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ABSTRACT KEYWORDS
Bioinformatics is the use of computers in biology, particularly to analyse Bioinformatics; biology;
DNA and protein sequences and associated data. Bioinformatics has computing; DNA
become crucial to most areas of life sciences research. However, bioinfor-

matics education has not kept up with the pace of these advances. To help

address this problem, we have designed an open-access bioinformatics

workshop for secondary school biology pupils. The workshop is linked to

the curriculum in Scotland, addressing learning objectives for Scottish

Qualifications  Authority Higher Biology and Human Biology.

Furthermore, it aims to inspire pupils more generally and includes critical

evaluation of evidence as a more generic skill. We delivered this workshop

to biology pupils of seven schools in Scotland and conducted evaluations

of pupil and teacher feedback. Quantitative pupil and teacher feedback

suggests the workshop is useful and enjoyable, with no statistically sig-

nificant difference between pupils identifying as female and pupils iden-

tifying as male. Qualitative responses suggest the workshop gives an

increased knowledge of the field of bioinformatics and its importance in

everyday life, and that pupils enjoy working in groups. Teachers also

highlight the importance of hands-on experience in the classroom. We

conclude the workshop is successful in its aims and is suitable for wider

deployment.

Introduction

Over the last decades, a surge of technological innovation has changed the practice of life sciences
research. In particular, the exceptional pace of recent advances in technology for DNA and genome
sequencing has created a demand for computationally able researchers to analyse the large volumes
of data produced (Attwood et al. 2019). Bioinformatics - the application of computation to such
data - is now an integral part of modern biology. Bioinformatics has revolutionised how research is
conducted across several traditionally disparate fields (e.g. Gladyshev, Meselson, and Arkhipova
2008; Naccache et al. 2014; Ripp et al. 2014; One Thousand Plant Transcriptomes Initiative 2019).
The importance of bioinformatics is also recognised by UK government and industry reports (e.g.
Life Sciences UK Industrial Strategy Report 2017).

Despite the clear and increasingly important role of bioinformatics in life sciences research,
bioinformatics education at secondary school level — and, indeed, at undergraduate level (Williams
et al. 2019) - has not kept up with advances in the field. This is of growing concern to both the
scientific community and the educational community (Machluf and Yarden 2013). In Scotland,
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Table 1. Key topics in the SQA National 4 and National 5 Biology Curricula related to bioinformatics and genomics (SQA, 2013,
2019).

National 4 Units

® Unit 1 Cell Biology DNA, genes and chromosomes; DNA and its structure; The genetic code; Genes and proteins;
Chromosomes and inheritance; Genes and inheritance; Genetic testing and counselling; Gene
therapy
® Unit 2 Multicellular Inheritance; Genetics and breeding; Mendelian genetics; Phenotype and genotype
Organisms

® Unit 3 Life on Earth Adaptation; Descent with modification

National 5 Units

® Unit 1 Cell Biology Structure of DNA; Sequence of DNA bases; the genetic code; mRNA; Amino acids; Molecular shape
and functions of proteins; Genetic engineering

® Unit 2 Multicellular Chromosome complement; Mitosis; Maintenance of diploid chromosomes complement; Variation

Organisms and inheritance; Types of variation; Variation and genetics; Phenotype; Single-gene inheritance;

Genes and genotypes; alleles; Homozygous and heterozygous; Polygenic inheritance; Family
trees

® Unit 3 Life on Earth Mutation; Mutagenic agents; Mutation as a source of variation; Adaptation; Natural selection;
Survival of the fittest; Speciation

unusually in a UK and international context, bioinformatics is covered in the Scottish Qualification
Authority (SQA) Higher Biology and Higher Human Biology curricula, though briefly (Table 1).

Preliminary research showed that senior secondary school pupils were capable of working
through university-level bioinformatics exercises (Barker et al. 2015), using open educational
resources developed for final-year undergraduates (Barker et al. 2013). This adds support to
suggestions that early exposure to bioinformatics is useful for school pupils (Machluf and Yarden
2013; Form and Lewitter 2011). Following this preliminary research, a workshop for Higher
Biology, Higher Human Biology and Advanced Higher Biology classes was developed and deployed
across Scotland (to be reported separately). However, by the time pupils are studying Higher or
Advanced Higher subjects — typically in the last one or two years of secondary school - they have
already specialised on a very limited range of subjects. We hypothesised that a bioinformatics
workshop targeting an even earlier stage in education would be valuable. This has the potential to
reach a larger number of pupils at a stage where they have not yet specialised for the final years of
school.

We designed a new workshop, intended to bring practical experience in bioinformatics to an
even younger audience. This workshop targets junior stage Biology pupils in Scotland. Target pupils
include those in years S3 and S4, and others taking SQA National 4 or National 5 Biology (awards at
Scottish Credit and Qualifications Framework levels 4 and 5 respectively). Such pupils are typically
13-16 years old. This workshop aids the learning of key topics in the National 4 and 5 level Biology
curricula - DNA, chromosomes and genetics (see Table 1 for curricula descriptions) — but also goes
beyond this, teaching pupils how to use a key computational tool to conduct simple biological
analyses. Additionally, pupils - and teachers - have the opportunity to work with large genomic
datasets that are widely used in life sciences research and to consider the strength of evidence for
their bioinformatics conclusions. Pupils are introduced to DNA barcoding and its applications to
highlight the relevance of their schoolwork to real-life issues, such as biodiversity and food fraud.
Our workshop uses free, publicly available Web-based tools and is designed to be conducted on
desktop computers, tablets and even smartphones.

Many schools in Scotland now provide pupils with tablets or laptops to use during classes
(dependent on Local Authority), which helps to overcome any issues associated with computer
room availability and bookings. The activities in our workshop have simple objectives to allow
students to focus on learning how to use a bioinformatics tool and relate it to topics in their biology
curriculum and everyday life. A key aim is to show students that computational and statistical skills
are a core part of life sciences and that research-grade analyses can be performed from any device
with a Web browser. Furthermore, by targeting biology classes, we reach a mostly new and
predominantly female audience for scientific computing: in Scotland, approximately two-thirds
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of pupils in biology classes are female (63% and 67% for National 4 and National 5, respectively, in
2018) (SQA 2018).

Here, we present the design, delivery and evaluation of our new bioinformatics workshop for
13-16-year-old (SQA National 4 and 5 levels) Biology pupils — Bioinformatics: Food Detective.
Analyses of pupil and teacher feedback show that preliminary trials of our workshop were a success.
Overall, pupils found the workshop enjoyable and useful, with no significant difference in response
between pupils reporting as female and those reporting as male. Pupils particularly liked using the
DNA database and working in groups.

Methods

This workshop aims to introduce pupils (and teachers) to the field of bioinformatics and highlight
some of its applications in scientific research. The activities in this workshop involve the use of
authentic genomic data, the National Center for Biotechnology Information (NCBI) database
(NCBI Resource Coordinators 2016) and the online Basic Local Alignment Search Tool, BLAST,
(Altschul et al. 1990), which may be used to compare a user-provided sequence with the entire
publicly available DNA sequence database. The workshop was designed to create an environment of
active learning (Felder and Brent 2016) in which pupils participate throughout and interact with
their peers and staff. The workshop was adapted during the study through action research,
improving it in light of feedback on early versions.

Bioinformatics: food detective workshop

The Bioinformatics: Food Detective workshop reinforces core elements of the SQA Biology syllabus
(DNA, RNA and the genetic code; see Table 1 for full details) but also brings in concepts beyond
this to highlight the applied significance of this knowledge. The workshop is based on DNA
sequences of 16S rRNA sequences from a hand-made pork sausage purchased from a butcher
shop (Cambridge, UK). All laboratory work and preliminary data analysis were carried out by
Cambridge Pathology Laboratory as part of the first author’s work with The Naked Scientists (see
podcast at https://www.thenakedscientists.com/podcasts/naked-scientists-podcast/dna-decoded-
past-present-and-sausage). DNA was extracted using Qiagen DNeasy Blood & Tissue Kit according
to the manufacturer’s instructions. 16S barcode sequences were generated using Illumina MiSeq
next-generation sequencing technology. Quality control was conducted using FastQC (Andrews
2010) and sequences were aligned to the SILVA ribosomal RNA database (Quast et al. 2012).

In this workshop, pupils are provided with an unlabelled nonrandom sample of these barcode
sequences that represent the diversity of species found in the sausage (available at https://4273pi.
org/schools). Pupils are then asked to hypothesise what species they expect to find in these samples
based on the type of sausage. Since the sausage is labelled 100% pork it is fair to hypothesise that
only pig (Sus scrofa) DNA will be identified. The pupils then work in pairs using the NCBI database
and the online BLAST search tool to identify which species the barcodes match in the database. The
workshop is divided into two tasks, both of which involve using the BLAST tool. In task one, pupils
are provided with a set of barcode sequences that have reliable matches in the database (expectation
or e-value, E < 0.00001) to the following species: pig (Sus scrofa), cattle (Bos taurus), sheep (Ovis
aries), chicken (Gallus gallus) and human (Homo sapiens). Pupils make a note of the species names
and corresponding e-values. We then ask pupils - in their worksheets - to think about whether or
not the results were as they expected. This generates a discussion that relates to their initial
hypotheses. Pupils are also asked to hypothesise how ‘unexpected’ results may have occurred e.g.
why would human DNA be found in a pork sausage sample? We discuss the results with pupils and
highlight the fact that the vast majority of the DNA sequence reads in the data set map to pig (Sus
scrofa), while the remaining species in the results table make up the other proportion of the reads.


https://www.thenakedscientists.com/podcasts/naked-scientists-podcast/dna-decoded-past-present-and-sausage
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In a second task, pupils are provided with a set of barcode sequences that have unreliable
matches in the database (E > 0.1): marbled headstander fish (Abramites hypselonotus), bacteria
(Methanothermobacter sp.), copepod(Neocalanus cristatus), snouted tree frog (Scinax sp.) and
common grapevine (Vitis vinifera), though the list varies over time as the public DNA database is
updated. Pupils again take note of the species names and their corresponding e-values. We explain
the relevance of the e-value and how it is an indicator of the reliability of a BLAST search result.
Pupils then examine the e-values of their BLAST data to identify which of the two sets of results is
most reliable. Here we focus on highlighting the importance of statistical analyses to determine the
reliability of results produced in an experiment. However, we do not explain the algorithm used to
calculate the e-value as this is a complex statistical analysis and beyond the scope of a workshop of
this level. We simply wish to highlight that, as with research conducted in a wet-lab environment,
the results produced in computational research should also be scrutinised for reliability. We aim to
provide pupils with the knowledge and understanding to be able to distinguish between an
‘unexpected’ but reliable result (e.g. Homo sapiens DNA present by contamination, low e-value)
and an unexpected and unreliable result (e.g. all results in Task two, high e-values).

This entire workshop can be completed on any device with internet connectivity e.g. desktop
computers, laptops, tablets (including iPads) and smartphones. We encourage pupils to work in
pairs to promote discussion throughout the workshop. To effectively reach large numbers of pupils
without the audience bias and exclusion that may occur through self-selection for extracurricular
activities, we conduct whole-class visits during the school day. The duration of our workshops is
a standard ‘double period’ of biology (= ~ 1 hr 40 mins) which means that our visits fit within the
existing school timetable. This reduces scheduling complications for teachers and avoids negatively
impacting other subjects.

Workshop delivery

For the current paper, nine workshops were carried out across seven Scottish state schools: Aith
Junior High School (1 workshop), Whalsay School (1 workshop), Mid Yell Junior High School and
Baltasound Junior High School (1 joint workshop held at Mid Yell), Sandwick Junior High School
(1 workshop) and Brae High School (1 workshop), Shetland Islands; and Forfar Academy, Angus (4
workshops). We reached 152 Biology pupils of whom 94 (62%) identified as female, 45 (30%)
identified as male, 13 (8%) did not identify as either male or female, and 10 teachers (Table 2). All of
the workshops were led by authors of the paper with other staff members and volunteers and at least
one teacher was present. The structure of the workshop was consistent in all cases: a short
introductory presentation was delivered to pupils, throughout which pupils are encouraged to
ask and answer questions, they then work through activities in pairs, pausing after each task to
discuss findings.

Table 2. Details of schools visited and number of pupils and teachers reached.

Number of Number of pupils (total across all Number of teachers (total across all

School Workshops workshops) workshops)

Aith JHS 1 1 1

Whalsay School 1 9 1

Baltasound JHS & Mid Yell JHS 1 17 2
(joint event)

Brae High School 1 14 1

Sandwick JHS 1 13 1

Forfar Academy 4 88 4
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Evaluation of workshop

To evaluate the workshop, we provided pupils and teachers with feedback forms. Each pupil
feedback form contained questions on a 1-3 Likert scale for usefulness and enjoyment of the
activity and a free-text area in which pupils can highlight two things they enjoyed about the
workshop and one thing that can be improved (‘two stars and a wish’). We chose to use the ‘two
stars and a wish’ design as this is something commonly used to evaluate lessons in both primary and
secondary schools, therefore students are familiar with this system. We also record pupil gender
(pupils define this themselves in an open text area of the feedback form). This is of particular
interest due to well-documented gender biases in computational studies in Scottish schools (SQA
2018) and more generally in the sector (WISE 2019).

We analysed qualitative feedback from pupils using Thematic Content Analysis (as described in
Burnard et al. 2008). All free text feedback was transcribed into an Excel spreadsheet with one row
per pupil across three columns (‘two stars and a wish’). The first stage of analysis was open coding,
which involved using keywords and/or phrases to summarise the content of each statement. Then,
overlapping and similar categories were grouped under theme headings (e.g. ‘computer use’ and
‘website use’ categorised together under the theme ‘Use of technology’). Each of the ‘stars’ and
‘wishes’” was assigned to a theme. All stages of this analysis were subject to peer-review i.e. the first
and last authors conducted analyses independently, compared and discussed results before agreeing
on final themes. Nine ‘stars” were excluded from analyses either because they were left blank or we
were unable to clarify what had been written. 46 ‘wishes’ were not included in analyses because they
were left blank or pupils had stated that they could not think of any ways in which the workshop
could be improved.

Results and discussion
Quantitative feedback

Overall, the majority of pupils report that the activities in the workshop are both useful and
enjoyable. We asked pupils to respond to the following questions on a Likert scale of (1)
Disagree; (2) Neither agree nor disagree; (3) Agree:

i) I enjoyed the activity

ii) I found the activity useful

Analysis of this data shows that 72% of pupils agree (3) that the activities are useful and 79% of
pupils agree (3) that the activities are enjoyable. Only 3% and 4% of pupils disagree (1) that the
activities are useful and enjoyable, respectively. The remainder of pupils neither agree nor disagree
(2) with the statements (25% and 16% for usefulness and enjoyment, respectively) (Figure 1(a)). We
analysed all responses from pupils identifying as male or female (n = 139) to investigate a potential
link between gender and pupil response to the activities. For this analysis, we focussed on feedback
falling into the Disagree (1) and Agree (3) Likert scale categories. We find no significant link
between reported gender of the pupil (male or female) and whether or not they find the workshop
useful or enjoyable (Fisher’s exact test, p-values = 1) (Figure 1(b)).

Although quantitative feedback on the day has its limits - it would be unusual for a class to not
enjoy a change of pace and instructor - these results are encouraging and suggest that we have
created a workshop that is not only informative but one that pupils enjoy. This is of relevance as
there is growing evidence highlighting the importance of enjoyment in the learning process,
reviewed in Lumby (2011).

Crucially, we found no gender-specific differences in pupil response to either of these questions.
In Scotland, computer science classes (at SQA National level) are only ~15% female, whereas
biology classes are ~68% female (SQA 2018). Our project specifically targets biology classes for
these computational activities as this allows us to reach an audience less likely to be involved in
computational education at school. This gender bias in computational science is not only evident at
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Figure 1. Quantitative analysis of pupil feedback. Pupils responded to the following questions on a Likert scale of (1) Disagree; (2)
Neither agree nor disagree; (3) Agree - (i) | enjoyed the activity (Enjoyment) and (ii) | found the activity useful (Usefulness). Figure 1(a)
shows the percentage of total pupils (n = 152) scoring usefulness and enjoyment of the activity from 1 to 3 on the Likert scale.
Most pupils agree that the activity is both useful (72%) and enjoyable (79%). Figure 1(b) shows categories 1 (Disagree) and 3
(Agree) of the pupil feedback categorised by gender (pupils identifying as either male or female, n = 139). There is no statistically
significant difference in response between males or females for either enjoyment or usefulness of the activity (Fishers Exact Test,
p-values = 1).

school level, it extends across the UK and into Higher Education. In 2018/19, only 19% of those
studying computer science at university level in the UK were female (HESA 2020). Interestingly,
these patterns are not global. Evidence from countries in which female and male participation in
computational sciences is approximately equal, including India and Malaysia, suggests that intro-
ducing computing at an early stage of education is one step in solving this complex issue (Lagesen
2008; Thakkar et al. 2018).

We acknowledge that the statement, ‘I found the activity useful’, is open to pupil interpretation.
However, it is plausible to assume an activity regarded as ‘useful’ is a more positive experience than
an activity that is not.

Qualitative feedback

In addition to a quantitative analysis of the workshop, we assessed 152 qualitative feedback
responses from pupils. We asked pupils to provide ‘two stars and a wish’ for the workshop i.e.
two things they liked about the workshop and one thing they would like to see improved or
included in future. We conducted a Thematic Content Analysis across all free text data collected i.e.
from both ‘stars’ and ‘wishes’ and identified seven major themes: (i) Group work, (ii) Use of
technology, (iii) Content of workshop, (iv) Delivery of workshop, (v) Learning and understanding,
(vi) Overall quality of experience, (vii) Careers. Each of the themes is fully reported in Table 3. We
discuss in more detail the themes of particular interest — (i) Group work, (ii) Use of technology, (iii)
Content of workshop.

Group work

Our results show that pupils enjoy the opportunity to work in pairs and groups. In fact, all
responses within the group work category are ‘stars’ except for one ‘wish’ to be ‘allowed to
work in bigger groups’. Pupils particularly liked that they could choose their own partner/
group: It was good because we got to choose our groups’.

We initially designed the workshop this way to promote discussion between pupils and
also for convenience - working in pairs requires less equipment as pupils share a device.
However, we believe that the ability to work in pairs and discuss work with classmates may
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Table 3. Thematic content analysis of pupil feedback (n = 152) based on ‘two stars and a wish’ free text evaluation. Comments
made in the ‘star’ sections of the feedback form are in plain text. Comments made in the ‘wish’ section are in italics.

Theme Main findings Quote
Group work Pupils reported that they enjoyed working in pairs and ‘| enjoyed working in pairs’
groups with friends. ‘It was good because we got to choose
our groups’
Use of Pupils enjoy working on iPads/computers. Pupils also found ‘I liked looking through the websites’
technology the NCBI webpages interesting. ‘| enjoyed working on the database’
Technological problems such as slow Internet connection ‘It was good fun. | liked getting to go on
and website server failure can be an issue, negatively the computers.’
impacting pupil experience. ‘used ipads for the activity’
‘| think the BLAST website was cool’
‘make sure the website works’
‘website functional’
Content of Pupils liked that the content of the workshop was new to ‘It was interesting to learn about
workshop them. They also found the inclusion of ‘everyday’ uses of bioinformatics and how it works and is
bioinformatics interesting. Pupils also report that the used in everyday’
content was at a level they could understand. The main ‘| got to do something new and
‘wish’ from pupils was that there were more activities and interesting with someone who was new’
homework that they can do at home. ‘easy to understand’
‘learning about contamination’
‘Maybe do more activities’
‘do an experiment’
‘Possibly hand out another sheet to take
home to practice even more questions.’
Delivery of Pupils enjoyed having ‘new’ people in class. They felt the ‘l got to do something new and interesting
workshop staff were helpful and informative. They also liked that with someone who was new’

they were expected to actively participate in the workshop
and not just sit and listen. Pupils also reported that they
would have liked a longer workshop.

Learning and
Understanding  They also felt that they had a better understanding of DNA
and bioinformatics. Some pupils felt that it had given
them a deeper understanding of the scope of biology as a
subject. Pupils also reported that they had a better

understanding of food fraud and contamination.

Overall quality of Overall, pupils reported that they enjoyed the workshop.

experience Some pupils reported wishes that the activity was more
‘exciting’ and ‘fun’.
Careers Pupils reported that they enjoyed learning about careers in

biology. This is not a direct learning outcome of the
workshop but is a public engagement aspect that we
encourage. Staff and volunteers on the project can discuss
their jobs and research with pupils.

‘| like it how you included us and not just
speak’

‘The staff were helpful and informative’
‘presenters and presentation’

‘A longer activity as it was very fun’
‘more time’

Pupils felt that they learned something new in the workshop. ‘I know what bioinformatics is and could

explain it to someone else’

‘We learned something new’

‘Learned more about DNA and what it is’
‘| learned how wide of a subject Biology
is’

‘It gave me an insight into a larger, more
complicated world’

‘| learned about how we can know whats
actually in food’

‘It taught me about a new area of
biology that | hadn’t heard of before’

‘enjoyable and good experience’

‘epic’

‘It was interesting to find out about
different meat types in 1 sample’

‘it was interesting to understand how the
process of extracting DNA works’

‘It was interesting learning the scientific
names of the Animals.’

‘make it a bit more fun’

‘more exciting/interactive’

‘gives us insight on jobs in biology’

‘talk more about what presenters do’

play a key role in the success of this workshop. Scientific research is collaborative in nature
and research evidence shows that working in pairs and/or groups (collaborative learning) in
the classroom is beneficial for learning (Johnson and Johnson 1986).
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Use of technology

Pupils report that they enjoy using computers and iPads to complete the activities in this workshop:

Tt was good fun. I liked getting to go on the computers.’
1 think the BLAST website was cool’
‘used iPads for the activity’

Pupils today have grown up with computers, the internet and technology and therefore most
have a level of technological competence (Cummings and Temple 2010). Feedback from pupils
suggests that they have no serious difficulties accessing and navigating the webpages and tools used
in the activities. However, our workshop is dependent upon a reliable Internet connection and the
servers of the websites we use. Very occasionally, servers may fail and Internet connection may be
poor, and this negatively impacts pupil experience:

‘make sure the website works’

However, we aim to minimise the likelihood of these issues occurring, for example, by having
Internet-independent access to sequences on a USB drive. Furthermore, although we have designed
this workshop for use with the NCBI website, BLAST search tools and genome databases are
available on other websites such as the European Bioinformatics Institute (https://www.ebi.ac.uk).

Content of workshop

Pupils like the fact that the content of our workshop is new to them and report that it is interesting
to see examples of the uses of bioinformatics:

T got to do something new and interesting with someone who was new’
Tt was interesting to learn about bioinformatics and how it works and is used in everyday’

Pupils also felt that the workshop was pitched at a level they could understand, however, a small
number reported that the activities were complicated. Interestingly, most of the pupil ‘wishes’ in
this theme were for more activities, including a worksheet to take home for more practice:

‘Maybe do more activities’
‘Possibly hand out another sheet to take home to practice even more questions.’

Overall, feedback shows that pupils found the content interesting and at an appropriate level.
Therefore, we feel that we successfully achieved the aim of introducing pupils to bioinformatics and
explaining how it relates to their biology course and beyond, using food fraud as an example.

Teacher feedback

The number of teachers reached via this workshop (n = 10) is much smaller than the number of
pupils reached. All teachers agree that they found the workshop both enjoyable and useful (Likert
score 3). Thematic content analysis of teacher ‘stars’ and ‘wishes’ identified three key themes, some
of which overlap with themes identified in pupil feedback: (i) Content of workshop, (ii) Delivery of
workshop and (iii) Pupil engagement (full details in Table 4). Overall, teachers report that the
workshop engages pupils and provides useful practical, hands-on’ experience of bioinformatics.
Teachers commented that the content of the workshop was challenging but pitched at the appro-
priate level for pupils. A particular positive reported in feedback was that the workshop provided
‘abstract’ biological concepts, such as DNA sequencing, with real-life context and relevance.


https://www.ebi.ac.uk
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Table 4. Thematic content analysis of teacher feedback (n = 10) based on ‘two stars and a wish’ free text evaluation. Comments
made in the ‘star’ sections of the feedback form are in plain text. Comments made in the ‘wish’ section are in italics.

Theme Main findings Quote
Content of Teachers reported that the content is interesting and ‘Real life science and research for pupils at a level
workshop pitched at the correct level for pupils. Teachers also like  they can understand’
that the data used in the workshop is authentic and ‘[...] it makes the “list of letters” a little less
that the tools used are those used in research. One abstract (I like the “barcode” analogy)’
teacher noted that the workshop provides abstract ‘The activities really challenged the pupils
concepts in biology with real-life context and relevance.  (great thinking skills)’
Teachers reported that the workshop provided an ‘Hands on activity for pupils - active learning’
opportunity for pupils to get ‘hands-on’, practical ‘Extension activity for pupils that work quickly/
experience in bioinformatics. add extra challenge’
Similar to pupil feedback, teachers also noted that they ‘Apart from a technical problem which caused a
would like more activities and that technical issues can slow start and a lot of waiting around - nothing
negatively impact the workshop. else[...]"
Delivery of Teachers felt that the workshop was delivered ‘enthusiasm of university staff’
workshop enthusiastically by knowledgeable staff. It was reported ~ ‘Friendly, helpful, informative speakers’

that the workshop was inspirational for pupils.

‘inspirational for young people’

Pupil Teachers felt that pupils were engaged with the activities ‘Pupils were very engaged in task and knew
engagement in the workshop. Pupils could relate to the ‘real-life’ about the context of work (food scandal)’
uses of bioinformatics described in the workshop.

Conclusion

Advances in DNA and genomic sequencing technology over the last decades have resulted in
a major shift in life sciences research, with computation now an integral part of modern biology.
This has generated demand for computationally literate researchers, particularly those with
bioinformatics skills. Therefore, bioinformatics education is increasingly important for life
sciences students. In this study, we have shown that our curriculum-linked bioinformatics
workshop is a useful resource for secondary school biology pupils and teachers. Teachers
reported that the workshop makes complex biological concepts, such as DNA and genome
sequencing, less abstract. Pupils found the workshop enjoyable and reported an increased
understanding of not only bioinformatics but core elements of the SQA National Biology
curriculum such as genetics. Crucially, we find that there are no differences in pupil experience
based on gender. Computing classes at school level in Scotland are often male-biased. So, by
targeting biology classes, which are often female-biased, we reach an audience less likely to be
involved in computing activities. We believe that incorporation of practical bioinformatics in the
biology curriculum at secondary school level is not only useful for pupils hoping to pursue
a career in life sciences but can also provide a tool to help address the gender disparities in
computer science in general.

Our workshop is available as an Open Educational Resource in an editable format (https://
4273pi.org). A more detailed version exists as a GOBLET Practical Guide (Bain et al. 2020).

Acknowledgments
The authors would like to thank all participants in our activities and the volunteers and staff who helped deliver the

workshops, in particular Nicki Cook who additionally helped with logistics. DNA for barcodes was sequenced during
the first author’s internship at the Naked Scientists.

Disclosure statement

No potential competing interest was reported by the authors.


https://4273pi.org
https://4273pi.org

10 (&) S.A.BAINETAL

Funding

This work was supported by the Science and Technology Facilities Council (STFC) under Grants ST/R000328/1 and
ST/T000872/1, the Natural Environment Research Council (NERC) under Grant NE/P000592/1, the Darwin Trust of
Edinburgh, and the Access for Rural Communities project (ARC) at the University of St Andrews.

References

Altschul, S. F., W. Gish, W. Miller, E. W. Myers, and D. J. Lipman. 1990. “Basic Local Alignment Search Tool.”
Journal of Molecular Biology 215 (3): 403-410. doi:10.1016/S0022-2836(05)80360-2.

Andrews, S. 2010. “FastQC: A Quality Control Tool for High Throughput Sequence Data.” https://www.bioinfor
matics.babraham.ac.uk/projects/fastqc

Attwood, T. K., S. Blackford, M. D. Brazas, A. Davies, and M. V. Schneider. 2019. “A Global Perspective on Evolving
Bioinformatics and Data Science Training Needs.” Briefings in Bioinformatics 20 (2): 398-404. doi:10.1093/bib/
bbx100.

Bain, S. A., D. Barker, and T. K. Attwood, and The GOBLET Foundation. 2020. “Bioinformatics: Food Detective —
A Practical Guide.” https://doi.org/10.7490/F1000RESEARCH.1118007.1

Barker, D., D. E. K. Ferrier, P. W. H. Holland, J. B. O. Mitchell, H. Plaisier, M. G. Ritchie, and S. D. Smart. 2013.
“4273m: Bioinformatics Education on Low Cost ARM Hardware.” BMC Bioinformatics14: 243. doi:10.1186/1471-
2105-14-243.

Barker, D., R. G. Alderson, J. L. McDonagh, H. Plaisier, M. M. Comrie, L. Duncan, G. T. P. Muirhead, and
S. D. Sweeney. 2015. “University-Level Practical Activities in Bioinformatics Benefit Voluntary Groups of Pupils
in the Last 2 Years of School.” International Journal of STEM Education 2: 17. doi:10.1186/540594-015-0030-z.

Burnard, P., P. Gill, K. Stewart, E. Treasure, and B. Chadwick. 2008. “Analysing and Presenting Qualitative Data.”
British Dental Journal 204 (8): 429-432. doi:10.1038/sj.bdj.2008.292.

Cummings, M. P,, and G. G. Temple. 2010. “Broader Incorporation of Bioinformatics in Education: Opportunities
and Challenges.” Briefings in Bioinformatics 11 (6): 537-543. doi:10.1093/bib/bbq058.

Felder, R. M., and R. Brent. 2016. Teaching and Learning in STEM: A Practical Guide. San Francisco, CA: Jossey-Bass.

Form, D., and F. Lewitter. 2011. “Ten Simple Rules for Teaching Bioinformatics at the High School Level.” PLoS
Computational Biology 7 (10): €1002243. doi:10.1371/journal.pcbi.1002243.

Gladyshev, E. A., M. Meselson, and I. R. Arkhipova. 2008. “Massive Horizontal Gene Transfer in Bdelloid Rotifers.”
Science 320 (5880): 1210-1213. doi:10.1126/science.1156407.

HESA. 2020. “Higher Education Student Statistics: UK, 2018/19 - Subjects Studied.” Statistical Bulletin SB255. https://
www.hesa.ac.uk/news/16-01-2020/sb255-higher-education-student-statistics/subjects

Johnson, R. T., and D. W. Johnson. 1986. Action research: cooperative learning in the science classroom. Journal of
Science and Children, 24(2), 31-32.

Lagesen, V. A. 2008. “A Cyberfeminist Utopia?: Perceptions of Gender and Computer Science among Malaysian
Women Computer Science Students and Faculty.” Science, Technology, ¢ Human Values 33 (1): 5-27.
doi:10.1177/0162243907306192.

Lumby, J. 2011. “Enjoyment and Learning: Policy and Secondary School Learners’ Experience in England.” British
Educational Research Journal 37 (2): 247-264. d0i:10.1080/01411920903540680.

Machluf, Y., and A. Yarden. 2013. “Integrating Bioinformatics into Senior High School: Design Principles and
Implications.” Briefings in Bioinformatics 14 (5): 648-660. doi:10.1093/bib/bbt030.

Naccache, S. N., S. Federman, N. Veeraraghavan, M. Zaharia, D. Lee, E. Samayoa, J. Bouquet, et al. 2014. “A
Cloud-Compatible Bioinformatics Pipeline for Ultrarapid Pathogen Identification from next-Generation
Sequencing of Clinical Samples.” Genome Research 24 (7): 1180-1192. doi:10.1101/gr.171934.113.

NCBI Resource Coordinators. 2016. “Database Resources of the National Center for Biotechnology Information.”
Nucleic Acids Research 44 (D1): D7-19. doi:10.1093/nar/gkv1290.

One Thousand Plant Transcriptomes Initiative. 2019. “One Thousand Plant Transcriptomes and the Phylogenomics
of Green Plants.” Nature 574 (7780): 679-685. d0i:10.1038/s41586-019-1693-2.

Quast, C., E. Pruesse, P. Yilmaz, J. Gerken, T. Schweer, P. Yarza, J. Peplies, and F. O. Glockner. 2012. “The SILVA
Ribosomal RNA Gene Database Project: Improved Data Processing and Web-Based Tools.” Nucleic Acids
Research 41 (D1): D590-96. doi:10.1093/nar/gks1219.

Ripp, F., C. Krombholz, Y. Liu, M. Weber, A. Schifer, B. Schmidt, R. Képpel, and T. Hankeln. 2014. “All-Food-Seq
(AFS): A Quantifiable Screen for Species in Biological Samples by Deep DNA Sequencing.” BMC Genomics 15:
639. doi:10.1186/1471-2164-15-639.

SQA. 2013. “National 4 Course Specification: National 4 Biology Course Specification (C707 74)”. https://www.sqa.
org.uk/files/nq/CfE_CourseSpec_N4_Sciences_Biology.pdf

SQA. 2018. “SQA Annual Statistical Report 2018.” Statistical Publication. SQA. https://www.sqa.org.uk/sqa/63001.
html


https://doi.org/10.1016/S0022-2836(05)80360-2
https://www.bioinformatics.babraham.ac.uk/projects/fastqc
https://www.bioinformatics.babraham.ac.uk/projects/fastqc
https://doi.org/10.1093/bib/bbx100
https://doi.org/10.1093/bib/bbx100
https://doi.org/10.7490/F1000RESEARCH.1118007.1
https://doi.org/10.1186/1471-2105-14-243
https://doi.org/10.1186/1471-2105-14-243
https://doi.org/10.1186/s40594-015-0030-z
https://doi.org/10.1038/sj.bdj.2008.292
https://doi.org/10.1093/bib/bbq058
https://doi.org/10.1371/journal.pcbi.1002243
https://doi.org/10.1126/science.1156407
https://www.hesa.ac.uk/news/16-01-2020/sb255-higher-education-student-statistics/subjects
https://www.hesa.ac.uk/news/16-01-2020/sb255-higher-education-student-statistics/subjects
https://doi.org/10.1177/0162243907306192
https://doi.org/10.1080/01411920903540680
https://doi.org/10.1093/bib/bbt030
https://doi.org/10.1101/gr.171934.113
https://doi.org/10.1093/nar/gkv1290
https://doi.org/10.1038/s41586-019-1693-2
https://doi.org/10.1093/nar/gks1219
https://doi.org/10.1186/1471-2164-15-639
https://www.sqa.org.uk/sqa/63001.html
https://www.sqa.org.uk/sqa/63001.html

JOURNAL OF BIOLOGICAL EDUCATION il

SQA. 2019. “National 5 Course Specification: National 5 Biology.” https://www.sqa.org.uk/files_ccc/
N5CourseSpecBiology.pdf

Thakkar, D., N. Sambasivan, P. Kulkarni, P. K. Sudarshan, and K. Toyama. 2018. “The Unexpected Entry and Exodus
of Women in Computing and HCI in India.” In Proceedings of the 2018 CHI Conference on Human Factors in
Computing Systems - CHI ’18, 1-12. New York NY: Association for Computing Machinery. doi:10.1145/
3173574.3173926.

Williams, J. J., J. C. Drew, S. Galindo-Gonzalez, S. Robic, E. Dinsdale, W. R. Morgan, E. W. Triplett, et al. 2019.
“Barriers to Integration of Bioinformatics into Undergraduate Life Sciences Education: A National Study of US
Life Sciences Faculty Uncover Significant Barriers to Integrating Bioinformatics into Undergraduate Instruction.”
Plos One 14 (11): €0224288. doi:10.1371/journal.pone.0224288.

WISE. 2019. “2019 Workforce Statistics - One Million Women in STEM in the UK.” https://www.wisecampaign.org.
uk/statistics/2019-workforce-statistics-one-million-women-in-STEM-in-the-UK/


https://doi.org/10.1145/3173574.3173926
https://doi.org/10.1145/3173574.3173926
https://doi.org/10.1371/journal.pone.0224288
https://www.wisecampaign.org.uk/statistics/2019-workforce-statistics-one-million-women-in-STEM-in-the-UK/
https://www.wisecampaign.org.uk/statistics/2019-workforce-statistics-one-million-women-in-STEM-in-the-UK/

	Abstract
	Introduction
	Methods
	Bioinformatics: food detective workshop
	Workshop delivery
	Evaluation of workshop

	Results and discussion
	Quantitative feedback
	Qualitative feedback
	Group work
	Use of technology
	Content of workshop
	Teacher feedback

	Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	References



