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Abstract

This study aimed to analyze the effect of blended activemethod (BAM) on blood pressure (BP) control learning, pretest stress and anxi-
ety, and students’ perceptions.With approval from the institutional ethics committee, two freshmanDentistry classeswere assigned to
either a traditional method (TM; n¼ 50) or BAM (n¼ 49) group. All students completed the State-Trait Anxiety Inventory (STAI) and pro-
vided saliva samples for cortisol and alpha-amylasemeasurements at baseline and before the exam. The TM group attended two lec-
tures on BP control. In BAM, class 1 involved team discussions of clinical scenarios involving BP alterations. Before class 2, students
watched pre-class videos with embedded questions (Edpuzzle) and completed an interactive online lesson (Lt-Kuracloud) with exer-
cises and immediate feedback. In class 2, students took an individual test and, in teams, analyzedwhich BP control systems were acti-
vated in the previous scenarios, explaining the physiological responses involved. In class 3, both groups completed the STAI,
performed saliva collection, and a summative exam on BP control. Test scores were compared using t tests; anxiety and biomarker
stress levels were analyzed with two-way ANOVA. BAM students achieved significantly higher exam scores (8.75 ± 1.17) compared to
TM (7.27 ± 1.82). Before the exam, the TM group showed higher alpha-amylase, cortisol, and anxiety levels than BAM. According to stu-
dent perceptions, BAM strategies effectively supported BP control learning. Overall, BAM improved learning outcomes and helped
reduce pretest stress and anxiety compared to traditional teaching.

NEW & NOTEWORTHY This study demonstrates that a blended active method (BAM), combining team discussions, interactive
online lessons, and formative assessments, improves learning outcomes and reduces pretest stress and anxiety in university stu-
dents studying blood pressure control. Unlike traditional lectures, BAM provided immediate feedback and opportunities for col-
laborative problem-solving. The study also measured physiological stress markers (cortisol and alpha-amylase), confirming BAM’s
effectiveness in promoting both cognitive performance and emotional well-being in a higher education health sciences setting.

blended learning; cardiovascular physiology; innovative teaching; technology

INTRODUCTION

The control of blood pressure (BP) is a fundamental topic in
health-related courses. In addition to understanding the mor-
phology and physiology of the heart, blood vessels, and lym-
phatics, students are expected to integrate this knowledge with
principles of hemodynamics. Initially, they need to under-
stand how cardiac function (chronotropy and inotropy), blood
volume, and peripheral resistance (vasoconstriction and vaso-
dilation) influence systolic and diastolic pressure. From this
knowledge, they should be able to identify and understand
which responses are activated by control systems to maintain
BP and ensure adequate tissue perfusion in physiological situa-
tions in a healthy organism, such as during physical exercise
(1). Furthermore, learning about BP control equips future
healthcare professionals to recognize the pathophysiological
mechanisms of cardiovascular diseases.

In the Dentistry course, it is necessary for students to
understand that, although they are not responsible for diag-
nosing or treating patients with cardiovascular diseases,
they will play a fundamental role in the clinical practice of
identifying potential patients with heart problems and refer-
ring them for the necessary treatment. Dental patients often
experience anxiety and fear regarding treatment, which can
increase BP. In addition, during the anamnesis, the dentist
may identify signs indicative of cardiovascular alterations,
making it necessary to advise the patient to consult a cardiol-
ogist and be able to clarify any questions they may have
about these alterations.

In this context, active methodologies can be useful as they
facilitate the understanding of content and the integration of
knowledge, increase students’ interest, and promote a learn-
ing environment in which they learn without fear of making
mistakes, collaborating with their peers (2). Additionally, it
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has been observed that active learning contributed to stu-
dents’ confidence in the knowledge they have acquired,
reducing the stress and anxiety associated with exams (3).

Moreover, considering the difficulty young people have in
maintaining attention during long theoretical lectures, as they
are constantly connected to mobile devices and exposed to
multiple simultaneous and appealing stimuli (4–6), incorpo-
rating technology into the teaching and learning process can
also enhance student engagement (7). During remote teaching
in 2020, we observed that combining active learning strategies
on digital platforms with formative assessments helped first-
year students in a health-related program better organize their
out-of-class study routines. According to the students’ own
perceptions, this approach provided themwith a greater sense
of confidence regarding their learning (8, 9). After returning to
in-person classes in 2022 and 2023, we combined face-to-face
strategies with online activities. This integration has contrib-
uted to making classroom sessions more dynamic, as part of
the theoretical content is delivered through pre-class videos,
while individual study is supported by the Lt-Kuracloud
online platform. In-person sessions include brief, dialogued
theoretical lessons and team activities featuring educational
games and clinical case discussions.

Building on this previous teaching experience, the aim of
this study was to evaluate whether the use of a blended
active methodology could enhance dental students’ under-
standing of BP control systems and help reduce exam-
related anxiety and stress.

MATERIALS AND METHODS

Ethical Considerations and Experimental Design

The study involved freshmen from the Piracicaba Dental
School at the University of Campinas, enrolled in the manda-
tory Biosciences II course, over a 2-year period (2019 and 2023).
This study was approved by the Research Ethics Committee
of Piracicaba Dental School, University of Campinas. In 2020
and 2021, due to the COVID-19 pandemic, the Biosciences II
course was delivered through remote learning. In 2022, in-
person classes resumed, but we chose not to conduct the
study that year, as it was difficult to predict the students’
condition, considering their levels of stress and anxiety,
which could influence the results. Therefore, the blended
active learning group was implemented in 2023.

For the first group (n ¼ 73), the traditional teaching
methodology for BP control systems consisted of two theo-
retical lectures in 2019. The second group (n ¼ 66) partici-
pated in the course with blended active methodologies in
2023. Of these, 50 and 49 students, respectively, agreed to
participate in the study and signed an informed consent
form. These students participated in all the teaching and
assessment activities and did not report any pathology
that could influence stress and anxiety levels or learning,
such as a diagnosis of learning, neurological, or psychiat-
ric disorders.

It was necessary to evaluate whether there were differen-
ces in prior knowledge required for learning cardiovascular
physiology between the groups, as this could introduce a
bias in interpreting the results. Therefore, a diagnostic test
was administered in the first class, consisting of four tests on

topics covered in the previous semester related to neuromus-
cular physiology. To ensure that the students did not have
any prior knowledge of physiology that could facilitate their
understanding of the topics studied, which could have posi-
tively influenced their performance in the assessments,
results from students who were retaking the Biosciences II
course, had prior experience with a human physiology course
at another educational institution, and had completed any
other higher education course in the health field were
excluded of the study.

The sequence of activities, analysis, and teaching strat-
egies on BP control systems used is presented in Fig. 1.

Assessment of Stress and Anxiety Levels

Baseline stress and anxiety levels were determined in the
first physiology class of the Biosciences II course, which took
place during the first week of the semester. This timing was
chosen because there would be no exams, assignments, or
other evaluative activities in any of the courses the stu-
dents were taking, thereby controlling for the effect of
stress due to assessment. Additional saliva samples and
State-Trait Anxiety Inventory (STAI) (10) were adminis-
tered 15 min before the BP control exam (Fig. 1), between 8
and 10 AM to control the influence of circadian rhythm on
cortisol secretion, according to Cardozo et al. (3).

Stress levels were assessed by measuring the concentra-
tion of salivary cortisol and alpha-amylase, an enzyme
whose secretion increases in response to sympathetic stimu-
lation of the salivary glands and is considered a biomarker of
stress (11). For saliva sample collection, after hand antisepsis
with 70% alcohol, students received a Salivette container,
which contains a sterile cotton swab. They were instructed
to place the cotton swab in their mouth and move it around
for 5 min to stimulate salivation. The saliva-soaked cotton
swab was then placed back in the Salivette tube and kept in
an ice container (11). Immediately afterward, the tubes were
centrifuged for 2 min at 1,000 g, and the saliva was stored in
1-mL aliquots in Eppendorf tubes at�70�C for later measure-
ment of cortisol and alpha-amylase using enzyme immuno-
assay kits from Salimetrics (11). Samples were assayed in
duplicates according to themanufacturer’s instructions.

Anxiety levels were determined using the validated
Portuguese version of STAI (10). This questionnaire consists
of 20 questions and is divided into 2 parts: the first pertains
to the participant’s state, and the second to the trait of anxi-
ety at the moment (10). STAI was applied immediately after
the collection of the saliva samples (3).

Learning Assessments

The impact of the teaching methodologies on learning
was determined by the grades obtained in a summative
assessment (exam) administered in class 3. The same assess-
ment was given to both groups participating in the study
(Fig. 1). This exam consisted of two scenarios describing
cases of BP changes:

1) João is an engineer who enjoys trying different kinds of
food. One day, at a street party around lunchtime, he
decided to try a colorful mayonnaise. A few hours later,
he began experiencing severe abdominal pain, which led
to intense watery diarrhea that lasted until the early

BLENDED ACTIVE METHODOLOGY: LEARNING, TEST STRESS, AND ANXIETY

Advances in Physiology Education � doi:10.1152/advan.00093.2025 � http://advan.physiology.org 863

Downloaded from journals.physiology.org/journal/advances at CAPES-UNESP (200.145.035.211) on May 26, 2026.

http://advan.physiology.org


hours of the morning, when he sought help at an urgent
care facility, approximately eight hours after ingestion.

2) Maria has a habit of always adding extra salt to her food
during meals. She has noticed that some of her clothes
are fitting more tightly and that her urine output has
increased — in other words, she has been urinating
more frequently.

Students were required to identify whether BP had
increased or decreased and indicate which BP control sys-
tems were activated and what cardiac, vascular, and renal
responses these systems mediated in each situation. They
were also asked to specify if there was an indication of any
reflex response already activated and what that response
would be. This assessment aimed to verify whether students
had understood the topic studied and could apply it in prac-
tical situations.

To control for potential differences between the groups
related to the teaching-learning process (e.g., one group
“studyingmore” or “having more interest in the topics” than
the other), the final averages of the students in the course
that included the research project were compared. If differ-
ences existed in this regard, differences in the summative
assessment scores could not be attributed solely to the teach-
ing strategies used. Each learning assessment was graded on
a 10-point scale, as well as a diagnostic test applied in the
first class of Biosciences II.

Teaching-Learning Methodologies

The traditional methodology consisted of two expository
theoretical lessons on the nervous and hormonal control of
BP, respectively, in which the instructor used PowerPoint
slides. During the theoretical explanation, the professor pre-
sented situations involving changes in BP, described the
altered factors (blood volume, heart rate, and contractile
force, vasoconstriction, or vasodilation), and explained how
the body senses BP changes. She detailed the activation of
the baroreceptor system, the renin-angiotensin-aldosterone
system, antidiuretic hormone, and/or natriuretic hormone,
as well as the mechanisms of action of neurotransmitters,
hormones, and medicines involved in BP regulation. The
scenarios addressed included the following:

1) Dental stress: During a dental appointment, the dentist
checked the patient’s pulse andmeasured their BP using
a sphygmomanometer after taking the medical history
and before starting treatment. The patient reported not
having hypertension or any heart condition. Their heart
rate and BP were 70 beats/min and 110/70 mmHg,
respectively. The dentist then explained the procedures
to be performed, including the reason for andmethod of
administering local anesthesia. About 10 minutes after
the treatment began, the patient said they were afraid of
feeling pain and reported experiencing palpitations
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Figure 1. Sequence of activities and teaching strategies
on blood pressure (BP) control systems. STAI, State-Trait
Anxiety Inventory.
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(their heart was beating faster and more forcefully). The
dentist then stopped the procedure and measured the
patient’s pulse and BP again. Based on the information
above, what change would likely be observed in the
patient’s BP during the secondmeasurement?

2) Hemorrhage: Almost daily, we hear in the media about
serious traffic accidents caused by drivers who were
under the influence of alcohol. The deaths and injuries
resulting from these accidents are related to the severity
of the trauma and hemorrhaging. During a hemorrhage
caused by such accidents, a large volume of blood may
be lost. What change occurs in BP in the case of severe
hemorrhage?

3) Physical exercise: During physical exercise, active skele-
tal muscles must receive increased blood flow, and car-
diac activity is elevated.What change occurs in BP?

These lectures were followed by guidance for home study
on the content covered in class: textbooks and scientific
articles were recommended for reading, and students were
encouraged to either email their questions to the professor
or bring them to the following classes.

For the blended active methodology group, at the begin-
ning of the semester, the instructor organized 16 teams follow-
ing the principles of team-based learning (12). To form the
groups, the professor created a list with the names and final
grades of the students in the Physiology course from the pre-
vious semester. First, the students were ranked from highest
to lowest average. The top 16 students were numbered from 1
to 16. Then, the remaining students were organized from the
lowest to the highest average and also numbered from 1 to 16,
repeating this sequence four times. Students with the same
number were assigned to the same team; 16 teams were
formed, each consisting of 5 students. In this approach, teams
were intentionally diverse, taking into account students’ per-
formance in a basic course offered in the previous semester.
This ensured that each team included students with varying
levels of difficulty, avoiding the formation of teams based on
personal friendships. This rationale was explained to the stu-
dents, emphasizing the aim of fostering the development of
teamwork skills, essential in the professional environment,
which should be independent of personal affinities.

Blended active methodology involved the following
sequence of in-class activities and asynchronous activities
conducted on digital platforms.

Class 1: Team Activity

In class 1, the students were divided into teams and ana-
lyzed the same BP-related scenarios that had been presented
to the traditional methodology group. In each situation, the
teams identified whether BP increased or decreased and
which factors were altered (blood volume, heart rate, and con-
tractile force, vasoconstriction, or vasodilation). During this
activity, students were guided to reach consensus answers,
engaging in discussions and helping each other to ensure that
everyone in the team understood the answers. A collective
discussion and correction session was conducted, led by the
professor, who explained that in the next class, the teams
would revisit the same situations to learn which BP control
systems would be activated in each case to return BP to nor-
mal levels.

For the next class, activities weremade available on digital
platforms for students to study the BP control systems. No
theoretical explanation about these systems was given dur-
ing the class. Students were advised that they were expected
to study in preparation to contribute to their team in the sub-
sequent class, and that an individual assessment would be
administered at the beginning of the session. The same text-
books and scientific articles recommended for the tradi-
tional methodology group were also recommended for the
blended active methodology group, and the students in this
group were likewise invited to send their questions to the
professor by email or bring them to the following classes.

Online Out-of-Class Activities

Pre-class videos.
Three videos (5–10 min each) about BP control systems were
made available on the free platform Edpuzzle to be accessed
up to one day before class 2. These videos consisted of
recorded theoretical explanations by the professor, including
questions about the BP control systems. The videos would not
progress until the questions were answered. Before selecting
their answers, students had the option to review parts of the
video. Participation was graded based on whether students
watched the videos in their entirety and answered all ques-
tions, as recorded by the digital platform. It was explained that
grades would be assigned based on completion rather than
correct answers, as the goal was for students to learn about the
topic and prepare to contribute to their team in the in-person
class, taking responsibility for their learning.

The use of questions that students had to answer to con-
tinue watching the videos allowed them to check their
understanding. This process of verifying learning is called
formative or processual assessment, enabling both students
and the professor to adjust their actions (13). This approach
allows for the identification and review of unlearned content
before the final exam or the end of the course (5).

Interactive lesson on Lt-Kuracloud platform.
For individual study, an interactive lesson was made avail-
able on the Lt-Kuracloud platform (ADInstruments) (8, 14).
This lessonhad to be completed over the followingweeks and
finished before the summative assessment. Students could
access the platform on different days and times to complete
it. The lesson included explanationswith diagrams and exer-
cises with immediate feedback, allowing students to check
their learning and submit questions to the professor and
teaching assistants. This interactive lesson complemented
textbook study. As the exercises provided feedback on
answers, the interactive lesson also served as a formof forma-
tive assessment, whose importance in the teaching-learning
processhas beenpreviously explained.

Class 2: Individual Quiz

In the first part of this class (30 min), the pre-class video
questions were projected on slides by the professor and were
answered individually by students using the free Socrative
app. This individual quiz allowed the professor to assess the
number of students who got each question right or wrong in
real time. After the allotted time for each question, the teams
discussed the question orally, fostering collaborative learning.
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Subsequently, the question was corrected through a general
class discussion. During these discussions, doubts were
addressed using the same slides from the pre-class videos or
new slides prepared by the professor based on the errors and
difficulties identified in the video platform reports.

The pre-class videos, the interactive class on the Lt-
Kuracloud platform, and the individual quiz did not show
real-life examples of when BPmight change. They explained
how the body senses these changes, which systems react to
higher or lower BP, and how chemicals like neurotrans-
mitters, hormones, andmedicines help control BP.

Class 2: Team Activity

In the second part of this class (1 h and 20 min, with a 10-
min break), teams received a worksheet with the situations
described in class 1 and discussed which BP control systems
would be activated in each scenario, identifying the reflex
responses triggered to correct the BP.

In addition, the teams also analyzed the following ques-
tions to integrate their knowledge of the physiology of BP
control systems: 1) In a hypertensive person, is the barore-
ceptor reflex also activated in the situation of dental stress?
If so, is there a difference in how these reflex functions com-
pared to a normotensive person? 2) Considering the BP con-
trol systems, explain how the following antihypertensive
medications work: diuretics, beta-blockers, angiotensin-con-
verting enzyme inhibitors, angiotensin II receptor antago-
nists, and describe how they affect cardiac output and/or
peripheral resistance.

This class was conducted with eight teams at a time,
involving the participation of three professors and three
teaching assistants who were available to clarify doubts. At
the end of this class, the students were advised that an indi-
vidual assessment would be administered at the beginning
of the next class.

In the group blended active methodology, deadlines were
set for the completion of the videos and the online interac-
tive lesson before class 2, with participation grades assigned,
rather than grades based on correct or incorrect answers, for
these activities as well as for participation in team discus-
sions during class. The aim of assigning this participation
grade was to encourage students’ individual preparation
before the class.

Student Perception

At the end of the semester, the students in the blended
activemethodology group were invited to complete an online
questionnaire on Google Forms about their opinion regarding
the methodology used. They were asked to indicate whether
the strategies employed had been useful for their learning,
using a Likert-like scale: 0 ¼ not useful for my learning and
5 ¼ very useful for my learning. They were also asked to jus-
tify their responses in an open-ended question, explaining
why each strategy had been considered not useful or useful
for their learning. Similar justifications were grouped by fre-
quency of occurrence, in absolute numbers and the percent-
age of students who selected each option.

The objective of this analysis was to evaluate how different
strategies for promoting active learning impacted the teach-
ing-learning process, investigating the reasons behind the

positive effects observed with the use of the blended active
methodology.

Statistical Analysis

The grades obtained in the learning assessments and the
final averages in the Biosciences II course were compared
using the Student’s t test for unpaired samples. STAI scores
and salivary concentrations of cortisol and alpha-amylase, at
baseline and before the summative assessment, were com-
pared using two-way ANOVA, analyzing the main effects of
methodology (traditional and active) and assessment time
(baseline and exam), as well as their interaction. When
significant interaction was found, differences were identi-
fied using Tukey’s test. The significance level was set at 5%
(P value of 0.05).

RESULTS

There was no significant difference between the groups in
the scores obtained on the diagnostic assessment (Table 1;
P ¼ 0.6743). The score on the summative assessment (exam)
was significantly higher for the group that participated in
classes using blended active methodology compared to the
group that attended traditional lectures (P < 0.0001), with
no significant difference in the final course grade between
the groups (Table 1; P¼ 0.0788).

No significant differences were observed in baseline sali-
vary cortisol (P ¼ 0.8420) and alpha-amylase (P ¼ 0.8410)
levels as well as in anxiety scores (P ¼ 0.9386) between the
groups (Fig. 2). Before the exam on BP control, the group that
attended theoretical lectures showed an increase in salivary
cortisol (P< 0.0001; Fig. 2A) and alpha-amylase (P¼ 0.0047;
Fig. 2B) concentration compared to their respective baseline
values. In addition, before the exam, the traditional method
group also presented higher salivary cortisol (P ¼ 0.0021;
Fig. 2A) and alpha-amylase (P ¼ 0.0039; Fig. 2B) compared
to the active blended group before the exam (Fig. 2). No sig-
nificant difference was observed between baseline and pre-
exam salivary cortisol (P ¼ 0.1260; Fig. 2A) and alpha-amy-
lase (P ¼ 0.8752; Fig. 2B) values in the group that studied the
topic through activemethodology.

Anxiety levels increased compared to baseline values
in both groups (P < 0.0001; Fig. 2C). Pre-exam anxiety
scores were significantly higher among students who had
attended theoretical lectures compared to those who had
studied the topic using active blended methodology (P ¼
0.0026; Fig. 2C).

The results presented in Table 2 reflect the students’ per-
ceptions of the usefulness of various teaching strategies
adopted for teaching BP control systems. Of the 49 students
in the blended active methodology group, 45 responded to
the questionnaire.

The results obtained indicate that, in the students’ opin-
ion, the strategies used favored learning about BP control
systems. Regarding the justifications provided, students
indicated that the team discussion of situations involving BP
changes allowed them to identify the practical application of
the concepts studied. Additionally, students reported feeling
more comfortable asking questions and making mistakes
and helping and being helped by their peers in a more
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pleasant and dynamic learning environment. Concerning
the pre-class videos and the online interactive class, they
stated that these strategies allowed them to study the sub-
ject interactively, as they had questions to answer, helping
them verify what they were or were not understanding during
the study. Additionally, grading based on participation and
individual tests changed the way students studied, organized
their time, and engaged with the topics covered. It encour-
aged them to study not only for the exam but also helped
them identify what they were or were not truly learning.

DISCUSSION

Our results demonstrated positive effects of the blended
active methodology, as evidenced by improved performance
and lower increase in stress and anxiety levels before the
exam. However, this effect could potentially be attributed to

differences in prior knowledge of physiology, study habits,
or interest in the subject matter among the participating
groups. Considering that no significant differences were
observed between the groups in the diagnostic assessment
or the final course grades, the difference found in the exam
performance appears to be associated with the teaching
methodologies employed.

These findings are consistent with a previous study that
reported enhanced learning and reduced stress and anxiety
before a cardiac physiology exam taught through an educa-
tional game combined with formative assessments, com-
pared to a BP control systems exam taught through
traditional lectures (3). Therefore, the findings of the pres-
ent study reinforce the evidence that the use of active
methodologies in academic settings improves learning out-
comes while reducing test-related stress and anxiety, in
comparison with theoretical lectures.

Table 1. Scores obtained by students in assessments following instructional activities on blood pressure control
systems, using either a traditional methodology or blended active methodology

Learning assessment Traditional Methodology (n 5 50) Blended Active Methodology (n 5 49)

Diagnostic assessment 6.56 ± 1.72 6.74 ± 2.41 (P ¼ 0.6743)
Exam 7.27 ± 1.82 8.75 ± 1.17� (P < 0.0001)
Final course grade 8.12 ± 0.49 8.24 ±0.64 (P ¼ 0.0788)

Results are presented as mean ± SD. �Significant difference compared to the traditional method (Student’s t test). Learning assess-
ments and course grade were graded on a 10-point scale.

Figure 2. Salivary cortisol (A) and alpha-
amylase (B) concentration and anxiety lev-
els assessed by the State-Trait Anxiety
Inventory (STAI; C) of students, before the
exam administered after classes using tra-
ditional (n ¼ 50) or blended active (n¼ 49)
methodology, on blood pressure control.
�Statistically different from baseline values
within the same group. #Statistically differ-
ent from pre-exam values in the traditional
group (two-Way ANOVA þ Tukey’s test,
P< 0,05).
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The variations observed in salivary concentrations of cor-
tisol and alpha-amylase were within physiological ranges
and confirm that emotional factors influence learning (21).
Stress hormones can affect brain regions such as the hippo-
campus, amygdala, and bed nucleus of the stria terminalis,
which play a role in learning associations and the formation
of strong memories (23). The reduction in stress and anxiety
before the exammay have supported reasoning by integrat-
ing and selecting memorized information to solve the pro-
posed problems. This reduction in stress markers, along with
the student perception results, suggests that in the blended
active methodology, the variety of learning situations com-
bined with formative assessments appears to have promoted
a positive attitude toward organizing study routines and pre-
paring individually to solve in-class and exam problems with
greater confidence (3, 5, 23).

These results are also consistent with our previous study,
which evaluated a methodology implemented during remote
teaching (8). In that study, pre-class videos, educational
games, team activities, and exercises on a digital platform
were used to promote active learning in cardiac physiology
and to encourage students’ engagement in their learning pro-
cess. Positive feedback from participating students indicated
that these strategies contributed to better organization of their
study routines and fostered a greater sense of confidence
regarding the content learned.

According to students’ perception, the positive effects
observed in the present study may be related to the way the
content was introduced. Rather than beginning with a theo-
retical explanation, sessions started with questions illustrat-
ing the practical application of the topic in everyday
situations or dental clinical practice. This approach encour-
aged students to think critically about thematerial presented
and to perceive its relevance to their future professional
activities, helping to sustain interest in the class, the study
material, and the proposed activities. When students fail to
recognize the connection between course content and their
future practice, they are more likely to lose interest (15).

Additionally, formative assessments played a role in the
findings of the present study. In the traditional methodol-
ogy, the instructor delivered the content, students studied at
home, and learning was assessed through the exam. In con-
trast, in the blended active methodology used in this study,
various formative assessments were applied: quizzes embed-
ded in the pre-class videos, exercises in the online interac-
tive lesson, team discussions, and an individual test. The
students realized that the formative assessments allowed
them to recognize what they had understood and identify
their doubts. Therefore, they could adjust their study plans
accordingly (13). Formative assessments are a fundamental
premise of active learning methodologies, precisely because

they enable process-oriented evaluation, that is, assessment
of the teaching-learning process while it is still taking place
(15, 16). On the other hand, when only summative assess-
ment is applied at the end of the process, the class schedule
typically does not include opportunities to recoverunlearned
content. In such cases, part of the knowledge that should
have been acquired remains unlearned, which may under-
mine students’ confidence in their knowledge and affect
future learningof content, skills, and attitudes.

Also, the positive effects of the blended activemethodology
may be associated with the individual preparation before class
and collaborative interactions in class. The use of digital plat-
forms for flipped learning, in the present study, may have gen-
erated a more “pleasant and stimulating” learning process
because students are digital natives and enjoy and are used to
using electronic devices and digital tools (17). Medical students
reported increased attention and engagement (18) and nursing
students developed self-directed learning skills (19) during
interactive online learning. Flipped learning offers flexibility,
enabling students to learn at their own pace andmonitor their
progress through informal formative assessments.

Another factor to highlight is that, in the present study,
assigning participation grades motivated students to pre-
pare thoroughly for in-class activities, promoting a sense
of responsibility not only for their own learning but also
for their peers’ learning (20). Students reported that dur-
ing team discussions, they had the opportunity to receive
help from peers at one moment and offer help at another,
feeling more comfortable expressing their doubts. Such
processes are unlikely to occur in a traditional lecture-
based setting, where students primarily listen, watch, and
receive information without sufficient time to process
content and identify uncertainties (5). Another important
point is that group activities in class were carefully
planned and supervised by professors and teaching assis-
tants to ensure that all team members actively partici-
pated and remained focused on solving the proposed
problems. Interventions and guiding questions were
directed at students when signs of disengagement were
observed, such as inattentiveness or using mobile phones
for unrelated activities. This strategy also addressed a
common challenge in today’s classrooms: students’ diffi-
culty maintaining focus and interest during lessons and
academic activities.

Participation within teams was actively encouraged, foster-
ing a sense of belonging: a key factor in academic success dur-
ing higher education. In this environment, students were able
to develop communication and argumentation skills (21)
within a safe space for learning, where they felt comfortable
expressing doubts, makingmistakes, and learning from them
(22, 23). These processes may contribute to greater confidence

Table 2. Students’ perception of the usefulness of the strategies used in the hybrid active methodology group for
learning blood pressure control

Teaching-Learning Strategy Answer (n 5 45)

Team discussion on situations involving blood pressure changes during class 1 and class 2 4.53 ±0.59
Pre-class videos with questions (Edpuzzle) 4.24 ±0.91
Interactive class with exercises and immediate feedback on the online platform Lt-Kuracloud 4.76 ±0.53
Grading based on participation for pre-class videos, online interactive lessons, and in-class activities 4.60 ±0.91

Results are presented as mean ± SD.
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in their learning during summative assessments, which helps
explain the reduction in anxiety and stress observed.

Despite evidence of the positive effects of blended learning,
it is necessary to consider that its implementation requires
investment in infrastructure and personnel. Students must
have access to a good internet connection andmobile devices,
which should not be limited tomobile phones, since the qual-
ity of images and procedures may be restricted compared to
tablets and computers. The investment in personnel refers
to the need for teachers to have available time to prepare
activities and provide feedback on formative assessments.
Additionally, for group activities in large classes, it is often
necessary to have monitors available to supervise the
groups and guide students with their questions and prob-
lem-solving.

In contrast to the findings of the present study, some authors
have reported no significant differences in the academic per-
formance of students exposed to active learningmethodologies
compared to those taught through traditional approaches (24–
26). Although most of these studies noted increased student
engagement andmore favorable attitudes toward active learn-
ing strategies, they failed to demonstrate measurable improve-
ments in learning outcomes.Moreover, these studies often lack
details regarding how the active or innovative methods were
implemented, the extent of peer collaboration involved, or
whether activities were guided and supervised by instructors:
critical factors highlighted in our study. Additionally, formative
assessments, which played a central role in the teaching-learn-
ing process in this research, were not employed in those stud-
ies. It is important to note that simply shifting students from a
passive role of receiving information to one of active participa-
tion does not automatically translate into improved learning or
better preparation for applying acquired knowledge in future
professional contexts (8, 15).

In the present study, the professor explained the proposed
activities, asking students to reflect, both during in-class and
extracurricular tasks, whether they were investing in their
own learning, paying attention to the activities they were
engaged in, and adequately preparing for group discussions.
In this way, the goal was to encourage students’ metacogni-
tive skills, prompting them to consider whether they were
taking responsibility for their own learning and adopting
attitudes that would support meaningful, lasting learning. In
this way, the students could think about their own learning
process and the attitudes they adopt to support it (22).

This study followed a quasi-experimental design, as it
involved two distinct cohorts of students from different aca-
demic years. Although efforts were made to maintain similar
conditions between the groups, such as using the same instruc-
tors, content, and assessments, this design inherently limits
internal validity, as it was not possible to control for factors
unrelated to the intervention itself, such as differences in prior
academic preparation, motivation, or external circumstances
affecting each class. Therefore, we discuss the results while
acknowledging that interpretations are limited to the specific
conditions of the study, restricting broader generalizations.

To conclude, this study highlighted the positive impact of
adopting a blended active methodology for teaching BP con-
trol physiology in higher education, which also helped
reduce students’ anxiety and stress levels before assessments
when compared to conventional teaching approaches.
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