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Abstract. Bioinformatics tools are suitable 
didactic instruments to combine updated 
knowledge with spotlight teaching strategies, 
e.g., e-learning. This study depicts the status of 
computational resources at schools pinpointed 
by teachers. Frequently, computers are 
obsolete, with outdated software, not 
connected to internet, their number is limited 
and often placed in areas not primarily aimed 
for teaching (schools’ libraries and/or 
classrooms for professional/technical 
programs). These are key limitations preventing 
the implementation of digital-based activities in 
classrooms. This reality calls for the need to 
provide schools with updated informatics 
resources and fast internet connection to 
scaffold top-notch learning. 

Keywords. Bioinformatics, e-Learning, 
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1. Introduction 

Computational resources and biological 
research are strongly connected [1-3]. 
Nowadays, every biology laboratory has 
computers with robust internet access to 
perform bioinformatics analysis [4-5]. In this 
regard and trying to adequate modern teaching 
practices to the new developments in biological 
research, several initiatives have been 
implemented to integrate bioinformatics-based 
approaches as an educational strategy [6-9]. In 
this scope, a portfolio of bioinformatics activities 
is available for the educational community to 
approach scientific issues such as antibiotic 
resistance, genetics, food preservation or 
evolution [10-13]. 

Recognizing the key role of teachers in this 
process, research institutions, universities, 

policy makers and teachers training programs, 
need to focus their interventions in helping 
teachers to implement bioinformatics in their 
classes [14-17].  

Several studies were carried out to diagnose 
teachers’ perceptions about bioinformatics 
integration in middle and high school curricula 
[17-20]. Teachers revealed to be interested in 
bioinformatics and recognized the importance 
of its incorporation in the curricula. However, 
from these studies was not clear the impact of 
the availability of computational resources at 
schools, namely computers and internet 
access. This study is a diagnostic of in-service 
teachers’ perceptions about the accessibility of 
computational resources at schools to promote 
digital-based teaching and learning approaches 
in general, and to implement bioinformatics 
activities in particular. 

1.1 Study Context 

In a previous study, we diagnose teachers’ 
perceptions about bioinformatics and identify 
the constrains for bioinformatics integration in 
middle and high schools [20]. In fact, Martins et 
al. [20] showed that teachers were interested in 
bioinformatics as a scientific area and as a 
didactic resource. Teachers revealed to be 
acquainted with bioinformatics definition, well-
aware that computer and consistent internet 
access is required for data mining of biological 
datasets to retrieve meaningful information. 
Alongside with teachers’ need of further training 
to boost their confidence to carry out 
bioinformatics-based interventions [20], it is 
urgent to revise middle and high school 
curricula to fuel an effective integration of 
bioinformatics in teaching practices, which is in 
line with other studies [6-7,16-19].  

When in-service teachers were asked about 
the informatics readiness of their schools to 
promote bioinformatics-based approaches in 
their teaching practices, the majority admitted 
that their schools have the necessary 
conditions to implement bioinformatics-based 
approaches. Despite this, participants pointed 
out as one of the main constrains the poor 
internet connection and lack of computers [20].  

The importance of clarifying these 
testimonials was reinforced particularly taking 
into account the recent need to rapidly 
implement e-learning strategies as a 
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access the internet” and “Lack of computers in 
the schools and so teachers have to ask 
students to bring their personal computers”. 
These statements suggest that school 
computers are not really available for teaching, 
being frequently allocated to no teaching 
activities (school libraries and/or classrooms for 
professional/technical programs). 

Furthermore, it is important to highlight that 
these results are likely biased since the 
inquired teachers serve in central schools 
located in large urban areas, in which is 
expected that informatics resources (i.e. 
computers and internet connection) are more 
likely accessible comparatively with non-urban 
schools. This suggests an inequity between 
urban and non-urban schools regarding the 
integration of bioinformatics in learning 
activities. 

A possibility to overcome the lack of 
computers at school or to avoid using obsolete 
computers is inviting students to use their own. 
However, between 2009 and 2012, the 
percentage of students who reported having a 
least one computer or more at home in 
Portugal is lower than OECD average [41]. This 
reality become recently obvious with the e-
learning strategies implemented due to COVID-
19 pandemic [42-43]. 

Computers are now a key tool for teaching 
and learning and more than ever their role as a 
didactic instrument, that can connect students 
and teachers, is highlighted [44-46]. In this 
regard, governments should develop programs 
and create funding opportunities in order to 
make possible for each student to have a 
computer at home. 

Alternatively, personal smartphones may be 
used to perform simple and accessible tasks 
that do not require a computer as for instance 
to introduce Phyton to answer biological 
questions [47], or explore biodiversity using 
deep-learning platforms such as the 
iNaturalist [48-49]. 

Regarding limitations related with internet 
access, teachers stated: “It is present at school, 
but it is not working in an efficient way”. In fact, 
among the schools sampled, although internet 
connection is available, its efficiency can only 
provide basic tasks, such as email or to access 
digital resources for teachers, thus not suitable 

for bioinformatics analysis. In public schools, 
the internet network is provided by the ministry 
of education and it has a limited access (both 
concerning speed and number of computers 
connected with). This means that even if the 
students bring their personal computers, a 
request for access a robust wireless connection 
has to be made to execute bioinformatics 
exercises. In this context, improving internet 
access to both teachers and students within the 
schools needs to be urgently considered by 
educational stakeholders.  

Finally, it is worthy mention that technical 
support is important to ensure that informatics 
equipment is set to operate normally. Although 
this aspect was not mentioned by teachers, it 
was inferred from informal discussions at the 
workshop “From DNA to Genes and to 
Comparative Genomics: Bioinformatics in the 
Classroom” (2019). Furthermore, 
interdisciplinarity and collaboration between 
Biology teachers and ICT teachers during the 
activities could help to address problems 
related with computers and internet connection.  

4. Conclusion 

Generally, teachers acknowledged that their 
schools are equipped with computers and 
internet connection [20]. This may suggest that 
resources would be available to integrate 
bioinformatics in teaching practices. However, 
in the present study teachers admitted that 
often computers are obsolete with outdated 
software, poor internet connection and 
inaccessible for teaching.   

Focusing on these considerations the active 
use of educational web-based resources, in 
which bioinformatics can have a key role, calls 
for a digital reform of schools as encouraged by 
Next Generation Science Standards (NGSS) 
[32].  
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