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institutions worldwide that have adopted a competency-based curricula. This
approach places a significant emphasis on the actions and skills that students
are expected to develop, rather than merely focusing on the information, they
are required to memorize. In this educational context, the use of active learn-
ing strategies has been demonstrated to enhance student comprehension and
competency development. This paper describes the implementation of an
active learning approach in a hands-on lesson performed by undergraduate
students of Biology at the University of Malaga (Spain). Its main objective is to
introduce students to molecular databases and information search systems on
genes, proteins, and phylogeny. This is achieved within the framework of a
smart campus, which integrates technological and sustainable resources to
promote a positive and productive learning environment for the university
community. This work presents the content and procedure of this practical
activity, as well as the evaluation method and the results of a student survey to
assess their opinions.
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1 | INTRODUCTION

The main interest in the study of biology is to understand
life itself, which implies finding out about its origin and
evolution. In this context, molecular biology and genetics
play a central role in structuring and unifying the study
of these biological phenomena, since the genetic variabil-
ity of a population determines its ability to adapt to envi-
ronmental changes and, consequently, its evolutionary
success. Current biological diversity is therefore the result
of a process of change from the ancestors that occurs at
different levels. While at the population level, the result of
this evolutionary process is speciation, at the molecular
level it is the modification of the gene pool of a population.
This genetic alteration is the result of sequence variation
mechanisms, such as mutation and duplication.

Molecular phylogeny studies the evolutionary relation-
ships among organisms by analyzing their sequence simi-
larities and/or differences. It is a recent discipline that has
emerged from the development of high-throughput omics
technologies, which have provided a huge amount of
sequence information. The phylogenetic analysis of homol-
ogous DNA and protein molecules in different species,
named orthologs, requires the use of biocomputational
applications for sequence alignment and phylogenetic tree
construction to assess the evolutionary divergence of
sequences and, by extension, of species. It is broadly
accepted that the number of sequence substitutions is pro-
portional to the evolutionary time. In other words, the rate
of molecular evolution is nearly constant over time.>
Although both nucleotide acids and proteins are used as
evolutionary clocks (which is the name given to the mole-
cules that help determine when species diverged from a
common ancestor), phylogenetic analysis of DNA
sequences may be more informative due to the genetic code
is degenerate and, thus, some nucleotide variations are
silent without amino acid replacements.

Lectures in informatics enable the first-year undergrad-
uate biology students to learn the management of the basic
bioinformatics tools used in the field of life sciences, such as
on-line molecular databases and computer programs.
Therefore, this subject offers an eminently practical
approach with the aim of providing students with the
knowledge and skills whose application and development
will be useful in their academic future. At the University of
Malaga (UMA), the subject of Informatics comprises three
blocks with contents of computational systems, Geographic
Information System (GIS) and bioinformatics, respectively.
The practical activity described in this paper is included in
the third block, and it is scheduled for two non-consecutive
days. The number of students enrolled in this subject per
year is approximately 160, who are divided into eight
groups of 20 students each for this practical lesson.

In this work, an active learning approach has been
implemented within the framework of the UMA Smart-
Campus (SmartUMA) to make learning more attractive
and efficient. SmartUMA aims to become a global refer-
ence in environmental sustainability by implementing
the campus as a Smart City,” capable of supporting fully
efficient infrastructures, management, research support,
and learning activities.* This innovative approach intends
to fulfill the educational needs of the students by enhanc-
ing the learning culture outside the classroom. The appli-
cation of the Smart-Campus concept, together with the
use of active learning strategies, generates enriching,
motivating, and highly profitable training experiences
which are mainly focused on the development of profes-
sional skills.

Active methods are teaching and learning techniques
that involve students in their learning process, encourag-
ing them to participate, think, create, and investigate more
actively and critically. These strategies are designed to pro-
mote deeper understanding, retention of information,
problem solving, and the development of autonomy.>°
This methodology can be tailored to individual needs and
allows for personalized and adaptable educational experi-
ences. The active learning methods Problem Based Learn-
ing (PBL) and Game Based Learning (GBL) have been
chosen as training strategies in this intervention proposal.
In PBL, students work together to solve complex and
authentic problems. They seek out relevant information,
analyze data, and apply their knowledge to propose well-
reasoned solutions.” GBL combines game-like elements
with educational activities to engage students and enhance
the acquisition of non-formal and formal knowledge. This
makes learning more dynamic, challenging, and interac-
tive.® In both methods, teachers act as facilitators, guiding
and supporting students throughout the learning process
rather than delivering content through traditional lectures.

The proposed intervention follows these learning
strategies so that students will participate in a kind of
gymkhana to collect 8 QR-encoded protein sequences,
which are scattered around the UMA Botanical Garden,
using a QR reader and a map of the sampling area. This
game provides the starting material for a bioinformatics
study that consists of solving two main problems: the
identification of the sequences (protein and gene names
and species to which they belong) and the phylogenetic
analysis of the identified species. Finally, the students are
expected to draw conclusions about their evolutionary
relationships. During the practical sessions, they will
(1) run the Basic Local Alignment Search Tool (BLAST)
to identify the sequences collected, (2) search for ortho-
logs to learn the organization and content of molecular
databases, (3) perform sequence alignments and phyloge-
netic tree building to learn the use of these bioinformatic

85U80|7 SUOWWIOD 3AeaID 8|qeo! [dde a3 Aq pausenob afe sejolie YO ‘8sn JO Se|n. 10} ArIqi8UIUO 48] UO (SUORIPUCO-PUe-SWR/W0D" A3 | Afelq1jBU1UO//:SANY) SUORIPUOD pUe SIS 1 8ys 89S *[5202/T0/60] Uo AkeiqiTauliuo A(1m eBee N 8a pepseAIUN AQ T98TZ qUI/Z00T OT/I0p/W0D™ A8 1M Afe.q Ul juo quign//Sdny Wouy pepeoumoq ‘0 ‘6Z7E6EST



ORTIZ MARTIN Er AL.

7Ny Biochemistry and
ZAAN ) 3
B R _WILEY-L 2

applications, (4) understand the phylogeny using the
appropriate terminology, (5) evaluate the suitability
of using nucleic acid and/or protein sequences instead of
morphological data for phylogenetic analyses, (6) learn
the meaning and importance of an evolutionary clock
and the qualities it should have (Figure 1). In addition,
students will write a report to present the results and con-
clusions of the study. On the one hand, this task aims to
improve their academic writing style. On the other hand,
undergraduates will learn to discuss experimental results
in the context of molecular evolution.

The practical lesson proposed in this work was taught
to first year Biology students in the academic years
2020/21 and 2021/22.

2 | MATERIALS AND METHODS

2.1 | QR code generation

QR codes for a text were generated using the free
online tool “qrcodemonkey” that is available at https://

www.qrcode-monkey.com/#text. First, the protein
sequence was copied into the “Your Text” field of the
ENTER CONTENT table A different shape of eyeball
and eye frame was selected for each team by clicking
on the CUSTOMIZE DESIGN menu. Next, the coding
was created by pressing the green “Create QR Code”
link and could be downloaded in .png, .svg, .pdf or .eps
format.

2.2 | Molecular databases

The National Center for Biotechnology Information
(NCBI) (https://www.ncbi.nlm.nih.gov/) provides a
large collection of online resources for gene and pro-
tein information.” Of these, GenBank and Protein
were used primarily to collect sequence data in this
work. Other molecular databases, such as European
Bioinformatics Institute (EBI) or the Universal Pro-
tein Resource (Uniprot), can also be consulted as
they provide similar data but with different organiza-
tion. The NCBI Reference Sequence Database

»  FASTA file
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(https://www.ncbi.nlm.nih.gov/refseq/) was used to
search for DNA, RNA, and protein reference
sequences. The NCBI Eukaryotic Genome Annotation
Pipeline is a bioinformatics tool that integrates the
Nucleotide, Protein, BLAST, Gene and Genome Data
Viewer databases to calculate orthologous sequences.
To find orthologs, the gene name was entered into
the NCBI search engine and the orthologs option was
selected from the menu of suggestions (https://www.
ncbi.nlm.nih.gov/search/).

2.3 | Basiclocal alignment search tool
(BLAST)

The BLAST searches for sequences (subject) that are simi-
lar to a given one (query) in a molecular database and cal-
culates the statistical significance between their sequence
matches.'® The tool is available at https://blast.ncbi.nlm.
nih.gov/Blast.cgi. Protein BLAST (also called blastp) was
used to identify query proteins as follows: (1) the blastp
page was accessed by clicking on the “Protein BLAST”
link, (2) the query sequence was pasted in, (3) the non-
redundant protein sequence (nr) database and the blastp
algorithm were selected, from the “Choose Search Set”
and “Program Select” boxes, respectively, and (4) BLAST
is launched by clicking on the “BLAST” link.""

2.4 | Sequence alignments and
phylogenetics performance

The Seaview program was used to perform multiple
sequence alignments and molecular phylogenies.'> This
multiplatform software can be downloaded from the
Rhone-Alpes Bioinformatics Center (PRABI)-Doua page:
http://doua.prabi.fr/software/seaview. The user's manual
that contains the program description and instructions is
available online.'® Several file formats of sequences, such
as FASTA, and phylogenetic diagrams can be read and
written by this driver. The FASTA format is a way of pre-
senting molecular sequences using a specific single-letter
code of DNA or protein. It begins with a single line that
starts with a greater-than symbol (“>”) followed by a
description (gene or protein name, database identifier,
taxon, etc.). The following lines include the sequence in
plain text. For multiple sequence alignments, Seaview
runs both the Muscle and Clustal Omega programs.'**>
Phylogenetic parsimony and distance trees were computed
by PHYLIP's dnapars/protpars and NJ or BioNJ algo-
rithms, respectively. An additional maximum likelihood
tree construction method could be run using the external
program PhyML 3.1. Seaview also includes the Transfer

Bootstrap Expectation method for calculating the statisti-
cal bootstrap support of phylogenetic trees.'®

2.5 | Implementation

The approximately 160 students who attended each year
were divided into eight groups. Training took place from
Monday to Thursday for 2 weeks, in morning and after-
noon shifts. Each group of about 20 participants, attended
the same day and shift each week. Finally, four teams of
the same number of participants (named after the conti-
nents they represented: Asia, America, Africa, and Ocea-
nia) were formed within each group. Each team was
assigned a specific protein that was encoded by a symbol
(eye frame and eyeball shapes: “squircle”, square, leaf, and
circle, respectively).

Each practical session included the following learning
steps: (1) a short introduction by the teacher explaining
the objectives and the procedure of the activity; it is
worth mentioning that the theoretical issues that the stu-
dents needed to know were taught during the course lec-
tures; (2) the performance of the work required by the
students in a computer science classroom; and (3) the
submission of an assignment by the students through the
virtual campus for each day. Although students worked
and discussed together, the assignment had to be com-
pleted and presented individually.

At the end of activity, students were required to pro-
duce a final report using the following teacher's recom-
mendations for results and discussion:

251 |
sequences

Identification of protein and gene

It was recommended that information on the location,
structure and function of genes and proteins be gathered
using the molecular databases that the teacher had previ-
ously explained. For this activity, one nuclear and three
mitochondrial genes were chosen: succinate dehydroge-
nase complex flavoprotein subunit A (SDHA), ATP
synthase 6 (MT-ATP6), cytochrome b (MT-CYTB) and
NADH dehydrogenase 4 (MT-ND4) for the Asia, Amer-
ica, Africa and Oceania teams, respectively.

2.5.2 | Search for orthologous sequences

It was necessary to describe the process for searching for
orthologs and the selection criteria for distinguishing them
from paralogs. Orthologs and paralogs diverge by specia-
tion and duplication, respectively.'” It is essential that
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students have a good understanding of these key concepts
because of their relevance in contexts such as phylogenetic
tree interpretation and protein function annotation.

2.5.3 | Performing multiple alignments and
phylogenetic tree construction

Two sequence alignments (Clustal Omega and Muscle)
and two cladograms per alignment (parsimony and dis-
tance methods) were performed on DNA and protein
sequences, separately. This resulted in a total of 4 align-
ments and 8 phylogenetic diagrams. After displaying the
phylogeny, students were able to infer the conservation
of genetic sequences between species. They could also
explain (1) how the results differed depending on the
methods and programs used, (2) how they were different
from or similar to those hypothesized on the basis of
morphological, anatomical or behavioral features rather

TABLE 1 Student assessment system.
Somewhat

Likert-Type Scale Poor poor
1. Format requirements
1.1 Font and size 0 0.25
1.2 Margins and justified text 0 0.25
1.3 Scientific names 0 0.25
1.4 Figures and tables 0 0.25
1.5 References 0 0.25
1.6 Documents delivery 0 0.25
2. Introduction 0 0.25
3. Abstract 0 0.25
4. Objectives 0 0.25
5. Material and methods
5.1 Material 0 0.25
5.2 Methods 0 0.25
6. Results
6.1 Sequences identification 0 0.25
6.2 Search for orthologs 0 0.25
6.3 Alignments 0 0.25
6.4 Phylogenetics trees 0 0.25
7. Discussion and conclusions
7.1 Sequences identification 0 0.25
7.2 Search of orthologs 0 0.25
7.3 Alignments 0 0.25
7.4 Phylogenetics trees 0 0.25
8. Bibliography 0 0.25

Overall qualification (weighted average score)

than those based on molecular sequences. From this dis-
cussion it could be concluded whether or not the
sequence (protein or DNA) under consideration was a
good candidate for a molecular clock.

2.6 | Student assessment system

An evaluation form was designed to assess the student's
final report (Table 1). This report had to: be written as a
scientific paper of a maximum of 10 pages, following spe-
cific format, structure and content requirements (Doc.1,
Supplementary material); include a title, abstract, intro-
duction, objectives, methodology, results, discussion and
references; and be uploaded to the virtual campus in pdf
format within 2 weeks. The report was divided into dif-
ferent sections, each of which was scored independently
using a Likert-type scale: poor (0), somewhat poor (0.25),
somewhat good (0.5), good (0.75) and very good (1). The

Somewhat Very Weighted
good Good good Score score
Upto 6 Uptol
0.5 0.75 1
0.5 0.75 1
0.5 0.75 1
0.5 0.75 1
0.5 0.75 1
0.5 0.75 1
0.5 0.75 1 Uptol Up to 0.5
0.5 0.75 1
0.5 0.75 1
Up to 2 Up to 2
0.5 0.75 1
0.5 0.75
Upto4 Up to 2.5
0.5 0.75 1
0.5 0.75 1
0.5 0.75 1
0.5 0.75 1
Upto4 Up to 2.5
0.5 0.75 1
0.5 0.75 1
0.5 0.75 1
0.5 0.75 1
0.5 0.75 1 Upto1l Up to 0.5
Up to 10
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overall qualification of the report was calculated using a
weighted average method, ensuring that the score of each
section contributes proportionally to the final grade,
which is up to 10, according to the weight assigned to
it. For each score range, below 5, 5 to 7, 7 to 9 and above
9, the achievement levels assigned are below basic, basic,
proficient and advanced. Below Basic indicates inade-
quate knowledge and skills, not meeting minimum stan-
dards and requiring significant support. Basic reflects
limited understanding and basic skills, meeting mini-
mum standards but requiring further development. Profi-
cient demonstrates notable knowledge and competent
skills, meeting expected standards and applying knowl-
edge. Advanced demonstrates solid knowledge and
advanced skills, exceeding standards and applying knowl-
edge effectively. The assessment focused on three key
aspects: the development of computer skills to manage
sequence databases and sequence analysis software, the
understanding of theoretical concepts through their prac-
tical application in real data interpretation, and the over-
all quality of the submitted work based on written
communication abilities using technical and scientific
terminology.

2.7 | Student survey

A brief questionnaire to evaluate the student feedback
was made available on the UMA virtual campus after the
activity and its evaluation had been completed. This sur-
vey (Figure S1) was voluntary and anonymous, and all
students were encouraged to complete it in order to
improve both the process and the assessment system.

3 | RESULTS AND DISCUSSION

In the academic years 2020/21 and 2021/22, a total of
244 students completed the activity and submitted the
final report. Table S1 shows the initial number of partici-
pants (320), of whom 83% and 78% performed the activity
in their respective courses. This may be because the
genetics block is the last module to be taught and approx-
imately 20% of the students had already withdrawn. Of
the remaining 80%, about 87% completed all the tasks.

3.1 | Day 1. Searching for information in
molecular databases

During the first half hour, each team looked for 8 QR
codes, each identified with its corresponding symbol,
around the UMA Botanical Garden with the help of a
map. Once the students had scanned all the QR codes

(Figure 2a) (Figure S2) with their mobile phones, they
returned to the classroom where they carried out the fol-
lowing two steps:

3.1.1 | Identification of the captured
sequences using BLAST

The students connected to https://blast.ncbi.nlm.nih.gov/
Blast.cgi and clicked on “Protein BLAST” (blastp). They
then copied and pasted the protein sequences from the
QR code into the “Enter query sequence” field and
clicked on the BLAST link (Figure 2b). Many alignments
were generated between the query and subject sequences.
The results were sorted by certain factors such as query
coverage and percent of identity. To determine the iden-
tity of the query sequence, both parameters had to be
100% (Figure 2c). If there was more than one match, stu-
dents had to select the one belonging to the reference
sequence collection (RefSeq), as it provides a comprehen-
sive, integrated, non-redundant and well-annotated set of
sequences. After identification, the students searched for
the corresponding nucleotide sequences by accessing the
appropriate database or using the “accession” link that
appears on the BLAST results page (Figure 2d).

Finally, they produced two text files in FASTA format
containing the amino acid and nucleotide sequences,
respectively. The sequence descriptors were the scientific
names of the species (Doc.2-3, Supplementary material),
and the files were named with the protein and gene names.

3.1.2 | Finding orthologous sequences

Once the students had established the identity of the
sequences and the name of the corresponding species,
this set of sequences was completed by adding 16 more,
eight of each type of sequence (DNA and protein), from
other animal species, for a more accurate, reliable, and
reproducible phylogenetic analysis. Most of the samples
had to be vertebrates and at least two of them had to be
invertebrates, which served as an outgroup (the species
most distantly related to the rest).

The search for orthologs could be performed using
tools such as the NCBI keyword search engine, the
BLAST filtering by species, and the NCBI Eukaryotic
Genome Annotation pipeline, which calculates ortholo-
gous, gene groups for the NCBI Gene dataset. These
orthologous sequences were added to the corresponding
previously generated text files in the same format.

These two text files had to be uploaded to the virtual
campus at the end of the session. Students who did not
complete the activity in class had 24 h to submit the
assignment.
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flavoprotein subunit A (SDHA), transcript variant X1, mR

NCBI Reference Sequence: XM_002926640.4
GenBank  Graphics

>XM_002926640.4 PREDICTED: Ailuropoda melanoleuca succinate dehydrogenase complex
flavoprotein subunit A (SDHA), transcript variant X1, mRNA
GCACTGTCCCATCGTCCTGGCCGGGCGCGGCTAGATGCGCAGGCGCAGTCTGACGCGGGGGCTGGCGGGA
CAGCCAGCAGGAGGACAGACATGTCGGGGGTCCGGGCGGTGTCTCGGCTGTTGGGCGCCCGGCGCCTGGC
ACTGACCAGGGCGCAGTGGCCAACGACAAGGCAGACAGGCTCCCGCGGTTTTCACTTCACTGTTGATGGG
AATAAGAGGTCTTCTGCGAAAGTTTCCGATTCAATTTCTACGCAGTACCCAGTAGTGGACCATGAGTTCG
ATGCGGTGGTGGTAGGTGCTGGAGGGGCAGGCCTGCGAGCTGCGTTTGGCCTTTCCGAGGCTGGGTTTAA

FIGURE 2 Sequence identification process using BLAST.

3.2 | Day 2. Sequence alignment and
molecular phylogeny

During this session, students performed a graphical mul-
tiple sequence alignment using the previously obtained
orthologs and built phylogenetic trees for the molecular
evolutionary study of vertebrate species. They took
screenshots of the results of both analyses to create a
draft of their required scientific report.

3.2.1 | Performing multiple alignments
using the 16 orthologous sequences

Two separate windows of the Seaview program were
used to open the nucleotide and amino acid

sequence lists. This software includes the Muscle and
Clustal Omega programs (Figure 3a). Both alignment
options were performed on each set of sequences
(Figure 3b). Students compared their results and
wrote down the differences they observed if
applicable.

3.2.2 | Phylogenetic tree construction

Seaview also includes three programs for calculating and
drawing phylogenetic trees: parsimony, distance
methods, and PhyML. Because PhyML uses an external
program to compute trees, it takes longer than the others.
Therefore, students practised only parsimony and dis-
tance methods.
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FIGURE 3 Performing multiple alignments.
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FIGURE 4 Building distance phylogenetic trees.

First, they clicked on the “trees” menu and then on
the “distance methods” option. A new window appeared,
and the tree-building NJ (neighbor-joining) algorithm
was selected, as well as the bootstrap choice with 100 rep-
licates (Figure 4a). The resulting tree was modified as fol-
lows (Figure 4b): 18-point font size was selected by
clicking on the “font” menu; the tree was re-rooted with
the outgroup if necessary; the operational taxonomic

Drosophila_melanogaster

units (OTUs) were arranged according to the order of the
reference phylogeny'® (Figure S3) using the “swap” func-
tion; “full” had to be clicked to select the display of
branch lengths (Br length) or bootstrap support
(Br support).

As a result, four trees were generated using the Clus-
tal Omega and Muscle programs, both with protein and
nucleotide sequences.
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Finally, the same procedure was used to generate four
parsimony trees (Figure 5a). Although the “circular” tree
visualization is the most appropriate for this method, it
was presented as a “square” cladogram for comparison
with the distance tree, for which it must be re-rooted
with the invertebrate species (Figure 5b).

4 | LESSON LEARNING
OUTCOMES

41 | Student feedback

Students were invited to complete a 10-question anony-
mous online survey to find out their level of satisfaction
with the lesson and their opinion of the importance and
benefits of this practice both in the understanding of the-
oretical concepts and in developing interpersonal and
information management skills. The survey outcomes are
shown in Figure 6.

The results of the survey indicate a positive response
to the Computer Science practical lesson, with high per-
centages of agreement on various aspects: 94.6% found
the lesson important and 85.7% and 83.9% found it useful
for acquiring and consolidating subject knowledge,
respectively. In addition, 89.3% felt that the lessons were
effective in helping them to learn how to find, use and
manage information, and a substantial majority of 87.5%
considered the assessment system to be appropriate.
However, there is scope for improvement in other
aspects: 64.3% felt it encouraged student interaction and
the satisfaction with the quality of teaching was

(@ (b)

Fie Edt Algn Props Sies Species Foolers

[Parsimony |
Se]_=0 Distance methods,
Ailuropoda me 1z rvive
Cricetulus grisweame
Drosophila melanogas
Homo sapiens
Lonchura striata dom
Oryzias melastigma
Gekko japonicus
Neophocaena asiaeori

vParsimony analysis

" Randomize seq. order [5  times
K Ignore all gap sites

[ Gaps as unknown states

% level for consensus tree building
100

100 |replicates

[~ Show bootstrap trees

£ User tree N
Cancel | OK /-’|

-

acceptable, with 60.7% satisfied with the explanations,
69.6% with the resolution of doubts and 78.6% with the
resources available such as protocols, report guides and
tutorials.

Although these findings indicate an overall positive
student experience and perception of the efficacy of the
teaching methods and support systems in place for
the subject, the comments left by students indicate some
relevant areas for improvement that can be summarized
as follows:

1. The theoretical content provided was initially inade-
quate, which later led to confusion.

2. During the practical sessions there was a lack of clar-
ity about the tasks to be completed.

3. Students emphasized the importance of practical ses-
sions over theoretical lectures, which often consisted
of slide presentations.

Student Feedback
0% 20% 40% 60% 80% 100%

la

1b ——— e .
1 | S m
.| ]
le I . mm

22 ]
2b S =
2c ]

w

m Strongly agree = Agree ® Neither agree nor disagree ®Disagree ~ Strongly disagree

FIGURE 6 Student feedback.

Protpars, bootstrap with 100 replic., 464 steps, 632 sites (69 informative)
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Cricetulus_griseus

Neophocaena_asiaeorientalis_asiaeorientalis
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Gekko_japonicus

Oryzias_melastigma

FIGURE 5 Computing parsimony trees.

Drosophila_melanogaster
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4. They requested more detailed explanations, espe-

cially when wusing software programs and
databases.
4.2 | Student assessment

Student performance was assessed according to the cri-
teria set out in the evaluation form (Table 1). This system
was also designed to ensure fairness, consistency and
objectivity in the qualifications awarded. The results of
the assessment are shown in Figure 7.

The overall qualification demonstrated the students’
understanding of the subject matter, the quality of their
analysis, the coherence of their arguments and their abil-
ity to communicate complex ideas clearly and accurately.
In this sense, this didactic proposal proved to be effective
in most cases, with 64.3% (60.3% for 2020/21 and 68.6%
for 2021/22) of students demonstrating knowledge and
skills that met the set standards, compared to 35.7%
(39.7% for 2020/21 and 31.4% for 2021/22) who did not
meet the minimum requirements and needed significant
support (Figure 7a). A chi-squared test was performed to
examine the association between proficiency levels and
academic years (2020/21 and 2021/22). The results

(@) Overall Qualifications
100
@
5 80
=
% 60
o
5
I e
e
; 20
0
Below Basic Basic Proficient Advanced
2020/21 m2021/22
(b) Student Achievements
200 l .
5 150
S 100
o]
=
5 50
Z
0
Ability to use Ability to Ability to write Overall
molecular understand  and communicate Qualification
databases and theoretical in a scientific
software for the concepts through manner
analysis of their practical
sequence data application
Below Basic Basic ®Proficient ® Advanced
FIGURE 7 Student learning outcomes.

showed a chi-squared value of y* ~ 5.96 with 3 ° of free-
dom, and a p-value of 0.1137. Since the p-value is greater
than the significance level of 0.05, there were no signifi-
cant differences between the qualifications of the differ-
ent academic years.

The “Results” section of the assessment form was
specifically designed to assess students' ability to use
molecular databases and software to analyze sequence
data. In this respect, two-thirds of the students showed
skills that ranged from basic to competent. The “Dis-
cussion” section was used to demonstrate their ability
to apply theoretical concepts to real-world scenarios,
such as the context of this didactic activity: the phylog-
eny and evolution of vertebrates. These were the
aspects where students showed the greatest difficulty,
with most failing to meet the minimum standards
(73.4% compared to 26.6%). As the other sections of the
form reflect the overall quality of writing, including
the appropriate application of technical and scientific
terminology, they were used to assess students' ability
to write and communicate in a scientific manner. As a
result, 80% of the students were able to present their
work in an appropriate style, with basic (30%), compe-
tent (28%) and advanced (21%) levels (Figure 7b).

Following the evaluation, the revised report and
assessment form were made available to students,
together with a list of common errors (Doc. 4, Supplemen-
tary Material), with the aim of enhancing the learning
experience, reinforcing the basic concepts of molecular
phylogeny, and improving the scientific rigor and clarity
of the student reports.

5 | CONCLUSIONS

The evaluation and feedback mechanisms used in
this work have provided valuable insights into both
student performance and satisfaction. It has also
allowed to identify areas of improvement for future
interventions.

Students highly valued the practical sessions highly
and emphasized their importance over traditional theo-
retical lectures, which were initially perceived as lacking
in content. This suggests the need for a balanced integra-
tion of theoretical content and practical applications to
provide a solid foundation, reduce confusion and rein-
force key concepts at an early stage. Clarity of task
requirements during the practical sessions emerged as a
significant concern. Clearer instructions and expectations
could improve student engagement and productivity dur-
ing these sessions. There was also a strong demand for
more detailed explanations, particularly when using soft-
ware programs and databases. It would therefore be
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necessary to develop more comprehensive resources and
tutorials to address the specific needs of students for
detailed guidance and to provide effective feedback to
link the information taught with the application of what
has been learned."”

The Bioinformatics subject provides an introduction
to sequence analysis for first-year students who are
encountering this theoretical and procedural content for
the first time. Considering this and the learning out-
comes, it would also be advisable to simplify the concep-
tual content in order to facilitate comprehension. In this
context, understanding students' prior knowledge and
what they are curious about would be a relevant aspect
in the design of training instructions, as prior knowl-
edge has a positive impact on the acquisition of new
information, and motivation to learn seems to play a
role in facilitating this association.?® Similarly, a regular
feedback loop in the light of continuous student input
would be necessary to monitor and adjust teaching
methods, assessment criteria and resources.

By implementing these improvements, this hands-on
molecular phylogeny activity will provide a valuable
opportunity for students to develop their ability to search
for information in molecular databases and to analyze
phylogenetic relationships using DNA and protein
sequences. Students will also develop their ability to iden-
tify and solve problems that may arise in an experimental
situation, and to interpret and draw conclusions from the
results obtained.
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