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one of the final lines for computing advice, at least in my personal 
experience. As such, I often find myself given problems to solve 
rather than finding my own problems to tackle. Hence, problem 
solving becomes a recurring theme over the last one and a half decade. 
Problem solving as a core skill in bioinformatics is also supported by 
Jungck et al.3 Therefore, it is imperative that bioinformatics education 
consists of substantial amount of hands-on and minds-on activities.4 

The requirement for hands-on and minds-on activities in 
bioinformatics education renders it suitable to employ Problem-
Based Learning (PBL). Hmelo-Silver5 defines PBL as an instructional 
method where students learn through problem solving by engaging 
in self-directed learning and the process is facilitated, rather than 
providing knowledge, by the teacher. A common term that exist in 
the literature with PBL is Project-Based Learning (PtBL). In many 
instances, PtBL is also abbreviated to PBL; hence, leading to much 
confusion. Hong et al.,6 acknowledge that the boundary between PBL 
and PtBL is fussy as both can complement each other, and conclude 
that both PBL and PtBL have similar conditions for successful 
application. I tend to use PBL as the overarching umbrella for all 
instructional methods involving problem solving and facilitated self-
directed learning. Hence, I prefer to use PBL in a very broad sense.

In my opinion, PBL should be an important component of 
bioinformatics education for three reasons. Firstly, the problem 
is given. This is common occurrence that I witness as a practicing 
bioinformaticist where I act as informal bioinformatics consultant 
to other projects. Secondly, the result or outcome is generally 
defined. The researcher or experimentalist seeking help generally 
have a defined outcome that he/she wants to achieve, or to provide 
supporting evidence for an outcome among many possible outcomes. 
Thirdly, the only flexibility that the bioinformaticist can maneuver is 
the route from the question to the outcome(s), the problem-solving 
aspect. Furthermore, formulating a method to solve the given problem 
is at the level of evaluation on Revised Bloom’s Taxonomy.7

Depending on the problem given, the solution can be multi-
faceted. For example, given a DNA sequence, what may be the 
possible functions of the peptide? Student will need to use determine 
which of the 6 frames translation is likely to give a functional protein, 
what signal and localization sequences are on the protein, what are the 

protein domains found, and what do the set of protein domains mean? 
Other students may include BLAST to get insights from homologous 
proteins or examine the promoter region of the protein. Yet, other 
students may explore gene expression databases, such as Gene 
Expression Omnibus, to gain insights by finding which genes are 
positively or negatively correlated with this specific protein, or under 
what conditions will this gene be down-regulated or up-regulated. 
If a class is divided into groups to work on this protein, it will be 
interesting to see the differences in approach and more importantly, 
get the groups to perform self-evaluation as to why certain methods 
are chosen or left out.

Hence, PBL will be a useful educational paradigm to build crucial 
problem-solving skills for the aspiring bioinformaticist. Several 
successful cases of PBL in bioinformatics education had been reported 
in the literature.8,9 Therefore, it is worth a try.
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Opinion
As a practicing bioinformatics since 2004, problem solving has 

been both a fundamental skill and recurring theme. In one way or 
another, I feel like a handyman or a go-to person for anything 
interfacing between experimental biology and computing. This can 
take the form of 5-minute show-and-tell – How can I run BLAST 
against a mouse genome? Or it can be something more elaborate – 
How can I extend MapMan1 for my tobacco research? The latter is 
one of the sources of a bioinformatics research and/or development 
project, which resulted Ling et al.2 In other and perhaps more extreme 
cases, I had been approached to disinfect a computer from computer 
viruses and malwares. To a certain extent, bioinformaticists represents 
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