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Abstract

Active teaching methodologies have been placed as a hope for changing educa-

tion at different levels, transiting from passive lecture-centered to student-

centered learning. With the health measures of social distance, the COVID-19

pandemic forced a strong shift to remote education. With the challenge of

delivering quality education through a computer screen, we validated and

applied an online course model using active teaching tools for higher educa-

tion. We incorporated published active-learning strategies into an online con-

struct, with problem-based inquiry and design of inquiry research projects to

serve as our core active learning tool. The gains related to students' science

learning experiences and their attitudes toward science were assessed by apply-

ing questionnaires before, during, and after the course. The course counted on

the participation of 83 students, most of them (60.8%) from postgraduate stu-

dents. Our results show that engagement provided by active learning methods

can improve performance both in hard and soft skills. Students' participation

seems to be more relevant when activities require the interaction of informa-

tion, prediction, and reasoning, such as open-ended questions and design of

research projects. Therefore, our data show that, in pandemic, active learning

tools benefit students and improve their critical thinking and their motivation

and positive positioning in science.
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1 | INTRODUCTION

Academically first-world countries have debated how the
training of students should be, from basic primary educa-
tion at schools to higher education at universities.1–4 A
major concern is how education can collaborate in the

formation of citizens and professionals capable of leading
technological, economic, social, cultural, and political
changes.5–7 Specifically, in the area of science,
researchers should be trained with skills that go beyond
the technical reproduction of experiments, but that
employ critical thinking and that are capable of applying
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scientific concepts to propose solutions and generate
knowledge.8–10 The change of curricular programs in the
STEM area (science, technology, engineering, and mathe-
matics) and new proposals for educational strategies have
been stimulated in different countries.11,12 Lecture-based
and teacher-centered pedagogy is undergoing a shift
toward more active learning, in which students build their
own understanding of a subject through learning activi-
ties.13,14 The benefits of active learning seem substantial,
both in cognitive learning and in the development of soft
skills by students, such as leadership, problem-solving,
and autonomy.15–17 In Brazil, few efforts have been made
to discuss structural changes in education from basic to
university. The absence of adequate working conditions
encourages teachers to adopt an old-fashioned type of edu-
cation, in which passive teaching methods predominate.
Although there is no state initiative that encourages the
incorporation of active learning methods, some higher
teaching institutions have introduced methods of problem-
solving, critical thinking, and/or problem-based learning
with inspiring success.18–21

Active learning comprises approaches that focus more
on developing students' skills than transmitting informa-
tion and require students to perform activities that
require higher-order thinking.13 For this, students use
critical thinking, which involves analysis, reflection, eval-
uation, interpretation, and inference to synthesize infor-
mation that is obtained through reading, observation,
communication, or experience to answer a question.22

There are several methodologies that fit the concept of
active teaching, such as inquiry-based learning, project-
based learning, and problem-based learning.17,23,24

Among them is, for example, project-based learning is a
model that organizes learning around projects, in which
challenging questions or problems are involved that
involve proposing solutions, formulating hypotheses, and
investigative activities.17

The COVID-19 pandemic has produced a situation of
health emergency, economic, and social instability that
challenged the entire educational system. The intense
contact and exchange of information that took place dur-
ing face-to-face classes in normal life have been restricted
to virtual spaces. Given all these sudden changes, online
courses have been a viable option to prepare students at
different levels (Figure 1). Although some groups have
already reported their teaching experiences and percep-
tions in times of lockdown and social distance,25–31 very
few of them reported the impact of active learning on
online courses, and rarer are the studies in postgraduate
students. During the pandemic, we have seen the oppor-
tunity to validate a course model with the aim of actively
encouraging students of higher education to acquire
important biological concepts. We planned to create a
rich, multifaceted course that integrated active learning
methodologies. We incorporated active-learning strate-
gies that allowed transit in the course from passive
lecture-centered to active student-centered learning. With
this approach, we were interested in understanding the

FIGURE 1 Passive (teacher-

centered) and active (student-

centered) learning in classroom or

remote teaching models
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benefit of our course at the student formation and in
answering two important questions:

i. Does the course increase the cognitive and intellec-
tual skills of the students?

ii. How was the impact of critical thinking methodolo-
gies on the student's attitudes toward science and soft
skills?

Our interest was concentrated in analyzing whether stu-
dents through the course showed more enthusiasm for
the concept of research and science. Crucial elements in
science such as forming and testing hypotheses, defining
strategies, communicating results were evaluated to
determine whether critical thinking methods could
improve thinking and rational logic. In order to assess
students' gains in these two aspects, we applied question-
naires to students before, during, and after the course.
Here, we will comment on the results of this experience
that incorporated active methodologies and student-
teacher interaction tools for remote higher education.

2 | MATERIAL AND METHODS

2.1 | Undergraduate pilot course to
validate online active learning tools

In order to validate an online course model and test some
active learning tools, we have offered a course aimed pri-
marily at undergraduates. The subject of this course was
cell culture which has a wide interest and application in
the biological area. Knowledge on cell culture is
required for some research activities and also represents
a promising alternative for replacement of animal
experimentation.

In order to follow contagious preventive actions dur-
ing the COVID-19 pandemic, the course was adminis-
tered remotely in a teleconference format through the
Microsoft Teams platform. This platform allows the
instructors to interact through video, audio, and live chat,
which gives the feeling of a personal meeting from a safe
distance. Before each class, there was a moment of relax-
ation with “icebreaker” conversations to get to know the
audience. This moment helped to create a more intimate
environment and also to share tensions and concerns
about the pandemic.

The course had a total of 15 h, 10 h of synchronous
activities and 5 h of asynchronous activities. Synchronous
activities included lectures, simultaneous online quiz
activities, and discussion of scientific papers. Asynchro-
nous activities consisted of two questionnaires containing
guided questions for critical reading of a scientific paper

(one of the papers involving chronic diseases and the
other infectious diseases). After returning this question-
naire, the papers were discussed during classes. To mea-
sure perceptions of the overall effectiveness of the course
and the proposed methodologies, we asked students to
complete a questionnaire at the end of the course.

2.2 | Experimental undergraduate and
postgraduate course

2.2.1 | Course design

The experimentation course was offered as a satellite
event during a symposium hosted by a Postgraduate Pro-
gram at a Brazilian state university. The focus of the
course was redefined from our previous basic course to
contemplate strategies for the study of infectious diseases
using cell culture. In order to know the profile of the
enrolled students, we applied two questionnaires con-
taining open and closed questions: one with demographic
questions and previous research experience and the other
about their previous experiences with active learning
methodologies.

The course had a short duration (12 h total), divided
between synchronous (7 h) and asynchronous activities
(5 h). The synchronous activities of the course were struc-
tured as follows: (i) 2 h of key concepts to introduce the
subject and situate the content and emphasis of the
course; (ii) 2 h of strategies for studying the pathogen-
host cell interaction using cell culture, (iii) 1 h of presen-
tation of an inquiry research project (IRP) with the sub-
ject chosen by the participant, (iv) 1 h of questions about
concepts and strategies to solve problems (Table 1). The
“offline” time was used to prepare the scientific IRP and
participate in the questionnaires with questions related
to the classes. The description of the activities developed
can be found in the topic “Active learning instruments/
tools” below.

2.2.2 | Active learning instruments/tools

In order to place the student as the center of the course,
we incorporated some active-learning strategies into an
online course construct. Some moments of the dynamics
of the classes and the approaches used during the course
are gathered in Video S1. We proposed some activities
that required student's engagement:

Quiz
The quiz was a knowledge fixation tool performed at the
end of lectures. In this activity, participants answered
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questions related to the presented content directly
through the Voxvote website (https://www.voxvote.com/).
Table 2 contains some examples of applied questions; the
questions were corrected at the end of the time proposed
by the VoxVote tool (Video S1, min 02:36–02:51).

IRP
We proposed to the participants to develop an IRP to
stimulate the construction of knowledge and critical
thinking. The IRP should contain the scientific relevance
of the project, main objectives, and methodologies to
achieve the proposed objectives. Along with the

description of the project, participants could send a
graphic design summarizing their project proposal, fol-
lowing a Graphical Abstract model indicated as a refer-
ence (Figure S1). The IRP was sent using Google Forms.
The IRP proposals were evaluated by all instructors who
selected the best 10 for presentation based on criteria of
coherence and conceptualization of the biological ques-
tion, ampleness of the applied methodologies, and con-
nection between the proposed strategies.

Inquiry questionnaires
Two online questionnaires were sent to all participants
via email and were available for at least 48 h. Both ques-
tionnaires contained eight multiple-choice and four
open-ended questions about biological concepts related
to the course subject. The first questionnaire (Q1) was
available before the beginning of the course, while the
second (Q2) was available 2 days after the experimental
course started. Q1 and Q2 had the same level of difficulty,
with multiple-choices (basic) and problem-based ques-
tions (open-ended) (see Table 3). Q2 was answered while
the students were simultaneously participating in several
activities of the hosted event.

2.2.3 | Inquiry questionnaire assessment

Questionnaire responses were corrected by five evalua-
tors. Multiple-choice questions scores were calculated by
sum of the right answers. Open-ended questions required
a more detailed evaluation process where four evaluation

TABLE 1 Course schedule

Learning activities Description S.A.T. A.A.T.

Lecture 1. Introductory concepts - Dynamic interaction between pathogens and host
- Virulence factors of pathogens
- Biology of the host cell
- Cell culture basis

2 h 0

Lecture 2. Study strategies of
pathogen-host cell interaction using cell
culture

- Genetic manipulation of molecules related to the
interaction

- Changes in the host cell
- Secretion of factors by pathogens
- Evaluation of immune system modulation
- Evaluation of cellular communication (Protein secretion,
quorum sensing, extracellular vesicles)

2 h 0

Simultaneous online quiz Quick fixation questions answered online in real time and
then corrected

1 h 0

Inquiry research project Preparation and presentation of IRP with theme chosen by
the participant

1 h 3 h

Problem-based inquiry Questions of class related concepts and strategies for solving
biology problems

1 h 2 h

Abbreviations: A.A.T., asynchronous activities time; S.A.T., Synchronous Activities Time.

TABLE 2 Examples of questions administered during live quiz

using VoxVote

1. The tropism of pathogens for some tissue is highly linked to
which components?
a. Enrichment of cholesterol and membrane lipids
b. Nuclear proteins, such as histones
c. Surface proteins and their receptors in the host cell
d. Cytoskeleton organization

2. Considering the following sentence, mark the incorrect
statement:
a. To determine the ligand of a pathogen that binds to a

host cell receptor (during pathogen-host cell interaction)
through genetic manipulation, we could: Inhibit a
pathogen-specific target antigen/ligand by RNAi

b. Mutate the known receptor for the specific target ligand
c. Overexpress the pathogen-specific target antigen/ligand
d. Inhibit a signal transduction pathway activated in the

interaction
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criteria were scored in each answer: comprehension,
specificity, ampleness, and connection. All evaluators
considered whether the student had understood the ques-
tion (comprehension), the approaches that the student
proposed to solve the problem (ampleness), the specificity
of this or these approaches (specificity), and the rationale
and feasibility of the strategy (connection). For compre-
hension evaluation only 0 (lack of comprehension) and
1 (adequately answered). The other criteria considered
three levels of score: insufficient (0), good (1), and excel-
lent (2). The maximum score was seven points for each
answer. Answers zeroed in comprehension were not

evaluated in the remaining criteria. Furthermore, the
order of questions and answers were randomized to avoid
possible bias during the assessment process. The scores
were generated from the average of five evaluators. Total
score was calculated by the sum of multiple-choice ques-
tions (0%–50%) and open-ended questions (0%–50%).

Intra-questionnaires comparisons, that is, between
questions, were assessed by ANOVA, while questionnaire
differences were analyzed by unpaired t test. All analyses
were performed in GraphPad Prism version 6.01.

2.2.4 | Analysis of students' perception of the
course

At the end of the course, students were asked to fill up
their impressions and suggestions about the course in a
feedback form containing multiple-choice and open-
ended questions. Some questions were to choose the sen-
tence which they felt more identified and in others the
students evaluated sentences in a five points scale, with
0 being “nothing” and 5 being “very” (Likert scale.32).
Open-ended questions were added to stimulate the stu-
dents to express their opinion about the course. The
open-ended data were coded in categories considering
the most cited answer for each question. Qualitative the-
matic content analysis was applied to quantify answers,
providing support for a quantitative evaluation.

3 | RESULTS

3.1 | The online course can be a platform
of active learning methodologies: A pilot
experience

In order to validate an online course model and test some
active learning tools, we have offered a course aimed pri-
marily at undergraduates during pandemic. The wide
theme Cell Culture was well received by students,
attracting participants from different fields of health sci-
ences (including biology, biomedicine, pharmacy, biotech-
nology, and medicine—data not shown) and with different
backgrounds (3.37% bachelor degree, 56.75% undergradu-
ate students, 18.91% mastering students, 4.72% masters,
10.13% doctoral students, graduate course 2.02% and 4.05%
doctoral also participated. n = 148. Figure S2A).

The great advantage of remote education is being able
to bring together or to mix participants from different
educational institutions and different backgrounds. Par-
ticipants were from 22 different Brazilian institutions and
1 foreign institution, with public and private education
(Figure S2B).

TABLE 3 Examples of questions applied in the inquiry

questionnaires

Q1

Multiple-choice questions Open-ended questions

The fluidity of the plasma
membrane increases with:

a. Increased unsaturated
acids in the membrane

b. Increased saturated acids
in the membrane

c. Increased glycolipid in
the membrane

d. Increased phospholipid
in the membrane

You read in a scientific article
that Dexamethasone (a
corticosteroid type drug)
helps in the treatment of
coronavirus infection, but
the article provided only
clinical data on mortality,
intubation rate, or length of
hospitalization time. How
would you investigate the
mechanism of action of
Dexamethasone for the
benefits seen in the study?

Q2

Multiple-choice questions Open-ended questions

Check the correct
alternative regarding the
immune system:

a. Analyzing only one cell
type can already define
the complete profile of
the host response during
an infection.

b. The immune response
against a pathogen is
always pro-inflammatory

c. Dendritic cells are very
homogeneous in terms of
their markers and their
performance.

d. Cytokines coordinate the
action of different cell
types in different tissues.
Deregulation of cytokine
release generates a
phenomenon called
cytokine storm.

One of the mechanisms of
fungi and bacteria virulence
is the formation of biofilm.
These structures contribute
to antibiotic resistance. How
would you experimentally
demonstrate that biofilm is
important in the
pathogenesis of disease and
for antibiotic resistance?
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Although only 29% of students had worked with cell
culture, the positive perception of the course was very
high (Figure 2a). Moreover, 87% of the participants evalu-
ated the course as excellent (Figure 2b). Active learning
tools used during the course (real-time online quiz [live],
paper reading guide, etc.) was positively rated by partici-
pants (data not shown) and the participants pointed out
as main strengths the didactics, teaching methodology,
and the interaction between teacher and student
(Figure 2c).

Excited by the positive experience of the first course,
we decided to go deeper into a course aimed at postgrad-
uate students to understand whether active learning tools
could improve their cognitive and thinking skills. With
the validation and approval of the active learning
approach, we decided to maintain some activities (such
as the real-time online quiz and questionnaires) and
adjust some activities targeting the topic to the
participants.

3.2 | Experimental course: Active
learning tools improve the performance of
students in higher education

3.2.1 | Participants students profile: A
representative sample of Brazilian higher
education

The second experience with the online course model had
a heterogeneous audience profile, including participants
with different levels and from different locations. There
were 83 enrolled, most of them master students (38.0%)
(Figure 3a). Undergraduate students constituted 24.1%
and PhD students 19.0%. There was also the participation
of PhDs, constituting a very heterogeneous public. The
participants belonged to 22 Brazilian institutions from
different states (Figure 3b). Although 94% had previous
research experience, only 59.4% had experience in cell

culture (Figure S3A), either carrying out in vitro experi-
ments (full experience) or just accompanying other peo-
ple (partial experience) (Figure 3c). The focus of the
course was infectious diseases, which was the object of
work of 59.5% of participants, including the biological
model of bacteria (20.3%), fungi (15.2%), parasites
(16.5%), and viruses (7.6%) (Figure S3B).

To obtain an overview of students' previous experi-
ence with teaching methodologies, we asked students
(n = 60) about which method was most used during their
academic experience. The majority of the respondents
(76.7%) affirm that their predominant teaching approach
was passive, mainly represented by traditional lectures
(Figure S4 A,B). Among graduate students, 50% answered
that their classes have similar proportions between active
and passive classes (Figure S4C). When asked in an open
question about what could be improved in their educa-
tion (undergraduate or graduate), 72.1% of students
admitted that other teaching approaches could be
employed (data not shown). Most comments pointed to
the necessity of interactive classes, including solving clin-
ical cases and practical application of knowledge. The
answers pointed out that most of the students (76.7%)
consider that active teaching methodologies are excellent
for their learning and that participating interactively in
the subjects improve their apprenticeship (Figure S4D).

3.2.2 | Active methodologies promote
improved short-term learning outcomes

Interested in observing the development of students dur-
ing the course, we used research-based learning
approaches through the application of questionnaires in
a pretest (Q1) and posttest (Q2). Fifty-four students par-
ticipated in the online questionnaire activities
(Figure S5—graduation: n = 14; masters: n = 25; doc-
toral: n = 14; postdoctoral: n = 3; other: n = 1). Most of
them participated in the first questionnaire (Q1: n = 49),

FIGURE 2 The methodology

tools used during the validation

course were positively evaluated by

the participants. (a) Course

evaluation by participants.

(b) Contribution in the course in

learning cell culture. (c) The open-

ended question on “course strengths”
was content analyzed, and the

responses were classified into

categories that included similar

statements
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while a minority participated in the second one (Q2:
n = 26); finally, 20 students participated in both
questionnaires.

The average scores of students in the questionnaires
were higher in Q2 compared with Q1 (Figure 4a,
Table S1). This progress was distributed similarly through

multiple-choice (13.51%) and open-ended questions
(15.67%). On average, no student had zeroed their score
in Q2, which may represent that students were more
committed to the second test (Figure 4a). The proportion
of students with high performance (total score > 80%)
was at least three times higher in Q2 compared with Q1

FIGURE 3 The audience of attendants to the course was heterogeneous. (a) Participants' educational background, divided between

complete and incomplete. Others include “specialist” as complete and “Incomplete second degree” and “residency” as incomplete.

(b) Distribution of participants' institutions in Brazilian states (highlighted in gray). (c) Students' previous experience with cell culture

techniques

FIGURE 4 Students showed a

rapid evolution in their performance

during the course. (a) General

average score in each questionnaire

(0%–100%); multiple-choice and

open-ended questions represent 50%

of the score each; (b) Proportion of

students within score ranges in Q1

(n = 49) and Q2 (n = 26).

(c) Students' scores average only in

the multiple-choice questions

between questionnaires; (d) Students'

scores average only in the open-

ended questions between

questionnaires
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(6.1% at Q1 and 19.2% at Q2. Figure 4b). The students
showed improvement in all four criteria evaluated in the
open-ended questions from Q1 to Q2 (Suppl. Figure 6).
When multiple-choice and open-ended questions were
analyzed separately, Q2's superior performance was pre-
dominantly due to the scores at the multiple-choice ques-
tions (Figure 4c) than from the open-ended (Figure 4d).

We hypothesized that the overall improvement of
open-ended questions may be due to a lower engagement
at the more difficult and exploratory questions (such as
the open-ended questions). Regarding this point we cal-
culated the student dropout rate to each question by the
rate of NA answers—that is, described as blank answers
and “I don't know” type of answers. In fact, the dropout
for open-ended questions (Q1: 22% and Q2: 15%, Table 4)
was higher than for multiple-choice questions, which
was irrelevant (Q1: 2% and Q2: 0%). Furthermore, there
was a 31.8% reduction in the dropout rate in open-ended
questions from Q2 compared with Q1 (Table 4). This may
indicate that the students felt more confident and moti-
vated to commit intellectual effort during the perfor-
mance of Q2, resulting in a better outcome.

3.2.3 | Formulating hypotheses and
proposing strategies: A scientist-like experience
through project-based learning

The inclusion of project-based learning strategies is effec-
tive in STEM courses, to involve students in authentic
“real world” tasks.17,33 During the course, students were
motivated to prepare a mini scientific project to answer a
biological question of their interest; applying cell culture
strategies (see Materials and Methods). The elaboration
of the scientific IRP represented the most demanding
activity for the student and we had only 26.5% of partici-
pation (22 IRPs), most of which are master's students
(Figure S7). This type of activity was a challenge for the
students, who feel freedom to “think outside the box”
and find ways to answer their biological questions. Many
students elaborate different and curious hypotheses, from
which the instructors selected the 10 best IRPs based on

criteria of coherence, conceptualization, applied method-
ologies, and connection between the proposed strategies.
We were able to see some students who stood out for the
quality of their IRP proposal. Interestingly, among the
10 best IRPs selected, the fourth part was written by
undergraduate students (data not shown). In addition,
we reserved a period of the course for the presentation of
the selected IRPs to the whole class at a “symposium-like
moment,” using their graphical abstracts as support. This
type of activity adds other soft skills to students, such as
communication and accepting challenges, essential for
future scientists. Part of the presentations of the selected
students and their graphical abstract/poster as other
course activities were compiled in Video S1 (min
03:01–03:51).

3.2.4 | Engagement in active-learning
activities correlates to better student
performance

Active methodologies place the student as the center of
learning and for this reason, their effectiveness relies
heavily on the student's engagement in activities.
Motivated by the various studies that show a
positive correlation between student engagement and
performance,12,34–38 we assessed whether the most
engaged students during our course had higher scores.

First, we evaluated the scores of the group of students
who participated in both inquiry questionnaires
(“BOTH”) separated from those who have answered only
one of the questionnaires (“ONLY Q1” or “ONLY Q2”).
This analysis showed that students that were engaged in
both activities had higher performance in open-ended
questions, but not in multiple-choice (Figure 5A,B).

We hypothesized whether engagement in activities
proposed during the course (questionnaires and IRP)
would be related to the best performance of students. For
this, we considered the following groups: students who
had been selected as TOP IRP and also participated in
both Q1 and Q2 (TOP IRP + Q1 + Q2, n = 5), students
who participated in Q1 and Q2 and sent IRP (but were
not TOP IRP, named IRP + Q1 + Q2, n = 6), students
who only participated in the questionnaires (BOTH Q1
and Q2, n = 9) and those who participated in only one of
the questionnaires (Only Q1, n = 23 or Only Q2, n = 3)
(Figure 5c). Interestingly, half of the students who were
selected as TOP IRP also engaged in both Q1 and Q2
(n = 5). The students who participated in all activities
had higher score levels when compared with the other
groups of engagement, mainly in the open-ended ques-
tions analyzed separately (Figure 5d). Among the stu-
dents who participated in the IRP, the best scores were

TABLE 4 Dropout rate among open-ended questions in Q1

and Q2

OE 1 OE 2 OE 3 OE 4 Dropout average

Q1 14% 32% 22% 20% 22%

Q2 19% 11% 7% 22% 15%

Note: Dropout was considered for blank answers and “I don't know” type of
answers. “OE” stands for open-ended questions from 1 to 4 in each
questionnaire.
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from the students who were in the top-10 IRP (TOP IRP)
(Figure 5c,d). Our data show that the participants who
answered only one of the questionnaires (Only Q1 or

Only Q2) had the worst scores in the open questions and
shows that involvement in more than one activity
improves the student's performance (Figure 5d).

FIGURE 5 Highly engaged students have better performances in open-ended questions. (a) Students' scores average in the multiple-

choice questions within each engagement subgroup; (b) Students' scores in the open-ended questions within each engagement subgroup.

(c) Venn diagram, representing the number of participants in each activity (Q1, Q2, IRP, and TOP IRP). (d) Total score (%) in Q1 and Q2

analyzed in groups classified by the level of engagement in the course activities. The questionnaire to which the average scores refer is

indicated by the horizontal bars (Q1 or Q2). (e) Students average in multiple-choice questions within each group engagement. (f) Students

average in open-ended questions within each group engagement

896 ROSSI ET AL.



Altogether, the data show a positive trend in the relation-
ship between engagement and performance (Figure S8).

3.2.5 | Active learning tools improve
students' critical thinking and motivation in
science

The evaluation of the course was positive by 74% of the
participants (n = 50), who considered that the course
was excellent (Figure 6a). The open-ended questions on

“Course strengths” and “Course weaknesses” were con-
tent analyzed, and the responses were classified into cate-
gories that included similar statements (Table 5). Among
the strengths, 70% of the students considered the didac-
tics as a strong point, which includes the quality of the
presentations, the confidence of the instructors regarding
the domain of the content, the lesson plan, and the
dynamics of the class. Fifty-six percent of the participants
assessed that the student–teacher interaction was a posi-
tive aspect of the classes, where the students revealed
that they felt included (even remotely). Another point
highlighted as strength of the classes was the teaching
methodology and the subjects covered, which brought a
balance between variety and depth. As negative points of
the course, issues with infrastructure and technical prob-
lems (such as timetable, platform, class time, sound) and
course complexity for a short time were mentioned.

The students' feelings about the course's active learn-
ing tools were assessed by the feedback form. Students
were instructed to rate from 1 to 5 on how positive the
online inquiry questionnaires were for their learning,
being 1 “negative” and 5 “very positive.” The average
score of the responses was 4.34, indicating that the ques-
tionnaires were validated by the students. Regarding the
type of question contained in the questionnaires, 48% of
students prefer multiple-choice questions (Figure 6b).
This shows that at least half of students prefer questions

FIGURE 6 Students demonstrate a positive feeling about

active learning tool. (a) Percentage of responses from students on

the multiple-choice question “How do you think the course

contributed to your learning?,” with possible answers “excellent,”
“moderate,” and “insufficient.” (b) Percentage of responses to the

multiple-choice question “In the questionnaires, what type of

question do you prefer?” with possible answers “multiple-choice,”
“open-ended,” and “I have no preference.” (c) Percentage of
students' responses to the question “How do you evaluate the

problem-based questions present in the questionnaires?” with
possible answers “They were excellent,” “They were very difficult,”
and “They were very simple.” (d) Percentage of responses to the

question “How did you feel during the conduct of the inquiry

research project?,” with possible responses being “motivated,”
“comfortable,” and “apprehensive.” The percentage of responses
was calculated on the number of students who answered the

questionnaire (n = 50)

TABLE 5 The main positive points cited by the students were

didactics, teaching methodology, and instructor–student interaction

Response category
Students
answers (%)

Effective course components (course strengths)

Instructors didactics 70

Content organization 24

Active teaching methodology 32

Interactivity between instructors and
students

56

Suggested course improvements (course weakness)

Infrastructure and technical problems
(timetable, platform, class time, sound)

46

Activities complexity 6

Didactics 14

Deviation from content 6

Online/remote course model 6

Course complexity for a short time 42

Note: content categories in the table represent any categories included by
more than 6% (n ≥ 3) of students who responded to feedback. The open-
ended questions on “course strengths” and “course weaknesses” were
content analyzed, and the responses were classified into categories that

included similar statements.
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that students prefer questions that only recall informa-
tion and do not require elaborating their own reasoning.
Despite the high preference for multiple-choice questions
among the participants (48%), 62% considered that dis-
cursive problem-solving questions are a great way to
make them think critically and formulate strategies for
real situations that a researcher faces (Figure 6c).

One of the proposed activities was the writing of an
IRP about some biological question of their interest. The
participation rate in IRPs was relatively low (26.2%),
being 68.2% postgraduate students. Interestingly, 54% of
the participants felt motivated during elaboration of the
scientific project (Figure 6d). In an open question, the
participants affirm that the elaboration of an IRP
improves its positioning in science, becoming more criti-
cal and more motivated. It is also mentioned that the IRP
stimulates the acquisition of more knowledge, they are
able to expand their scientific vision, simulate a real situ-
ation of researchers, and collaboration in scientific com-
munication (data not shown).

In general, there was a demonstration of positive per-
ception regarding active learning methodologies by most
students (96%) (data not shown). The main points com-
mented by the students regarding their perception of
active methodologies were that they are more effective
for lasting learning, stimulate critical thinking and
improve the dynamics of the class and the student–
teacher interaction.

When consulted in an open-ended question about the
skills they improved with the course, the answers were
directed to three points: incorporation of knowledge,
motivation about science, and gains in their skills on sci-
entific processes. Forty-four percent of the participants
cited an improvement in their logical critical and rational

thinking. A gain in knowledge of the subject was pointed
out by 22% of them, and the expansion of the vision by
20% (Figure 7a). It is also interesting to note that 94% of
the participants indicate that the course was able to give
a real insight into problems that scientists face in their
research. When questioned how motivated they are to
solve scientific problems using critical thinking after the
course on a scale of 1 to 5 (1: nothing; 5: very), the aver-
age response was 4.14, with a rating of 4 and 5 by 86% of
them (Figure 7b).

4 | DISCUSSION

The constant concern with excellence in the scientific
training of academics encountered a new challenge dur-
ing the COVID-19 pandemic: how to engage students in
effective learning in remote education? This question was
the driving force of our study, which reports a semi-
experimental online course for higher education. Our
course incorporated active methodology tools that pro-
moted the integration of students in the construction of
knowledge and stimulated their critical thinking skills.
For this, we proposed problem-based learning strategies
in questionnaires, elaboration of a scientific project, and
online quiz in order to complete the lectures. In the last
few months, there has been a huge increase in the num-
ber of studies dedicated to developing and validating
active-learning strategies in remote or hybrid education,
driven by the pandemic.28,39–42

Our study was interested in evaluating mainly two
types of achievement in students: (i) Cognitive and intel-
lectual skills (learning outcomes) and (ii) Critical think-
ing, attitudes toward science and soft skills. For this,

FIGURE 7 Active methodologies are able to increase the incorporation of knowledge, motivation in front of science and students show

gains in soft skills. (a) Answers to the open question “what are the main gains you obtained with the course?” were categorized among

common themes (showing categories that comprise 6% [n = 3] or more of the answers). (b) Student responses to the question “how
motivated are you to solve scientific problems using critical thinking after the course?” on a scale of 1 to 5 (1: Nothing; 5: Very). The

percentage of responses was calculated on the number of students who answered the questionnaire (n = 50)
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different activities and questionnaires were applied
before, during, and after the course. Our data show that
student engagement in the different active learning tools
proposed is directly linked to their performance in the
course. The average score of the groups that participated
in all the proposed activities and stood out in the writing
of the IRP was considerably higher compared with the
groups with less involvement in the course when evaluat-
ing the discursive questions. In fact, other studies have
already shown that active learning approaches in the
classroom improve academic performance. In a long-
term study (3 years), the implementation of problem-
based learning (PBL) and learning by teaching (LbT)
resulted in an increase from 5 to 6–7 in the average scores
in final exams of engineering students.43 Interactive-
engagement also shows score improvements in physics
courses compared with traditional pedagogical strate-
gies.44

Our data show that student involvement is a key
point for their learning. This is widely accepted and expe-
rienced at different levels.45,46 Emotional, behavioral, and
cognitive dimensions can be considered when analyzing
engagement.47 First, emotional engagement happens
when students are emotionally affected and motivated by
the learning environment.48 In our courses, introductory
icebreakers and friendly communication was a factor that
contributed to students to feel comfortable in interacting
with instructors and with each other. Second, behavioral
engagement corresponds to attitudes students demon-
strate in class, such as listening and paying attention to
the class or the persistence and concentration in activi-
ties.49 In this scenario, at least three forms of interaction
were provided (chat, audio only, and video), in which the
chat demonstrated that students were constantly con-
nected to instructors during the presentation. Finally,
cognitive engagement happens when students apply their
ability to select, connect, and plan in constructing and
self-regulating the learning process.47,50 Here, these
movements were detected, under our point of view, in
the construction of the IRP and in the responses to open-
ended questions in both questionnaires, in which stu-
dents provide strategies to real problems inside and out-
side their fields of study. All three-dimensions of
engagement are linked together and may contribute to
improvement on students' academic performance, then
one should not consider them solely.

Beyond the intellectual benefit, traditionally used as
teaching quality indicators, we hypothesized that
student-centered teaching methodologies would lead to a
positive attitude or perception with science and thinking
skills. In a self-assessment, students reported that they
had an improvement in their critical thinking, which
involves judging the information with criteria and

healthy skepticism. This relationship between active
learning and improving critical thinking has been
reported in other groups around the world.22,51,52 Active-
learning strategies (such as collaborative work in small
groups and case studies) improved students' critical
thinking skills as measured by the Watson-Glaser Critical
Thinking Appraisal, which assesses decision-making abil-
ity as well as predicts judgment, problem-solving, and
creativity.53 Umbach and Wawrzynski54 analyzed two
sets of American national data and showed a positive
relationship between university environments where
teachers used active and collaborative learning tech-
niques and students' gains in personal-social develop-
ment. Improving students' ability to recognize problems
and apply effective strategies and solutions to fundamen-
tal challenges in the field is the basis of good scientific
training. Our results show that tools of active methodol-
ogy can impact the attitude of students that will be
reflected in future scientists able to position themselves
in the face of problems.

The improvement of the indicators added to the
approval of the course by the students confirmed that the
approaches were well chosen and encouraged us to write
our experience in order to facilitate the implementation
of active methodologies in other courses. We opted for
active learning tools that could be easily applied to the
virtual environment, improving the dynamics of the clas-
ses. Online questionnaires seem to be a great option for
validating students' learning, and makes them reflect on
the class and apply their knowledge in the answers.
Because our courses aim at a scientific formation
associated with the resolution of real problems, the ques-
tionnaires addressed both concept questions and inter-
pretive/exploratory open-ended questions. This allowed
us to highlight a clear problem in Brazilian education:
students are trained as “information recorders/archivers”
and not as “critical thinkers,” as many students showed
good levels in concept questions and poor performance
in problem-based questions. The use of open and closed
questions is ideal to provide greater freedom of responses
for students and to stimulate reasoning, but they also
need clear criteria for their correction. In order to guar-
antee the impartiality of the corrections, all five instruc-
tors of the courses corrected all the questions and the
scores were given by an average between evaluators.

During the course design, we were interested in get-
ting immediate feedback on student learning in relation
to the main concepts discussed. For this, at the final of
everyday classes, �10 final minutes were reserved for an
online quiz. This activity was very interesting to reaffirm
“take home messages,” that is, what the student cannot
“get out of class” without learning and their perception
about the acquired knowledge. There are several online
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tools for this type of quiz, and we emphasize that the
most interesting ones are those that allow a real-time
assessment of the result with a percentage of “votes” in
each of the questions. This allows questions to be
promptly corrected and students can use that time to
clear up any doubts.

During the undergraduate course, we opted for a
questionnaire that represented a “critical reading guide”
for scientific papers. Participation in the questionnaires
was very positive, but we replaced this activity with the
elaboration of a mini-scientific project in the graduate
course, since reading scientific papers is a basic/trivial
activity for graduate students. The preparation of the
IRP represented the most demanding activity for the stu-
dent, because there he should use the knowledge of the
course to answer a scientific question of his preference.
This type of activity gives students freedom to “think
outside the box” and search for ways to answer biologi-
cal questions that interest them. With this activity, we
detected—observed some students who were highlighted
for their commitment to develop a project as a principal
investigator. In addition, we reserved a time within the
course for some students who had the IRPs selected to
present for everybody. This type of activity adds other
soft skills to students, such as communication and
accepting challenges, which are essential for future
scientists.

Although we have achieved good results as an online
course model for higher education, we have encountered
some limitations in our study. The course was presented
in a short-time (3 consecutive days) which hampered a
robust evaluation regarding the impact of active tools in
student progress. In addition, the experimental course
was transmitted simultaneously with other activities of
the hosted congress, which may have impacted on stu-
dents' outcomes due to other demanding activities. In
addition, because it is an optional course (as a satellite
event), there were no ways to require student participa-
tion, nor condition performance to the approval of the
course. This could have been caused, among other possi-
ble reasons, by the low responsiveness in certain activi-
ties, showing that part of the students only engages in
activities when they are required for approval. Previous
experiences with the theme were not considered as a dif-
ferential advantage, students from different fields in
health and biological sciences were analyzed together;
the same happened to undergraduate students and post-
doctoral fellows, for example. Finally, a point that can be
seen in a positive and negative way was the heterogeneity
of the class. This was interesting because it brought the
most different backgrounds to the same class, however, it
also made it difficult to know about the level of knowl-
edge among students, since the same knowledge could be

very basic or essential for some and very advanced or spe-
cific for others.

Interestingly, although our study was carried out dur-
ing a pandemic, with a limited number of students, our
data reflect the profile of Brazilian education. The stu-
dents admit that most of their academic training was
with passive approaches, but they are interested and will-
ing to more interactive activities. This exposes a gap in
the unequal Brazilian educational model: changes in the
educational environment are strongly necessary to pre-
pare citizens socially and personally able to participate in
society in a democratic way.55–57 The current model of
higher education in force in Europe after the establish-
ment of the parameters determined by the European
Higher Education Area prioritizes among the student's
abilities the development of an autonomous learning
capacity.58,59 However, the models found in traditional
schools, including Brazil, prepare students equally, mini-
mizing the idea that knowledge acquisition is motivated
in cognitive, personal, and also social skills.60

The introduction of active learning methodologies
has been widely encouraged worldwide, but it requires a
great effort from both teachers and students: educators
need to review their lesson plans and add new tools and
students need to be willing to engage in the construction
of knowledge.14 Unquestionably, the process requires
dynamic instructors, with a flexible mind and willing to
use the class to produce a transformation in the students
to acquire knowledge through active methodologies. The
course was carried out after 3 months in full lockdown.
We have no elements to evaluate if the impact of our pro-
posal could be different spending more time within the
course. Certainly, with all the uncertainties of this
moment in the world, our experience reaffirms the
remote method of learning when using elements of criti-
cal thinking and active methodologies, with a real benefit
of self-confidence and empowerment of students to moti-
vate themselves in their long and arduous road to be a
scientist.

Above all, our experience showed that making the
student the center of the class brings not only cognitive
benefits (such as intellectual growth) but also in the psy-
chosocial and personal spheres, giving students indepen-
dence, improvement in their effective communication,
and in their ability to accept challenges for self-develop-
ment. Our data show that active learning tools that
require constant engagement benefits students and
improve their critical thinking. This study also shows that
if courses on various scientific topics were reformulated
by adding active methodologies, it is likely that more stu-
dents will obtain better intellectual baggage and positive
positioning towards participation in science, forming/
preparing more powerful thinkers.
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