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Introduction

Teaching in the contemporary educational landscape

ABSTRACT

The Flipped Classroom Approach (FCA) is a pedagogical approach with the potential to promote
student engagement in higher education. This study aims to analyze students” perceptions of the
FCA, which is associated with the use of mind maps, problem-solving, group work, and seminars,
and with the strengthening of the four dimensions of student engagement, cognitive, behavioral,
emotional, and agentic, in a Numerical Analysis course. This qualitative study was conducted over
four months during the first semester of 2024, involving 28 students from a multi-disciplinary cohortat
a public university in southern Brazil. Data were collected through an open-ended questionnaire and
analyzed using IRaMuTeQ software. The results indicate that the adopted methodological strategies
fostered an integrated interaction among the dimensions of engagement. Cognitive engagement was
associated with content comprehension and application through collaborative problem-solving and
the use of mind maps. Behavioral engagement was evidenced by active participation in collective
activities and seminars. Emotional engagement was strengthened by peer support and teacher
mediation. Agentic engagement was highlighted through autonomy in prior preparation and in
proposing strategies. The findings suggest that the combination of these strategies contributes to a
participatory and self-regulated learning process.

RESUMO

A metodologia da Sala de Aula Invertida (SAI) configura-se como uma estratégia pedagoégica com
potencial para promover o engajamento estudantil no Ensino Superior. Este estudo tem como objetivo
analisar as percepcdes dos estudantes sobre a SAI, associada ao uso de mapas mentais, resolucao de
problemas, trabalho em grupo e seminarios, no fortalecimento das quatro dimensdes do engajamento
estudantil, cognitiva, comportamental, emocional e agente, em uma disciplina de Calculo Numérico.
Consistiu em uma pesquisa qualitativa com 28 estudantes de uma turma multicurso de uma
universidade publica do sul do Brasil, desenvolvida ao longo de quatro meses no semestre 2024.1,
com coleta de dados por questiondrio aberto e andlise via IRaMuTeQ. Os resultados indicam que
as estratégias metodologicas adotadas favoreceram uma interacdo integrada entre as dimensdes
do engajamento. O engajamento cognitivo foi associado a compreensao e aplicacdo dos contetdos
por meio da resolucdo colaborativa de problemas e do uso de mapas mentais. O engajamento
comportamental manifestou-se na participacao ativa em atividades coletivas e semindrios. O
engajamento emocional foi fortalecido pelo apoio entre os estudantes e pela mediacdo docente. O
engajamento agente destacou-se pela autonomia na preparagdo prévia e na proposicao de estratégias.
Conclui-se que a combinagdo dessas estratégias contribui para um processo de aprendizagem
participativo e autorregulado.
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from diverse fields such as Engineering and Education,
while simultaneously fostering interest and motivation.
These questions led to methodological changes in the

is challenging due to the diversity of national and insti-
tutional guidelines, as well as the different expectations
of professors and students in the classroom. In the con-
text of Mathematics courses in higher education, signifi-
cant challenges arise regarding how to instruct students

Numerical Analysis course at a public university cam-
pus in southern Brazil, resulting in the development of
research that has been refined over several semesters by
the same instructor.
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In this context, Academic Engagement emerges as a
key factor to address these methodological challenges and
enhance the teaching-learning process. This construct can
be analyzed in two complementary dimensions: Student
Engagement, focused on students themselves, and Insti-
tutional Engagement, related to institutional actions (Mar-
tins & Ribeiro, 2017). This research focuses on Student
Academic Engagement, emphasizing strategies to engage
higher education students given the complexity of content
and the abstraction of concepts (Fredricks et al., 2004).

Student Engagement encompasses four dimensions:
behavioral (active participation), emotional (motivation
and enthusiasm), agentic (autonomy in learning), and
cognitive (effort to understand concepts). These factors
are essential for improving academic performance and
promoting practical application of knowledge. Low en-
gagement levels are associated with demotivation, disin-
terest, and dropout (Lo & Hew, 2021). Therefore, promot-
ing engagement is fundamental for student retention as
well as for developing skills such as autonomy, analytical
thinking, and problem-solving, preparing students for
challenges beyond academia (Fredricks et al., 2004; Lo &
Hew, 2021; Gongalves & Aguiar, 2024).

In this context, the Flipped Classroom methodology
has proven to be a promising approach for engagement
(Bergmann & Sams, 2012; Gongalves & Aguiar, 2024). Ac-
cording to Bergmann and Sams (2012), this methodology
fosters student autonomy and optimizes classroom time
for practical activities, problem-solving, and interactive
discussions. Similarly, recent studies, such as those by
Cevikbas and Kaiser (2022) and Blass and Junqueira
(2025), affirm that this methodology promotes more ac-
tive and collaborative learning, aligning with contempo-
rary higher education demands.

This flipped model enables students to access the-
oretical content beforehand through videos, readings,
and other digital resources, as highlighted by Akcayir
and Akgcayir (2018). Research by Fredricks et al. (2004)
emphasizes that this approach significantly increases be-
havioral, emotional, agentic, and cognitive engagement.
Likewise, Lo and Hew (2021) show that it contributes to
better academic outcomes, reinforcing its positive impact
on learning. However, despite these benefits, low student
engagement during Flipped Classroom Approach (FCA)
implementation can hinder expected performance, com-
promising learning outcomes and academic interaction
(Steen-Utheim & Foldnes, 2018; Alebrahim & Ku, 2020;
Gongalves & Aguiar, 2024; Blass & Hemann, 2025).

Based on these premises, the objective of this research
is to investigate students’ perceptions of the Flipped
Classroom methodology, combined with the use of mind
maps, problem-solving, group work, and seminars, on
strengthening the four dimensions of student engage-
ment (cognitive, behavioral, emotional, and agentic) in
a Numerical Analysis course in higher education. This
study hypothesizes that the integration of the Flipped
Classroom with these complementary active learning
strategies may foster higher levels of student engagement
when compared to the isolated implementation of the tra-
ditional Flipped Classroom model. This premise guided
the planning of the pedagogical intervention and sup-
ported the analysis of students” perceptions regarding the
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cognitive, behavioral, emotional, and agentic dimensions
of engagement.

To achieve this, the study employs an exploratory
descriptive research design, following Gil’s (2002, p. 41)
framework, whose objective is to “provide greater famil-
iarity with the problem, aiming to make it more explicit
or to formulate hypotheses and improve ideas or discov-
er intuitions.” The analyses were conducted through a
qualitative phase, supported by the IRaMuTeQ software.

Theoretical framework

This section discusses the Flipped Classroom methodol-
ogy in educational research. Subsequently, research on Stu-
dent Engagement and active methodologies is highlighted.

Flipped Classroom Approach

The FCA is a pedagogical approach that reorganiz-
es the traditional teaching dynamics by structuring the
learning process into three distinct phases: the pre-class
phase, in which students access theoretical content
through videos, podcasts, and digital readings; the in-
class phase, dedicated to practical and collaborative ac-
tivities; and the post-class phase, where students apply
the knowledge acquired. This model repositions students
as protagonists of their own learning, promoting an ac-
tive and autonomous approach (Bergmann & Sams, 2012;
Bishop & Verleger, 2013; Baig & Yadegaridehkordi, 2023).

From this perspective, Schmitt and Cequea (2020)
highlight that the Flipped Classroom structure leverages
students’ cognitive potential by prioritizing skills such as
analysis, synthesis, and evaluation during in-class inter-
actions. According to these authors, this dynamic fosters
deeper and more meaningful learning while transform-
ing students from passive recipients of information into
active agents engaged in the knowledge construction
process. Furthermore, studies conducted by Spruijt et al.
(2015), Pavanelo and Lima (2017), and Baig and Yade-
garidehkordi (2023) indicate that this pedagogical model
significantly contributes to improved academic perfor-
mance, increased engagement, and strengthened collab-
oration among students.

In this regard, Akcayir and Akgayir (2018) emphasize
that creating flexible and student-centered environments
is essential to foster autonomous and continuous learn-
ing, contributing to the development of critical thinking.
Moreover, meta-analyses conducted by Lo and Hew
(2021) have demonstrated that the aforementioned peda-
gogical model significantly enhances academic outcomes,
increases student satisfaction, and promotes substantial
advances in conceptual understanding and engagement,
while simultaneously encouraging teamwork. In the
same context, Baig and Yadegaridehkordi (2023) high-
light that the integration of collaborative platforms and
online resources further enhances the learning experi-
ence, expanding both its scope and impact.

Despite the evident benefits, Blass et al. (2024) point
to substantial challenges in the implementation of the
Flipped Classroom. These challenges include the students’
need for prior study, adaptation to autonomous learning,
and increased faculty workload, especially in the creation
of materials and the development of specific pedagogical
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skills. Furthermore, low levels of student self-regulation
may compromise the effectiveness of the methodology,
particularly in contexts where independent study habits
are not well established (Debbag & Yildiz, 2021).

To mitigate these obstacles, Cevikbas and Kaiser (2022)
suggest strategies such as the rigorous structuring of pre-
class activities, the implementation of continuous assess-
ments, and the creation of collaborative environments.
They emphasize that ongoing feedback is essential to
maximize the methodology’s impact, demonstrating
that personalized pedagogical approaches can overcome
barriers and optimize learning outcomes. From this per-
spective, synthesis studies also indicate that the effective-
ness of the Flipped Classroom is strongly associated with
the quality of instructional design and the integration
of active learning strategies that provide cognitive sup-
port and foster systematic student involvement during
in-class activities. The meta-analysis conducted by Van
Alten et al. (2019) shows that learning gains tend to be
more consistent when the inversion of instruction is ac-
companied by structured pedagogical practices, such as
application-based tasks, guided interaction, and forma-
tive feedback.

Beyond the core principles of the Flipped Classroom
model, this study considers the integration of mind maps
as an essential pedagogical component rather than merely
a complementary activity. This inclusion aims to support
the organization of mathematical reasoning and to stim-
ulate the association of ideas, in line with the theoretical
proposal of Buzan (2005), as well as to reduce cognitive
overload frequently associated with abstract topics in Nu-
merical Analysis. In this sense, the combined instructional
design adopted in this research seeks to address some of
the limitations observed in traditional Flipped Classroom
implementations, particularly those related to students’
difficulties in structuring complex knowledge and sustain-
ing cognitive engagement throughout the learning process.

Student Engagement and Active Methodologies

Student engagement is recognized as an essential com-
ponent for effective and meaningful learning (Fredricks
et al., 2004; Reeve & Tseng, 2011). From this perspec-
tive, engagement is divided into four main dimensions
(Figure 1).

Active participation

Critical Thinking

- Attendance
Self-Regulation

Strategic Planning Sustained Effort

Deep Exploration Collaboration

Cognitive
\ Discipline

[ Behavioral

[ Student Engagement ]
Interest

Agentic /

Cognitive Autonomy

Proactivity

Empowerment Sense of Belonging

Value Creation Intrinsic Motivation

. Emotional
Decisional Autonomy, Appreciation of Learning

Critical Reflection Affective Connection
Figure 1: Engagement and its Dimensions

Source: Adapted from Fredricks et al. (2004); Reeve & Tseng (2011);
Reeve (2013).

Figure 1 presents the dimensions of student engage-
ment. Firstly, behavioral engagement refers to students’
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active participation in academic activities, such as class
attendance, task completion, and group collaboration.
According to Fredricks et al. (2004), this dimension is es-
sential to prevent school dropout, as active students tend
to be more involved in the educational environment.
Within the FCA framework, Gu et al. (2022) contend that
the Flipped Classroom methodology enhances this form
of engagement by prioritizing collaborative dynamics
during face-to-face classes. Furthermore, Lo and Hew
(2020) demonstrate that, when combined with gamifica-
tion elements, the Flipped Classroom increases students’
motivation, fostering greater participation —especially in
subjects like mathematics, where interactivity facilitates
the understanding of complex concepts (Cevikbas & Kai-
ser, 2022).

Secondly, cognitive engagement encompasses the
mental effort devoted to a deep understanding of con-
cepts and solving problems. Fredricks et al. (2004) state
that this dimension involves processes such as critical
thinking, self-regulation, and question formulation. From
this perspective, the Flipped Classroom has been shown
to be effective by freeing up in-class time for practical ap-
plications and in-depth discussions (Cevikbas & Kaiser,
2022). Thus, cognitively engaged students demonstrate a
greater capacity for strategic planning, progress monitor-
ing, and adjustment of strategies to achieve their goals,
even when faced with challenges (Reeve & Tseng, 2011;
Reeve, 2013; Lo & Hew, 2021).

On the other hand, emotional engagement refers to
students’ affective reactions, such as enthusiasm, satisfac-
tion, and reduced anxiety (Fredricks et al., 2004). In this
regard, Steen-Utheim and Foldnes (2018) highlight that
the Flipped Classroom contributes to creating a safe and
motivating environment where students feel more confi-
dent to interact and participate. Furthermore, Alebrahim
and Ku (2020) found that this methodology increases
emotional engagement due to class organization and in-
teractivity, while Busebaia and John (2020) demonstrated
that it enhances academic satisfaction and reduces drop-
out rates by fostering meaningful interactions between
students and instructors.

Finally, agentic engagement represents an innovative
dimension focused on students” active and constructive
participation in the teaching-learning process. Unlike the
other dimensions, it values students’ capacity to inten-
tionally shape the flow of the instruction, contributing to
a more meaningful learning environment. Such contribu-
tions include suggesting improvements, asking relevant
questions, expressing opinions, and adapting learning
to their needs and interests. Based on self-determination
theory, which considers autonomy, competence, and so-
cial relatedness as pillars of intrinsic motivation, agentic
engagement fosters an enriching educational experience
aligned with students” needs (Reeve & Tseng, 2011;
Reeve, 2013; Mameli & Passini, 2019).

Methodology and materials

This research employed a qualitative approach. The
methodology was structured in two stages: data collec-
tion and qualitative analysis, which are detailed in the
following subsections.
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Data collection, Participant Profile, and Methodological Framework

A total of twenty-eight students enrolled in the Numer-
ical Analysis course during the first academic semester of
2024 participated in the study. The class included students
from different degree programs: seven from Energy En-
gineering, seven from Chemical Engineering, six from
Mathematics Teaching, five from Production Engineering,
and three from Food Engineering, all identified as A1 to
A28. The Flipped Classroom methodology was applied
throughout the entire semester. Figure 2 illustrates the
methodological framework used during the semester.

Methodological Framework

Provided Materials >

< Assessment Process

Seminars Handouts

Individual Video Lessons

Groups | | Content Applications

Assessment using Rubrics
1 Classes

Discussion Circles

Individual and Group Assignments |

< Learning Methodologies and Tools

Study Groups

Flipped Classroom _Questionnaire Feedback
Problem Solving |
Individual Mind Maps

Collaborative Mind Maps

Teacher as Mediator
Students at the Center of Learning
| Use of Software in Classes

Figure 2: Methodological Framework of the Course

Source: Authors

Figure 2 illustrates the methodological framework ad-
opted in the course throughout the semester. The course
was structured based on the Flipped Classroom method-
ology, combining activities such as individual and col-
laborative mind maps, problem-solving, seminars, and
rubric-based assessments. Classes were organized so that
students accessed the content beforehand through video
lectures and handouts, allowing classroom time to be de-
voted to discussion, practical application of concepts, and
group problem-solving. The instructor acted as a facilita-
tor, encouraging collaboration and knowledge exchange
among students. This model aimed not only to facilitate
content comprehension but also to strengthen student en-
gagement across its cognitive, behavioral, emotional, and
agentic dimensions.

In the pre-class phase, study materials were provided
for students to prepare in advance by creating concept
maps. After this preliminary study, students completed
self-assessment questionnaires (Google Forms) and sub-
mitted their concept maps. The instructor analyzed their
performance and organized the class accordingly. During
class, students engaged in collaborative activities, includ-
ing the construction of group concept maps, application of
knowledge, presentations, and problem-solving. The in-
structor provided continuous feedback, and students re-
flected on the learning process, fostering the formalization
of concepts. In the post-class phase, students revised their
concept maps based on feedback and applied the studied
concepts, reinforcing the learning cycle. This structure
integrates active learning strategies, promoting greater
engagement and deeper understanding of the content.

Data collection took place through observations con-
ducted by the instructor-researcher during classes, and
at the end of the semester, students completed an evalu-
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ative questionnaire designed and administered via Goo-
gle Forms to gather qualitative data. The instrument was
administered specifically during the final week of the
academic semester, after students had fully experienced
the pedagogical cycle structured around the Flipped
Classroom model and its associated instructional strat-
egies, allowing participants to provide a reflective and
comprehensive evaluation of the formative experience.
To ensure the ethical use of the data, all participants were
invited to read, consent to, and sign the Informed Con-
sent Form (ICF), which was also made available through
the same platform. This approach ensured practicality
in data collection while maintaining compliance with
ethical research standards. Considering the researcher’s
dual role as the course instructor, procedural measures
were adopted to minimize potential influences related
to social desirability and the power dynamics inherent
in the educational context. In this regard, the anonymity
of responses, voluntary participation, and the use of sys-
tematic textual analysis procedures were ensured, aiming
to strengthen the interpretative consistency of the results.

Qualitative Data Analysis

According to Creswell (2010, p. 211), “qualitative re-
search is an interpretative inquiry, with the researcher
typically engaged in a sustained and intensive experi-
ence with the participants.” The qualitative phase of this
study involved an open-ended question — administered
via Google Forms at the end of the semester — “In what
ways did the experience with the flipped classroom meth-
odology, combined with learning tools (problem-solving,
individual and collaborative mind maps), the evaluation
process (seminars, individual and group assignments),
and the provided materials (handouts, video lessons,
and content applications) impact your engagement as a
student? Please evaluate and describe your perceptions,
highlighting positive aspects, challenges faced, and
changes in your behavioral, agentic, emotional, and cog-
nitive engagement throughout the semester.”

To assist in the analysis of qualitative data, the software
Interface de R pour les Analyses Multidimensionnelles de Textes
et de Questionnaires (IRaMuTeQ) was used, which is recog-
nized for its capacity to explore the structure and orga-
nization of discourses. This tool allows the identification
of relationships among the lexical worlds most frequently
mentioned by the participants (Camargo & Justo, 2013).
Among the methods employed, the following stood out:

1. Similarity analysis is a technique based on graph
theory used to identify and graphically represent
relationships between words in a textual corpus.
The most connected and central terms in the graph
reflect the thematic cores of the text, allowing the
identification of patterns and semantic structures.
This technique is useful for revealing associations
of meaning and for understanding the organiza-
tion of ideas in a set of textual data;

2. Descending Hierarchical Classification (DHC),
which allowed the identification of a dendrogram
with emerging classes. In this process, the higher
the x2 value, the more associated the word is with
the identified class, with words considered signif-
icant when x2 > 3.80 and p < 0.05 (Lahlou, 2012).
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Results and discussion

This section presents the qualitative results of this
study, organized in accordance with the adopted meth-
odological approach, and accompanied by discussion.

Reflections Based on the Qualitative Dimension of the Research

The first analysis was conducted using data obtained
from the questionnaire completed by students at the end
of the semester (related to the question in Section 3.2),
collected through a digital form structured around a sin-
gle open-ended reflective question, in which participants
were instructed to provide discursive responses with
an approximate length of six to eight lines, considering
the methodological structure adopted throughout the
term —including mind maps (individual and collabora-
tive), group work, seminars, rubric-based assessments,
and the provided materials (handouts, video lectures,
and content applications), as presented in Figure 2. For
this analysis, similarity analysis was chosen, as it allows
for the identification and visualization of the connections
between the most frequently used terms by the students,
revealing patterns of association among them. The qual-
itative analytical process was conducted by the principal
researcher through in-depth reading and iterative inter-
pretation of the textual corpus, aiming to ensure interpre-
tative consistency and analytical rigor. Figure 3 presents
the results of this analysis, conducted with the aid of the
IRaMuTeQ software, which generates a graph in which
the most central terms and the strongest connections re-
flect the main themes addressed by the students, enabling
a clear interpretation of the semantic structure of the an-
alyzed corpus.

explanation
admotivation

exercise ‘moment bite praetice

$tep_by_SteD | piern

practcal final

e
fresert concept motivate

solve
opportunity

topicSubject

suggestion

dlarifpPiRiON press

ex
understand propose airectly

environment

<= professor

emationally f

: collaboratiSifeate,

question deep 7
apply meaningiul

areE contribute

consoligate —
strengthen
explagncourage learn
great o)
e bynamic
video activity stay

doubt
||me\
"N o1ass patticipation

addition

idea
approach support
give

difficut

z:olls.-ag&&““"m

positive collaborative

discussion IMvolvemen pricmanage

o Rz seminar

PEPA(  ssionatticipate
woiegoog

focus
ke led;
o ﬂig&sﬂ_ﬁggsarg%mem actel

active

work promate - group

debate
exchange

real
baseinteraction

sssssssssss
ssssss

Figure 3: Similarity Analysis of the Qualitative Data

Source: Research Data

Figure 3 presents the similarity analysis, which makes
it possible to identify the connections among the most re-
current terms in students’ reports, revealing patterns of
association and central thematic cores, analyzed in light of
the dimensions of student engagement. Cognitive engage-
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ment refers to the degree of students” intellectual invest-
ment in the processes of comprehension, conceptual elab-
oration, and application of academic content, especially in
disciplines that require abstract mathematical reasoning,
such as Numerical Analysis. In the similarity graph, this
dimension is evidenced by the recurrence and centrality
of terms such as understand, content, concept, solve, ex-
ercise, problem, numerical, and calculus, which indicated
an engagement oriented toward deep conceptual under-
standing and the systematic resolution of problems.

Students’ responses indicated that prior preparation, a
structuring element of the Flipped Classroom methodolo-
gy, was decisive for understanding the content developed
in class. One respondent stated that “Going to class already
knowing what is being discussed helps a lot with engagement”
(A5). This excerpt shows that early contact with the con-
tent favored the activation of prior knowledge, allowing
face-to-face time to be directed toward application, prob-
lem-solving, and conceptual discussion. Another student
reinforced this aspect by highlighting the role of cognitive
organization provided by instructional resources: “Mind
maps helped a lot to better understand the content and connect
the concepts” (A1l).

Cognitive engagement also manifested itself signifi-
cantly in collaborative activities, particularly when stu-
dents assumed the role of knowledge mediators. In this
regard, one participant pointed out that “When we explain
to a classmate, we end up understanding the content better”
(A2). This perception was emblematically synthesized by
another respondent, who stated that “Those who teach learn
twice” (A8), indicating that the process of making reason-
ing explicit contributed to the consolidation of learning.

In addition, students recognized that cognitive engage-
ment involves intellectual effort, facing difficulties, and
gradual progression in learning. One report highlighted
this process by stating that “At the beginning, I had a lot
of difficulty with some methods, but with the exercises
and explanations I gradually managed to understand bet-
ter” (A13). Another participant reinforced this perspec-
tive by noting that “Problem-solving activities required a lot
of reasoning, but they helped a lot in learning” (A21).

These excerpts indicate that cognitive engagement
is not limited to the passive assimilation of content but
involves persistence, deliberate practice, and continuous
reconstruction of knowledge. Thus, the data suggest that
the Flipped Classroom, combined with collaborative
problem-solving and the use of mind maps, fostered
students’ cognitive engagement. The analysis shows that
this engagement was enhanced by collaborative work in
problem-solving, as expressed by one participant: “The
teacher proposed more challenging exercises that forced us to
seek different strategies to solve the problems” (A17). Fur-
thermore, the term “classmate” appeared semantically
connected to “learning” and “explaining,” indicating that
peer interaction played a central role in the development
of conceptual understanding, as reported by another stu-
dent: “During the activities, I felt more confident because |
had discussed the content with my classmates in groups” (A3).
These findings converge with Gu et al. (2022), who em-
phasize that prior preparation and participation in col-
laborative activities promote critical reflection and deep-
er understanding of academic content.
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Behavioral engagement refers to the observable actions
of students in the learning process, such as participation
in activities, involvement in assigned tasks, attendance,
compliance with deadlines, and collaboration in group
dynamics. In the similarity graph, this dimension is ev-
idenced by the strong recurrence and interconnection of
terms such as class, participate, activity, group, work, as-
signment, seminar, study, and discussion, which indicate
active and continuous involvement in the pedagogical
practices proposed throughout the semester.

Students” statements reveal that the Flipped Class-
room promoted a consistent pattern of participation over
the academic term. One respondent stated that “I actively
participated in classroom activities and group work” (Al). An-
other student reinforced the regularity of engagement in
the proposed tasks by reporting that “I completed all the ac-
tivities requested during the semester” (A6), demonstrating
commitment to the established pedagogical demands.

Group work emerges as a central element for behav-
ioral engagement, as it stimulates interaction, shared
responsibility, and active participation. In this regard,
one participant highlighted that “When we work in groups,
everyone ends up participating more” (A14). Moreover, sem-
inars and debates were mentioned as key spaces for ac-
tive participation, as they require prior preparation and
student positioning, as expressed in the following state-
ment: “In the seminars, I needed to prepare better in order to
participate in the discussion” (A9).

Even among students who report lower levels of ver-
bal participation, effective involvement in practical ac-
tivities was observed, as evidenced by the excerpt: “I do
not talk much in class, but I always participated by doing the
activities and submitting the assignments” (A18). Another
respondent directly associated the methodology with a
change in classroom behavior by stating that “With the
flipped classroom, I felt more active during classes, not just
watching” (A22), indicating a transition from a more pas-
sive attitude to a more engaged form of participation.

These reports indicated that behavioral engagement
was sustained by a methodological structure that re-
quired continuous participation, prior preparation, and
involvement in collaborative activities. Thus, the data
demonstrated that the Flipped Classroom fostered behav-
ioral engagement, characterized by active participation,
systematic completion of tasks, and the effective presence
of students in the proposed activities throughout the se-
mester. In line with these findings, Lo and Hew (2020)
show that group work and the exchange of ideas during
discussions in flipped classrooms promote more active
behaviors and contribute to better content retention. In
line with this, the recurrence of the term discussion, se-
mantically connected to group and work, indicated that
the Flipped Classroom format stimulated the exchange of
ideas and active classroom behavior, as evidenced by the
statement: “The flipped classroom made us discuss more in
groups, and this made learning more interesting” (Al4).

Emotional engagement refers to students’ affective
reactions to learning experiences, including feelings of
motivation, interest, enthusiasm, confidence, anxiety, or
demotivation. In the similarity graph, this dimension was
evidenced by lexical clusters associated with terms such
as feel, motivation, motivate, feedback, confidence, en-
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courage, demotivation, and environment, indicating that
emotional aspects played a central role in the experience
of the Flipped Classroom.

Students’ statements reveal that the adopted method-
ology fostered predominantly positive affective respons-
es toward the learning process. One respondent stated
that “I felt much more motivated to study when the classes were
more participatory” (A5). Another student highlighted the
emotional impact of collaborative activities by reporting
that “Working in groups made the class lighter and less tiring”
(A12). Peer support emerged as a fundamental element
in strengthening emotional engagement, as expressed by
one participant: “When one classmate helps another, it makes
you more willing to keep studying” (A17).

Teacher mediation also proved to be decisive in build-
ing an emotionally supportive learning environment. In
this regard, one student reported that “The teacher always
encouraged us and provided feedback, which made me feel more
confident to learn” (A4). Another respondent reinforced
the importance of feedback in strengthening academic
confidence by stating that “The feedback helped me under-
stand where I was making mistakes, and this made me feel more
confident” (A10), highlighting the role of formative feed-
back in students” emotional support.

However, the data also revealed emotional fluctua-
tions, evidencing the complexity of this dimension. One
student reported that “At some moments I felt demotivated
due to a lack of time to study” (A13). This excerpt demon-
strated that emotional engagement does not present itself
homogeneously, but rather as a dynamic process sen-
sitive to students’ personal and contextual conditions.
Even so, the predominance of positive reports indicated
that the Flipped Classroom, by promoting interaction,
mutual support, and continuous teacher mediation, con-
tributed to emotional engagement characterized by high-
er motivation, confidence, and a sense of belonging to the
learning process.

Thus, it became evident that the emotional support
provided by peers and teachers contributed to creating
a psychologically safe environment, strengthening stu-
dents” motivation and interest and promoting emotional
engagement (Reeve & Tseng, 2011). The strong semantic
connection between the terms “classmate” and “interact”
suggested that emotional engagement was reinforced by
peer support and motivation, as illustrated in the follow-
ing statement: “During the presentation of the assignments,
the entire group was involved and motivated. Collaboration
was essential for us to feel safe and confident” (A9).

Additionally, teacher support and guidance through-
out the learning process contributed to strengthening
agentic engagement, as they stimulated students” autono-
my and expanded their freedom to propose, test, and ad-
just solutions (Cevikbas & Kaiser, 2022). This aspect was
evidenced by one participant’s report: “I felt welcomed
when the teacher adjusted the activity according to our feed-
back. This gave me more confidence to participate in the next
activities” (A11). Constructive feedback and the emotion-
al support provided by the teacher reinforced students’
sense of belonging and motivation, contributing signifi-
cantly to the strengthening of emotional engagement (Gu
et al., 2022).
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Agentic engagement refers to students” capacity to act
intentionally, autonomously, and proactively in the learn-
ing process, influencing the learning process, expressing
ideas, proposing strategies, and assuming responsibil-
ity for their own learning trajectories. In the similarity
graph, this dimension was evidenced by the recurrence
and interconnection of terms such as contribute, apply,
propose, idea, autonomy, exchange, learn, and collabo-
rative, which indicate that students moved beyond a pre-
dominantly reactive stance and assumed an active role in
constructing knowledge.

Students’ statements revealed that the Flipped Class-
room fostered the development of a sense of responsi-
bility and academic agency. One respondent stated that
“I felt more responsible for my learning because I needed to pre-
pare before class” (A15). Another student highlighted au-
tonomy in decision-making during activities by reporting
that “We had the freedom to choose how to solve the problems,
and this made me participate more” (A7). The possibility of
expressing ideas and proposing solutions emerged as a
central element of agentic engagement, as evidenced by
the following statement: “We could share our opinions and
suggest different ways to solve the activities” (A19).

In addition, students recognized that their actions ex-
erted a direct influence on the development of classes,
indicating a more horizontal relationship within the peda-
gogical process. In this regard, one participant stated that
“The teacher listened to our suggestions, and some changes hap-
pened as a result” (A5). Another respondent reinforced this
perception of impact by highlighting that “I felt that my
participation really made a difference in class” (A21), which
evidenced the recognition of the student as an active sub-
ject in the educational process.

These reports demonstrated that students did not limit
themselves to executing the proposed tasks but acted as
agents of their own learning process by regulating their
actions, making decisions, and influencing the peda-
gogical environment. Thus, the data indicated that the
Flipped Classroom fostered agentic engagement, char-
acterized by autonomy, initiative, shared responsibility,
and the capacity for conscious intervention in the educa-
tional process, in line with the findings of Steen-Utheim
and Foldnes (2018).

The second analysis conducted on the qualitative
data from the open-ended question (referenced in item
3.2) employed the IRaMuTeQ software with Descending
Hierarchical Classification (DHC). According to Martins
et al. (2022) and Magno and Gongalves (2023), this meth-
od closely resembles Discursive Textual Analysis (DTA).
It is important to emphasize that DHC analyses require
a minimum retention of 75% of text segments to be ef-
fective for classifying any textual material (Camargo &
Justo, 2013 and 2016).

The textual corpus consisted of twenty-eight texts cor-
responding to the responses to the open-ended question.
After analysis using IRaMuTeQ, the corpus was divid-
ed into 115 text segments (TS), with 95 segments (84%)
retained. A total of 4,114 occurrences (words, forms, or
lexemes) emerged, comprising 1,096 distinct words, of
which 650 appeared only once.
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’ Textual Corpus (95 STs — 84% Utilization) ‘
|

Class 1 (44 %, 42 STs) Class 2 (56%, 53 STs)
“Engagement and Learning” “Perceptions of the Flipped
Classroom”

‘Word f x? Word f X2
Engagement 19 19 Method 8 7
Opportunity 7 9 Moment 8 7
Feedback 7 6 Exercise 7 6
Learning 7 5 Learn 10 5
Teacher 28 4 Help 10 5
Participation 6 4 Involve 6 5
Freedom 6 4 Engage 5 4

Figure 4: Dendrogram of the CHD classes

Source: Research data

Figure 4 represents the two main classes identified:
“Engagements” and “Perceptions of the Flipped Class-
room.” Each class groups words associated with their
respective themes, listed according to their frequency
(f) and x? value, indicating the strength of association be-
tween the words and the categories (Lahlou, 2012).

Class 1 reflects how the FCA directly impacted student
engagement and learning. Elements such as “engage-
ment,” “opportunity,” “feedback,” and “freedom” indi-
cate that students perceived the methodology as promot-
ing active and reflective participation. As highlighted by
Fredricks et al. (2004), engagement comprises emotional,
behavioral, and cognitive dimensions. This perspective is
evident in responses such as: “I tried to be as participative as
possible, as well as complete all the activities proposed during
the semester [...] both the doubt-solving sessions and the activi-
ties were very good” (A1). Here, emotional and behavioral
engagement is notable, especially through the apprecia-
tion of the professor’s constant feedback.

Additionally, the central role of the professor appears
in responses such as: “The professor was always concerned
with the impact of their teaching, and this is of utmost impor-
tance to us students” (A2). Reeve and Tseng (2011) sup-
port this view by highlighting that student autonomy
and motivation are strengthened when the professor acts
as an active mediator, fostering a collaborative learning
environment. Another relevant point is the impact of
feedback on the construction of learning, mentioned in:
“During the semester, I had several opportunities to express
my opinions and suggestions [...] the professor welcomed my
suggestions positively, implementing some of the changes in
subsequent activities” (A5). This reinforces Fredricks et al.
(2004) idea that emotional engagement is strengthened
when students feel their contributions are valued.

Pedagogical practices that include collaborative ac-
tivities, challenging yet accessible tasks, and continuous
feedback are effective in encouraging behavioral engage-
ment (Steen-Utheim & Foldnes, 2018). For example, the
use of methods such as the Flipped Classroom provides
more opportunities for students to actively participate in
debates, group projects, and problem-solving, reinforc-
ing their presence in the classroom (Cevikbas & Kaiser,
2022; Gu et al., 2022). Pedagogical practices involving col-
laborative tasks and accessible challenges are effective in
strengthening behavioral engagement (Steen-Utheim &
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Foldnes, 2018). The use of FCA provides more opportu-
nities for students to actively engage in discussions and
problem-solving, promoting more meaningful learning
(Cevikbas & Kaiser, 2022).

Emotional engagement also plays a crucial role in
learning, as it is directly related to students” interest, en-
thusiasm, and affective connection. Fredricks et al. (2004)
associate this dimension with intrinsic motivation and a
sense of belonging. For example: “I really liked how the pro-
fessor gave us freedom to participate and share our opinions;
I felt more motivated to learn” (A3). This perception reflects
the impact of an emotionally supportive environment,
which, according to Reeve and Tseng (2011), strength-
ens students” confidence and enthusiasm. The students’
statements reinforce the idea that emotional engagement
was promoted by the adopted methodology:

A20: Despite feeling emotionally tired due to daily tasks, my motivation is
to seek knowledge.

A15: 1 felt motivated to participate in classes. The environment becomes
much more welcoming.

A9: During group discussions and feedback sessions, I had the opportunity
to express my opinions and doubts.

(Excerpts from students’ responses)

Cognitive engagement promotes meaningful and last-
ing learning, enabling students to develop connections
between concepts and transferable skills applicable to
different academic and professional contexts (Fredricks
et al., 2004). The Flipped Classroom encourages practices
such as critical analysis, synthesis, and practical applica-
tion, as highlighted in the students” statements:

Ab: The combination of theory and practice in problem-solving motivated
me greatly, as I could directly see the application of the concepts.

A3: 1 felt prepared for the classes; I really felt that the concepts and their
application were well aligned.

A17: This helped a lot in learning, especially when applying knowledge to
everyday situations.

A10: It helped me better organize my doubts, always bringing well-prepa-
red questions to class.

(Excerpts from students’ responses)

These examples reflect how the methodology promot-
ed the use of learning strategies, helping students han-
dle complex problems and develop autonomy (Reeve &
Tseng, 2011). Agentic engagement involves students’ ac-
tive participation in defining learning goals and methods
(Reeve, 2013; Mameli & Passini, 2019). In this context, the
use of problem-solving was found to be associated with
increased student engagement, as it fostered more partic-
ipatory classes, encouraged students” active involvement
in developing solutions, and enhanced cognitive engage-
ment with mathematical content (Blass et al., 2025). This
dimension was strengthened through strategies that al-
lowed students to express opinions and suggest improve-
ments, as evidenced in the responses:

A3: The professor always made it clear that I could verbalize my questions
at any time.

A4: The Flipped Classroom method encourages me to stay active and moti-
vated throughout the semester.

A21: I had several opportunities to express my opinions during the surveys.
The professor was receptive and implemented some of the suggestions.
A26: The flipped class provided me with more and better interaction with
the professor.

A22: Certainly, whether during classes with the professor asking if we had
questions or afterward clarifying our doubts.

(Excerpts from students’ responses)
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Mameli and Passini (2019) highlight that agentic en-
gagement requires students to take responsibility for
their learning, while Reeve and Tseng (2011) suggest that
autonomy should be developed gradually to maximize
its effects.

Class 2 reveals how students perceived the impact of
the FCA in terms of method, collaboration, and practi-
cal application. Words such as “method,” “help,” and
“learn” emphasize the role of flipped teaching in pro-
moting active and collaborative learning. One of the most
valued features by students was prior preparation, as de-
scribed: “By studying the content beforehand through videos
and readings, students arrive at class better prepared and more
motivated to actively participate in discussions and proposed
activities” (A10). This statement reflects the findings of
Cevikbas and Kaiser (2022), who point out how the FCA
transforms class time into a space for practical and inter-
active activities.

The impact of collaboration is also evident in respons-
es such as: “By studying the material in advance, they partici-
pate more actively in group discussions and in-class activities,
which strengthens collaboration and mutual learning” (AS).
According to Lo and Hew (2021), this exchange of ideas
and interaction among students is essential for knowl-
edge construction in an active model.

Another highlighted aspect was the motivation gener-
ated by the method, as described in: “Group work engages
the student and captures their attention [...] it makes us want to
understand the subject better” (A2). These results align with
the findings of Steen-Utheim and Foldnes (2018), who
emphasize the role of active methodologies in increasing
students” interest and retention of concepts.

Group activities were mentioned as precursors to
engagement, highlighting interaction and the collective
construction of learning. Examples of this are found in
the following student responses:

A2: In the case of group work, the Flipped Classroom creates a collaborative
environment, since all students have prior contact with the material and can
dedicate class time to solving questions and applying the learned concepts.
A12: During group work, the extra incentive to help others assists in studying.
A19: In group studies, we gather and clear each other’s doubts with our peers.
A24: Explaining concepts to others during debates was a valuable lear-
ning experience.

A13: Group discussions were fundamental for consolidating the understan-
ding of the more difficult topics.

A2: Group work engages the student and captures their attention, and it
makes me much more involved, as exemplified by our last project.

A18: By studying the material beforehand, I was able to collaborate better
with my classmates during discussions and activities.

(Excerpts from student responses)

These examples reinforce the importance of collab-
orative activities in promoting participatory learning.
Despite the positive outcomes, some challenges were
mentioned. Some students reported initial difficulties
with the flipped format: “At first, it was confusing to know
what to study beforehand and how it would be used in class”
(A9). This difficulty points to the need for a gradual in-
troduction to the method, as suggested by Cevikbas and
Kaiser (2022). Furthermore, not all students participated
equally in group activities, as highlighted: “Some class-
mates get less involved, which overloads those who want to par-
ticipate” (A1l). These challenges indicate the importance
of strategies to balance group responsibilities, as well as
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providing initial support and structured feedback, as em-
phasized by Steen-Utheim and Foldnes (2018).

Thus, it can be observed that the two classes reveal
complementary aspects of the methodology’s impact:
while Class 1 highlights the strengthening of the bond
with the teacher and the direct effect on engagement,
Class 2 demonstrates how the dynamics of the Flipped
Classroom and the use of active strategies were perceived
by students as key factors for improving understanding
and participation in the classroom.

Unlike previous studies (Fredricks et al., 2004; Reeve
& Tseng, 2011; Cevikbas & Kaiser, 2022), which pointed
to the overall positive impact of the Flipped Classroom
on academic engagement, this study highlights that the
structured combination of concept maps, seminars, and
problem-solving significantly strengthened agentic en-
gagement, fostering student autonomy and responsibility
in the learning process. In this sense, the results show that
the collaborative construction of mind maps plays an im-
portant role in promoting active learning environments,
because it encourages meaningful interaction among
peers, collaborative problem-solving, and the co-con-
struction of knowledge (Blass & Rhoden, 2024). The dis-
tinctive feature of this approach lies in the dynamic inter-
action among these strategies, which allowed students not
only to better understand the content but also to actively
participate in knowledge construction. Furthermore, the
professor’s active role as a facilitator, combined with the
encouragement of group collaboration, established a psy-
chologically safe environment, enhancing motivation and
reinforcing emotional engagement. These results indicate
that the intentional combination of these methodologies
creates a cycle of participatory and self-regulated learn-
ing, promoting greater student involvement.

In this case, group problem-solving strengthened crit-
ical thinking and conceptual understanding (cognitive
dimension), while constant interaction with peers and
support from the instructor created a psychologically safe
environment, increasing motivation and a sense of belong-
ing (emotional dimension). The presence of collaborative
and assessment activities based on seminars fostered au-
tonomy and responsibility for learning (agentic dimen-
sion), as students were encouraged to propose solutions
and actively contribute to the teaching-learning process.
The continuous effort to solve problems and discuss solu-
tions, combined with teamwork, reflected more active and
participatory academic behavior (behavioral dimension).
These findings demonstrate that the specific combination
of these strategies within a Numerical Analysis teaching
context offers a significant and distinctive impact on stu-
dent engagement, addressing methodological issues pre-
viously identified in the researcher’s earlier experiences.

Conclusion

The results of this study demonstrate that the strategic
combination of the Flipped Classroom Approach (FCA)
with the use of mind maps, seminars, and problem-solv-
ing activities within a Numerical Analysis context had a
direct and significant impact on strengthening the four
dimensions of academic engagement (cognitive, behav-
ioral, emotional, and agentic). This integrated approach
not only promoted a deeper understanding of mathemat-
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ical content but also stimulated active participation, moti-
vation, and a sense of autonomy among the students. The
originality of this research lies in the interaction between
these methodological strategies, which created a dynamic
learning cycle: the prior preparation through mind maps
strengthened confidence in participating in seminars and
discussing solutions, while group work and instructor
encouragement consolidated student involvement and
self-regulation throughout the semester.

Furthermore, qualitative reports reinforced the pos-
itive impact of practical activities and continuous feed-
back, which were perceived as essential for fostering re-
flective and collaborative learning. Students highlighted
the transformative role of the FCA in bridging theoretical
concepts with practical applications, consolidating stu-
dents’ active role in the learning process.

However, some limitations should be considered, such
as the sample size, consisting of twenty-eight students,
and the fact that the study was conducted in a single insti-
tution, which restricts the generalizability of the findings.
Future research could expand the sample and include dif-
ferent educational contexts. These findings reinforce the
potential of the combined strategies used with the FCA as
a strategic tool to enhance student engagement in high-
er education, with the possibility of replication in other
educational contexts and disciplines that demand higher
engagement and conceptual abstraction.
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