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Abstract

As the life sciences have become more data intensive, the pressure to incorporate the requi-
site training into life-science education and training programs has increased. To facilitate cur-
riculum development, various sets of (bio)informatics competencies have been articulated;
however, these have proved difficult to implement in practice. Addressing this issue, we
have created a curriculum-design and -evaluation tool to support the development of specific
Knowledge, Skills and Abilities (KSAs) that reflect the scientific method and promote both
bioinformatics practice and the achievement of competencies. Twelve KSAs were extracted
via formal analysis, and stages along a developmental trajectory, from uninitiated student to
independent practitioner, were identified. Demonstration of each KSA by a performer at
each stage was initially described (Performance Level Descriptors, PLDs), evaluated, and
revised at an international workshop. This work was subsequently extended and further
refined to yield the Mastery Rubric for Bioinformatics (MR-Bi). The MR-Bi was validated by
demonstrating alignment between the KSAs and competencies, and its consistency with
principles of adult learning. The MR-Bi tool provides a formal framework to support curricu-
lum building, training, and self-directed learning. It prioritizes the development of indepen-
dence and scientific reasoning, and is structured to allow individuals (regardless of career
stage, disciplinary background, or skill level) to locate themselves within the framework. The
KSAs and their PLDs promote scientific problem formulation and problem solving, lending
the MR-Bi durability and flexibility. With its explicit developmental trajectory, the tool can be
used by developing or practicing scientists to direct their (and their team’s) acquisition of
new, or to deepen existing, bioinformatics KSAs. The MR-Bi is a tool that can contribute to
the cultivation of a next generation of bioinformaticians who are able to design reproducible
and rigorous research, and to critically analyze results from their own, and others’, work.
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can be re-iterated, or new starts from within the workflow can be made. A pipeline is unidirectional, not iterative within its structure (it
is ballistic: once initiated, it runs), and has no decision points. Pipelines can exist within workflows, but workflows do not exist in

pipelines.

1 FAIR: Findable, Accessible, Interoperable, Reusable.




KSA

PK biology

PK computational
methods

Define a literature-
based problem

Integrate

interdisciplinarity
‘ Hypothesis generation
Experimental design

Identify relevant data

Identify & use
appropriate methods

Interpretation of
results

Draw & contextualise
conclusions

Communication

Ethical practice

Novice

Beginner

J1 Journeyman J2 Journeyman

Basic knowledge of biology

Basic knowledge of
computational methods

Doesn’t recognise that life
sciences require
integration of experimental
& computational
approaches

Can recognise a problem
that is explicitly articulated
but can’t derive one

Doesn’t generate
hypotheses & may not
recognise them without

~Tndependently solve

biological problems that
are innovative & move the
field forward

Advanced knowledge of
biology & basic knowledge
of bioinformatics methods

Integrates experimental &
bioinformatics sources for
data & knowledge

Sufficient knowledge of
biological systems to be
able to draw functional

conclusions from results

1atiorn

Can’t design data collection
or experiments

Can’t describe what makes
data relevant to a problem

Doesn’t identify methods

Treats the output of pro-

Doesn’t draw appropriate
conclusions from results

Doesn’t communicate
scientific results clearly or
consistently

Learning how to recognise
intellectual property &
scientific contributions
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Lower-order thinking skills
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is needed, ...

PLDs describe what it should
look like as learners develop
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Performance-level descriptors

Apprentice

connputational/modelling approache
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Integrate. Developing an
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Performance-level descriptors
Journeyman 1

PLDs describe what it should
look like as learners develop
from less to more expert
demonstration of each KSA




Performance-level descriptors
Journeyman 2

PLDs describe what it should
look like as learners develop
from less to more expert
demonstration of each KSA




Its structure allows it to be
adapted to related disciplines
simply by changing the
discipline-specific KSAs

NDIS3ad TVLININIYIdX3

Early PhD,
late Masters
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late UG

Early UG
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Early PhD,
late Masters
A

Early Masters,

Recognises him or herself
Early UG

as a J2 life scientist, _
someone who...




Performance-level descriptors
Journeyman 2




Recognises him/herself as
a beginner in
computational methods...

NDIS3ad TVLININIYIdX3

Early PhD,
late Masters
A

Early Masters,

Early UG
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NDIS3ad TVLININIYIdX3

Early PhD,
late Masters
A

Early Masters,

Early UG
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Early PhD,
late Masters
Al
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&  Early Masters,
Recognises him/herself as a late UG
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beginner in identifying & using
appropriate bioinformatics
methods, & interpreting results...

Early UG
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Recognises him/herself as
an apprentice in drawing
conclusions, & ethical
practice...
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Early PhD,
late Masters
Al

Early Masters,
late UG

Early UG
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Tool for self-guidance

Helps focus on specific training
needs; provides key insights about
this individual’s needs to instructor

£ 7‘/,/
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late Masters
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Early Masters,
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Course design
A university teacher wants to

develop an introductory

module for a basic
bioinformatics MSc course

Identify the KSAs
relevant to the course

& appropriate
developmental stages

Say, from foundational —
beginner-level — biology,
computational methods &

ethical practice...
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Correctly uses data that are

gration of both experim

) ental & computati
mod.elhng approaches. Recognises ° s
that mterdisciplinarity
is needed, ...
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Late undergraduate
early Masters




Course design

A university teacher wants to

develop an introductory
module for a basic
bioinformatics MSc course

conlputational/modelling a
gutdance about how & When to
integrate. Developing an
understanding of...

...to apprentice-level applying

appropriate methods,

interpreting results, drawing
conclusions & communicating
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Course design
A university teacher wants to

develop an introductory

module for a basic
bioinformatics MSc course

Follow a structured
paradigm...

, Late Masters, early PhD

Early Masters
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Nicholls’ Model

Phase 1
ning Outcomes (

A44

Os achievable by mos
learners? Content, LEs &
assessments support LOs?

Phase 5
valuatio

Aligned with LEs?
Supports progress
towards LOs?

Phase 4 Phase 3
\ssessme Conten

Supports LEs:
Promotes LOs?

Simple, measurable,
achievable, realistic,
time-bound?

Phase 2
ning Experiences

LEs aligned
with LOs?
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Start by articulating
learning outcomes

Phase 1

rning Outcomes (

A4

Os achievable by mos
learners? Content, LEs &
assessments support LOs?

Phase 5
valuatio

Aligned with LEs?
Supports progress
towards LOs?

Phase 4
Assessmen

Simple, measurable,
achievable, realistic,
time-bound?

Phase 2
ning Experiences

ol

LEs aligned
with LOs?

Supports LEs:
Promotes LOs?

Statements detailing what
students will be able to do & the

i 37
teacher will be able to assess




By the end of this course,
students will be able to:
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modelling approaches. Recognises
that interdisciplinarity
is needed, ...

Late undergraduate,
early Masters



By the end of this course,
students will be able to:

N
fbj’g% LOS: apply fingerprint & HMM
gﬁﬁw\@gé@' search tools to identify the family
eSS to which protein sequences belong

LO6: analyse search outputs
to determine the biological
significance of results

LO7: synthesise results from
different analyses to draw
preliminary conclusions
about the likely functions of
protein sequences

LO8: present results
to a lay audience

Late Masters, early PhD



CONCLUSIO

KSAs, from less to more

* |ts structure allows it
discipline-specific KS

s It’s a multi-layered t

¢ It’s not as scary as
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