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Abstract

This study examined the interplay between motivation, engagement, and the development of scientific literacy in
students. The research, focusing on 27 students enrolled in Industrial Automation technical courses at a Federal Network
of Professional, Scientific, and Technological Education (RFEPCT) institution, employed an instructional model to
collect empirical data. Using Bardin's content analysis, we identified correlations among various scientific literacy
indicators (aligned with PISA competencies) and evidence of intrinsic and extrinsic motivation, as well as emotional,
behavioral, and cognitive engagement. Our findings reveal that while intrinsic motivation and cognitive engagement
positively correlate with higher scientific literacy levels, other forms, such as extrinsic motivation, are associated with
inconsistent or lower proficiency. The study suggests that motivation and engagement, though essential for promoting
initial participation and interest, are ultimately insufficient conditions for achieving sophisticated scientific literacy. We
interpret that the full development of scientific literacy, particularly competencies requiring great analytical and
evaluative skills, is contingent upon the existence and cultivation of higher psychological functions, such as critical
thinking and abstract reasoning, a prerequisite not automatically ensured by motivation or engagement alone.
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Resumen
Este estudio examino la interaccion entre la motivacion, el compromiso y el desarrollo de la alfabetizacion cientifica en
estudiantes. Centrada en 27 estudiantes de cursos técnicos de Automatizacion Industrial de una institucion de la Red
Federal de Educacion Profesional, Cientificay Tecnologica (RFEPCT), la investigacion empled un modelo instruccional
para recopilar datos empiricos. Utilizando el analisis de contenido de Bardin, establecimos correlaciones entre diversos
indicadores de alfabetizacidn cientifica (alineados con las competencias de PISA) y la evidencia de motivacion intrinseca
y extrinseca, asi como de compromiso emocional, conductual y cognitivo. Nuestros hallazgos revelan que, si bien la
motivacion intrinseca y el compromiso cognitivo se correlacionan positivamente con niveles més altos de alfabetizacion
cientifica, otras formas de motivacion, como la extrinseca, arrojan un nivel de competencia inconsistente o inferior. El
estudio sugiere que la motivaciony el compromiso, si bien esenciales para promover la participacion y el interés iniciales,
son, en Ultima instancia, condiciones insuficientes para lograr una alfabetizacion cientifica sofisticada. Interpretamos que
el pleno desarrollo de la alfabetizacion cientifica, en particular de las competencias que requieren profundas habilidades
analiticas y evaluativas, depende de la existencia y del desarrollo de funciones psicologicas superiores, como el
pensamiento critico y el razonamiento abstracto, lo cual no se garantiza automaticamente con la motivacién o el

COMpromiso.
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I. INTRODUCTION

Scientific and technological advancements influence
everyone's daily life. However, as Venezuela [1] points out,
people rarely apply this information to their everyday lives,
and schools reflect this as well. Young people need to learn
science and technology to be citizens today. Consequently, it
is crucial to promote scientific literacy (SL) [2, 3]. The
Organization for Economic Co-operation and Development
(OECD) defines SL as follows in its Programme for
International Student Assessment (PISA):
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[...] the capacity to engage with science-related
issues and with the ideas of science, as a reflective
citizen. A scientifically literate person is willing to
engage in reasoned discourse about science and
technology, which requires the competencies to
explain phenomena scientifically, evaluate and
design scientific inquiry, and interpret data and
evidence scientifically [4].

In the Brazilian National Common Curricular Base
(BNCC), SL is described as:
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[...] the ability to understand and interpret the world
(natural, social, and technological), but also to
transform it based on the theoretical and procedural
contributions of science. In other words, learning
science is not the ultimate goal of literacy, but rather
the development of the ability to act in and on the
world, which is important for the whole exercise of
citizenship [5], p. 273.

These texts emphasize the importance of encouraging
scientific literacy (SL) in the classroom. Moreover, a study of
PISA data on science education reveals that only 1% of
participating Brazilian students applied their scientific
knowledge to a set of given problems and scenarios. These
results are confirmed by Dantas and Deccache-Maia [6]. In a
review of the literature conducted by Cabral and Avila [7], a
large percentage of the studies on SL that were published in
education journals between 2013 and 2016 by the
Coordination for the Improvement of Higher Education
Personnel (CAPES) suggest that the Brazilian population's
level of this competence is still low. They also argue against
the necessity of additional SL publications.

Teaching and learning must be rethought with an emphasis
on SL, as this impacts students' civic formation [6, 8, 9, 10].
According to Lovato et al. [11], one possible explanation for
students' disinterest in designing their own learning process is
the reliance on conventional teaching strategies. Leite and
Bonamino [12] further link these deficiencies to the divide in
fields that focus on scientific knowledge. Although many
factors can influence the development of this important
competence, this work focuses on investigating students'
motivation and engagement.

The two main categories of motivation are extrinsic and
intrinsic. Extrinsic motivation is the act of completing an
activity to achieve a distinct goal, whereas intrinsic
motivation is the act of engaging in an activity for its intrinsic
enjoyment [13]. According to research, students' learning
experiences and outcomes are strongly influenced by both
forms of motivation [14]. Higher levels of engagement and
academic accomplishment, for example, are closely
associated with intrinsic motivation, according to research by
Ribeiro et al. [15]. This is especially important when teaching
science, since students' natural curiosity and enthusiasm for
the subject can help them retain and understand scientific
ideas more deeply.

The significance of a teacher's motivational style in
cultivating pupils' intrinsic drive is underscored by Guimaraes
and Boruchovitch [16]. Their research suggests that
professors who encourage student autonomy and provide
insightful feedback can enhance intrinsic motivation, thereby
improving learning outcomes. This is consistent with Self-
Determination Theory, which holds that relatedness,
autonomy, and competence are essential for the development
of intrinsic drive. Furthermore, factors inherent to the
relationship between scientific literacy and motivation are not
the only ones influencing this association. Students'
engagement with scientific knowledge is also influenced by
extrinsic motivation, such as recognition and awards.
According to Martinelli and Sisto [17], extrinsic motivators
can help pique interest and encourage participation in
scientific endeavors, even though intrinsic motivation is
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preferable for long-term commitment. In several age groups
and educational settings, the intricate relationship between
intrinsic and extrinsic motivation is present. Younger
students, for instance, frequently rely more on extrinsic
motivators, whereas older students, as they become more
competent and autonomous in their learning, tend to develop
intrinsic motivation [18].

Let us now concentrate on engagement. Sasseron & Souza
[19] have demonstrated the importance of fostering
engagement in scientific learning. According to these authors,
motivating strategies can significantly influence students'
involvement in distance learning settings. According to
Fredricks, Blumenfeld, and Paris [20], there are three main
types of involvement: emotional, behavioral, and cognitive.
To promote student engagement, the roles educators and the
learning environment play are equally essential. According to
Coelho and Dell'Aglio [21], students' school involvement is
significantly influenced by the support they receive from
peers, instructors, and parents. This assistance fosters a
supportive learning environment where students are
encouraged to engage fully in their studies and feel valued.

From this perspective, this work aims to answer the
following research question:

How do the different types of motivation (intrinsic,
extrinsic, and demotivation) and engagement (behavioral,
cognitive, and emotional) presented by students relate to the
scientific literacy levels they develop?

To answer this question, we developed an instructional
model based on three pedagogical moments proposed by
Delizoicov, Angotti, and Pernambuco [22]. We applied it to
27 students enrolled in a technical course in Industrial
Automation at a Federal Network of Professional, Scientific,
and Technological Education Institutions. The data were
analyzed using Bardin's content analysis [23], which enabled
us to classify students according to their motivation,
engagement, and scientific literacy. The hypothesis to be
tested is that motivated and engaged students will exhibit
stronger scientific literacy indicators than students who are
not motivated or engaged. Our results suggest that motivation
and engagement are essential for scientific literacy, but they
are not sufficient on their own.

Il. LITERATURE REVIEW

Scientific literacy (SL) development is a central goal in
science education, widely recognized for empowering
individuals to navigate a technologically advanced world and
participate as reflective citizens [24]. A growing area of
research explores the intricate factors that influence SL, with
particular attention to students’ motivation and engagement.
The fundamental link between engagement and scientific
literacy has been consistently investigated. Lin, Hong, and
Huang [24] conducted a comprehensive study that
emphasized the crucial role of affective factors in fostering
scientific literacy. Using a large sample of 15-year-old
Taiwanese students, their outcomes revealed a positive and
significant correlation between students’ interest, enjoyment,
and engagement in learning science and their scores on
scientific literacy. Students who exhibited higher levels of
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these affective factors consistently outperformed their peers
with lower emotional engagement, suggesting that affect is
not merely an outcome but a possible driver of scientific
understanding. The study also highlighted that current
emotional engagement is a strong predictor of future interest
in science, underscoring the potential long-term implications
of positive learning experiences.

Complementing this understanding, Cao, Zhang, and Xin
[25] specifically examined the impact of reading engagement
on scientific literacy, employing advanced machine learning
techniques (XGBoost) on PISA 2018 data from Chinese
students. The author’s analysis revealed that, among the
behavioral, cognitive, and affective dimensions of reading
engagement, cognitive engagement was the most influential
predictor of scientific literacy scores. Students with higher
cognitive engagement in reading were more likely to achieve
superior performance on assessments of scientific literacy.
This result reinforces the notion that deeper intellectual
processing and strategic interaction with scientific texts—
hallmarks of cognitive engagement—are paramount for the
development of scientific literacy. Taken together, Lin et al.
[24] and Cao ef al. [25] confirm the direct and significant
relationship between diverse facets of engagement, the
emotional connection to learning, and measurable gains in
scientific literacy.

Although the direct link between engagement, motivation,
and scientific literacy is well established, recent research has
delved into the mechanisms and interactions among these
constructs. Drawing on Expectancy-Value Theory (EVT),
Wan [26] explored how intrinsic and extrinsic (utility)
motives, together with self-efficacy, predict students’
behavioral tendency to learn science in the classroom. A key
finding was a significant interaction effect between the utility
motive and self-efficacy on behavioral engagement,
suggesting that the impact of external drivers is often
contingent on students’ beliefs in their own capability. In
contrast, intrinsic motive exhibited an additive rather than an
interactive effect, suggesting a more direct and stronger
influence on engagement. This work sheds light on the
complexity of how different motivational types operate,
highlighting that their influence is not uniform and may
depend on other psychological factors, such as self-efficacy.

Deepening the role of affect, Yonai and Blonder [27]
investigated the mediating role of emotions in authentic, out-
of-school science learning environments, specifically
regarding their impact on students’ self-efficacy and science
aspirations. The research revealed that the perceived
authenticity of the learning environment significantly
predicted improvements in both self-efficacy and science
aspirations. Crucially, the emotions experienced during the
activity (positive and activating) mediated growth in self-
efficacy but not in science aspirations. This distinction
suggests that while authentic experiences can broadly
influence both self-beliefs and career intentions, the emotional
pathway boosts individuals’ confidence in their capabilities
(“T can do this”) rather than directly shaping their broader
career goals (“I want to be a scientist”). This implies a
differentiated role for emotions in fostering specific aspects of
scientific identity and proficiency.

Despite these significant advances, a gap persists in
understanding the integrated influence of different types of
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motivation (intrinsic, extrinsic, and amotivation) and
engagement (behavioral, cognitive, and emotional) on
specific levels of scientific literacy. While studies often
correlate engagement with overall performance in scientific
literacy, the contribution of each motivational and
engagement facet to varying degrees of proficiency—for
example, distinguishing between merely citing concepts
versus explaining phenomena scientifically, or evaluating
investigations—has been less explored. Moreover, existing
research predominantly focuses on large-scale assessment
data (PISA) or general classroom settings, leaving room for
investigation in specialized technical education environments.
The research reported in this work therefore seeks to help
close this gap.

1. THEORETICAL FRAMEWORK
A. SCIENTIFIC LITERACY

Understanding and interacting with scientific ideas and
procedures is all part of the broad concept of scientific
literacy. Scientific literacy, as defined by the Programme for
International Student Assessment (PISA), encompasses skills
such as explaining phenomena scientifically, assessing and
organizing scientific research, and understanding data and
evidence scientifically [4]. These skills are essential for
people to navigate and make informed judgments in a world
where science and technology increasingly influence our
lives.

A science-based explanation of phenomena is one of the
fundamental skills of scientific literacy. Finding, presenting,
and assessing explanations for technical and natural events are
all part of this. The capacity to recall and apply pertinent
scientific knowledge, recognize and employ explanatory
models and representations, formulate and support
predictions, provide explanatory hypotheses, and discuss the
potential social implications of scientific knowledge is
encompassed in this competency, according to the PISA
framework [4].

The capacity to assess and organize scientific research is a
crucial component of scientific literacy. This skill entails
summarizing, evaluating, and suggesting approaches to
scientific inquiries. It comprises defining the subject of a
scientific study, differentiating between topics that can be
scientifically investigated, suggesting approaches to
investigate a topic scientifically, evaluating these approaches,
and outlining the procedures by which scientists ensure the
validity, impartiality, and generalizability of their results [4].

Scientific interpretation of data and evidence is another
crucial aspect of scientific literacy. This entails conducting
thorough scientific analysis and evaluation of the information,
claims, and arguments presented in various forms. As per the
PISA framework, this skill encompasses the ability to convert
data between different representations, analyze and interpret
data, recognize assumptions, evidence, and reasoning in
scientific texts, differentiate arguments based on scientific
evidence from those based on other considerations, and assess
scientific arguments and evidence from various sources [4].
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IIIB. MOTIVATION AND ENGAGEMENT
THEORIES

Motivation and engagement are psychological constructs that,
although distinct, are intertwined and are commonly used to
signal the intensity of individuals' interest and involvement in
their actions, thereby proving essential for understanding
human behavior across various spheres [29]. From a
psychological perspective, motivation is a process that
initiates, guides, and sustains goal-oriented behaviors. It is a
subjective psychological phenomenon influenced by a
complex combination of internal and external factors,
including needs, desires, expectations, values, personality,
resources, and rewards [30]. Motivation is classified into two
types: extrinsic, which comes from outside the individual and
is based on external rewards (recognition, material goods,
pressure from others, etc.), and intrinsic, which comes from
within the individual when the person feels pleasure and
interest in what they are doing (natural inclination for
assimilation, mastery, interest, and exploration).

Motivation is linked to decision-making, persistence in
challenging tasks, and emotional well-being. While intrinsic
motivation is associated with greater creativity, persistence,
and happiness, extrinsic motivation can be effective in certain
situations but often results in lower long-term involvement
and satisfaction [29]. Several theories attempt to explain
motivation and offer different perspectives on what drives
individuals, including their basic needs, desires, perceptions
of potential rewards, and the likelihood of success. From a
self-determination perspective, which aims to explain the
nature and quality of social interactions and the internalization
of social values and regulations, motivation lies on a
continuum ranging from extrinsic to intrinsic, passing through
regulatory styles: External, Introjection, Identification, and
Integration [30, 31].

Regulatory styles refer to people's ability to regulate their
behavior, emotions, and thoughts autonomously and self-
directedly. This self-regulation ability involves internal
processes that allow them to set goals, monitor their progress,
adjust when necessary, and persist towards their goals, even
in the face of challenges or obstacles. Self-regulated states are
essential for stimulating intrinsic motivation because they
enable individuals to act in accordance with their values,
interests, and personal needs rather than be controlled by
external factors [31].

In the educational context, motivation directly influences
students' learning and performance, with the teacher, in their
role as an educator, and the context in which the student is
inserted, whether social, cultural, or educational, being the
primary activators [32]. Regarding teachers, their teaching
methodologies and didactic resources are key factors in
stimulating enthusiasm and effort in the proposed activities,
as they foster an environment that promotes students' interest
and dedication. The contexts in which the student is inserted
stimulate intrapersonal and interpersonal differences that
directly affect the intensity of their involvement [30]. Their
characteristics, such as their goals, expectations, and study
methods, interact dynamically with the context in which they
are inserted, reinforcing that these variables of interest directly
influence their motivation to perform the tasks proposed by
teachers [32].
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From a psychological perspective, engagement is, in
essence, a measure of how individuals involve themselves in
their activities, goals, and relationships, often approached as a
multifaceted construct involving three types of components:
behavioral, related to dedication, persistence, and physical
effort expended on a task; cognitive, related to concentration,
absorption, and mental investment in the activity; and
emotional, related to feelings of enthusiasm, interest, and
pleasure about a specific activity or context [20].

In an educational context, engagement is an inherent factor
in students' personal development. Analyzing it in a
multidimensional way, considering behavioral, cognitive, and
emotional engagement as an integrated whole rather than
separately, is fundamental for a deep understanding and the
implementation of effective interventions [20]. For student
engagement, the behavioral component is related to
participation in classes, completion of tasks, and involvement
in extracurricular activities; the cognitive component is
related to students' engagement in learning, the pursuit of
intellectual challenges, and the use of metacognitive
strategies; and the emotional component is related to students'
affective reactions to school, including feelings of belonging
and appreciation [33].

The multidimensional approach recognizes that the
development of social and emotional skills is as important as
academic development, highlighting the complexity of the
learning process by analyzing the student, rather than focusing
solely on isolated aspects of their behavior or intellect. This
approach is justified because the types of engagement are
interdependent. That is, a student who feels valued and
connected in their learning process (emotional engagement) is
more likely to actively participate in activities (behavioral
engagement) and delve into understanding the subject matter
(cognitive engagement) [33]. For this reason, teaching
practices that foster active student participation and
intellectually challenge them can stimulate positive emotions
toward learning. Scientific literacy (SL) development is a
central goal in science education, widely recognized for
empowering individuals to navigate a technologically
advanced world and participate as reflective citizens [24]. A
growing area of research explores the intricate factors that
influence SL, with particular attention to students’ motivation
and engagement.

IV. METHODOLOGY

This study is a qualitative, applied, and descriptive research,
characterized by participant observation [34, 35]. The
research was conducted at a Federal Network of Professional,
Scientific, and Technological Education (RFEPCT)
institution, specifically within the Integrated Technical Course
in Industrial Automation. The participants were 27 students
enrolled in the third period of the course. Data were collected
using structured questionnaires designed to capture various
dimensions of student motivation and engagement, as well as
indicators of scientific literacy. The questionnaires included
both closed- and open-ended questions, enabling a
comprehensive analysis of student responses using Bardin’s
content analysis [23]. The analysis primarily focused on the
qualitative responses to two open-ended questions in the
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questionnaire. These questions allowed for a deep
understanding of students' perspectives on their motivation,
engagement, and the development of their scientific literacy.
The questions were:

1. "What do you think would stimulate your participation in
activities?"
2. "What did you learn in the activities?"

Bardin’s content analysis [23] was applied to the responses of
the first question ("What do you think would stimulate your
participation in activities?"), enabling the categorization of
students according to their predominant motivation (intrinsic,
extrinsic, or amotivation) and engagement types (behavioral,
cognitive, or emotional). This analysis formed the basis for
the categorizations presented in Table V (Motivation,
Engagement). The responses to the second question ("What
did you learn in the activities?") were used to assess students'
scientific literacy, categorizing them into proficiency levels
(C1, C2, C3, C4) as detailed in Table I'V. This comprehensive
approach, using these specific qualitative data points,
provided the empirical foundation for the overall correlation
analysis of motivation, engagement, and scientific literacy
levels, as summarized in Table V.

To establish these categories and classifications, the
process involved three stages: pre-analysis, material
exploration, and result processing. During the pre-analysis, a
cursory review of the research corpus, comprising all the
participants' responses, was conducted. This stage clearly
established the analysis's precise objectives: identifying
evidence of motivation, engagement, and scientific literacy in
the students' statements.

A mixed (deductive-inductive) approach was used to code
and categorize the corpus. For the first question (What do you
think would encourage your participation in the activities?),
predefined analytical categories were used, based on the
theoretical framework of motivation and engagement. The
students' responses were then coded based on these theoretical
categories. However, during the coding process, specificities
emerged in the students' statements that enabled the
adaptation of these categories, ensuring they accurately
reflected the content in the responses.

For the analysis of the second question, which addressed
the participants' learning ('What did you learn from the
activities?'), the categorization of scientific literacy,
distributed into levels C1, C2, C3 and C4, was based on the
four dimensions recommended by the Programme for
International Student Assessment (PISA) for the definition of
scientific literacy, namely: content, processes, contexts and
attitudes [28].

The recording units used in this study were sentences or
excerpts from student responses that contained meanings
related to the constructs of interest. After the coding stage, the
data were aggregated by category and quantified (counting
incidents) to facilitate visualization of the distribution of
responses, as shown in Table IV. This phase enabled
interpretation and inference of the findings, correlating the
motivation and engagement profiles with participants'
scientific literacy levels.

The instructional model implemented in this study was
designed to foster scientific literacy through a series of
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synchronous and asynchronous activities. The model is
summarized in Table I.

The curriculum components covered include concepts
from biology (cells, tissues, nervous system, synapse, neuron,
muscular system, motor system), physics (gravity, weight,
centripetal force, collisions, electric current, capacitor), and
robotics (basic programming and logical interface), concepts
present in the guiding documents of basic scientific education
in Brazil [5]. This instructional model is based on the works
of Monteiro et al. [36] and De Souza Siqueira et al. [37], who
emphasize the importance of integrating scientific concepts
with practical applications to enhance student engagement
and scientific literacy.

V. RESULTS

To answer the research question "What is the role of
student motivation and engagement in the development
of scientific literacy?", the third question from the
physics course's Google Classroom questionnaire was
analyzed. For this analysis, the theories of motivation
and engagement discussed were used to identify
keywords indicative of motivation and engagement. In
Table II, you can observe the complete responses
provided by these students.

TABLE I. The instructional model used in the study.

Pedagogical

Activity Description Moment

Students answer a
questionnaire about the main | Initial

concepts studied in the Problematization
sequence.

Asynchronous

The teacher leads a
discussion about the concepts
covered in the questionnaire,
using the students' responses
as a basis. Selected student Initial

answers are evaluated for Problematization
Synchronous | correctness, followed by an (and Transition to
explanation of scientific Knowledge
definitions. Students watch a | Organization)
"Bottle Flip Challenge" video
and discuss the factors that
influence it. Students attempt
to perform the challenge.

Students access instructional
videos on the concepts and
can revisit and modify their | Knowledge
initial responses, providing Organization
justifications for their
changes.

Asynchronous

The teacher leads a
discussion about the
requirements for performing
the "Bottle Flip Challenge™ Knowledge
and programming a robot to | Organization
complete it. Correlations
between human and robotic
challenges are built with the

Synchronous
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students. Students consult
references on the topic.

Synchronous

In pairs, students compete to
perform the "Bottle Flip
Challenge™ with the robot.
The teacher discusses the
elements necessary for the
robot to complete the
challenge, emphasizing
programming aspects and
revisiting the equivalences
and differences between
human and robotic
challenges.

Knowledge
Application

Asynchronous | "Bottle Flip Challenge.” Pair

In pairs, students record a
video of up to 1 minute in
which they creatively explain

what is needed to win the
Knowledge

up, post, and comment on Application

each other's videos. Students
complete a feedback
guestionnaire.

TABLE I1. Responses provided by these students for the question:

'‘What did you learn from the activities?

Student | Reponses

Al -

A2 -

A3 Always something new during class
When there is a mini competition or a chance to

A4 . .
cooperate with my friends.
I believe continuing to see these viral challenges and
exploring aspects we usually ignore, it does not

A5 necessarily have to be viral challenges in our daily lives,
but it can also (if possible) be from some games... for
example, | would love to know how sailboats move
even with the wind against them.
More classes like this one, where we used the NAO

A6 robot, and some classes where we could use the cell
phone and the internet as a learning tool.

A7 Some reward.

A8 Learning more about programming and robots.

A9 An interesting topic with a substantial amount of
content to debate, and it is also enjoyable to discuss.
Basically, doing practical experiments to demonstrate
theoretical concepts, since | saw how it works in

A10 . . .
practice, | became curious about how deep that simple
challenge could be

All I think it is essential to continue exploring this aspect of
bringing internet challenges into the classroom.
An activity worth extra points is stimulating for anyone,

Al2 haha.
It would be a good stimulus for me if the teacher is

Al3 always "on top," helping the student, always caring
about the class.

Al4 Greater interaction

Al5 More actions with the robot.

AL6 I think more active actions, I_ilfe the one we did with the
NAO robot, would be beneficial.

Lat. Am. J. Phys. Educ. Vol. 20, No. 1, March, 2026

Al7 Maybe more group activities

Al8 Activities that are worth points

A19 Understanding a bit more about the physics of the bottle
challenge

A20 I do not know.

A2l Doing it with my friends

A22 In my view, it was already quite extraordinary.

A23 Greater group interaction, rather than pairs, for
example.

A24 Interaction with others

A25 Competitions, such as group games, encourage class
interaction.

A26 Always something that grabs more attention
I think that undertaking more challenges like these

A27 would enable me to observe how the robot responds to
various challenges.

A28 Honestly, | cannot say

Monteiro et al. [36] discussed the results of this didactic
sequence in terms of the scientific literacy parameters
determined by PISA (Table III), primarily for comparative
purposes, as the methods employed in PISA and this didactic
sequence differ. In detail, these competencies are listed in

Table IV.

TABLE Il11. Scientific literacy competencies according to PISA,
adapted by [4].

COMPETENCY |DESCRIPTION

Recognize, offer, and evaluate explanations for
natural and technological phenomena,
demonstrating the ability to:

« recall and apply appropriate scientific

Explaining knowledge;
phenomena « identify, generate, and use explanatory models
scientifically and representations;

* make and justify appropriate predictions;

« offer explanatory hypotheses;

« explain the potential implications of scientific
knowledge for society.

Evaluating and
planning scientific
investigations

Describe and evaluate scientific investigations
and propose ways to address questions
scientifically, demonstrating the ability to:

« identify the question explored in a given
scientific study;

« distinguish questions that could be
scientifically investigated;

* propose a way to sciento explore a question
scientificallytifically explore a question;

« evaluate ways to explore a question
scientifically;

« describe and evaluate how scientists ensure
the reliability of data, objectivity, and
generalization of explanations.

Interpreting data
and evidence
scientifically

Analyze and evaluate data, statements, and
arguments in a variety of representations and
draw appropriate scientific conclusions,
demonstrating the ability to:

« transform data from one representation to
another;

« analyze and interpret data and draw
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appropriate conclusions;

« identify assumptions, evidence, and reasoning
in texts related to science;

« distinguish between arguments based on
scientific evidence and theory and arguments
based on other considerations;

« evaluate scientific arguments and evidence
from different sources (e.g., newspapers, the
internet, journals).

The responses analyzed in the 2023 study were categorized as
follows:

* C1: only cite or explain a concept, cannot be considered with
any level of scientific literacy within the competencies
pointed out by PISA, as there is no attempt to develop
reasoning.

» C2: explain what they learned, are in the dimension
"Evaluating and planning scientific investigations," as they
relate to the points "Identify the question explored in a given
scientific study" and "Evaluate ways to explore a question
scientifically."

» C3: demonstrate recalling previous concepts and/or their
application, are in the dimension "Explaining phenomena
scientifically,” relating to the point "Recall and apply
appropriate scientific knowledge."

* C4: cannot be considered with any scientific literacy
according to the skills highlighted by PISA.

The responses of students Al, A2, A22, and A24 were
discarded as they did not answer the question. De Souza
Siqueira et al. (2023) considered that students with responses
categorized in C2 and C3 had achieved some level of
scientific literacy. The fourth column of Table IV shows the
categories into which each answer falls regarding scientific
literacy.

TABLE 1V. Scientific literacy competencies according to PISA,
adapted by [4].

Student [Motivation |Engagment Literacy
Al Amotivation |- -
A2 Amotivation |- -
A3 - Behavioral C1
Ad Extrinsic (B:ggi\(tlﬁ/ réal and c2
A5 Intrinsic Cogn!tive and C1
Emotional

A6 Extrinsic Cognitive Cc2
A7 Extrinsic Behavioral c2
A8 Intrinsic Cognitive Cc2
A9 Intrinsic Cognitive c2
A0 Intrinsic Cognitive C3
All Extrinsic Cognitive Cc2
Al12 Extrinsic Behavioral c2
Al3 Extrinsic Emotional c2
Al4 Intrinsic Behavioral C3
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Al5 Intrinsic Behavioral C2
A16 Intrinsic Behavioral C1l
Al7 Intrinsic Behavioral Cc2
Al8 Extrinsic Behavioral C4
A9 Intrinsic Cognitive C2
A20 Amotivation |. - Cl
A21 Intrinsic Emotional Cl
A22 . . -

A23 Intrinsic Behavioral Cc2
A24 Intrinsic Emotional -

A25 Intrinsic Emotional Cl
A26 Extrinsic Emotional Cl
A27 Intrinsic Behavioral C2
A28 Amotivation |. Cc2

In an analysis of motivation, it is understood that the responses
given by students Al, A2, A20, and A28 are examples of
amotivation, where the students show no motivation to
perform the task (See the second column of Table IV).
Students A4, A6, A7, All, Al12, A13, A18, and A26 show
extrinsic motivation, where they work in response to
something external that can be a reward or the avoidance of
punishment, the desire for personal approval or ego
reaffirmation, demonstrating competence or social value,
meaning without a consequence (good or bad) there will be no
motivation. While intrinsic motivation demonstrated by
students A5, A8, A9, A10, Al4, Al5, Al6, Al7, A19, A21,
A23, A24, A25 and A27 is where the student performs for the
pure pleasure of learning and fun, there is autonomy,
satisfaction, and self-determination in executing, there is a
feeling of efficacy and belonging to the process.

In discussions of student engagement, several divergences
exist among prominent authors in the field. However, the
literature describes three categories: behavioral engagement,
cognitive engagement, and emotional engagement (See the
third column of Table IV). The first concerns students'
collaboration and involvement, quantitative assessments, and
the frequency or time spent on the task. The second concerns
the student's psychological involvement with the activity,
analysis, and debate. Through this process, students develop
their own understanding of the subject by solving complex
problems and building new knowledge. The last type of
engagement is related to the student's feelings towards the
task, the teacher, or peers; there is a demonstration of some
feeling, whether positive (happiness and interest) or negative
(boredom, frustration, anxiety). It is essential to note that
being involved in one aspect of engagement does not preclude
the possibility that the student may also exhibit characteristics
of another engagement (Figure 1). According to the students'
responses, 39.29% are behaviorally engaged, 28.57% are
cognitively engaged, 21.42% are emotionally engaged, and
17.86% are not engaged at all.
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VI. DISCUSSION

Our data suggest that intrinsic motivation is a consistent
predictor of higher levels of scientific literacy (C2 and C3), as
observed among students AS, A8, A9, A10, Al4, Al5, Al7,
A19, and A27. The inherent pleasure of learning, curiosity,
and personal satisfaction in mastering the material drove these
students to deeper engagement with the material. This
observation converges directly with the literature, which
associates intrinsic motivation with greater cognitive
engagement and better learning outcomes [16, 30]. Wan's [26]
study showed that intrinsic motivation predicts a behavioral
tendency to learn science additively rather than interactively,
alongside self-efficacy, suggesting that its influence is more
direct and less conditioned. This can enrich the discussion of
why intrinsic motivation in our study leads to higher levels of
scientific literacy (C2 and C3), possibly because of its more
direct effect and independence from complex interactions
with other factors, such as self-efficacy. Curiosity and genuine
interest facilitate the exploration and meaningful application
of knowledge, which are essential for scientific literacy
competencies.

In contrast, extrinsic motivation, while capable of
mobilizing students (such as A4, A6, A7, A11,A12,A13,A18)
to achieve reasonable levels of scientific literacy (C2), proved
less effective in leading them to higher levels (C3 and C4).
This suggests that external incentives, such as rewards or the
desire to avoid punishment, can induce initial participation
and task completion, but are insufficient to promote deep and
sustained engagement with scientific content [17, 30]. The
dependence of extrinsic motivation on self-efficacy, as
demonstrated by Wan [26], in which utilitarian motivation
(extrinsic) interacts significantly with self-efficacy to predict
learning behavior, points to a complexity that may limit its
isolated impact at higher levels of scientific literacy. That is,
the effectiveness of extrinsic motivation may be highly
contingent on other psychological factors of the student.
Demotivation, in turn, proved to be an almost total
impediment to the development of scientific literacy, with
students (A1, A2, A20, A28) exhibiting the lowest levels or
absence of categorization (C1 or C4), underscoring the critical
need to address this condition in the educational environment.
Our observation that "less motivated and engaged" individuals
show "lower perception of scientific literacy" is directly
supported by the results of Lin, Hong, and Huang [24], who
demonstrate that groups with high emotional factors
outperform those with low or medium levels of emotional
factors in scientific literacy.

When analyzing engagement, cognitive engagement
emerged as a particularly potent factor for scientific literacy,
correlating with C2 and C3 levels (e.g., A6, A8, A9, A10,Al1,
and A19). This finding aligns closely with Cao, Zhang, and
Xin [25], who, in a large-scale analysis, identified cognitive
engagement as the primary driver of scientific literacy in
reading. The convergence of our results with those of Cao et
al. [25] - who also highlight that students with cognitive
engagement tend to achieve higher levels of scientific literacy
- directly corroborates this strong link and emphasizes the
importance of cognitive engagement as a predictor for the
development of scientific literacy, regardless of cultural
context or analysis method. Mental investment, concentration,
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and absorption in scientific activities are intrinsic
characteristics of scientific literacy competencies, which
require analysis, reasoning, and the construction of
knowledge.

Behavioral engagement, although evident in the active
participation of many students (A3, A4, A7, Al12, Al4, AlS,
Al16,A17, A23, A27), showed variability in scientific literacy
outcomes (C1-C3). This result suggests that, although
participation is a necessary condition for exposure to content,
it alone does not guarantee the depth of understanding or the
complex application of scientific knowledge. This variation
reflects the need for multidimensional engagement, as
postulated by Fredricks, Blumenfeld, and Paris [20], where
the combination of behavioral engagement with cognitive and
emotional dimensions is more effective.

Emotional engagement, evident in students A5, A13, A21,
A24, A25, and A26, demonstrated the potential to create a
positive learning environment; however, the observed levels
of scientific literacy ranged from C1 to C2. Our results that
emotional engagement can contribute to a positive and
motivating learning environment, but that it alone "is not
enough to ensure a high level of scientific literacy," are further
explored by Yonai and Blonder [27]. They demonstrate that,
in authentic environments, emotions mediate the growth of
self-efficacy, but not scientific aspirations. This implies that,
although we did not directly measure self-efficacy, emotional
engagement can enhance student confidence and well-being,
creating a fertile environment for learning. However, for this
energy to translate into robust scientific literacy, cognitive
engagement—the mental effort required for processing— is
indispensable. This distinction suggests that emotional
engagement may have a more indirect impact on scientific
literacy, via self-efficacy. It offers an additional dimension to
our discussion about the sufficiency of emotional engagement
by exploring the different "routes" through which it can
influence learning. Emotion can open the door to learning, but
it is cognition that guides the path to proficiency.

The main contribution and novelty of this research lies in
consolidating the thesis that motivation and engagement,
although necessary conditions, prove insufficient to ensure the
full development of scientific literacy. Our results indicate
that, even with the presence of intrinsic motivation and
cognitive engagement, or the multidimensional engagement
advocated by literature, students did not always reach the most
sophisticated levels of scientific literacy (C3 and C4). This
"ceiling" of proficiency suggests that scientific literacy
competencies, especially higher-order ones (such as the
ability to explain phenomena scientifically, evaluate and plan
investigations, and interpret complex data and evidence,
according to PISA categories), demand the development of
higher psychological functions. Such functions, which
involve critical thinking, hypothetico-deductive reasoning,
abstract thinking, and metacognition, are not automatically
generated by motivation and engagement. This interpretation
aligns with the literature on the need to move beyond
engagement to overcome alternative conceptions and foster
more complex cognitive abilities [38, 39].

From a practical perspective, our results have direct
implications for science teaching. The focus should not be
limited to strategies for "motivating" or "engaging" students.
However, it should also expand to encompass the conception
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and implementation of pedagogical approaches that explicitly
aim to develop higher psychological functions [40]. This
includes promoting scientific reasoning, critical analysis, and
complex problem-solving, which are fundamental to elevating
scientific literacy. Demotivation must be actively combated,
and intrinsic and cognitive engagement encouraged, always
with the goal of constructing a cognitive framework that
enables students to navigate the challenges of scientific
literacy with proficiency.

This study, however, has intrinsic limitations that must be
considered. The sample of 27 students, although intensively
investigated in a specific technical course context, restricts the
generalization of the results. The qualitative nature of data
collection through open-ended questionnaires and content
analysis [23], although rigorous, may introduce subjectivity
into the categorization and interpretation of responses on
motivation, engagement, and scientific literacy. Additionally,
the assessment of scientific literacy, adapted for the didactic
sequence, is not directly comparable to large-scale
assessments like PISA, which limits direct comparison with
some studies in the literature.

VI. CONCLUSIONS

This study aimed to investigate the role of motivation and
engagement in the development of scientific literacy among
students in a technical course in Industrial Automation at a
Federal Network of Professional, Scientific, and
Technological Education (RFEPCT) institutions. The
hypothesis tested was that more motivated and engaged
students would exhibit more robust indicators of scientific
literacy.

Our results corroborate the idea that, although motivation
and engagement are essential conditions, they are insufficient
to guarantee the full development of scientific literacy,
especially at its most sophisticated levels (C3 and C4). We
observed that intrinsic motivation and cognitive engagement
were consistent predictors of higher levels of scientific
literacy (C2 and C3), highlighting the importance of inherent
curiosity and deep mental investment in understanding and
applying scientific knowledge. In contrast, extrinsic
motivation, while capable of mobilizing initial participation,
was less effective in leading students to more complex levels
of literacy. Similarly, behavioral and emotional engagement,
despite creating a positive learning environment, did not
consistently translate into high-complexity scientific literacy.
Amotivation, in turn, proved to be an almost total impediment
to the development of scientific literacy. We interpret this to
mean that achieving more advanced scientific literacy
competencies requires the mobilization of higher
psychological functions, such as critical thinking,
hypothetico-deductive reasoning, and metacognition, which
are not automatically generated by motivation or engagement
alone.

The main contribution of this work is to consolidate and
empirically demonstrate that the relationship between
motivation, engagement, and scientific literacy is more
complex than a simple correlation. By investigating the
integrated impact of different types of motivation and
engagement on specific levels of scientific literacy in a
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technical education context, we have filled a gap in the
literature and reinforced the notion that excellence in
scientific literacy demands cognitive development that
transcends mere interest or participation.

Furthermore, our outcomes suggest that science teaching
strategies should not be limited to merely "motivating” or
"engaging" students. Pedagogical approaches must be
designed to actively promote the development of higher
psychological functions, enabling students to reason
scientifically, critically analyze, and apply complex
knowledge. Combating demotivation and stimulating intrinsic
and cognitive engagement remain essential, but as means to a
greater end: the construction of a robust cognitive framework
that supports in-depth scientific literacy.

Despite the inherent limitations of a small sample size and
the qualitative nature of the analysis, this study provides a
solid foundation for future investigations. We suggest
replicating the study in different educational contexts and with
larger samples, as well as conducting research that explores
specific methods for developing higher psychological
functions in conjunction with motivation and engagement
strategies, to enhance the scientific literacy of the population.
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