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Emotional activation during
teaching situations in science
teachers education

Sandra Milena Forero Diaz*, Diana Carolina Castro Castillo* and
Ronal Enrique Callejas Arevalo*

Department of Physics, Faculty of Science and Technology, Universidad Pedagdgica Nacional,
Bogota, Colombia

Research on emotions in science education has gained increasing relevance in
recent years, as it is now recognized that participants in the educational process,
regularly experience emotions in the classroom, which in turn impact both teaching
and learning. Teachers are responsible not only for promoting students’ academic
achievement but also for promoting their holistic personal development. Consequently,
addressing the affective dimension from the outset of science teacher education is
essential in order to cultivate professional competencies that support emotionally
informed teaching practices. This mixed-methods study involved 125 students
from the Faculty of Science and Technology at the Universidad Pedagdgica
Nacional, Colombia. It examined emotions experienced in two different teaching
situations: experimental or practical activities and lecture-based explanations.
Findings indicate that emotional activation and self-efficacy in these situations
are dynamic processes mediated by context, prior experience, perceived control,
and the value attributed to the task. Understanding these affective experiences
highlights the importance of strengthening initial science teacher education to
equip future science teachers with the tools needed to address the emotional
demands of teaching practice.
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Introduction

Science teachers  education must extend beyond mastery of conceptual and methodological
content. Emotional experience, beliefs about one’s capacity to teach, and performance related
goals are crucial for shaping teaching identity from the earliest stages of education (Brigido et
al,, 2013; Chang, 2009; Frenzel, 2014; Pekrun, 2006; Sutton and Wheatley, 2003). This study
focuses on three interrelated constructs: self-efficacy, emotional activation, and teaching
situations, framed theoretically through Russell’s Circumplex Model (Russell, 1980; Russell,
2003), Pekrun’s 2x2 framework (Pekrun, 2006), and Bandura’s theory of self-efficacy (Bandura,
1997). These models conceptualize emotional experience as an organized structure that
interacts with personal beliefs and goals (Russell, 1980; Pekrun, 2006; Frenzel, 2014).
Incorporating these models into the study of initial teacher education contributes to a more
comprehensive understanding of the factors affecting teaching performance and provides clear
guidance for designing educational interventions that promote emotional competence,
professional confidence, and motivation to teach science (Serrano-Rodriguez and Pontes-
Pedrajas, 2016; Costillo Borrego et al., 2013; Bravo Lucas et al., 2022).

Teacher self-efficacy defined as the belief in on€’s capacity to influence student learning
(Bandura, 1997), is a key factor that shapes the emotional experience in teaching. High
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self-efficacy is associated with the tendency to perceiving classroom
challenges as manageable, experiencing positive emotions, and
persisting in teaching tasks (Brigido et al., 2013; Borrachero et al,,
2013; Tschannen-Moran and Hoy, 2001). Low self-efficacy, in contrast,
is often associated with anxiety, frustration, and avoidance, particularly
in pre-service teachers who experience emotionally demanding
instructional situations (DeMauro and Jennings, 2016). Theoretical
models by Russell and Pekrun frame emotions as responses to
cognitive appraisals of control and value (Pekrun, 2006; Sutton and
Wheatley, 2003), both of which are influenced by self-efficacy beliefs.
Buri¢ et al. (2020) show reciprocal relationships between self-efficacy
and emotions experienced in teaching practice. These findings are
supported by research that connects self-efficacy with emotional
regulation, engagement, and resilience (Chang, 2009; Keller et
al., 2014).

Emotional activation or arousal, distinguishes between
physiologically activating states, associated with high energy levels,
and deactivating states, associated with low energy levels. Activating
states include excitement, enjoyment, hope, pride, anger, anxiety,
revenge, and frustration. Deactivating states include relaxation, relief,
calmness, hopelessness, sadness, boredom, and exhaustion (Pekrun
and Perry, 2014; Shuman and Scherer, 2014). It is important to note
that these states involve heightened physiological arousal, which can
be measured at various levels, including neuronal activation and
activation of large-scale autonomic and motor systems, engaging the
body as a whole. Implicit motives closely related to these states are
linked to hormonal changes, immune system functioning, and the
activation of brain areas involved in motivation, such as the amygdala
and the striatum (Pekrun and Perry, 2014; Schultheiss and Kollner,
2014; Shuman and Scherer, 2014).

Within the framework of initial teacher education, this study
examines emotional activation and teacher self-efficacy in two
pedagogical contexts: experimental or practical activities and lecture-
based explanations. Although these situations can be approached as
methodological strategies, they are understood here as pedagogical
scenarios that generate different types of cognitive and affective
demands that generate different emotions in future teachers.

Lecture-based explanation refers to a structured verbal
presentation of content, in which information is structured and
delivered to students. Traditionally associated with transmissive
approaches, this strategy aims to organize, synthesize, and
communicate knowledge, particularly when addressing abstract
concepts or introducing a new topic (Camilloni et al., 1998; Martinez,
2006). However, its effectiveness depends on maintaining students’
engagement and attention. Porlan (1998) state that explanation loses
its formative value when it becomes a monologue excluding active
participation; therefore, it should be complemented with questions,
examples, and visual aids. Zabala and Arnau (2007) emphasize that,
an explanation used critically, can promote metacognitive processes if
it is integrated into a didactic sequence that supports knowledge
construction.

Experimental or practical activities are teaching situations in
which students manipulate, observe, or explore physical or natural
phenomena for educational purposes. In science education, these
activities not only allow the application of procedures but also
promote discovery learning, inquiry, and the development of scientific
thinking (Hodson, 1993; Wellington, 1998). Millar (2004) argues that
their value lies in creating meaningful connections between theory
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and experience, enabling students to compare their ideas with
observed results. Furthermore, Acevedo-Diaz et al. (2017) suggests
that well-designed practical work promotes the construction of
meaning, generates cognitive conflict, and develops skills such as
hypothesis formulation, variable control, and data interpretation.
These characteristics make practical activities highly effective in
eliciting emotions and perceptions of self-efficacy, as they offer
tangible evidence of learning.

Theoretical framework

An approximation to the concept of
emotion

Emotions are understood as brief, situation-dependent episodes
that integrate physiological, cognitive, motivational, and expressive
components (Shuman and Scherer, 2014). From a theoretical
perspective, emotions have been conceptualized through basic and
categorical approaches (Izard, 2007; Plutchik, 2001), as well as through
multicomponential and appraisal-based models that emphasize
dynamic interactions between cognitive, physiological, and contextual
components (Scherer, 1984, 1997, 2000, 2001a, 2001b, 2009). They
arise from individuals’ subjective appraisals of events and their
relevance to personal goals or needs, which explains why the same
situation can elicit different emotions across individuals. This
conception integrates evolutionary, cultural, and cognitive
perspectives (Tooby and Cosmides, 1990; Markus and Kitayama,
1991; Scherer, 2005) and is particularly relevant for this study, as it
frames emotions as dynamic, multidimensional phenomena requiring
interdisciplinary analysis. Emotions are understood as brief, situation-
that

motivational, and expressive components (Shuman and Scherer, 2014).

dependent episodes integrate physiological, cognitive,

Emotional experience

A central aim of emotion research is to describe and organize
affective phenomena systematically. The literature identifies two
fundamental characteristics of emotional states: valence and
activation, that provide the basis for such description and classification
(Pekrun and Linnenbrink-Garcia, 2014). Valence refers to the
pleasantness or unpleasantness of an emotional state. Positive valence
encompasses emotions such as enjoyment, happiness, whereas negative
valence is associated with tension-filled states, such as anger, anxiety,
boredom, hopelessness, or sadness. These two poles are thus
designated as positive valence and negative valence, respectively
(Shuman and Scherer, 2014).

Emotional activation (arousal) is closely related to action and
effort. Some theoretical models suggest that when individuals perceive
slow or insufficient progress toward a goal, affective responses may
increase activation, prompting greater action and effort. For example,
if progress is slow, the affective response may trigger an increase in
actions and effort to achieve the goal (activating states). Conversely,
when progress exceeds expectations, there may be a reduction in
actions and effort, reflecting a tendency to avoid expending
unnecessary energy (deactivating states). Discussion of the energetic
levels of activation or deactivation in emotions introduces the field of
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objective measurement of emotional experience. According to the
literature, emotional arousal can be objectively assessed by analyzing
facial muscle activity through electromyography, which allows for
associations between facial expressions and positive or negative
affective responses (Schultheiss and Kollner, 2014).

The classification of emotions according to their valence (positive—
negative) and activation (high-low) is grounded in the descriptive
criteria of Russell's Circumplex Model and does not imply any
normative judgment regarding their pedagogical value. Consistent
with contemporary perspectives in educational psychology (Pekrun
and Linnenbrink-Garcia, 2014; Immordino-Yang, 2016), this study
acknowledges that all emotions serve adaptive functions in teaching:
negative emotions can stimulate reflection, pedagogical adjustment,
and cognitive monitoring, while positive emotions can foster
motivation, engagement, and the development of teacher-student
relationships. Accordingly, the analysis of valence and activation is
used as a heuristic for mapping affective states rather than as a
prescriptive framework suggesting that certain emotions should be
encouraged or suppressed.

Distinguishing emotions by valence and activation allows a more
systematic grouping, beyond simple naming or similarity-based
categories toward the use of basic axes or criteria for their description,
organization, and comparison, giving them measurable, quantifiable
properties (Pekrun and Linnenbrink-Garcia, 2014). From a
psychological perspective, valence and activation are orthogonal
dimensions (statistically independent from one another). Valence
reflects the pleasant-unpleasant emotions whereas activation captures
the energizing-deactivating dimension (Shuman and Scherer, 2014).
Therefore, Orthogonality implies that each dimension is statistically
and mathematically independent from the other: valence indicates
how positive or negative an emotion is, while activation denotes how
energizing or deactivating it is.

Any emotional state can thus be described as a combination of
pleasantness and energy demand. For example, sadness is negative and
low in activation, while anger is negative but high in activation; both
are unpleasant, but their bodily and behavioral effects differ. In
general, this bidimensional framework (valence x activation) defines
an affective space in which emotional experiences can be positioned
according to their pleasantness and intensity, recognizing that these
dimensions are related but vary independently (Russell, 1980;
Feldman-Barrett and Russell, 1998).

The approach has a long-standing tradition in psychology, with
Wundt (1897) proposing that emotions should not be understood
merely as fixed categories, such as joy, anger, or fear, but rather as
affective experiences describable along three dimensions: (1) valence,
(2) activation, and (3) tension-relaxation dimension. Schlosberg
(1954), refined Wundt’s ideas, by mapping emotions in a bidimensional
space capable of representing the emotional experience in a circular
(circumplex) structure based on facial expressions. This work
provided the foundation for James Russell’s Circumplex Model
in 1980.

Russells Circumplex Model (Russell, 1980; Russell, 2003)
conceptualizes emotions as bidimensional phenomena defined by
their valence (pleasant-unpleasant) and activation (high-low) in a
continuous circular structure rather than as fixed categories (Russell
and Barrett, 1998; Lang et al., 1998; Scherer, 2005). For instance,
enthusiasm occupies the positive-high activation quadrant, whereas
hopelessness lies in the negative-low activation quadrant (Goetz et al.,
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2006; Pekrun et al., 2002). This structure facilitates empirical study
through affective mapping and provides a conceptual framework for
linking emotional states to pedagogical practices (Sutton, 2004;
Frenzel, 2014). In educational contexts, positive high activation states
such as enthusiasm, curiosity, or joy are associated with greater teacher
engagement, while negative high activation states such as stress,
anxiety, or boredom can negatively impact classroom management
and relationships (Meyer and Turner, 2002; Buri¢ et al., 2020).

Within the circumplex model affective states are grouped
according to their valence (positive vs. negative) and activation
(activating vs. deactivating). This model, proposed by Feldman-
Barrett and Russell (1998), also identifies and defines measurement
tools such as the Self-Assessment Manikin (Bradley and Lang, 1994)
which allow for empirical assessment of where emotions fall within
this affective space. Constructivist perspectives interpret valence and
activation as core components of affective life, shaped by both
individual dispositions and environmental stimuli (Feldman-Barrett
and Russell, 1998; Shuman and Scherer, 2014).

Specifically, Russell’s (1980) model places valence along the
horizontal axis (negative on the left, positive on the right) and
activation along the vertical axis (low activation at the bottom, high
activation at the top). Emotions are located according to their
specific combination of pleasantness and energy: anger is high
activation with negative valence; sadness is low activation with
negative valence; enthusiasm is high activation with positive
valence; and calm is low activation with positive valence. This
arrangement produces a circumplex, in which similar emotions
cluster near one another and opposing emotions occupy opposite
poles as illustrated in Figure 1.

The circumplex approach, Pekrun’s (2006) 2 x 2 matrix transfers
the bidimensional logic of affect into the educational domain,
particularly in contexts involving performance assessment and
achievement situations. This model classifies academic emotions
into four categories according to their valence (positive or negative)
and activation (high or low): positive activating (e.g., hope, pride),
positive deactivating (e.g., relief), negative activating (e.g., anxiety,
anger), and negative deactivating (e.g., boredom, hopelessness)
(Pekrun et al., 2002; Pekrun and Linnenbrink-Garcia, 2014). Unlike
the circumplex model, the 2 x 2 framework focuses on motivational
and cognitive effects of emotions on teaching and learning
processes. High-activation positive emotions tend to promote
engagement, intrinsic motivation, and deep learning strategies,

Activation
ANGER
Negative Positive
SADNESS CALMNESS
Deactivation

FIGURE 1
Example of Russell's model proposal (Russell, 1980). Source: Authors'
elaboration based on Russell's model.
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whereas negative emotions, particularly those of low activation, are
associated with reduced concentration, persistence, and academic
performance (Pekrun, 2006; Goetz et al., 2007; Frenzel et al., 2016).
In teacher education, this model helps identify emotional profiles
linked to adaptive or maladaptive pedagogical practices (Allaire et
al., 2023; Gramipour et al., 2019). A strength of this dimensional
approach lies in its capacity to organize emotions within a 2 x 2
structure, widely used in emotion psychology for its clarity and
functionally simplicity to show the interaction between valence and
activation dimensions (Russell, 1980; Feldman-Barrett and Russell,
1998; Pekrun and Perry, 2014). This structure arranges emotions
into four quadrants according to valence and activation, facilitating
the interpretation of their effects on behavior, learning, or well-
being. Moreover, it combines the dimensions effectively, grounded
in two orthogonal independent central axes, thus providing both
empirical and theoretical support, as validated by Russell (1980),
Feldman-Barrett and Russell (1998), and Pekrun and Linnenbrink-
Garcia (2014). The integration of this classification into educational
research provides insight into the role of emotions in students’
academic achievement. An example of this framework is presented
in Table 1.

The dimensional perspective on emotions has gained significant
prominence within the psychological study of individuals’ affective
states, being applied in multiple fields and contributing to the
development and structuring of various models and theories aimed
at understanding the role of emotions in everyday activities. Within
this framework, Pekrun’s control-value theory (Pekrun, 2006;
Pekrun and Linnenbrink-Garcia, 2014) explains the generation of
academic through students’ subjective evaluations of two factors:
the perceived control over a task or outcome and the value assigned
to it. These evaluations generate emotions that can be located within
the circumplex space, for example, high perceived control combined
with high value tends to reflect enthusiasm (positive, high
activation), whereas low perceived control and low value may lead
to boredom or hopelessness (negative, low activation). Thus,
Pekrun’s (2006) theoretical proposal complements the circumplex
model by adding a cognitive mechanism for the emergence of
emotions, offering a more comprehensive perspective for
understanding their role in learning processes and academic
performance.

Emotions in science education and teacher
preparation

Building on the psychological models previously described, it
is important to situate emotional activation within the specific
field of science education, where emotions have acquired a central
role in understanding how preservice and in-service teachers
interpret teaching situations, make pedagogical decisions, and
construct their relationships with scientific knowledge and with

TABLE 1 Example of Russell’s (Russell and Barrett, 1998) 2 x 2 model.

2x2 Negative Positive
Activation Anger
Deactivation Sadness Calmness
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their students. Research has shown that emotions influence not
only the quality of teaching and learning processes but also
motivation, teacher self-efficacy, and the capacity to cope with the
inherent challenges of educational practice (Mellado Jiménez et
al., 2014). Understanding emotions as sociocultural and
pedagogical constructions thus enables the development of
training approaches that recognize their complexity and their
mediating role in teacher activity. Recent studies highlight the
need to integrate the affective dimension into teacher education
programs to strengthen didactic decision-making, emotional
regulation, and engagement with school scientific practices
(Romero et al., 2024). The emerging paradigm that positions
emotions as a constitutive dimension of science teacher identity
also calls for more reflective and humanized approaches to initial
teacher preparation (Alméciga Castro, 2024).

Affective dimensions of inquiry and
experimental practice

In the context of scientific inquiry and experimental activities,
emotions function as structuring components that shape the execution
of procedures, the interpretation of results, and the willingness to
persist in the face of difficulties. A positive and well-regulated
emotional climate supports higher-quality learning experiences and
allows experimental practice to become a space of meaning and
professional confidence (Bellocchi et al., 2014). Affectivity, understood
as the emotional orientation accompanying inquiry, modulates
cognitive and motivational engagement in school research processes.
Inquiry-based and student-centered approaches have been shown to
increase interest and achievement precisely because they elicit
favorable affective responses that sustain curiosity, persistence, and
intellectual effort (Kang and Keinonen, 2018). Classroom intervention
studies also demonstrate that it is possible to strengthen both
emotional and cognitive engagement among preservice teachers when
scientific practices incorporate socioscientific issues and explicitly
integrate affective—cognitive instructional strategies (Lopez-Banet et
al., 2024).

Emotion, scientific practice, and the
development of teacher identity

The relationship between emotion, scientific practice, and
teacher identity is reciprocal and mutually reinforcing. Emotional
experiences during experimental tasks shape preservice teachers’
perceptions of their professional competence, while emerging
identities influence how they interpret, regulate, and assign
meaning to their affective experiences in school laboratories and
classrooms (Smit et al., 2021). Research in laboratory and classroom
contexts has documented substantial individual differences in
emotional responses, which in turn predict variations in teacher
self-efficacy; these findings underscore the importance of providing
structured opportunities for emotionally meaningful practice to
foster professional confidence (Smit et al., 2021; Bellocchi et al.,
2014). Moreover, studies in instructional design and science teacher
education reveal that active emotional engagement in inquiry
environments not only promotes the acquisition of scientific
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competencies but also contributes to the construction of a reflective
and resilient teacher identity capable of integrating affective and
cognitive dimensions into informed didactic decisions (Lépez-
Banet et al., 2024; Kang and Keinonen, 2018).

Emotions of pre-service science teachers

As has been noted, recent literature has highlighted that teachers’
emotions constitute a central axis in understanding teaching and
learning processes. Porter and Donaldson (2025) point out that
although teachers’ emotions decisively influence their beliefs, shape
their pedagogical and didactic interpretations, and motivate their
actions in the classroom, this dimension has received limited attention
in educational research, despite its profound impact on the decisions
made daily in school contexts.

In the same vein, Dagtas and Zaimoglu (2025) emphasize that
emotions play a fundamental role in the development and
transformation of teachers’ professional identity, as they mediate how
teachers recognize themselves in their role, relate to their practices,
and envision their professional activity. This argument is reinforced
by the work of Cheng (2021), who maintains that emotions not only
accompany pedagogical practice but also act as shaping forces of
teacher identity, influencing the construction of its meaning, the
perception of self-efficacy, and the decisions that guide professional
trajectories. From this perspective, emotions offer insight into how
teachers manage tensions, challenges, and expectations as they
continuously reconstruct their identity.

These insights align with studies on teachers emotional
competence and its impact on students’ socio-emotional development.
As demonstrated by Rauterkus et al. (2025), teachers’ ability to regulate
their emotions fosters the development of positive relationships with
students and, through these, facilitates processes of social integration
within the classroom. Taken together, these contributions suggest that
emotions form a structuring axis that permeates professional identity,
pedagogical decision-making, and the quality of educational
relationships, positioning the emotional dimension as a key element
for understanding and strengthening teaching practice.

During pedagogical practice, pre-service teachers experience
various emotions arising from their interactions in real-educational
settings. These emotions are not merely instinctive or physiological
impulses; rather, they are shaped by the sociocultural conditions,
influenced by political, cultural, and power dynamics (Heng et al.,
2024). Factors such as personal beliefs, performance expectations, lack
of teaching experience, feedback from mentors, institutional climate,
insufficient mastery of subject matter, all contribute to emotional
states when teaching. Addressing these emotions is essential for
maintaining teaching quality and safeguarding teachers’ psychological
well-being (Frenzel et al., 2015).

Research indicates that pre-service science teachers often feel
emotionally vulnerable reporting negative emotions when confronted
with the everyday demands of classroom life (Borrachero et al., 2014).
Such experiences highlight the need for developing emotional self-
regulation skills to manage and transform emotions productively.
Conversely, activities such as scientific demonstrations and reflective
teaching exercises are frequently associated with positive emotions, as
they align with pre-service teachers’ expectations and learning abilities
in acquiring relevant knowledge (Bellocchi et al., 2014). Nevertheless,
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even these positive experiences can vary in intensity depending on
context and individual differences.

Cultivating awareness of emotional responses allows
pre-service science teachers to recognize situations and actions that
affect affective processes in science teaching and learning. This
awareness supports the capacity to self-regulate and adapt emotions
in ways that enhance teaching effectiveness (Borrego et al., 2013).
Therefore, initial teacher education programs should intentionally
incorporate opportunities for identifying and reflecting on
emotions, given their influence on teaching attitudes, self-regulate
strategies, and the development of teaching self-efficacy
(Borrachero Cortés, 2015).

Drawing on the theoretical framework presented—which
articulates the role of emotions in science teaching, teacher self-
efficacy, and the influence of instructional situations—the objectives
of this study are defined as follows: (1) to identify the predominant
emotions experienced by pre-service science teachers across different
teaching situations; (2) to analyze how these emotions relate to their
perceived self-efficacy, understood as their belief in their ability to
plan, implement, and evaluate instruction; and (3) to examine how
features of the institutional context—particularly lectures and
practical activities—shape emotional activation. This theoretical
foundation justifies the methodological design and underscores the
relevance of exploring the affective dimension as a constitutive
component of science teacher professional development.

In summary, activation refers to the level of physiological and
psychological arousal associated with an emotion, whereas valence
describes its perceived pleasantness or unpleasantness. Perceived
control refers to the teacher’s appraisal of their ability to influence
teaching outcomes, and self-efficacy refers to their belief in their
capacity to plan, implement, and evaluate teaching activities.

Method

This study adopts a mixed-methods approach, defined as a
referential framework distinct from positivist, interpretative, and
critical paradigms, as it integrates the strengths of both qualitative and
quantitative methods. This approach addresses research questions
through paradigmatic perspectives that prioritize problem-solving
over rigid adherence to philosophical positions (Greene, 2008;
Morgan, 2007). Scholars including Bryman (2008) and Bredo (2009)
have noted that this methodology mitigates paradigm tensions and
facilitates a more comprehensive understanding of educational
phenomena. Similarly, Creswell and Plano Clark (2011) identify
methodological triangulation as a key element, enabling the strategic
combination of multiple data sources to strengthen validity.

Within this framework, explanatory and exploratory designs,
applied simultaneously or sequentially, make it possible to integrate
surveys with interviews or focus groups with quantifiable measurements
(Ucar et al., 2011; Adadan, 2020). This flexibility allows for the combined
use of methods to deepen understanding of variables such as motivation
(Adadan, 2020). In the present study, the qualitative and quantitative
components were synergistically integrated, enabling data triangulation,
which provided a more complete and nuanced understanding of the
research object. The mixed-methods design enhanced both the
robustness and generalizability of the results while maintaining the level
of detail necessary to ensure the validity and replicability.
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Quantitative data was collected through a structured questionnaire
designed to measure specific constructs related to emotions
experienced by pre-service teachers. Qualitative data was gathered
through focus groups, enabling in-depth exploration of participants’
experiences and perceptions regarding the expression and regulation
of emotions during pedagogical practice.

A convergent-triangulation mixed-methods design (Creswell and
Plano Clark, 2011) was employed, in which quantitative and
qualitative data was collected and analyzed in parallel and
subsequently integrated during the interpretive phase. The quantitative
component identified patterns in the frequency of emotions across
teaching situations, while the qualitative component deepened the
understanding of the subjective and contextual dimensions of those
emotional experiences. The joint interpretation allowed for the
examination of points of convergence (alignment between self-
reported emotions and narrated experiences), divergence (emotions
with high quantitative frequency but limited qualitative elaboration),
and complementarity, strengthening the explanatory power of the
findings. One example of convergence appeared in the case of anxiety:
participants rated anxiety as one of the most frequent emotions in the
questionnaire, and the focus group narratives revealed similar
concerns about lack of content mastery and fear of negative evaluation.
A divergence emerged with joy: while it showed moderate quantitative
frequency, qualitative data revealed rich descriptions of joyful
experiences during practical activities, suggesting that joy may be
more context-dependent and less spontaneously self-reported. These
patterns illustrate how mixed-methods integration allowed a more
nuanced understanding of emotional activation.

Research objectives

Building in the theoretical framework—which integrates
emotional activation, teacher self-efficacy, and the pedagogical
characteristics of lecture-based explications and practical activities—
this study addresses the following research objectives: 1. To identify
the predominant emotions experienced by pre-service science
teachers across different teaching situations. 2. To analyze how these
emotions relate to their perceived self-efficacy, understood as their
belief in their ability to plain, implement, and evaluate instruction. 3.
To examine how specific features to the instructional context-
particularly lectured-based explanations and practical/experimental
activities—shape emotional activation.

These objectives guide the methodological design and ensure
coherence between the theoretical foundations, analytical procedures,
and conclusions of the study.

Instruments

Data collection instruments included a questionnaire and focus
groups, both aimed at capturing the emotional experiences of
pre-service teachers. The Science Teaching Efficacy Belief Instrument
(STEBI), developed by Riggs and Enochs (1990), was used to assess
two key dimensions: personal efficacy for science teaching and
outcome expectancy. Grounded in Banduras self-efficacy theory
(Bandura, 1977, 1997), this instrument has proven to be a valid and
reliable tool for evaluating teaching beliefs in initial educational
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contexts (Enochs and Riggs, 1990; Bleicher, 2004). The questionnaire
assessed ten emotions: five of positive valence (joy, satisfaction,
enthusiasm, calmness, and confidence) and five of negative valence
(nervousness, worry, boredom, frustration, and rejection). This
structure enabled the identification of both the activating nature and
the emotional direction associated with each reported teaching
experience. The instrument was complemented by an ad hoc
emotional questionnaire designed to examine emotions activated in
specific teaching situations.

The questionnaire used in this study was adapted from the STEBI,
originally developed by Riggs and Enochs (1990), which is widely
recognized for assessing self-efficacy beliefs in prospective science
teachers. For this research, a linguistic and contextual adaptation was
conducted following international guidelines for instrument
adaptation in educational research, and its content validity was
reviewed by two experts in emotional processes in science education.
The internal consistency of the adapted instrument demonstrated
adequate reliability: the Personal Science Teaching Efficacy (PSTE)
factor yielded a Cronbach’s alpha above 0.8, and the Science Teaching
Outcome Expectancy (STOE) factor exceeded 0.70. An exploratory
factor analysis replicated the original two-factor structure, supporting
the construct validity of the instrument in the Colombian context.
This process ensures that the questionnaire used in the quantitative
phase meets appropriate standards of content validity, construct
validity, and reliability, enabling meaningful interpretation of the
results within the theoretical frameworks of teacher self-efficacy and
emotional activation (Enochs and Riggs, 1990; Bleicher, 2004).
Quantitative data was collected through a Google Forms questionnaire
and the information was processed using SPSS v.30. An initial
descriptive and inferential statistical analysis of responses was
conducted for each section of the questionnaire, followed by the
analysis in relation to three different teaching situations.

For qualitative data collection, focus groups were conducted using
a set of expert-validated questions. An interpretative approach guided
the qualitative analysis, using discourse analysis to identify the ideas,
perceptions, and experiences expressed by pre-service teachers in the
Faculty of Science and Technology.

Qualitative data was transcribed and organized in Atlas.ti 25
according to a priori theoretical categories. Interpretation followed the
three levels proposed by Penalva-Vélez et al. (2013): (1) the textual
level (fragmentation of the text and extraction of relevant quotations),
(2) the conceptual level (construction of models by linking codes into
semantic networks), and (3) the organizational level (establishing
connections between textual and conceptual levels to enable
comprehensive discourse analysis).

Participants

The study population comprised 125 students from the Faculty of
Science and Technology, enrolled in undergraduate programs in
Physics, Chemistry, Biology, Mathematics, Electronics, Technological
Design, and Natural Sciences at the Faculty of Science and Technology,
who were engaged in pedagogical practice or immersive educational
experiences in diverse contexts (n=125). The sample included
students from various teacher education programs within the faculty,
all with direct experience in teaching natural sciences and technology.
These participants were therefore well suited to provide insights into
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the emotions elicited in specific teaching scenarios. They were enrolled
between the fourth and tenth semesters and were completing their
teaching practicum in public and private schools across the city.
During this practicum, the pre-service teachers assisted in science
courses and assumed responsibilities such as lesson planning,
classroom instruction, conducting laboratory and hands-on activities,
evaluating student learning, and participating in feedback sessions
with both the school mentor teacher and the university advisor. The
curriculum in science, mathematics, and technology included topics
from mechanics, electricity, general chemistry, school biology,
mathematical reasoning, technology education, and integrated
science. This variety of disciplinary contexts enabled a comprehensive
examination of emotional activation across different domains of
science teaching.

Results

The results are presented for two selected teaching situations:
lecture-based explanations, and experimental or practical activities.
These situations were chosen for their pedagogical significance in
science teacher education and their capacity to reveal distinct
emotional and cognitive dynamics among preservice teachers. First,
quantitative results obtained through the questionnaire were reported,
followed by qualitative findings derived from the focus groups, which
provided complementary insights into the emotional experiences of
students enrolled in the faculty’s teacher education programs at the
Universidad Pedagogica Nacional.

Teaching situation: lecture-based
explanations in class

Findings indicate a predominance of positive over negative
emotions, suggesting an overall favorable perception of lecture-based
explanations, as shown in Figure 2. Confidence emerged as the most
salient positive emotion, reported as experienced “most of the time”

10.3389/feduc.2025.1736655

by 50% of participants and “always” by 25%, indicating that this
teaching situation provides prospective teachers with a sense of
security. Likewise, calmness was reported “most of the time” by 50%
and “always” by 13% of participants; satisfaction by 50 and 19%,
respectively; and joy by 46 and 24%.

Negative emotions appeared most frequently in the “sometimes”
category, with 34% reporting feelings of rejection, 54% worry, 42%
nervousness, 48% frustration, and 40% boredom. These findings
suggest that, although lecture-based explanations are generally valued
positively, they can also elicit mixed or ambivalent emotional
responses in certain contexts.

In this teaching situation, participants reported experiencing all
ten (10) emotions identified in the study. As shown in Figure 3, the
Sankey diagram visually represents how frequently each emotion is
associated with lecture-based explanations: the width of each flow
indicates the strength of the connection, allowing for a rapid
identification of the most prominent emotional responses. At first
observation, negative emotions occupy a substantial portion of the
diagram, indicating that lecture-based explanations often evoke
negative affect or represent a challenge for participants. Worry,
nervousness, frustration, and rejection appear as the most prominent
emotions by wider flows in the diagram. Worry is linked to concerns
regarding the effectiveness of student learning, classroom time
management, and the development of pedagogical competencies
required to successfully implement lecture-based instruction.
Nervousness is associated with limited mastery of content and
difficulties in classroom management, particularly maintaining order
and sustaining student attention, as well as the tensions generated by
performance evaluations conducted by mentor teachers. Frustration
emerges from limited student participation and the perception that
teaching science through lectures does not promote deep learning or
meaningful real-world connections.

In contrast, positive emotions such as enthusiasm, confidence, joy,
and satisfaction are less prevalent, suggesting that this pedagogical
approach is not a strong generator of positive emotions for prospective
teachers and may even inhibit such emotions. Ambivalence is
observed between calmness and boredom: while calmness may arise at
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Lecture-Based Explanations in Class

specific moments during practice, boredom is often expressed in
discourse as characterizing monotonous or unstimulating lectures.

The Sankey diagram shows how frequently each emotion in linked
to this teaching situation. Wider flows represent stronger associations.

From the perspective of Russell’s Circumplex Model (Russell and
Barrett, 1998), as shown in Table 2, lecture-based explanations show
high activation levels for negative-valence emotions. This pattern is
attributable to the demands placed on science teachers to convey
disciplinary content effectively and to adapt language to suit specific
classroom contexts and student populations. Inexperience in
delivering lectures frequently triggers emotions such as worry,
nervousness, and frustration. Lecture delivery requires communication
skills, the ability to sustain attention, clear and logical structuring of
content, and the capacity to anticipate students’ questions skills that
when underdeveloped can lead teachers feeling ineffective. These
emotions are further intensified when mentors or students evaluate
the teacher unfavorably, particularly if the session fails to facilitate the
construction of school-level scientific knowledge.

Among all emotions, worry registers the highest activation,
primarily due to apprehension over theoretical of conceptual mastery
of the material presented. This worry is rooted in fears of making
errors or misrepresenting concepts. Within Russell’s Circumplex
Model (Russell and Barrett, 1998), worry can become a persistent
barrier, keeping the individual in an “unpleasant” state and preventing
progression toward calmness or pleasure. A participant discourse
illustrates this concern:

“It was worry, because that class was my responsibility. I had to
explain the sine and cosine theorem, and at one point I wanted to do
a demonstration, but the diagram on the board—the right angles—
was not very clear, which is essential for the demonstration to be
valid. You feel the responsibility for what you are teaching, and I

think that if they do not study it elsewhere, it depends entirely on me.”

Teaching situation: experimental or
practical activities

The implementation of experimental or practical activities in
initial teacher education is predominantly associated with the
activation of positive emotions among preservice teachers. As shown
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in Figure 4, joy emerged as the most frequently reported emotion with
50% of participants indicating that they experienced it “always” and
43%, “most of the time” This pattern reflects the high level of
gratification derived from engaging in experimental activities.
Similarly, confidence was experienced “most of the time” by 54% and
“always” by 38% of participants; enthusiasm was reported by 46% in
both categories; satisfaction by 42 and 47%, respectively; and calmness
by 51% “most of the time” and 23% “always.”

In contrast, negative emotions were largely concentrated in the
“never” and “sometimes” categories. Boredom was reported as “never”
by 70% of respondents, rejection by 64%, frustration by 49%, worry by
29%, and nervousness by 21%. In the “sometimes” category, the
distribution was as follows: worry 49%, nervousness 42%, frustration
39%, rejection 30%, and boredom 25%. These findings suggest that
experimental activities significantly reduce the occurrence of negative
emotions while enhancing the prevalence of positive affect, an
essential factor in strengthening motivation and professional
confidence among pre-service teachers.

The Sankey diagram in Figure 5 illustrates the magnitude and
distribution of emotions reported by participants. Consistent with the
representation used in Figure 3, the diagram shows the relative
prominence of each emotion by the width of its flow, indicating how
strongly it was associated with practical or experimental activities.
This visual structure facilitates rapid comparison across emotions and
highlights the predominance of high-activation positive emotions in
this teaching situation.

Only eight of the ten emotions identified in the study appeared
in participants’ discourse; tranquility and boredom were absent. Joy
was the most prominent emotion, signifying high levels of well-
being, motivation, and enjoyment. It also serves as an indicator of
engagement and meaningful connection with learning processes.
Laboratory experiments, direct observation of phenomena,
fieldwork (e.g., the school garden), practical challenges, and
science-based games requiring the application of theoretical
knowledge were identified as particularly impactful teaching
situations (Smit et al., 2021; Lopez-Banet et al., 2024; Sanchez-
Martin et al., 2018).

Similarly, enthusiasm and confidence exhibited relatively wide
flows in the diagram, reflecting perceptions of self-efficacy, intellectual
curiosity and an active solution-oriented attitude toward the demands
of practical activities. These emotions were closely linked to
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TABLE 2 Relationship between emotion, lecture-based explanations, and Russell’s circumplex model (Russell and Barrett, 1998).

Emotion

Valence

Activation

Subcategory

Example of specific
actions

Interpretation based
on Russell's

Circumplex Model

(
)

Enthusiasm Positive High Expressive and motivational Teaching with passion; Promotes emotional
enactment of teaching sparking students’ interest connection with the content
through the topic presented. and greater student
engagement.
Confidence Positive Medium Progressive appropriation of Increasing security in the Enhances the stabilization of
the model teacher-student relationship teaching performance and
and in lesson delivery. improves communication of
the model.
Calmness Positive Low Progressive appropriation of Improved classroom Represents regulated,
the model performance after several sustainable states for ongoing
interventions; reduction of teaching.
initial nervousness.
Satisfaction Positive Medium Positive evaluation of the Perceiving that student Reinforces teacher self-efficacy
model’s impact on students understood thanks to the and motivation in processes of
teacher’s direct explanation formalizing knowledge.
Nervousness Negative High Theoretical or conceptual Demonstrating the sine/cosine | Affects fluency of discourse
mastery of the model theorem with errors or and may inhibit the use of
uncertainties in class. complex models.
Worry Negative Medium-High Theoretical or conceptual Fear of making mistakes or Leads to revision and
mastery of the model failing to explain a key concept = improvement, or to blockage if
accurately. unmanaged.
Frustration Negative High Critical stance toward Critical feedback about Can result in positive
evaluation or feedback excessive reading or lack of adjustments.
oral delivery in conceptual
presentations.
Emotions when conducting experimental or practical activities
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Emotional associations with practical or experimental activities. Authors elaboration—Atlas.ti.

Experimental or Practical Activities

participants belief in their capacity to successfully execute scientific
tasks, appreciation of science as a tool for understanding the world,
and willingness to address challenges with resilience.

Negative emotions, while less prevalent, were not absent.
Frustration, worry, and nervousness were associated with uncertainty
regarding the attainment of desired results, difficulties in executing
experimental procedures accurately, and conceptual insecurity.
Rejection appeared only marginally and linked to prior negative
experiences, attitudinal resistance or gaps in procedural skills.

The Sankey diagram shows how frequently each emotion is linked
to this teaching situation. Wider flows represent stronger associations.

Table 3 summarizes the relationship between reported emotions
and the Russell Circumplex model (Russell and Barrett, 1998) for this
teaching situation. The most frequently mentioned subcategory in the
participants’ discourse concerned the implementation of practical
tasks or concrete actions. These results highlight the emotional
complexity of formative experiences during initial pedagogical
practice, revealing their influence not only on teaching performance
but also on the construction of professional identity.

Joy emerged as the most prevalent emotion, characterized by
positive valence and high activation. Within this context, joy provides
an optimal emotional environment, reinforcing coherence between
the act of teaching and the relationships established with students.
This emotion was mentioned in activities that required the use of
didactic resources that were well received by learners. Games,
laboratory work, and educational field trips were cited as experiences
that contributed to a heightened sense of teaching effectiveness,
reinforcing teachers’ vocational commitment and the perceived
importance of implementing innovative strategies.

In Russell’s circumplex model (Russell and Barrett, 1998), joy is
interpreted as a positive affective state that enhances the bond between
teachers, subject matter, and students. This is exemplified in the
following participant reflection.

“The lesson was on angiosperms, that is, flowering plants. It involved
creating an interactive blog, a web page where students could move
elements, click on them, and have new items appear something very
dynamic. I worked on it throughout the semester, and when I finally
met with them in the computer lab, they opened it, explored it, and
completed the activities that were already there. At that moment, I
[felt very, very happy, it was incredible. They even told me that they
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really liked the evaluations I had included on the page.” (Reference
124 - Atlas.Ti).

These findings align with research showing that emotions emerge
as epistemic forces during scientific inquiry and laboratory activity
(Bellocchi et al., 2014). The heightened activation observed in practical
situations resonates with studies demonstrating that hands-on
engagement increases emotional intensity because it requires
immediate decision-making, manipulation of materials, and
coordination with students—conditions known to influence the
development of scientific teaching identity (Smit et al., 2021).

Discussion of results

The mixed-methods design of this study allowed for the
integration of quantitative and qualitative data, each guided by distinct
methodological logics complementing one another to provide a richer,
multidimensional understanding of the phenomenon under
investigation. The quantitative component based on a structured
questionnaire, measured the frequency of ten pre-defined emotions
experienced by pre-service teachers. The qualitative component,
conducted through focus groups, enabled the contextualized
elicitation of these emotions during real teaching situations
experienced in the practicum. While no direct statistical correlation
was established between the two datasets, methodological
triangulation facilitated their joint interpretation providing
complementary perspectives that enhanced the explanatory depth of
the findings.

Teaching situation: lecturing in class

The affective impact of lecture-based instruction can be
interpreted through the frameworks of Russell’s Circumplex Model
(Russell, 1980), Pekrun’s Control-Value Theory (Pekrun, 2006), and
1997),
multicomponential perspectives on emotion proposed by Scherer
(2005) and Shuman and Scherer (2014). Quantitative results revealed
reports of enthusiasm, confidence, and joy all positioned in the high

Banduras self-efficacy Theory (Bandura, alongside

activation, positive valence quadrant of the circumplex. Within
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TABLE 3 Relation between entre emotion, practical or experimental activities and Russell circumplex model (Russell and Barrett, 1998).

Emotion Valence Activation

Subcategory

Interpretation based
on Russell's
Circumplex Model

Example of
specific actions

Joy Positive High Implementation of active Successful experiences Strengthens the affective
experiences with games, laboratory relationship with the content
work, or educational trips. | and with students.

Enthusiasm Positive High Technological innovation Use of new technologies Activating emotion that

applied to practice such as 3D printing and enhances motivation and
robotic arms. fosters engagement with
pedagogical innovation.

Confidence Positive Medium Technical mastery and Successful use of Consolidates teaching

fluency in experimental instruments, smooth identity; supports autonomy
dynamics collaborative work. in classroom management.

Satisfaction Positive Low/Medium Achieved pedagogical Attainment of significant Reinforces vocational sense of

impact learning outcomes with the teaching role; enables a
students in diverse positive closure to the
contexts, e.g., communities | experience.
in the Amazon.

Worry Negative High Mastery of content Lesson preparation in High cognitive load due to
areas where content isnot | uncertainty; may hinder
fully mastered. didactic confidence.

Nervousness Negative High Managing external judgment | Fear of failing to answer High activation with negative

and role pressure student questions or valence; may impair
underperforming in pedagogical fluency.
observed classes

Frustration Negative High Material conditions and Implementation failures Intense negative energy that

school environment due to location, materials, may lead to demotivation if

limitations or setting limitations. not regulated.

Rejection Negative Medium Lack of resources or adverse | Unsuitable school May generate affective

conditions environments, excessive disengagement from the
workload, or insufficient school environment and
institutional support. teaching practice.

Pekrun’s model these are categorized as positive activating emotions
that promote engagement, commitment, and perseverance, often
emerging when lectures are accompanied by prior positive experiences
or supportive feedback. These emotions are also indicative of elevated
self-efficacy, aligning with prior STEBI- based research (Riggs and
Enochs, 1990; Bleicher, 2004).

Lower activation positive emotions, such as tranquility and
satisfaction, occupy the positive deactivating quadrant, contributing
to emotional stability without requiring high arousal, beneficial in
routine or low stress situations. In contrast, high activation negative
emotions such concern, nervousness, and frustration, occupy the
negative-valence high-activation quadrant and are classified by
Pekrun as activating negative emotions, emerging when a task is
highly valued but perceived as difficult to control (Pekrun and
Linnenbrink-Garcia, 2014). These can heighten stress and diminish
self-regulatory capacity, with repeated exposure impacting self-
efficacy and performance (Pekrun and Perry, 2014; Scherer, 2005).
According to Bandura (1997), repeated exposure to such emotions can
undermine perceived self-efficacy, particularly in individuals still
consolidating their professional identity.
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Low-activation negative, namely rejection and boredom, fall
within the negative deactivating quadrant and signal affective
disengagement, often linked to low perceived task value also (Pekrun
et al.,, 2002). Physiologically and behaviorally, such states entail
reduced commitment and a predisposition toward withdrawal, which
can diminish pedagogical involvement (Schultheiss and
Kollner, 2014).

Overall, the data highlight the coexistence of emotions of varying
valences and activation levels within the same teaching situation,
reflecting the multicomponential and subjective nature of emotions,
as emphasized by Scherer (2005) and Shuman and Scherer (2014).
This diversity captures not only the individual judgments that each
pre-service teacher makes about the situation but also contextual
factors such as content mastery, student interaction, and institutional
conditions. Consequently, the analysis extends beyond quantifying
emotions to interpreting them as indicators of professional, emotional,
and cognitive development in future science educators (Pekrun, 2006;
Pekrun and Linnenbrink-Garcia, 2014). This interpretation responds
directly to Objective 1, as it characterizes the emotional patterns that

emerge across the two instructional situations analyzed.
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Considering the three teaching situations studied, lecturing
emerges as a structuring practice within the initial training experience,
not only due to its prevalence in school environments but also due to
its substantial emotional load. Far from being a neutral or mechanical
practice, lecturing is experienced intensely, with oscillations between
motivation and exhaustion. Participant accounts reveal contrasting
emotions, such as confidence and anxiety, clearly dependent on
contextual and personal conditions. While concern and nervousness
were the most frequently reported emotions in this scenario,
enthusiasm, confidence, and tranquility also appeared, revealing an
affective ambivalence: although lectures allow greater control over
discourse and preparation, they also expose the teacher to constant
evaluation, and the pressure of meeting external expectations, such as:
(1) receiving feedback from a mentor teacher or class reception; (2)
exhibiting expressive and motivational teaching behaviors; (3)
demonstrating theoretical and conceptual mastery; (4) managing
effective communication with the group.

From the circumplex perspective, emotions such as enthusiasm
and satisfaction fall within the positive-valence, high-activation
quadrant, signaling strong emotional engagement with teaching,
particularly when communication flows smoothly and students
respond positively. In contrast, confidence and tranquility are located
in the positive-valence, low-activation quadrant, reflecting a regulated
emotional state conducive to role stability. Negative high-activation
emotions (nervousness, concern, frustration) correspond to the
negative-valence, high-activation quadrant, indicating substantial
emotional strain that, if unregulated, may undermine teaching quality,
professional self-image, and identity formation (Scherer, 2005; Pekrun,
2006; Bandura, 1997).

Thus, lecturing emerges as an ambivalent practice, capable of
promoting both high engagement and high stress. On one hand, it
may activate intense negative emotions linked to public exposure,
external evaluation, and fear of error; on the other, a pedagogical
opportunity, as it supports the development of discourse competencies,
content control, and stronger student relationships when emotions are
effectively managed (Pekrun et al., 2002; Sutton, 2004). From this
perspective, even adverse emotional experiences can become learning
opportunities if the pre-service teacher is aware of and reflects upon
their emotional state. This aligns with Pekrun’s control-value theory
(Pekrun, 2006, Pekrun and Perry, 2014), which states that emotions
arise from subjective evaluations of control and task value. High
negative activation may be reinterpreted positively if accompanied by
reflective processes and planning that strengthen teaching self-efficacy
(Bandura, 1997). Therefore, systematic emotional support during
initial teacher education can be key in transforming lectures from a
unidirectional, rigid format into more dialogic, participatory, and
emotionally sustainable experiences in which knowledge is
co-constructed with students.

Teaching situation: experimental or
practical activities

The emotions experienced by pre-service teachers during
experimental or practical activities elicited a predominance of high
activation positive- valence emotions, notably joy, enthusiasm,
confidence, and satisfaction, each reported at frequencies exceeding
80% in the “most of the time” and “always” categories. In Russell’s
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circumplex model (Russell, 1980), these emotions occupy the upper
right quadrant, reflecting energizing and pleasurable experiences that
Pekrun identifies as optimal for promoting intrinsic motivation, deep
learning, and commitment to teaching.

From a self-efficacy perspective (Bandura, 1997), high levels of
confidence and enthusiasm suggest that pre-service teachers perceived
a high degree of control over practical activities with tangible results
and immediate feedback reinforcing mastery. Such experiences align
with STEBI findings linking practical engagement to higher perceived
teaching competence (Riggs and Enochs, 1990). These findings
address Objective 2, demonstrating how emotional activation is
closely intertwined with pre-service teachers’ perceived self-efficacy
and their appraisal of instructional demands.

Despite the predominance of positive emotions, Figure 4 also
shows the presence of negative emotions such as nervousness and
concern, reported at moderate levels (42 and 49%, respectively, in the
category “sometimes”). These are high-activation, negative-valence
emotions occupy the opposite quadrant in Russell's model and are
classified by Pekrun as negative activating emotions. Their occurrence
may be related to perceptions of challenge, uncertainty, or complexity
associated with managing materials, procedures, or timing. Pekrun
(2006) notes that such emotions emerge when a task is valued highly
but perceived as having only moderate or low controllability, a
common situation in initial teacher education.

Low activation negative emotions (boredom, frustration, and
rejection), occurred with low frequency in high-recurrence categories
and predominate in the “never” category (70% for boredom, 64% for
rejection). These emotions, are rare in this teaching context, indicating
that practical activities are highly valued and relevant for future
teachers. The absence of boredom and rejection indicates a high
degree of cognitive and emotional engagement.

The multicomponential framework proposed by Scherer (2005)
and expanded by Shuman and Scherer (2014) further explains these
dynamics. The reported emotions are not isolated reactions but
complex episodes involving cognitive (value and control appraisals),
motivational (action tendencies), physiological (activation level), and
expressive (associated behaviors) components, making the
experimental setting a powerful platform for emotional development
in teacher education.

In summary, the incorporation of practical and experimental
activities in the initial training of science teachers generates
predominantly positive and activating emotional experiences, closely
linked to high levels of self-efficacy and professional commitment.
These emotions reflect not only the affective state of pre-service
teachers but also their perceptions of the effectiveness of such practices
for teaching and learning science. In contrast to lecture-based
instruction, where negative activating emotions such as worry or
nervousness are more prevalent, experimental practices foster a more
favorable emotional environment that should be strengthened and
systematized within teacher education programs. This result fulfills
Objective 3, as it shows how contextual features of lecture-based
explanations and practical activities modulate emotional activation in
distinct ways.

From a qualitative perspective, laboratory and experimental
practices reveal a substantial emotional load experienced by
pre-service teachers during pedagogical engagements in authentic
contexts. Classified and analyzed through Russell’s circumplex model
(Russell, 1980), these emotions underscore the central role of affect in
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science education, particularly in settings where theoretical, practical,
and classroom management components intersect.

A salient finding within this category is the importance of active
experiences, as pre-service teachers describe moments of heightened
pedagogical dynamism through laboratory work, scientific games, and
field trips. These situations are frequently associated with joy, an
emotion of positive valence and high activation, arising from the
recognition of meaningful student participation. Within Russell’s
framework (1980), joy occupies the quadrant of maximum positive
activation, signifying an affective state conducive to forming bonds
both with the content and with students. Consistent with Pekrun
(2006), joy functions as an emotional regulator that enhances
motivation, commitment, and engagement by demonstrating that the
strategies employed are effective and valued by learners.

Equally significant is the role of technological innovation in
practice, exemplified in accounts of the integration of emerging
technologies such as 3D printing and robotics in school settings. In
these cases, enthusiasm emerges as the predominant emotion, also
positively valence and highly activating, reflecting an energizing
experience for teachers. Unlike joy, enthusiasm is not limited to
immediate impact; it is linked to the perception of introducing
transformative practices. Within the circumplex model, enthusiasm
demonstrates motivational potential oriented toward the future,
promoting creativity, innovation, and the pedagogical appropriation
of non-traditional tools. This finding is particularly relevant, as it
reveals that the integration of technology evokes emotions that are not
merely instrumental but deeply symbolic, while simultaneously
redefining the teacher’s role as a mediator between science, technology,
and society.

Likewise, the qualitative research process facilitated the
identification of an emergent category highlighting the theoretical
mastery and fluency with which the teacher conducts experimental
activities. Within this framework, the emotion of trust is salient,
characterized by positive valence and a medium level of activation;
this emotion arises when preservice teachers report having established
a controlled environment over instruments, groups, and experimental
procedures. According to Shuman and Scherer (2014), trust fulfills a
regulatory and stabilizing function, sustaining teaching practice
without generating emotional oversaturation. Its presence is significant
due to it facilitates the construction of a reflective and autonomous
practice, wherein practical knowledge, or knowing-how, is
accompanied by a sense of self-efficacy that strengthens professional
identity (Bandura, 1997).

Additionally, a pedagogical impact condition emerges, linked to
the emotion of satisfaction. This emotion is located within the
quadrant of positive valence and low-to-medium activation, it is
frequently reported in teaching experiences with diverse school
communities, such as those in the Amazon region. Satisfaction
illustrates the transformative effect of experiential or experimental
teaching. Unlike trust, satisfaction appears as a closing emotion of
positive balance, reinforcing both the ethical and vocational
dimensions of preservice teacher’s practice. In Russell's model (Russell,
1980), this type of emotion contributes to the recovery of emotional
equilibrium and to the construction of personal narratives that
reinforce teachers’ professional commitment from community,
cultural, and social perspectives.

However, such teaching situations also give rise to negative-
valance emotions. Four subcategories were identified, reflecting the
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main challenges faced by preservice teachers: (1) mastery of
disciplinary content that supports the theoretical frameworks of
experimental activity; (2) exposure to external judgment and the
pressures of the teaching role; (3) the condition of materials, either
due to inadequate preparation or lack of access to resources prior to
implementation, compounded by school limitations; and (4) scarcity
of resources or adverse conditions for experimentation in educational
contexts. These factors trigger emotions such as concern, nervousness,
frustration, and rejection. The first three are situated in the quadrant
of negative valence and high activation, which, according to Pekrun
(2006), may compromise intrinsic motivation and emotional self-
regulation when low task control intersects with high contextual
pressure are perceived. Recurrent exposure to such experiences may
undermine teaching self-efficacy (Bandura, 1997), thereby weakening
the perception of professional competence.

Rejection, however, requires particular attention, while it shares
negative valence, it is characterized by low emotional activation, and
is classified as a deactivating emotion within both Russell’s model and
Pekruns 2x2 matrix. Unlike other emotions, rejection does not
necessarily arise from a single incident, but rather accumulates
through persistent structural constrains. This accumulation may lead
preservice teachers to develop affective disengagement from teaching,
jeopardizing their connection with the school as a formative space.
According to Frenzel et al. (2015) and Heng et al. (2024), such
emotions not only diminish teacher well-being but also shape
maladaptive attitudes that risk becoming entrenched if not addressed
both pedagogically and emotionally.

In conclusion, the analysis of experimental teaching practices
demonstrates that the emotional dimension constitutes a central axis
of pre-service teachers’ pedagogical experience. Positive emotions
such as joy, enthusiasm, trust, and satisfaction not only motivate but
also establish lasting affective dispositions that promote commitment
and identity. Conversely, negative emotions such as concern,
nervousness, frustration, and rejection, reveal zones of emotional
tension and vulnerability that require attention within teacher
education programs. The circumplex model of Russell (1980) and
Pekruns 2x2 matrix (Pekrun, 2006) provide conceptual tools for
mapping and analyzing these emotional experiences, acknowledging
that teaching science entails navigating a complex emotional path
shaped by practice, reflection, and the pursuit of professional
transformation.

It is important to highlight that the identification of emotional
confusion among pre-service teachers emerged repeatedly in the focus
groups and constitutes a substantive empirical finding derived from
the inductive analysis. Participants showed difficulty distinguishing
among closely related emotions—such as joy, motivation, and
satisfaction, or sadness, frustration, and boredom. This ambiguity
appeared in their spontaneous language, in hesitations when
describing classroom experiences, and in the interchangeable use of
emotional terms as if they were synonyms. This phenomenon aligns
with previous research in education and affective science (Barrett,
2017; Pekrun, 2021), which documents limited emotional granularity
among young adults and pre-service teachers. Therefore, this
conclusion is not speculative; it is grounded in recurring discursive
patterns and supported by contemporary theoretical perspectives.

Regarding the limitations of the study, several aspects should be
acknowledged. These include the size and composition of the focus
groups, the self-selection of participants, and the predominance of
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students from natural science programs compared with those from
mathematics or technology. Future research would benefit from
incorporating longitudinal designs and comparing emotional
activation at different stages of teacher education. Although the STEBI
is a widely validated instrument and its psychometric properties were
replicated in this study, it focuses on beliefs related to science teaching
self-efficacy and does not directly assess the physiological or expressive
components of emotional arousal. For this reason, qualitative
techniques were incorporated to capture the depth and complexity of
participants’ affective experiences, enabling a more robust and
complementary triangulation of the findings.

Conclusion

These conclusions respond directly to the three objectives of the
study by (1) characterizing emotional patterns in lecture-based and
practical teaching situations, (2) examining how these emotions relate
to pre-service teachers’ perceived self-efficacy, and (3) identifying how
instructional contexts shape emotional activation.

The results from the STEBI questionnaire applied to pre-service
teachers indicate differentiated emotional activation depending on the
type of teaching situation, thereby addressing Objective 1 of this study.
Experimental activities and the use of conceptual models are
associated with higher levels of perceived self-efficacy and positive
emotions, while lecture-based instruction generates a broader range
of emotions, including moderately activated negative ones.

Russell’s circumplex model (Russell, 1980) and Feldman-Barrett
and Russell (1998) helps explain this differentiation, as it organizes
emotions along valence (pleasant-unpleasant) and activation (high-
low). Lectures often elicit insecurity or boredom, particularly when
pre-service teachers struggle to connect with students or sustain a
coherent discourse. These emotions, situated in negative valence and
low-to-medium activation, exemplify what Scherer (2005) describes
as negative appraisals of situational self-efficacy, which may inhibit
teaching performance.

By contrast, experimental activities are associated with high-
activation, positively valenced emotions such as enthusiasm, curiosity,
and satisfaction, particularly when tasks are successfully completed or
results are meaningfully interpreted. Located in the upper-right
quadrant of the circumplex model, these emotions promote an
emotionally favorable environment for active learning. According to
Pekrun (2006), such emotions enhance cognitive and motivational
engagement, strengthening perceptions of self-efficacy, an outcome
aligned with Objective 2, which examined the relationship between
emotional activation and perceived teaching competence, particularly
when students perceive control over the task and attribute formative
value to it.

Bandura’s (1997) theory of self-efficacy suggests that competence
perceptions increase when pre-service teachers engage in tasks that
show tangible outcomes, provide positive feedback, or allow
performance comparison with peers. This finding is consistent with
Bleicher (2004), who reports that confidence in teaching science
strengthens when future teachers achieve both conceptual and
methodological mastery, particularly in experimental settings.

A central conclusion of the study is that emotional activation and
self-efficacy are interrelated and dynamic processes, influenced by
variables such as institutional context, prior experience, perceived
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control, and the value attributed to the task. Positive emotions,
whether high or low activation, such as joy, enthusiasm, or calmness,
tend to strengthen professional vocation, didactic achievement,
confidence in the teaching role, and commitment to teacher education.
Negative emotions such as frustration, concern, or rejection may
generate doubts about belonging to the profession, confidence in
training quality and perceived capacity to manage classroom
challenges.

The study also highlights a recurring difficulty among pre-service
teachers in clearly identifying their emotions. Focus groups revealed
frequent confusion, for example, between joy, motivation, and
satisfaction, or between sadness, boredom, and frustration,
highlighting the need for teacher education programs to include
systematic emotional literacy training, fostering reflection on affective
dimensions of practice.

Finally, and consistent with Objective 3, the findings show that
contextual features of teaching situations significantly shape emotional
activation. Teaching self-efficacy is reinforced by positive emotions,
while negative high-activation emotions tend to undermine
confidence. This highlights the need for teacher preparation to focus
not only on disciplinary and pedagogical knowledge but also on the
development of emotional regulation skills, equipping future teachers
to navigate the challenges of science teaching more effectively.
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