
Presentation from the plenary session at the conference BioSB, which is the 9th 
edition of the Dutch Bioinformatics & Systems Biology conference held on 9 and 10 
May 2023.
I was invited to give the plenary session on the 9th of May and to take part in the 
discussions around a national, Dutch, educational framework for Bioinformatics and 
Systems Biology (primarily aimed at MSc students/programmes). This framework is in 
tandem with a European framework for Bioinformatics that has been independently 
formulated from the ISCB (see here). 
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The presentation bears the title of “Conceptualising the Mastery Rubric for 
Bioinformatics - a framework for curricula design” and is a collaborative work 
spanning many years and different work. 
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The presentation are built from the resources listed on the slide. The slide will appear 
again in the end of the presentation. 
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I will first take you to a tour across the framework itself, what is the Mastery Rubric 
for Bioinformatics?
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You can find out all the details of the tool in the paper we published at the end of 
2019 in PLoS One: The Mastery Rubric for Bioinformatics: a tool to support design & 
evaluation of career-spanning education & training.

The DOI is at the bottom, here - for anyone who’s interested, this URL appears again 
in the final slide, as do all other URLs mentioned in later slides – so you don’t need to 
write them down now.

5



For those who’ve read the paper, you’ll already have discovered Table 1. Table 1 is
the MR-Bi, essentially a descriptive table with 3 ‘dimensions’: 

* the y-axis lists the Knowledge Skills & Abilities (the KSAs) that are intended to be 
delivered by a course or programme; 

* the x-axis outlines a developmental trajectory from less to more expert – i.e., from 
novice to (independent) journeyman; 

* & the individual cells (like the one shown) describe in detail how a learner might be 
expected to perform, & thence to change over time, when progressing along that 
trajectory (these are the so-called Performance Level Descriptors, or PLDs). As you 
can see, at first glance, there’s quite a lot to take in… 
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So, to help navigate through the table, or to better orientate ourselves, we can 
highlight its main features (this is exactly the same thing, but just coloured in). 

* At the top, there’s a general description of an individual at a given stage (I should 
say that you’re not meant to be able to read this – this is just for you to note that 
there is a progression as an individual advances from novice to journeyman). 

* Alongside this are the requisite stages of Bloom’s hierarchy of cognitive 
complexity as it builds from lower- to higher-order ‘critical’ thinking skills (Blooms 
level 1 to Blooms level 6). 

* Then, beneath these are the 12 KSAs & the corresponding PLDs for each stage. But 
this is just the first page of the table…
* As you can see, it’s actually massive…
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…covering a total of 6 pages!

* Clearly, this isn’t the easiest thing to digest! But we can summarise the whole thing 
in a much simpler table… 
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…which looks like this

* Again, note the 12 KSAs on the y-axis, one on each row. I should point out that 
these are not to be confused with the KSAs encapsulated in various competency 
frameworks – the KSAs referred to here are much broader or higher-level concepts.

* As before, the stages are along the x-axis, denoting in each column a particular 
point in the developmental trajectory, from less to more expert.

* & the descriptions of learner performance (the PLDs) at those levels are given in 
each cell. 

* So the key take-homes here are the KSAs, the stages & the PLDs.
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In addition to the original paper in PLoS One we have written 2 papers for the ELIXIR-
GOBLET Professional Guidelines collection (the F1000R Bioinformatics Education & 
Training Collection) outlining the usage of the framework in a more “hands-on” and 
practical manner

1) introduces the Master Rubric for Bioinformatics as a framework, and the 
2) show you “how to use” the Mastery Rubric for Bioinformatics framework  

This presentation outlines these two guides. 
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It’s a big ask to expect anyone to take all of this in in one go, so we’re now going to 
look at the MR-Bi from a slightly different perspective – hopefully, this will help you 
to mentally unpack its components, & better show how they work together…

It’s important to stress at this point that the key thing here is the concepts, not the
nitty-gritty detail…

But again, please shout if anything’s unclear
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The first thing to note is that the Mastery Rubric builds on the (ancient) European 
Guild Structure, which outlines a trajectory from Apprentice through Journeyman to 
what was originally Master Craftsman or Tradesman. 

* But the MR adds two further stages – Novice, Beginner. 

* It also differentiates the Journeyman stage into early & late (J1 & J2) stages, 
recognising that the Journeyman period is generally the longest phase of ‘training’–
there are hence observable differences between a newly qualified individual (a new 
PhD) & one with, say, 10 or more years of experience (say an independent research 
fellow or PI)...who has arguably achieved mastery of his/her subject. 

* Each of these stages can be mapped to the relevant Bloom’s level – from 
remember/understand (B1,B2) through apply/analyse (B3,B4) to synthesise & 
evaluate (B5 & B6). 

* Similarly, each stage can be mapped to stages in a traditional academic trajectory, 
from UG through Masters, to PhD & PDF, & ultimately independent PI. 

* As shown earlier, the MR lists the KSAs a programme is intended to deliver: for 
bioinformatics, these are based on foundational, discipline-specific KSAs – PK 
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Biology & PK Computational Methods

* Then 9 further KSAs based on the scientific method; 

* & last, but not least, ethical practice. 

Hopefully, this is beginning to give you a feel for how each of the stages builds, layer 
upon layer, onto the next in terms of cognitive complexity (advancing Blooms) as an 
individual progresses from less to more expert, from Novice (outside layer) to 
Independent scientist (inside layer). We can now take a closer look at this, layer by 
layer.
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Hidden within each of the layers, at each level, are the Performance Level 
Descriptors (the PLDs) that describe what it should look like as learners develop from 
less to more expert demonstration of each KSA… (again, you’re not meant to read 
this!)

* As we saw before, alongside the PLDs are a General description of an individual at 
this stage, 

* the requisite Bloom’s level… & stage of academic training. 

Here, for example, the Novice is somebody who “Reads & generally understands, 
but doesn’t question research results…etc.” & the Blooms levels (remember, 
understand - 1,2) reflect this; & this would be a typical description of early 
undergraduate thinking. 
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And so on at each stage. 

Moving to the next level ‘up’, the Beginner is “beginning to learn how to apply
software to given biological problems…etc.”, 

the Bloom’s levels have changed accordingly (understand, apply - B2-B3), & this 
might be a typical description of an early Masters student. 
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At the next level, the Apprentice is becoming more expert at analyses, but may not 
be aware of other equally viable approaches… & will need guidance. 

The Blooms levels have progressed from applying, analysing & beginning to 
synthesise (B3 to early B5), which might be a typical description of late 
Masters/early PhD students. 
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At the first Journeyman level, J1 is newly qualified as an ‘independent’ scientist, but 
in fact generally still requires some supervision, as is typical of early PDFs. 

The Blooms level has moved on to include the ability of such individuals to evaluate, 
but with guidance.
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And at the second Journeyman level, J2 is the confident expert in his or her field, 
most likely a PI with an independent research group…

…whose cognitive abilities are at the highest Blooms level (evaluate – B6).
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Bringing all of these components together - these cognitive layers - this is the 
Mastery Rubric for Bioinformatics (MR-Bi), a standard framework for developing 
scientific & discipline-specific KSAs, from less to more expert… 

* And one of the really useful things about it is that its structure readily allows it to 
be adapted to related disciplines, simply by changing the discipline-specific KSAs, 
while the scientific-method-related KSAs remain essentially the same – a plug-&-play 
tool, if you like, for related scientific disciplines.

So how can we use it?
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For this last part. Let’s see how we can apply the MR-Bi framework to course and 
curricula design

Again, it’s the principles here that we’re trying to highlight rather than the nitty-gritty 
detail
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In this application, we imagine being a university teacher who wants to develop an 
introductory module for a basic bioinformatics MSc course. 

* The first step is to identify the KSAs relevant to the course & appropriate 
developmental stages. 

* So, let’s say that we want the module to build from foundational – Beginner-level
– Biology, Computational methods & Ethical practice… 
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…to Apprentice-level Applying appropriate methods, Interpreting results, Drawing 
conclusions & Communicating. 
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So, putting these layers together, the focus of this module is on building up from

* Beginner-level Biology, Computational methods & Ethical practice, 

* to Apprentice-level Identifying & using appropriate methods, Interpreting results, 
Drawing conclusions & Communicating, 

So we focus on these stages & these KSAs & ignore the rest.

* To build a course around these – indeed any course focusing on any KSAs – we 
recommend following a structured paradigm.
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You can find more details of our recommendations in the Guidelines for Curriculum & 
Course Development we made available as a preprint (SocArXiv) in 2020; 

* we also released a more practical/hands-on version specifically for trainers in our 
ELIXIR-GOBLET Professional Guidelines collection, in the F1000R Bioinformatics 
Education & Training Collection. In addition to 2 Professional Guidelines with regards 
to the framework itself as said earlier
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In those documents, you’ll see that we use Nicholls’ 5-phase paradigm for 
curriculum/course design as an exemplar, which is illustrated here in the diagram on 
the left. 
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Details of the model aren’t important here. 

The point is, there are 5 key phases in the course-design process: from defining LOs, 
to selecting LEs, to selecting content, devising appropriate assessments to course 
evaluation.

* At each phase there are decision points to test whether specific criteria have been 
met (e.g., are the LOs SMART…); 

* If the criteria haven’t been met, either that phase requires revision, the previous 
phase needs revision or Phase 1 needs revision. Only after this iterative cycle of 
revision & refinement at each step can the process be regarded as complete. 

The crucial take-home here is that, Phase 1 is the first-class citizen of the design 
process, because each phase must be congruent with it – & Phase 1 is articulating 
LOs! 
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So, we start the course-design process by articulating the intended learning 
outcomes. 

These are statements that detail what students will be able to do & the teacher will 
be able to assess by the end of the course.
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LOs are phrased actively, articulating what students will be able to do:

* e.g., “by the end of this course, students will be able to:…”

* For this course or module, appropriate Beginner-level (understand, apply) 

* LOs for Biology might be, “by the end of the course, students will be able to

* explain the Central Dogma…” or “describe the challenges of gene prediction in 
terms of gene structure.” 

* For Computational methods, appropriate Beginner-level LOs might be, “by the end 
of the course, students will be able to 

* list popular databases & protein sequence & structure analysis tools,” or

* “search databases using BLAST or other bespoke software tools.”
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* Appropriate Apprentice-level (apply, analyse, sythesise) LOs for 

* Identify and use appropriate methods might be that, “by the end of the course, 
students will be able to apply fingerprint and HMM tools to identify the family to 
which protein sequences belong”, 

* For Interpretation of results, “by the end of the course, students will be able to 
analyse search outputs to determine the biological significance of results”, 

* For Draw conclusions, “by the end of the course, students will be able to sythesise
results from different analyses to draw preliminary conclusions about the likely 
functions of protein sequences” 

* and for Communication, “by the end of the course, students will be able to present
results to a lay audience.”

Note that these are all active behaviours, at the requisite Blooms level, that a teacher 
will, in principle, be able to assess. The examples are clearly just fabricated, but 
hopefully show how LOs can be informed by the relevant KSA & PLDs at each stage. 
Again, the PLDs are not meant to be taken literally, but rather to be used as guides 
towards what might be appropriate behaviours & outcomes at given developmental 
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stages. And that really is it.
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To conclude…

* The MR-Bi provides a standard framework for developing scientific & discipline-
specific KSAs, from less to more expert (following the Bloom’s structure of critical 
thinking)

* Its structure allows it to be adapted to any discipline, specifically related to 
Bioinformatics, simply by changing its discipline-specific KSAs

* It’s a multi-layered tool with applications in professional development & course 
design

* It’s not as scary as it looks – why not try it?!
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Before ending, with the last slide being the resource s, I’d like to acknowledge the 
rest of the MR-Bi & ELIXIR-GOBLET Professional Guidelines team: RT, AV, TA and PP

30



A re-cap of the resources used in the presentation and for you to have a look at if 
interested. Also if you have any questions later or like to get in contact with me or 
anyone in the team, please email me, jessica.lindvall@scilifelab.se

31


