between students but also illustrates
the change of posture of the teachers. Adoption of the flipped classroom approach is usually accompanied
by reflection of the teacher on the layout of his classroom to allow him to no longer be in front of, or behind,
his students, but close to, or even in the middle, of them. The teacher then shifts ‘From sage on the stage
to guide on the side’ (King, 1993). This organization often results in the establishment of islands within
which each team is invited to prepare an empty chair for the teacher to be then “beside the students

Rule 9. Document your flipped classroom

One advantage of a flipped classroom is to bring experiment and discovery back in the classroom. All
these trial and errors need to be documented and written down, to keep tracks but also to allow a
retrospective analysis of the pedagogical approach used.

We advise after each class to take a few minutes to write down what happened during the class, both
positive and negative points, and highlight what could be improved in the next class. The students can be
involved in that process. In our experience the adjustment proposed by students are often useful.
Moreover, the process of consulting them goes in the direction of nurturing their intrinsic motivation (Oraif,
2018; Thai et al., 2017).

Rule 10. Share
As stated in the introduction, there is not one but many flipped classrooms. Yours will probably not be your
colleague’s flipped classroom. After one or more years, your experience will be valuable. Share it!
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You can publish your feedback as tweets, blog posts or even research articles. To foster sharing and
exchange, we encourage the use of open licenses such as Creative Commons Attribution (CC-BY) or
Creative Commons Attribution Share Alike (CC-BY-SA).

Conclusion

This article aims to gather some tips for implementing oneself flipped classrooms. In addition to changing
the teacher's posture, the inverted class approach does change the atmosphere and working conditions
for the teachers and the students.

Setting up a flipped classroom is often accompanied by an increased workload that could be reduced by
adopting several strategies mentioned above: use of resources produced by others, automated
corrections or peers assignments (Guilbault & Viau-Guay, 2017)

One aspect highlighted above is the lack of research on flipped classrooms. It will therefore be important
to enable participatory research on the subject to evaluate and document the multiple forms of flipped
classrooms.
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